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METHOD FOR STEAM REFORMING CARBONACEOUS MATERIAL Field
of the Invention This invention relates generally to steam reforming
technology. 5 Background of the Invention Steam reforming processes are

Known \3RYRESI ¢ fﬁﬁ%ﬂ%ﬁ%ﬂ?ﬁé@%ﬁ@@ qUTIRIRTAIS

into useful commodities. The term carbonaceous material "CgBM") as used
herein includes any carbonaceous material, including: municipal solid waste
196 IMS\Wo tdRehssikial, commercial and institutional waste ("ICIW"); medical
waste; ¢qQal;. coal Wasﬁt}e' wood W?ste; sawdust; forest roguct waste;

agricultﬁﬁgfwgg%i,oger gﬁ%?ﬁ&ﬁfﬁ A2 8 aGE W ARE aste oil and oil

by-products; electronic waste and other similar carbonaceous substances;

ag&ggg&%%ﬂ% ARRQHYNIty materials such as incineration and/or
combustion ash, which-may be used in order to achieve conversion upgrade
15 opportEMRiESEETAECHRITEr SHOR lartsrin e isteany satoempgus kinds of

PraggsRcEAIPRNRCRUS (DRIaTIA dmRlagRds NEhsSieaR HBIRHNIBE: KiRteMNICTB M)
usually comprises a drum or kiln that is rotatable. Typically, the CBM

i S S S BRSSP PRETSHS B P A AT HAL o YR R LY HE wet
CBMSWihiltheinglheatec:rtiganis ingiostys waptied 10y Watraldias bastaersal;
S¥B aéa?t%f,rv‘v%@fv&a%%;es'ﬁev%Hﬁgé'fH}QsLé HORO&AHNG Yithin ihe kil PuL.e t&fﬁi'nd
to the rotaflng rum in the current P tent app ication. Steam re%ormln IS a
efasith daritdpre cests: MavevkandikeymepdeestislscitiiEhwaste rpgehgijgimilar
thargJ$aBQ cOMbUSEIRR: RathriulRe £BNpGAMRINGEMALN WRIeSks Bhraiedn

while being agitated, causing a reaction that produces a synthesis gas
GGy iomaa@%&wsvﬁgssﬁmmr&wm%em%%wgmde
capiponufiaao dei{GQ indideeytidifigrance between these two thermal
process&lsﬂil% isrtwegrrlrclarr?glpective 0Qroduct enerate b%theslgcg ocesses. In the

mbnl%slgr esiﬁ cdarborraceous matertal 1srﬂ 17 a“sfeam
case of Incineration/com Ion, the products are primarily oxidize

corfipoimgisilindnghofswie saamerson sidiere @mokiche)isvdieiebls Swwaally, the
ref@ining RIQALGRRIRe Mk ReBEfiRls¥NERS Fuals Wik s e e RO RGId @M,

metal vapours 30 typically much easier to clean than oxidized products of
cOMiluRE8R MRt g’l%?‘tﬁémb@{@ SERRY I AL S BN S U R IR RS EheT
reflecming ipdocess heamprisesnmestiinhydregemAnd warbengndhoxyg er, @ntint

a small percentage of other
patent application:

Steam reforming is an endothermic process. However, unlike incineration, which is
exothermic, there is no combustion. Rather, the CBM, combined with water, is heated while
being agitated, causing a reaction that produces a synthesis gas ("syngas"). The syngas
consists primarily of hydrogen (H,) and carbon-monoxide (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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elements such as chlorine, fluorine, sulfur, nitrogen, glass and various
metals. For example, 1 municipal solid waste (MSW) typically has a
carbon/hydrogen/oxygen ratio of about 1/1.7/0.5. MSW also typically

INGIHASSF00ME $%0 WW@Q%%%QHQSiQ@EhgﬁQﬂ%cﬁ?égelﬁ‘/&%Qﬁcﬁ'tiB%‘? B0k

steam reforming process, the syngas is produced in"a 2-stage process. First,
thid 1t - Adntinistinis bt ddes Bt i freatets i brianiddrobmotises at

5 terqpq&aéugﬁ&m ﬁh@rrﬁﬂg@aﬁé %%&ﬁﬁg%mem&mgdlgammé&ade@hw agstagfe
metals and char, are extracted from the dr t.this pojnt, about 60-70% o
TEEBA G DB BN 2O B BHGEA LS B s RG] gmtes a
firahsteamesefotmnaggand @odlctivenoha tolié trghiriydiretatipgnmewigas] dihe,
OReBlL e sR N IhieInPRIBN; AAIOKSINS AN BMTRINHMIRR, BOGYArca 1o
remaining higher hydrocarbons to syngas and the pyrolytic char is separated
frofPlIce e TRaEItets SIS tADIY AR Stadidl tsirHedopdHaisijsle fd pritedokight
chgablusHethsh s@lidse s, fisngsechsSwinmany pbiibe ientien A e dinaigis gas
the invention, there are two different steam reforming processes, a 15 single
SRS BHE LY BIPSOES VAR Y A S kA IUHISRUGY Prodass seRaated from
otie-stagmnocassrisprgtairs difd bseitirdtiondadoarg dleen©BN dhaspduy eries mudilds
agyglgngs%fdmetal in it. This is because the one-stage process described below
involves employing temperatures that would vaporize some metals. In cases
where the amount of metal mixed with the CBM is inconsequential, the one
SkAgRRIRCRSAISRalgIred because 20 the amount of any metal vapours can

be relatively simply separated from the syngas stream. Where_it is not
technicaM§FFEREHIB & BNTBUa s HISEEAREANY S HIERLI AR THYS SRS EEN- 2
theénpiellirstagenpreagssrdescringd belovrenay puaietapdypheassed. For both

the one-stage process and the multi-stage process, CB as municipa
solid wonlt URraa iy e e IR EHSF 3 TV
anddonted sects 125t réfasenbecatise trponactise Biesss fesonbiagprvcassiserall

benipisyTedimpndicrOBIdErRARS MSY): hoveawetit should Radarrsiaat: of
that any CBM mag be used, and the process can be accordingly adafted for

tBsal st tis e BM didrsoareissta i oratasuR At Hdtierred because
C@mmﬁiabfi me fhaloalphum xide @Mﬁsﬁ@;f%pﬁt&e@ffﬁﬁd ) Sympiestiehm.
{he,sh fe‘%‘?&%n'\l"g%g RIS &EF Eff?v%r‘é‘uﬁ%gﬁﬁ’rg@lgﬂrg a'rﬁe LKl ﬁ%ﬁ;ﬁ%@ ?Rfs%}“’

ere 1018 P]O
calcium In the lime eacts with halogens ease

fohmingl¢aleigrareedss dasarides below may preferably be used.

For both the one-stage process and the multi-stage process, CBM, such as municipal

solid waste (“MSW?”) is first shredded. (For the purposes of this description and for ease of
reference, the input to the steam reforming process shall be referred to and considered as
MSW; however, it should be understood that any CBM may be used, and the process can be
accordingly adapted for these 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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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

a}{S’ﬁgétﬁ'éﬁt99&85%%%“855[‘%% RRRGENFIO A A \4?;%%%{{&%9{9{ e steam

more highly toxic dioxins and furans, if these 2 constituents come into contact

witkERAeRI Aiiire (Hhe lvarsiptainbierstared iy tRecstbhinmursrahlgms with
pPras@steiftheidannatias. 0]'3@&@&@?th%ﬂﬁlﬂg@%d&%ﬁfeﬂalﬁmlﬁrtwmﬁl@fﬂ%y are

with mQs n(t:lneratlonds stems% use the é}f nﬁrtea tverg]readlly
withh BB RSIE (RaYLIE YEPavAiTe 8r %W%ﬁ‘ Veﬁﬁo gatfoY 8i5%RE and
furdmsnihg te ibatravish ftea rn b asplonhaimig anhisngcenogiced theuapmbEpinghic air

aﬂ%}ﬁi’ﬁ%%?&%%%ah% ?ﬂ QR THML G, NG '&ﬂl‘%@ﬁ%%ﬁ%%to (7 ?&Sc%rﬁ%&ons

below), there will be little opportunity for conversions tot xic"dioxins and
fupahe @itErEimeaddartamly Wt e Fotdnnbastibbe Apcapbirréeio
Sysiemasdn g@tglﬁlge one-stage and multi-stage processes, the shredded

MSW is fed into a 10 hopper, with the hopper containing an auger. (e, a
screw cBh0&Yd f&f}efé‘éléf’nad’i‘HB“rl}fsg\%gei RS S emYS ik f2d g »
ehummc,emm}thhdpﬁ&r timetsmngmnpmgmj(es a scavinoowsdeddrdédlgly the MSW

SMPEI E%‘era i f el Ergﬁ[}atﬁ‘e MRWJIEE (B ysﬁﬁ&o‘% ey Of

atmosp eric air spec ally oxygen an nitrogen |nt0t Itisto
netatngaas thrd aldeieb @té@@ﬁﬁ@rb@ﬁmt@gﬂw@rsfr@anﬁh@@m ﬁv%f@@é@%ude

smﬁy%ﬁatﬁxs@mﬁ&@%&&ém WY, AR HaerehyicRRIW RESOMS ©fthRoted

pla tc}grocess waste heat. Meanwhile, it is also desirable to exclude nitrogen

P Yradn PR pA T P IB XL FRIBRSTORTR SAEF Gifaieam pre-heats
u n@eaﬂ;afb imditragby @xides sniar diberax|dizess mmﬂu btat. Ascnotéil @ ave]so

thds tPbe 1 r|o rt s{ am ref rmm rocess is.a sia [9GESS: The
€S ? CXC r? OXg O\Rllﬁ cn the OI‘ %% 0OX1C 1‘11'[1‘0118 0x1de and
reason for this |st at i Irst lgage ile most o e IS steam

ref@nm@w«mz(b}mangelapmumdf@wm@rm%@ﬁm@mm of starting CBM),
carbon mq{ok%(f%@@éjth@%f&d“%ﬁ&ﬁgﬂﬂ%ﬁ{'}’eﬁﬁﬁﬁl@%ﬂ&@g15@&45'§ gﬁocess

needs to be removed before the remaining CBM can be steam reforme

HEYGR ARLISdS Uit vd st YAat- B EHAPsio s CHM dfritrami femrdiso
bestieany, rqufmedatams@ee% mtﬂwmmdrﬂmg Sianeficiah Hecauserte,

Ste%”ggf‘%rﬁﬁ'ﬂ na d?’ NEGEMS S G h%tﬁee%”‘?obo%‘%%r%%‘% I0BLR,12 IRSS
was e Spose. ere ore a smgle stream, one- S age s eam
reforaimntg iBYEsan s beancdesigdediewever, it has been discovered that the char, if

heated sufficiently, can also be steam reformed, and need not be removed. This is beneficial
because the steam reforming of the CBM is more complete, and because there is less solid
waste to dispose.

Therefore, a single stream, one-stage steam reforming process has been designed as
follows. The process employs a steam reforming rotary kiln that heats the CBM to an
elevated reforming temperature, approximately 650°C-1100°C (or higher as may be
necessary depending on feed material), with varying residence times 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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follows. The process employs a steam reforming rotary kiln that heats the
CBM to an elevated reforming temperature, approximately 650C-1100C (or
higher as may be necessary depending'on feed material), with varying
F%ﬁ%%?ﬁ;ﬁ%ﬁ%&%ﬁ@&%@ﬁe%%&HQﬁ{&ﬂHQHY&Q&ﬁ%WEL%Q)FBHX@{E'Q&MCQQM
into a finished syngas product comprised of primarily H2 and CO. Itis
cehrashhateamiuiayiropveHaBMAll stkarlysraifhin gt RIProdasep@rious
syl fawrveicitimpairrabindnpiecthatil isiasspesdfigslaprfthiso provide
inveption that the scyste]gn comprises a sir%%e rotating. kiln .Wiﬁh external
h%‘gﬁ%b",néfﬁ%’é’f‘rﬁ‘é‘}é VLB R P A SRS R LS LB SRAE P 8 ©
kkin&nﬁeumt%ntemﬁb‘rﬁemtsu#‘ﬁtsrnhea@gg)st&m ra_f@umhgmacyskitnabénclude a
gﬁ%ffﬂﬂ%l' Jﬁ‘f‘@&&%{é&@%ﬂ%iﬁﬂl&@tﬁﬁﬂﬁ‘é&’lfl&%?eﬁ%}oﬁ%% %ﬁtﬁﬁg&fgﬁit%?ormed gas

ance that combustion/incineration will take place within the kiln an
pPoauBeil/aficipsMeRly tefeite frernici trRpethasteTiRk objective in using a

one-stagkReEeRsiibsIRRENIAe sbliciariHamna Aty ke AUERIYeN! pRIXIAY MGhing

residence time, in a single reaction zone, to 5 achieve target conversion
1l TH I8 AT St bty RO R B8y TRBIGR S 5dfekivg tirip!ed
dendnsinéanpfdomcihatkinjcofilethesteetdr Mhik évolatlliked @ndisefoitnggigaly
stream, if not.c tely refor ing.on f erial. The inert
soltd %ﬁs{lgaf ?éé?&%{g%ﬁugg%‘? r%())ur%] ?%dzgfﬁ:%)%gg&(gﬁg}%arﬁ%ﬁ %tlr%r to polishing of
this firstStagesisraansipatblmodasgeryarsdist nsaip 18 preetiednTHi Bl prigculate is
resifbR dsrerRled rekBrad %%%al?.e&ﬂ@e%o%@f@&' QH@c?afﬂH@l'é tesials/fiisdngrt

a

solids extraction will typically represent a volume reduction of up to 98% of

tW@B}?af‘r?’aPH@WWB?%GF%YS;?%WB%%HBW%&E?Eﬁ?é@%t‘&‘fé}dréH?H‘b“v&?mc‘ﬂate
pfacesshinwhich dustpaitidolaiadseremoved frplhesrefdremedsyafasing
Conventional dust.and particle separatars/filters are _employed, although
ST AU S0 RS SRS AR TR R S

fidew s pdrienihgustoseag agiory &Hd. iderovdllin Ay aakdrptaien ipothides tedinhe

refRrRING WAtARLKI bt dlternative bhdhgdysiRariicH a1 RaY-REASHROMEG R to
similar containers downstream from the reforminlglc; rotary kiln. Meanwhile,

hesfasktheemshenrsaiedniliF et reateratanst: oji ﬂﬂ’@%éﬁé‘ré’ﬂbf"éﬂ&
filpesdiespactiedytriche Hicfat priraeions kile cssblittosxiraattbepramd ginggyd CBM.
from therpot syngas foqrclihe use eHher as qirect heat, or,for %h% 20 %odlllct!on

il a0e eanin referably. comprise’sorbent or equivale
of eIectncffy or for‘(i’)re-heaﬂn Kifn Bombustion air analor pre%eatm ee

CeMnoldigishextrstegjanaffearingidiihd refeaialsiyossmprideramiben itsdid ents to

egrivRIeR): {pahnolagies fILAMAWNG MUeitiMg agid:80d metali Y eRBUISHRN cleaning
other poisons/pollutants to ) _
system will typically be located downstream of the dust and particulate removal, and will

typically be located either upstream or downstream of the heat extraction modules
(depending on temperature sensitivities of the sorbent bed materials and temperature
dependencies for effective removal of fugitive and poisonous gases).

As explained above, the dual stream, multi-stage process is preferably used when
there is a larger amount of metallic material in the MSW. It will be appreciated 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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provide for specified syngas cleanliness for subsequent processes. This
sorbent bed cleaning system will typically be located downstream of the dust
and particulate removal, and will 25 typically be located either upstream or

denstieapetibeneakextragionmadules;(epaRding pR-ipRRIAHe

sensitivities of the sorbent bed materials and temperature dependencies for
e AR HOM BY Sl o fafi i AHBZIB RS Mo @8 dpaseRyd Rd@¥plained above, the

dual str%fmpr@fbiilgk@iagﬁpflﬁ_@ei&iﬁﬂ ng&fﬁfﬁh@[ﬁ@@&g M/E@f_blmgé’ﬁﬂﬁq% |§ﬁ§i@K/i§1ed a
amount of metallic material Iin Ctwi ppreci ted that In most
o s ST B A A e B P A EHIS aRbtRge o
aapbaisbnam]u}cﬁb@°_€ep@fal‘%£dtbgmmana;mffmnﬁiasepasaligms gm'th;c_tdoatw'dmn
h&.Lany %‘?&I&l‘i%&%ﬁﬂﬁ?&’c‘? ff’e. MW InRe. e, Sedim refonming &in hap %ﬁm

t
However, even so, there is often a su stantial amount of metal in the M
WHIEE RRULADYE 2eadRYg IR VepsHigH tertserafuecstedittly 4aeRaMhitgam; and

PEAGARAS ISR FHdlt-STagR: N aceSTésidesioneintoaRinizenaBRi®ng
consumption by@:{he steam reforming process, as described below, The

pP&\‘é?Pé‘EWﬁ‘thf AU HAE Yo rPATNE 58 QuSmAEHAS 1 ARy lpd fgforming
pravigtedhae fstppiagenatelaRSEOMINQOWdny kifhdhat inents tiveSBiV) to eomplete
reforming t e of 5 roXi I 0C.t C erate the firs
Rl A QIR AR S of
VapOfReEPENeRwRINFR SithneRe sAHmeEdaimaslYi et Colage Hrobbjeryagas will

S%Eiﬁ%gl@}% RinR sheaNgne: s8I alaoa bR rRSKPMSIRIIBRAM ARk Eim
third stage solids stream. There is then provided a second stage steam

rSFOPHHY SYAIFOh AR RIRLREONe AL B SRR Hase ol o MREYIE o an
elewdiiadaeiormingylkikieinfuerat ueecofap proxtinate lyo8 o€ 4o EHOOGa (0E of this
his%@c?ﬁ £S5, may be necessary) to complete the transformation of first stage
gaseous haterials by facilitating the complete conversion of carbonaceous
gases iftiarshhygts ceegso peel skpiariportooydnd dist dipasyagaiesfigitween the
typigally & sichsindaydragen 3ingpifaus holithe warReR i shigmedioatgst

third-stage steam reforming system described below. Note this second stage
"%&Wﬂlﬂ%ﬁ%@@?%&ﬁfﬁg AL e hoiratd s in i slssemo
opturize e pversion Peddarimande wé thisrmecgnechstage. daseiadabiitdbe (entrained

o e e T i A e

derd b atete seanddipenpridotatehfiliarsnaltsmatioeyillorshaadditioallbo alsrsed

d%&ﬁg MRMEdI motion generated by stationary vanes in a converging cylindrical channel.
The syngas being drawn through this exit converging cylindrical tube having integral gas
turning vanes will generate the vortical centrifugal forces to allow for separation of particles
denser than the syngas being drawn through this exit cylinder. Slots strategically located
along the length of the exit cylinder will provide for the egress of particles with the radial
momentum imparted by the vortical motion sufficient to separate these particles from the
syngas stream exiting the steam reforming 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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20 process, the process will also include the internal separation of dust and
particles (entrained in the syngas flow) from the syngas before exiting either
the first stage and/or the second and third stage steam reforming kilns. This
ingeinalSeRATaIaL Ml yse e iniernaly SiRAISH. SEARGVRHARL MOURM (with x
generated by stationary vanes in a converging cylindrical channel. The
sYMasobersgsedai through this exit converging cylindrical tube having
integral gas 25 turning vanes will generate the vortical centrifugal forces to

allow foicse patatiaR@ pacclesi,dexgan than the symgas being drawn through
this exit cylinder. Slots strategically located along the length of the exit

cylinder will provide for the egress of particles with the radial entum
nparted 5 T S a B S e, L anar e ricguns (RTRE SR o
syirgashbstteramnaekicriggoct feameefohnimng killer Thizdeiericainsefraratiom, or used
dayicayilh-3PoRiRicallys be a cylindrical container, separate from the steam
reformlng rotating drum. The carbon char is separated from the inert solid

slag reslbbeestsdndsivstiipydeornthedhtdeigo Qrhrdlicesld Lemsrorstniasge
ralakyikdo ibatchwatathe wsithvaloarbionhiadnageuatedpiiouinwever, the

temperature of a imately 850C to. 950C (or hi r as may be .
R R T B A S RIS O he o stage
ceynpusayl ofapndrtgatiyeepiahrguriers s ahd MB beseortisg el thepste@rm

refgrming.ieastigndyith x moles of excess H20):
C+H20+xH20-*CO+H2+xH20 (1) 5 Alternatively, the carbon char may be

used dirBafy LA TR R CRISET PRY BRRdRS BT SRSEOR LA SRR iF T

obg:afythetheoyppey Slagasi ot stearw s etormaiionon hiisriksirgcBy dapdr aehacitely
sal .(Isl.n eq?d the outflow.from t %third s(tja 8 gan be directed to the
g d A #1

Sl S D P S S VA B S ek YRS S LA TG R e PhiFd st B essh
bdquaiisiven. H ewavbmdhé ot Eynigas fowithgse we i thwestinird. Sthge s aypicaltyy

syhsia.Claaperhan e ISt 39 SHN0as NG OAYi AIPLABASnes), or can

polishing, where carbon char has beéen effectively Separated from remainder
of FeBlY GeP i AR th g bR issS aN Ss RS RF APHPIRTIAIEE KA eRi ARSI
tacaptyieHdsehyl feaergyas the syngas and solids cool. Two heat extraction

modules jay e staged separately, 15, and indivdally dowpstieam af each

of the second ahd thirdt s?trélg%s or n%’ﬁ/(bg stagﬁap&lowngtrea% of & comBite

flowrfofsyngaslépomghéde spparatemstagdsniltvdse haatakooteehnologies for
removing fugitive acid and metal vapours or other poisons/pollutants to provide for
specified syngas cleanliness for subsequent processes. This sorbent bed cleaning system
will typically be located downstream of the dust and particulate removal and will typically
be located either upstream or downstream of the heat recovery units (depending on
temperature sensitivities of the sorbent bed materials and temperature dependencies for
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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units can be used to create electrical energy (using steam generation with
turbines), or can simply capture the thermal energy used for heating or for
pre-heating kiln combustion air and/or preheating feed CBM. 20 The

multi-stage Steanm, [RGB AESSRBRY APIORAYINGIHYE AG! ﬁi@tﬂﬁ‘ﬁé&iﬂ‘gt&

perform final cleaning of the syngas using sorbent bed or equivalent
tEISFBI YIS T 2 PEHS IR IRIBRIVE BRIYTHRA hIE tAIPVA PR Fasor R gpforming

pgia@és@/mlﬁgaﬁéragepaq%ieignféﬁm_@ﬁpw@giﬁ%ﬂ@ﬁaﬁlﬁﬁ@ﬂ#@ﬁf%&%ﬁ@m@m
pr esses. IS sorbent bed cleani syste will typica ocate

O LB B TR S e St resae o aed e s da b ihene
Io(q;atéchteiﬂ)enclpSMga_apqﬁ_ﬂldowmateeaxmdfm&hegememfmayeda]ssi(nthpléargimgte
B CIORF RIS 250 S 8 s, sqpRenbed materials and temperature

0
dependencies for effective removals of fugitive and poisonous gases). It will
be apprédditarsatthasiearhweionsint brodessbrag (e s gy geierming

CoroRsisimgvElZpaek GOpdtis Hesiiaiblade RIadkas asSyRgRsVItBrRaBIghAD
H2/CO rati% as 30 possible. The reason is that H2 is more valuable as a

MRy "G BRI TS o b B @M HHANSREES (SiVaH g 1Bal
waineiipgl calasiflerationsytaarbonply preietabhasdguestaradaatitestpply of steam
rele into.t ere., Ihj he CO cwmb .deal
e T A R
fecetveoh ekexesseistiey pah o\nichioatiidimattitea duhey ey an oapitGR e
thessts RS TPRMING B AResDIggeterate Dadaitienalitd 2 Rmsb &P ).

equal abundance. The additional clean CO2 can be separated and
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hydrogen rich ylarocarbons to the steamn re ormlnd’ rocess drives up the
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sigam Bfaming kils dhisdndgeesRiatueesadugher H2/CO ratio. The 10
principal role of excess water is simply to ensure that there is an adequate

supply SF 36T 't RURIGIESLASSE oM EATvs OrRHBLREN Y tBP iy TAgention
paksiptefcAibyy si@acmpeiertingsconamitnefraxesbsiwatenbayendas the steam
Stojehiametic will i 't}it” ihe gonversion of &3\10, & 12109515'?'2- HitfScan serve
creates a%'l |mprove§ 616 ratldaﬁul% a?so createys additiona %85&/

not only as a source of CBM, but as a source of landfill methane.

There are a number of advantageous uses for the products of the steam reforming
processes described above. These are listed below. For example, some or all of the syngas
(H, + CO) can be fed into a fuel cell. Fuel cells host an oxidation reaction. In the case of H,
+ CO syngas, it is most preferred that a fuel cell such as a liquid carbonate fuel cell or a
solid oxide fuel cell be used, because such a fuel 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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Typically this method of improving the H2/CO ratio will be avoided since it
incurs energy 15 penalties and will require additional special processes for
sequestering the CO2. The advantage of this method of CO2 sequestering is

thal (& SO MRS SRR Fla AN A AanRHId Méﬁ&&%vﬁﬁéethe

represent a significant proportion of the syngas and hence allow for an
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landhitbgites which can serve not onIy as a source of CBM, but as a source of
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of the steam refo ming proc s escrl These are elow
Fdesaxdanplsasonse or all of the syngas 25 (H2 + CO) can be fed into a fuel

cell. Fughgells Bpatan.Quidaiion rachion ndhe raseokhitod GREYAIRRNS,

most preferred that a fuel cell such as a liquid carbonate fuel cell or a solid
oA drkel e tised, because such a fuel cell can act on both H2 and on

CO. In espect@fHB, the gasisoxidizaddo produce H20 plus energy. In the
Cc hef eI cell ou ts CO2 plus energy 30 The syngas
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and steam from the GTL, or the CO2 and steam from the fuel cell, can be

cRBifiERsEPTsaD Resliddruldiebor) ardeeeibrd shnwusditeihs feuitsraupered as
saeieenter g f (@@rk@am@ A imannghdenalion! tetha ervipnmst.
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syngas product may simply be extracted and sold or used for desired

appitcationgserierdo eP il dimigaldiag GEleqnmts @ivatargdts pmereBislder
whieredineafRlloving rseaghiontiake ailagicam eclectrical generating unit.

The use of a fuel cell as described above requires a constant supply of fuel for
that fuel cell. In other words, various problems arise if the supply of fuel is interrupted
or intermittent, rather than constant. Because the production of syngas may be
interrupted, natural gas, or suitably cleaned landfill gas, can be fed constantly into the
fuel cell.

Some of this natural gas or landfill gas can 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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10 H20 + CO + xH20 -* H2 + CO2 + xH20. Also, the GTL synthesis plant

will typically have as an output excess CO not used when the syngas was

fed into the plant. This additional CO can also be fed into a water gas shift
reACKALA GAN R el Ladhea el relliRnR0ldas:8 KOMREILR RS HA TR Mg
water gas shift reactor can be fed to a fuel cell as described above, while the
con-is sequestered as 15 described above (by feeding it into a

synergitigaliyolp e atrd greenhonss)isfiteinaivaby thecaGmrant/eotbefti fiemm
any. one of tl?e above steam reforming processes can be fed to a steam
bﬁ%g%ilé%ﬁ tirbine and/or combustion engine for the production of electrical
energy. In other words there can be a variety of separate and/or concurrent
Uﬁi%ggegaﬁp%% %P%%rm'ﬂr&ing GTL conversion, commodity sales, fuel for
20 fuel cellsand/or fuel for a gas turbine and/or steam electrical generating
unit. Th&lgisk BPETasrbenads desetibet apsirtrd fukesiaesatdistsesply of
fugldarothat fuel cell. In other words, various problems arise if the supply of
fuel is interrupted or intermittent, rather than constant. Because the
productiof o WRGASREYHE TRt Nede SRl gaL: SPStitshR/ ieshed
landfill gas, Taimbe dadheonsiaditlyrinboothae 2mbtvdl tell Godmewel tuisanaiunddi-stage
g?IsoggSLandfill gas can be diverted to the steam reforming kiln. Preferably,
almost all of the natural gas would be fed into the steam reforming kiln to
enhancé&ithé PRITe geaheantirdiagiie ehsgiienenthosenpeidhihe iiaHbgayanit-
the,RopRatssyngas production from MSW conversion is interrupted, there will
be an automated bypass 30 whereby the natural gas will be routed directly to
the fuel C&H ?&‘}ﬂ‘ﬁﬁﬂéﬁ#“iﬂ]étifo%%?ﬂlfﬁfeﬁn%@ﬁbm%’%ﬁﬂt etiaie gy mult-
usedeipsiead. of natural gas to assure a constant supply of fuel for the fuel

cell, with the steam reforming process being located synergistically near 8 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. 5 Brief Description of the Drawings
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Fig. 1 shows a schematic diagram of a preferred embodiment of the present
invention. Fig. 2 shows a schematic diagram of the single stream, one-stage
process. 10 Fig. 3 shows a schematic diagram of one embodiment of the

d%lﬁféﬁ%@séﬁ%@é&@% RRGESS- Fig- 4 shows a schematic diagram of

another embodiment of the dual stream, multi- stage process. Fig. 5 shows a

schemaki dldty PsThenalifotiaramiGtRFR o iBOdL AP RS A Singliistigm, one-
S@@% procsss m&mwwpﬁzqsgrwﬁﬁﬁh@ﬁmeféamat@m@gr d iz eebavassic,

ram of ferred Ie stream, one- sta rocess.
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into the steam reforming rotary kiln 9. This serves to do one or more of the

fdIBNinggnesrtfoveran ced sVl Fecribiedded (BBMqumapataaeda i 0aRYin
WRENRs e SRraddeefoBMndo-anRioxXiMaiRl2eftn) It IeadhesR fRAdRe steam

steam reforming reaction, \Where necessary, make-up water and/or steam 5
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tdqarmvmhmﬁmlie feadccoftigh atisfeedofshigh te mpst alit €N amnetmptrgeche
C n te rming: kiln | tiylar. of 0
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infgdegsieamaefarmieaHs i amvbichis exproalyibe ated Lommergial lime

10 is added to the steam reforming kiln so that it will react with any 15

h&IIRBETEBPBL AL ey RmBImg eiﬁ%ﬁ‘%%@éﬁsf‘%%“f%r?fgm PRy
CiBM denheatpchndititieréhe steavin gefarntinig ddin 8dm aroCRA/6SHE-ARDDIS heated
highet, ?hse RSESRANASPENAg Quihe dbakeHBLENS RN andndargoes
avirtua complete conversion via a steam reforming reaction to re ormed

syfprsling ontee rafbanedshedaBhayoptisredy baifurtivenpllisisenydison via a

expRmpleRAs ARl HghR Y iRl ﬂPS*rﬁsmd%@amwoBﬁ@n%ﬁy be
partlculate filter 15, to remove dust 16 and fine dust 17, respectlvell)élf The

infdFTSoRg Liags" FSERIAERIF rPRSURELL ettt Bartispkd s scasaler Bpifig fine
rejaresalnts fapgp it agelyv2%ust 16 and fine dust 17, respectively. The inert solid slag

residue or kiln residue 12 left over after the steam reforming represents approximately 2%
by volume of the starting CBM input 1. The dust 16 and 17 separated from these polishing
units, combined 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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by volume of the starting CBM input 1. The dust 16 and 17 separated from
these polishing units, combined with the kiln residue 12 make up the total
residual inert waste 18. The hot, polished syngas may be passed through a
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(using steam generation with turbines), or simply to capture the thermal
efRCEdd hedsirreyisaadhds witird tif e ddiioBY Rodshbraledprécanipg vhere
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heatedrindhelateamhdeforming: Kierdmappraxpaately, 6R0mblARCH{tydiaR!iatin
the higher end of this range), 10 where it undergoes a steam reformin
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The CBM undergoes_ a first stage steam reforming reaction to form a second

StSBE G AP YLERE Y SR hn Bt A thifG REYEL 5SS stream 27. At this

reformingdehipe kaijriefi¢hecheatatl icdngitari alSawithiin dthe: EBbbdENe: targehe dual
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solids stream 27. The products of the dusty gaseous stream are passed to a
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gaseous products to syngas 11. The carbon_ char in the solids stream 27 is
SEPSTRag ORFHHE Tt KoiRfe st &t it Bty 282 Thib sapplicie g
Cchave30 beayr&ierusdd, directty foppeduticSalascdibdniteed.)s a simplified
schemagic diagram of An Aemafive embodimen of e dhal SUPAMy. e,
multl-stag% steam reforming process shown in Fig. 3Rthis application, fhe
sapaiiatedecieboncddhrani8d peofsasisitovthenddeohdIstifeaprdigatioafdrmrrienguasedry
KiDB3P1RIPBIis fed into a third stage steam reforming rotary kiln 33 and heated to
approximately 850-950°C (or higher as necessary) to complete the reforming of carbon char

into syngas 34. (The third stage reforming kiln 33 in this application would have to be a

rotary kiln, in order to process the solid carbon feed).
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with the products of the gaseous stream to undergo steam reforming at an
elevated reforming temperature. (The second stage reforming kiln 28a in this
application would 20 have to be a rotary kiln, in order to process the solid
carRpiieee) Higienigsd simplified schematic diagram of another embodiment
of the dual stream, multi-stage steam reforming Io'rocess shown in Fig. 3. In
this/apistieedibn strrnsesirateeicahnmars erar aorial ieipintehe thi g stadge aediah
refarpinggotary kiln 33 and heated to approximately 850-950C (or higher as
necessary).to complete the reforming of carbon char 25 into syngas 34. (Th

T B AR PR RSS2 G A BT AH R G e 5 ek Sy A
ircendercforprogessith&isoliccc@rbdiy feetdd; 11 WHAT IS CLAIMED IS: 1. A
:‘nhgﬁhﬁ‘?%g%éégﬁd&5‘8&8[{3‘1!19@9&%5%% ‘%ﬁQHt%dgﬁ%?Q%Hé%%X hfis gas, said

thod ™~ comprising: feedlng‘an inp t of car onaceous mat rial Into a steam
réRAAEG T SeaPgTitROYHRF ST YE Y ey pEFRT iR ¢ rt &I VRIRS! i fesiangally

heatgekaagitating thaearbsmaresmal@rakiising the st@anstefprming rotary
kiln; heating the carbonaceous material within the rotary kiln to an elevated

réFS?HﬁHIf R RHEPRRTRS SRS RE 58t BBHHS SHBoRGH e BreE redS Water
osdtgamialhefornping theeasibanace ssimateriainguehcthat tthfecadyothasie gasand

”}%%{1'1%'1 yndergoes . egp%ﬁ@tsi%grcsgmglete conversion via a steam reforming

reaction to form synthesis gas a minimal amount of inert solid slag
residue. 2. The method of claim 1 further comprising the step of preheating or

dWiﬁﬁetﬁﬁt}ﬁﬁ@wﬁ%@w%t@&iﬂ{)@éﬁ@%i%ﬂh?ﬁ%@ﬁ@ﬁﬂ%‘&%ﬁﬁ@@ﬁ%”w
through a preheater before jt is fed into the steam reforming rotary kiln. 3.

THEGNAFRSY I et IIRSHBH th S CaPBRS AL B HRA B AE s bV TUS Te of 1S

infal ther Skesamekgmmingg hotary Kilin using an auger or screw conveyor. 4.
The method of claim 1 wherein commercial lime and/or a bicarbonate of soda

is added to the carbonaceous materials within the steam reforming rotary
kibn Bes azeteoreeictlpvioh] arfreantiventhenisreasis noeiasfah sl ogetrsiovithideghato the
CYRANAFEOME MG R PusthieMeibadplciainchwhgrein high temperature

steam is continuous?y fed into the steam reforming rotary kiln in order to
purge air from the carbonaceous material being fed into the
4. The method of claim 1 wherein commercial lime and/or a bicarbonate of soda is added to

the carbonaceous materials within the steam reforming rotary kiln so as to react with and

remove the presence of halogens within the carbonaceous material.

5. The method of claim 1 wherein high temperature steam is continuously fed into the steam
reforming rotary kiln in order to 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.
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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 fﬁgQngfh'a'@é?gaﬁ%ﬁt?d‘%vﬁéﬁ%lm?ﬁé%%%JQJéIJ&dI&‘EéHh@ igﬁxﬁfﬁﬁ‘%eﬁﬁfrglgﬂ&%ed

reaction. 7. The method of claim 1 wherein the carbonaceous material is
nEtRRhBIOXIDEE Phey AsEFHE 68 cesmsdIspdBHetHahe carbonaceous material is
landfill methane obtained from a proximate or synergistically located landfill
site. 9. A method for steam,. reforming carbonaceous.materia), said method
e\ et AR cil bR ek e
sfeedmm&nmmg)f@babyd@hnouagimi@rg tie mé_inbmmmmﬂt&ria?hglmt@yc_kﬂn;
firs 'ﬁiﬁ%%}%%%%ﬁ%ﬁ%ﬁyE}Qa{él%ﬁ‘{xsh&'gihé‘ﬁ?stﬂ@&é@%&ﬁﬁ%&%‘?&g‘%@gﬁlﬁ'

within the first stage rotary kiln to a reforming temperature bel

wifiehngbeariebaiaesaat Atz potize therifreiagssatees bl e B TRitEe

prespacaRf WRIRIRI sieathreiaiming e 4ahanaseaus satsriabatiBso w
reforming temperature such that the carbonaceous material undergoes ﬁe

parllat cBHDERIBISAL DMHER AT PErBPri G PRARHBH B HORE L RA L éh
cotfsisting ohparbore chelr hadiinerrbeolicksiagnesiduendimgbas ggsedlsonversion

ma. %”&é%ﬁ&%%ﬁ%%@&“%%‘%9&%‘?%&1&‘& lals é%%%ié’ﬁnse&oflgb% 896 ~188 Mert
reflormlng Iin, heating tChe gaseous materials stream to an elevated
refdifriilag fevdperandeafeao B0l suemidogtingrésaaceonf srgialpinto a

WekeShd SfMiBamtheSRARROUR MRleEI TR LG §lIevAled 1S1RrBMAGed

temperature such that the gasgous materials stream undergoes a .
TSNS MBS  AORVEFIA A G S RTFERBr it g AL LI SA S f5REming
Syt hesisugas)taridssepanating dle cach oef @hén grempihretine susblichsiaggaseous

residue for, direct sales or sed este in of atrbon. 10. A method for §team
a erLals streqm undergoes a subs al‘ltla y %[]n te € conversion via a_Ste rerormin

reforming carbonacedus material, sal od comprising: feeding an in

ofeeatisoriacenusymbterghimtadsipstaing theraaharehoriiing thstans timid slag

agitatingshei carRARAcEQUR AR UaiBgnthe first stage steam reforming
rotary kiln; heating the carbonaceous material within the first stage rotary kiln

to a reforming temperature below that at which metallic materials will
vaposizestbbdriamsebout hbbiig &bB&atadienpiesen s diamter ohfiedny;

S R T e R O
agitating the carbonaceous material using the first stage steam reforming rotary kiln;
heating the carbonaceous material within the first stage rotary kiln to a reforming
temperature below that at which metallic materials will vaporize, of from about 550 to
650°C, in the presence of water or steam; reforming the carbonaceous material at the
reforming temperature such that the carbonaceous material undergoes a partial conversion
via a steam reforming reaction to form a solids stream, consisting of carbon char and inert
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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via a steam reforming reaction to form a solids stream, consisting of carbon
char and inert 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
ahlel®VagEW RS HiY AP ALYE BRetIN NBETIah GOE TSN prEREEE of
sg}ee&mg&m%&m oﬂ&fﬁ&%{wmmmgrﬁaﬁﬁ@uﬁmﬁgﬁ&éhiﬁmﬁn@ @&rﬂpml?;
char at the elevated reforming temperature such that the gaseous materials
S RS ST oLl B B LBV 8IEh via
alsteamtheforrbongereacticetaforitisyheHesistgasrddyl iltometéfochfog steam
"SLRImIAR A BBRAREOHS MAISHAL SeIHDANORAQTRISIG: dGRFIRG A3 PRy

of carbonaceous material into a first stage steam reforming rotary kiln;
afndttngntHe xtsoRaeEpasTRafGrErUSiAgnE Histaheyacsmumasfoinminee

rotasyniiha; ingRtNgrthe Garhe nrcessthtalelialwithinibe fisst siage.retanekKith
to a reforming temperature below that at which metallic m teri%Is will

vaBHIE B TSI BB SERSSD 1 BB Ol il BrBs e WS\ (et B stagnd inert
refdidrilag tkmkdoarbmdlage@ossrn&teriab atrtlaen; !fe&dmgi g gl%pe;a]nurﬁishdhtmat
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reforming feaction to form-a solids stfeam; consisting of carbon char and inert
seti@rsing tesipriatuzhel abgas8did e imbaspresarecfebaiagploviiemierming
mateials lnig A mecand slad St RIMmetefatRineL k! Bipbeatit g UheBAIROMR cous

materials stream to an elevated reforming temperature of about 850-1100C
TS S SEREB BIAASaRs HrREd oY MG Ctha Y S 80LaA SRS IS %
atdheielavdtech kgfolimingade neperatugersuchbthatiiegasde uscrmater iddg residue;

S‘i'e%%mﬁt{ﬂé’?f gesBsubsianially camplets conyersion via a S&%ﬁ‘h%% %r”?hr%g
reaction to form synthesis gas; separating the carbon char fr m the Inert'solid
skagbasiinieto faclivgiahectienme sboer dhr thedatRirer stag&-sredmpresence of

refesmingrataddliRrhigatitehthe e erl chak n&levaied fetorpiRgure such

temperature of about 850-1100C in the presence of steam qr water; and
réf3HnERtRRN AR SRIGRRCA At LaU AR o PTG AERIoar bR A S StRHC pping
theacachan foharsymtlesgeas. a substantially complete conversion via a steam
reforming reaction to form synthesis gas. 12. A method for steam reforming
carbonaceous material, said method comprising: feeding an input of

caPboharsesionatesiardhoonang strbeigecstsamtraidrmidgnashad crifrprisigitating

the AP INAROYEABIRHAl SRR RIS SiALe 1AM ARTLIRgOBIMilfn;
agitating the carbonaceous material using the first stage steam reforming rotary kiln;
heating the carbonaceous material within the first stage rotary kiln to a reforming
temperature below that at which metallic materials will vaporize, of from about 550 to
650°C, in the presence of water or steam; reforming the carbonaceous material at the
reforming temperature such that the carbonaceous material undergoes a partial conversion
via a steam reforming reaction to form a solids stream, consisting of carbon char and inert
solid slag residue, and a gaseous materials stream; feeding the gaseous materials into a
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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heating the carbonaceous material within the first stage rotary kiln to a
reforming temperature below that at which metallic materials will vaporize, of
from about 550 to 650C, in the presence of water or steam; reforming the
C%P&{éﬂfi‘é%%n@ﬁ{ﬁ{ééik aLlhe. JeioHping é%%‘&leéﬁ&y FoRHER 108t I0Rd slag residue
carbonaceous material undergoes a partial conversion via a steam reforming
reaetsinedie ﬁﬁb&%shersagﬁé%ﬁhf%éﬁgﬁ%@%%h?ﬂb?f Ehearnsritnasertd éUﬁoFtage
slg&ﬁegmlﬁgglmgaseous materials stream; feeding the gaseous materials
into a second stage steam reforming kiln, heating the gaseous materials
stream to an elevated reforming temperature of about 850-1100C in the
piés@&heenethsteaimnyroivalten defarming thecgapesing thaferibds strealnfieeditiyethe
GL%%@& gi&r%@fﬁsmgﬁf@&%ﬁ SHeRothah %ﬁé&ﬁ?&%nﬁﬁ%ﬂﬁ%‘?@ﬁ%ﬁ@ as to
undergoes a substantially complete conversion via a steam reforming 1
réaetidhtbafsVaT SHrhesis gas; separating the carbon char from the inert solid
slag residue and using the carbon char as a fuel for heating one or both of
the one stage and two-stage steam reforming kilns. 13. The method of any

of ¢Idifg T"%? F‘&“z%&%f‘ﬁ?ﬂ&ﬁ&r‘?ﬂﬁ ‘FtﬁXr?Srsgﬁélﬁslff‘?gé’éﬁf’ qive 3§*,¥rﬁ¥1°e6§ fsC02
gasdnteyachgsticelly Whickdgaechiostsan oxidation reaction of the synthesis gas
to form H20 and/or CO2. 14. The method of claim 13 wherein carbon may
be sequestered by feeding any excess CO2 into a synergistically located
greenhouse. 15
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