A PROCESS FOR PRODUCI NG HYDROCARBON DERI VATI VE

PRODUCTS FROM FEEDSTOCK CONTAI NI NG HYDROCARBONS FI ELD
WOR006E77HSNVENTI ON This invention relates to theCcT/CA2005/001137

production of hydrocarbon derivative product and in

particul ar the production of hydrocarbon derivative

product from feedstock such as bi omass, which may

i nclude any fromthe group of cellulosic plant

PAPROCESS FORRROBDUCKNG HHYRROGARBON DERIWATAVEPRODUCTS

foss | 1 oEROMFERDSTORK CNFARNE HYHRBcAREERs
f eedst ock contai ni ng hydrocar bons. BACKGROUND OF THE

I NVENTI ON A significant chall en?e of the nodern world
is to devel op a proddELDIQF THRINVENTION our waste.
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be very useful if processes can be devel oped that S
feedptogk such @scriemgss, whichireayunstusle: anyireanibe gsperl gt sallulosic plant

Ve 0 r ' I
mgalt Pl peitlosEFDauEy MIAPREnGAN EHAROM, pRicessed
amirital ar haman spwabeyr fossil fustoopamyntipet plnt aile, andiether feedstock
- used, Specifi i}g’lly et hyl al cohol or ethanol is a
coptaiing 'BY‘HBG@ N&nd used chemical. The majority of the
‘mar ket is for 200 proof, or beverage grade, ethanol.

The fuel market nmmkes up the next greatest part of the
mar ket , and i ndUBACKGROMND QF THEINVENRIONeast in

demnd, RSB otle S BBIRAPE AT e dqpmopaprocess o

daglirg Wilevlr whBte. PTISIS 8 Boihowaste fdrh iour evdnuféictuiring process and
capabl e of the production of very |arge quantities, at

wastedfremhuneanssiigh as sewage-THUGH ofdbissvagte ig Nery highin
hydrocarbons and accordingly it would be very useful if processes can be developed
that capturé the energy in this waste to produce products that can have'other uses.
For example ethyl alcohol or ethandl, methanol, acetic acid and
formaldehyde are but a few liquid organic compounds that are widely used.
Specifically ethyl alcohol or ethanol is a widely produced and used chemical. The
maijority of the market is for 200 proof, or beverage grade, ethanol. The fuel market
makes up the next greatest part of the market, and industrial chemical use is the
least in demand. _
The production of ethanol from the fermentation of cellulosic materials
such as grains is well known. The process is not efficient, but is capable of the
. production of very large quantities at a fairly reasonable cost. The process has the
additional advantage of producing the product worldwidg and shipping it to other
markets as necessary. There are two significant features of the process: one is the
need for heat. The fermentation process requires constant temperatures for the
biological activity of enzymes and microorganisms to accomplish the convérsion.
The second feature is the production of carbon dioxide (CO2) from the fermentation

itself, but also from the use of fossil fuels to heat the process. The capture of the -

1



10

15

20

25

30

addi ti onal advantage of producing the product
wor | dwi de and shipping it to other markets as
wmemessdly. There are two significant featurespof/Cabm®s/001137
process: one is the need for heat. The fernentation
process requires constant tenperatures for the
bi ol ogi cal activity of enzynes and m croorganisns to
acconpl i sh the conversion. The second feature is the
COs isisdradic alﬁqmgst kpwdmhersi rdsultiogin ahraveralhsignificant contribution to
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production of CO2 fromfernmentation is evident:
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| eaves nol ecul ar
thef el AP dBl IRt T or [he cop. as it
i's a produstpaténtte)e47,06% B2, Imbt:@s’s f@n@m&nt&m@eh‘ulosuc Material
mechani sns. US patent 6, 747 Process

intoolHaEids; Agows fariieg prodiiets Pf»l&g th?ﬁeo'"EPh%Fr%%“S foWases from the
aié?l‘ 'tBﬂ dt rc%ﬂﬁ'l?%% a%‘lsgﬁg%% ﬁ'{)ﬁﬁl Wikt ga él’ﬁﬁ'i"éactibn SfHSunreacted

asli ul ose; 2. gases roma
carhoe Dbgamed; frofrt theecatftlase gasifiercand Bedbe gaseafrooncombustion of

ained fro aSJfI er; and 3. the gases
oG D bl o St 6k LB SRR ST | APent | e

cel I ul 03E’Tl@?ééé@ﬁvereTBI%nﬂéd%ﬁld\ff@fmebhrﬁﬁdﬁ\énﬂMstobﬁeé acetic

into chem cal's such as acetic acid, fornal delh%de or

aqid dfarmaldehvde oy yeea farmaidehydeealh B methanel.s Fagh siep was
ORISR AR e i B, 02
desired eAl&mIgméomhmrr@mermaqmtmth hgs ¢heldesired effect of

PRI Ieoc! MalESe b6 AR B e i erSgBrssiActa second
feeBbiotk 46 aaH! c@rissh Frﬂ)n%RFde'Eﬂthydrogen in a ratio calculated to optimize
the yield of product from the primary feedstock. Any residual or unprocessed gases
were therefore recycled in the process, as was energy (heat).

Accordingly, it would be advantageous to provide a process for
producing ethanol and other CxHyOz products which involve a tighter control and
more efficient use of the oxygen, hydrogen and carbon in any feedstock.

SUMMARY OF THE INVENTION
The present invention is for producing a predetermmed CxHyOz
product, wherein X, Y and Z are each an integer, from a primary feedstock
supplemented by a secondary feedstock both containing hydrocarbons. The
process includes the steps of: providing primary feedstock having a water content of
25% or less; indirectly heating the primary feedstock generally in the absence of
oxygen to produce a gas stream and solids; cleaning the gas stream by removing
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the yield of product fromthe primary feedstock. Any
resi dual or unprocessed gases were therefore recycl ed

WO obhe77py ocess, as was energy (heat). Accor diP@i/gA2a05/001137

woul d be advant ageous to provide a process for
produci ng et hanol and other CcHgOz products which
involve a tighter control and nore efficient use of
t he oxygen, hydrogen and carbon in any feedstock.
COMNMRYolids throl NOE-ATIANel spétﬁéérﬁt déteviaMingdthe émbgﬁt of CO
produci ng a predeterm ned roduct wherein X,
angh il22n thecleabed gasistreags ﬂeteprfmmns tbe ingat ww@aépmrectly heat

AP SRLOK, BSA pEERE COHAIhe e s

stpea:rwwitmmemequnéd o‘&edetmb preducwthe pmﬁetemmédacw@@z product;
25% or |l ess; indirect] heati ng the pri mar eeds

d@*@ﬁ@mg {ha additienaliof @nemewagﬁ tfr@nbtftﬁj tfeedstock to

rermw ngéé%ze%?b %nfi‘i-\é%pg?%ﬁrﬂﬁge a szllteganeg gagrOdUCt’
determining thet secdndiangfeedstankp aalculatingthaacthaddt ohChdi12 and heat

PRRAGEPE e sty At Bl ol il bgndad feedstock
toPSroRBBE Maat Rir tﬁ‘@irﬂn@cmeatmgt Sthe! G 1668stoEK, 28 AséEondary

the required CO and H2 t roduce the predeterm ned

g&x stge:emp coanbining tzh,ﬁt Gpmamﬁl fiome theieleaned gas stream fem the

tiah? fdds it i GassB IR e spEGiR el o G Sioam to
pwdrmdal@t rtnlxb‘el @smstrearg ?ddang eocatdlqstytofthedm:(ed Igas stream to produce
atjn nmount of ea
teRping 5 04%.ca%4 RIINGnE PFISCERPEN Lirty Qs to
pr%%%%@‘iﬁég; cﬁéﬁﬁ.ﬁ@& @405, 05feaacteat for the indirect

heati ng rimary feedstock, and a secondary gas
stream cAnbther ngped:teofme invention fis apro¢assdbedesignings plant for

oA S B 39305 b g oons ano

a@asonddrydaedsteek.NThe predadis)iftiutifs thesteps oft Werminireptile heat
to_produce a predetermned CcHgOz gas; and distilling

reqyiregrte dedieactly hegt &q@r@a@g@eggtock comparing the percentage of CO
and H; in the cleaned gas stream with the required CO and H, to produce the

predetermined CxHyOz product and determining the addltlonal of CO and H.
required from the secondary feedstock; determining the secondary feedstock; and
calculating the amount of CO, H; and heat to be produced from the secondary.
feedstock. '

Further features of the invention will be described or will become
apparent in the course of the foIIowing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be described by way of example only, with
reference to the accompanying dréwings, in which:
Fig. 1 is a flow diagram of the process of the present invention wherein
ethanol is produced; .
Fig. 2 is a flow diagram of the process of the present invention
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produce the predeterm ned CXHYQZ product. Anot her

aspect of the invention is a process for designing a
w@bk@aof/es produci ng a CcHg Oz product from a PCT/@ARYNS/001137

f eedst ock contai ni ng hydrocarbons and a secondary

feedstock. The process includes the steps of:

determning the heat required to indirectly heat the

pri mary feedstock; conparing the percentage of CO and

shiddvind) tHeproduetioe of gaenekal SYHVO A prodhet; magui red CO and
H2 to produce the predeterm ned CxHgOz product and )
det er m nifrig- 3 ifca Hawi diagraa snilande Mhat showndgdigues 2fau jpcluding
: 1 M) ondary
folte SRS ERRG ORTTE0aM 1o REBLUA ol BER o ol
heat to be produced fromthe secondary feedstock.

11 "echrs AR BRI B o BT
detai |l ed description. BRI EF DESCRI PTI ON OF THE

DRAW NGS The i nvention wll now be descri bed by way of
exanpl e ofe/progess of Hiecpresent invention deswihesa/meghod by which the

d i ' ich: Fia. 1] fl di f .
orBH UL CHR) et o Bt i AL BE ekl oo mixture of
syPHEEIE §8s cbimpponéniss whetéin\X, ¥i @l 2ar@ intéféersp MeeSgHPOZ products

the present inventionshow ng the production of a

arggesesalycalqgbpls, Aklahydes dirlomesy casbexylig acidsqeatesy pachother
o%%é@d B?drtot&%bcrwg&‘ﬂ/dti@eg.' HEGatio Br{hé ﬂ‘HtHQéié‘% s components of
rther processing steps In regard to the seco 8ary
carbenl stonxidDarid\hidiogBRSERhiRed GidnOA pridkaryNvedstochcainbe altered -
i nvention de

oo RSt of LB e e SR 6 2o AT BB
AP Al IV S5 G TRl moas
steany @il pertaincthe specific gas ratios required to form the end product, in this
case ethanol, with little or no residual gases to be disposed of. As an example the
method of the present invention is described in detail with respect to ethanol
(C2Hg0). .
A primary synthesis gas stream obtained from the desired feedstock is
analyzed for CO and H; content and compared with the product composition.
Depending on the additional components required, a second gas stream is created
by partial oxidation or a'water-gas shift, or both, of a selected gas, liquid or solid
hydrocarbon to form additional synthesis gas. The blended gas stream is then
processed using catalysis into methanol, which is further reacted to form ethanol.
There are significant advantages to blending two or more gas streams
to produce an end product. 1. With a greater product yield, the whole process
becomes more efficient and therefore improves the process economics; 2. The
range of feedstocks is broadened, because the primary feedstock does not have to
closely match the chemical composition of the output product; 3. The range of
products is extended beyond the capabilities of the initial synthesis gas; 4. The
need to process or dispose of the unwanted residual gases is greatly reduced. All

these advantages have positive economic and environmental benefits.
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are generally, alcohols, aldehydes, ketones,
carboxylic acids, esters and ot her oxygenated
wohyasoeamdon derivatives. The ratio of the synP@E€A%005/001137
gas conponents of carbon nonoxi de and hydrogen
obtained froma primary feedstock can be altered by
the addition of a suitable synthesis gas streamfroma
second feedstock containing additional carbon,
hydr ogen |aRAvEIKKSRMn tHatehé Praduction ofisyRheSIS RS aSrhixa#@of
will contain the specific gas ratios required to form
carben manoxidsdand hydregeni(syngase e@mbearchieyed through te gasification
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o Rt RO ORI 09 190 6 S 90, 1) 3
chemnicaldeedstoditfooexample togtredugametharal frapn natural gas, oa catalytic

reBGUTTS SHRT 28 p D REL P oretiaag (g ke b fets or other
hydi6¢EarBbRS SsrkiE2) whﬂaewg%as%v&hérdyrgréhei@m&mnol, which is

further reacted to form et hanol here are significant .
advant agebhe mainridy of synthesis gasraspduegdsinsthe taglay for chemical

SYBFIE & iR B ety wilt it 8RS SBpH RGNl portion. The
prb?adf&t&frgoft&eyrgasqmg bidmasy Igasgecme rsotrrietaingz)f althst topicgNew

of feedstocks is. broadened, because the primary, . o
tephrricgiss iare 58anaIHg thﬁ\%@swec%%rmwﬁ@? SHNGFRPERRlieny making it
a'f) 4 FscK 1B3f gﬁéﬁﬂ&}#l sgﬁtﬂ@Hi%téndgfo_r lTrFt-fe Pl“(ft‘f‘tﬁﬁoﬁf)f super-clean

roducts 1s extend beyond the capabi es of the
liquid fueds. Epwenes ithe gfficienty of ierthereerocessing issdsteomnined by the

* afRR0EERe b8 AR S RavB AT Bis iRyttt vinuaty ai

cayed, enprocessaNéygdeastainwantéd gased®s by lpreavtts bathd dymgas

production of synthesis gas, a m xture of carbon
forpaten tRMad hydr ogen (syngas), can be achi eved

through tBe 848fidrsGAGALRom biomass can be achieved by steam reforming,

“pyrolysis or partial oxidation. However, the syngas obtained will always be a ratio of

CO:H; determined by the input material. One feature which is consistent with all
processes, regardless of the typé or method of the production of synthesis gas from
any feedstock, is that the prodUct seldom, if ever, utilizes the syngas components in
the exact ratios generated, as in the methanol example below. It is therefore

'inevitable that the formation of products from the syngas is an inefficient utilization

of the feedstock, with excess “leftover” components to be dealt with.

Plant matérial is composed of cellulose, lignin and trace minerals. The
production of syngas from this material typically includes the formation of larger
molecules, such as ethane, propane, methane, etc., which further complicate the
use of the syngas for further processing, in particular chemical synthesis. This may

™ be reflected in expensive solutions for excess gas disposal or processing which

render the formation of the synthesis gas uneconomical, or at best, marginally
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of hydrocarbon materials such as bi omass, natural gas,
or petroleum products. The ratios of carbon nonoxide
w0 eooapar7egyen produced are determ ned by the ferdptCaeds/001137
the processing nethod and operating conditions. The
resulting syngas is then available for further
processing. There are two main uses of syngas; 1) as a
chem cal feedstock, for exanple to produce nethanol
edohBMigst ural gas, or catalytic reactions such as
Fi sher-Tropsch (F-T) conversions to nmake liquid fuels

or ot her Thedmethadloest suiled to pravde addiipngksynges cemnagents to

SR Y e ik e S g I
selfsted haditiondl mataiil UTAE ragterialfopthe reaction ibéleptetbased on the
The production of syngas from bi omass has

| becone .
ensbpreduetepraposition requirgneentndhe desied epdirsadystis)) and the primary

n . ON iy 1
YRS BhrB8t Qfmgon OB PAREF Eaif be Y BATTIGBI i Sk Liquids or
saligls nestheneselvdsdnavente e vaparizedroradtomigest foc thiastep pubel

fuel s. Hov&ver the efficiency of further processing
successlplly achiE¥dy the quality of the syngas produced,

Whi ch i's T fliastrate tAls ihBentioH, BRAmpR&arel chosehtfksth e Mitial

cases, unprocessed syngas or unwanted gaseous

gasyfiqation of cellWose. Hbe shaigeonnanent pbplant materialCte produee syngas.

L 0 iy SHRREUBA N SBeBh G4 rocessin s
céllbbséyﬁgla:?ooz;hls&h@ﬂfé thréé sighifituAt etiiodstavailable tG@atrIZ Gasification

. determ ned's\k,)\g)( the input material. One featur_e_v\/ggch i S
in djR dnsfpack isgefines as thedbegualbreakdawn ot uaterialin g ghgence of

' o%gﬂg{r%ﬂq e {di an":?)weé% ioggqj%tru%ﬁ%g%?iillé?&gise %d}ﬁ’ig{iﬁl@é used to

ock, 1s tha pr t se m
describe this te¢chmnigyegasl iodhisdnstanse thesenterms aan beausears

. t J in th ] | le below. It i
'n%%gie%}%&%g’w ﬁi‘b?%&ﬁ@'ﬁ@? %?V(I')le ?é??rgt ?oneo?wpr odulcfs

fromthe syngas is an inefficient utilization of the

feedstock, with excess "leftover"” conponents to he
Teshnelogy tutilized Reaction Syngas composition
Gasification CeH100s5 5CO + 5H; -
steam reforming CeH1005 + H,O ‘ 6CO + 6H;

partial oxidation CoH1005 + % O, 6CO + 5H;

Note: This table and subsequent ones demonstrate complete reactions, which is
the ideal and occurs in theory orﬂy. In the real world, these process wduld also
produce CO, , CH4 other small chain hydrocarbons. For clarity, those extraneous
reactions are omitted. Also, in the real world, plants are composed also of a
substance generally known as lignin, in varying proportions, plus various minerals.
Lignin is the term applied to a group of chemicals called polylignols, which have
minor variations in composition. Lignin cannot be described by a fixed chemical
formula, and is composed of C-H-O, sometimes with sulphur. Because of their
complex nature, they are omitted from this illustrative example.

The subsequent utilization of the syhgas to form products is limited by
the ratio of the components, and has molecular “leftovers” which do not contribute to
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Plant material is conposed of cellulose, lignin and

trace mnerals. The production of syngas fromthis
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nol ecul es, such as ethane, propane, nethane, etc.,

whi ch further conplicate the use of the syngas for

further processing, in particular chem cal synthesis.

This may be reflected in expensive solutions for
themeagctg@addi sposal or processing which render the

formati on_of the synthesis gas uneconaom cal, or
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material for the reaction is selected based on the end
-5 product conposition requirenent, (the desired end

MHegsct (5)) and the Rréa@ﬁé,ytér‘;ﬁ?gﬁﬁ\eg{g@@m conposi tion|

This material can be a gas tquid or solid. ‘Liquids
Gasificdtionls may therrseB@@sﬂﬂ'i/ze t*othéHs@hddrB@&#dﬁz

TSP 1 o | v bRECOR O ampideMaD LA 11 om
paifal'dXiddtdh 9as!i T 1 capcen+&H.Cebl BIOROHINEORIH)

conponent of plant material, to produce syngas. The
foI | owd ng tabl e |IIustrates t he conposition of

SRR RS B R AR GuPEL i SO oo

TI@ﬁiéthﬁrﬂillyﬁHId Iig]nétruffedtéu;t ance is defined as the
t hermal breakdown of material in the absence of oxyge

or air. TNewtrilustiatedhg yise of ghe reraaininggases. considération is
10 g|§%rﬁ]d #quﬁﬁeé’éjgf Ighﬁﬂl?@ﬁ?{d ﬁﬁ)ﬁ/ e htteﬁegrggc‘{s’e ﬂoﬁ@néc Féla%blon to produce

additichal methahelrarebtadyice the leftoveangpses bel ow. Note: This

t abl d trat
Gact ondRfPeand SR R AIGRothRd Govaicer e pas, as
foflov¥: Ladfiligad Rssiiddho BAIBSMPASEE 8F anvilrd:1ak 3Ad one half CO,.

produce CQ2 her smal hai n hydr ocar bons.
clarity, t hose extraneous

Input for syngas Process Reaction Product
supplement | |
Landfil gas partial CHq + CO; + % | CO + 2H, + CO;
| oxidation Oz
Landfill gas ' water-gas CH;+CO, + CO + 3H; + CO;
shift H.O

15

The combination of the partial oxidation gases and the methanol “leftovers” are:
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processed to produce synthesis gas,

Landfill
and one hal f

Ce.

as foll ows.

gas is assuned to be conposed of one half CH4
I nput for syngas Process Reaction

THE Q&HBFnaﬁHﬁBlf ﬁi?ﬂhtéf%féﬂnﬂt gagés aaa tth@knéﬁkﬂnd “lefBvers¥are:

oxl dathon 2 Landfill gas water-gas
+C02+CO+3H2+C02$h|ft H20
Process Remaining | 2" syngas New gas Products
| gases from landfill mixture Methanol +

from gas (ignoring

MeOH the CO,)

production
Gasffication | 3CO+H, |CO+3H;  |4CO+4H; |2 CH,OH +2CO
steam reforming | 3CO CO + 3H; 4CO+3H; | CHsOH+3CO+

_ | H,

partial oxidation | CO + H2 CO + 3H; 2CO+4H; |2CH;0H

Comparison of results

The following table illustrates the improvements in yields and reduction in

extraneous gases from the processing of cellulose in the above examples.

Numbers in the table refer to the molecules of the indicated component:

Products of 1°

Syngas

Products of landfill gas processing
Added to CO + H, from 1°
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The conbi nation of the parti al

met hanol

are:

"l eftovers"

oxi dati on gases and the

are: The conbi nati on of the
worteneyas shift gases and the net hanol
Conpari son of

"1 ef t ORET/EA2005/001137
results The follow ng table

illustrates the inprovenents in yields and reduction
i n extraneous gases fromthe processing of cellul ose

in the above ex

anpl es.

Nunmbers in . the table refer to

the nol ecul gs of the indi cat ¢rtial oxidation Water-gas Shift
conponent:lnterpreta Lon: Inm the cases of ejilther :
ﬁi@f»‘%&al ly- omMBﬁhaﬁg' o@QmaHer J\@%Ibaaﬂﬁ f@PngHe arethanol | CO | H,
ﬂm metthan yi ncreasgd,—rat g, FIrom£3394
C?%Sﬁ’% ¥ The redt dua ‘?;rm nt of tTIcar bon” npnox|i de2L 2 0
stdipr al Ty ddcreagsed pradi ¢ not ghange.3 The rlesi dual
amount of HA either did pot|change, |or generjally wen
reeRMINGThi s tlechni que| f or| eval uating |t he iel(ds of
et et andof 3hepyprodutts s —a STpH d
prég%élébggdrﬁ@hi on t hp q3r pcegs descri befd 1{ tihi s 2 0 0
invention. It wll also be appreciated that bl endi ng
thp'gncpc in different volunes willalso aLLg%anLg____________
reconbi nations to take place, sp tRéfeslstiaffiddingSyngas Streams
gases wi—Tot—be T the sanme guantitTes dgscribed Partial
this exanple. Ijt is obvious that not all real world
situations-are |this sinple. Bi onmGassificationnprSteannRFex Oxidtn
| substance-thanlthe cnnmla cellulose-uUsed ih the :
exanpl e above, |AN8h2RE StEATS of I ignin and trace
MLBRENtS vary vueédjxeach pl ant speciaegggoph b qﬁ ased a 150%
svnqas can therjetore vary, and fhe purpose of t
i nvention is tq Wib@ndstrdamv—-t hese vari ati pns can be
comodated tg rcsnder t he procesrﬁ ehfi Ci ewﬁ\{P Aﬁta/one No ch
illed in the [#YXcoul d obtain| tN@ CHAEGEsa P ChaNge | No change
i nf or mat i on abgupyithPRdSMrE3ms Pr pauced Tromfa chosen
feedstock, using a specified prpcess. Wth|this
Honow edge in hamQXone skil | ed j rNolcbange ¢Md changen| No change
seteet—the—secontdary —Sytg as—sotrce,—and—chpose—etthe
partial oxidatilo ﬂb?"@ﬁggﬁﬁt'er- gas shift reaction, of
Nebks to providenaddi tional synpasa J0pg6t her A H38% WO A 200%
syngas streans W .I | produce thel highest possible
yield, and the |Wi2ndSH€8Mit e pxtraneous tonponents
d@r disposal. g v 167% | Nochange | ¥ 100%
with 2nd stream - v
H; W/G v 100% A 100% v 100%
Interpretation:

In the cases of either partially-oxidizing or water-gas shifting landfill

gas, the methanol yield increased, ranging from 133% to 200%. The residual

amount of carbon monoxide generally decreased or did not change. The residual

amount of Hy either did not change, or generally went down.

This technique for evaluating the yields of methanol and of the by-

products is a simplified representation of the process descrlbed in this invention. It

will also be appreciated that
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Comput er software is available to performthe
necessary process design calculations so the process
wa@paeeeTipmrent can be designed to provi de nmaxi PCFCHKR@654d01137
for the selected feedstock. Conputer nodeling software
requires input of chem cal conposition of the
feedstock, which is the starting point for any process
design. Using that information, and utilizing the
alS®blidg hsorel reEambifatibAs itd sie plhbe, sotheesdtugicesidoangases will not
specifications, a systemcan be "bujlt" and_ operat

d
be 1 the:same geantiiegsiascubed imihis sxamplem lhis AbYRUSIgEnot all real
wiTRh SpGiBrSTE s MBS iolriss'i{ B kel domBR SGBbtaREd than the
Simm@célm@ﬂseﬁbimhb @Xaﬁmﬂé wbove,dawl the ratios bf kgriis anditsace

i nvention apart, because . it is.the basis,on which the
eleentsvasy W'ﬁbei‘ﬁfbelé‘@&ﬂ?%c'%i Abionss: 28Rd SyReaeen ih?éefore

vagg,%rﬁi fﬂé%l.ﬁ’%ﬁgé oPfhis FVERGOR i%%é%%riﬁ@ﬁioWh“é@eMaﬁQtions can be

i ne sanpling equi pnent to- ensure consi sten
accpmrhedated da semderdbe pracessozfficientcAnyanengkilles indbe gt could

ot BRgBOLA Tl b hBinbBE PR LS o G
feBUSIBER, Uiy BGpRbiied prbédds) Witk tﬁi’s%fb&ﬂedgfd indvdrith) ohiedkilled in

control by the integrated process control system The
thg |asheowd thrss selaeithgisecondarydsyngap Sonisies aafGhopeq either partial
he. des| . g _ -
oioh g B8 v as Stf eBbfon I NG @ k8RB RERR P syngas.
Tddetheq theotveon synigessdstteams adinptadsice tthe highelst possibleeyield, and the
process of the esent inventjion are selected

r
lolegLPRRSRIe 1 AREOUS COmPPBRNE ORYITROSAh Figure 1, the
conput er @ﬂ%bté?%oﬁ%?@@a@é?l_aﬁ@!dﬁeﬂ&ﬁﬁ“th@%é&%%?‘ér ocess -

of the primary feedstock, which is the feedstock .
destigr balchiatipn® se 4ke pradess@ndesduiprment g3 be slesignedite provide

_woul d_be wast i S S ' :
iRl i S8 R e S REET 1R P <R heipg stR¥Rre recuires
inpat dfvdHentiGal dumositich eRbefebastscRwhich is the starting point for any
process design. Using that information, and utilizing the software libraries to insert
the correct eqUipment specifications, a system can be “built” and operated in real

‘time. A good software program will produce mass and energy balances for the

entire system, and can therefore allow iterative changes. It is use of this type of
computer software design which sets this invention apart, because it is the basis on
which the design of the process is built.

Once constructed, the operatin'g plant gas streams can be monitored
with on-line sampling equipment to ensure consistent synthesis gas production
occurs according to design. Sampling pdrts can be built into the system to enable
‘testing at every important stage of the series of events taking place within the
process, allowing tight control by the integrated process control system. The plant
so designed will not only be more efficient at the design phase, but into the
operating phase as well. |

Process Description
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sawdust, to nanme a few cellul osic sources. The

feedstock could al so be organic material such as human
worooandTras sewage, or high protein residues frpar/CA2005/001137

fernmentation of grains often referred to as dry

distiller's grains or dry distiller's grains and

sol ubl es. Chem cal analysis and a netal analysis (such

as | CAP) are necessary, to obtain information on

car bon, hyWi‘Ildgaeappmc)ajedl tratdheiequipgesntasetdotacca@Tiplish the goals

val ue, water content, and netals ent b
offie Rrocasail the STRRBRtIMAUPY 57 SIeBlgH AeRardNgdd I3k Stuation at
hdidocess steps will be. In this invention, the steps

are: gasification of the primary feedst ock to produce
a synt hednFigare, 1,dhs compateénmyodelingnpiocgss 20 bpginsswitk amanalysis

ot Brifeny frcssiods, VTR bR dReayCh B duTON e BEeR il be

déH & T\PicAIRMBIORETIdDEWESteBlofass sueh &/ dap rédidliés, Wwood

ust the carbon nonoxide content, then reacting the

re§ W o banvesting smijlinger mynjsiral askivities Huip ANdinaper bark or |
afyvrh‘ﬂ%t C'(Srh %%larfg t&ﬂu'&@?&%eé oTﬁ{a q’@&ﬂt J@&ul& ra;l"sg)eﬁi 8rgan|c

egun, usSIing conputer SO vvare.
mawml suctrhas heatdsi @cdmuml gawage esr high rpgoﬂendners&iﬂeslf&nn

in the absence o en/air, yce a
feuRniAden ! GERINS Pte  EaresIAcin Y detiicns arage or OaY Jistlers grains
i I t
' r?{:a gltr?s g?ﬂé;@'cg angyég%r bggaera?géxlltdggﬂkﬁqu gﬁ rég?/CAP) aree
nenelsearyhymobtam Informgtionsors catiboas hydrogeneoxyges) andrpigrogen content,

f the breakdown of fhe feedstock
BBl B WG Fengbf B SR rRent ot ur - “and provi des

t he basi sTd peginhithrasis dsalimeaaha it iSkndwe Wbas theBsasic process
ot her products of gasification are |ikely to be

stepouiltler, Inthisisyenten.dhe &@ﬁpwr@xum@fm@@pﬁ@fﬁ éheyptimapafeedstock -
PRG0S S R OB G908 088 SBbAA St
cleamsxkgss steatnguratiuged bmheaaaﬂlai;t)leination pha sespndamyridedstock,
which may or may not have been subjected to a water/gas shift to adjust the carbon
monoxide content, then reacting the combined synthesis gases to produce methanol
first, then converting the methanol to ethanol. |

The process design is thus begun, uéing computer software. In the
model, the feedstock is gasified using indirect heat in the absence of oxygen/air, to
produce a primary synthesis gas of carbon monoxide and hydrogen. Also present in
the gases will be particulate matter (carbon, or ash) and carbon dioxide. There may
also be other hydrocarbon gases such as methane (CH4). The information of the
breakdown of the feedstock is derived from experience and literature, and provides
the basis for the mass balance of the process. Because other products of
gasificationare likely to be produced, values for carbon dioxide, methane and small
hydrocarbons such as propane and ethane are also fed into the computer simulation
model. |

The modeling process is iterative. As each step in the input and

processing are achieved, the information from the model is evaluated. Adjustments
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processi ng are achieved, the information fromthe
nodel is evaluated. Adjustnentsto the volunes of input
ware@ocmaries i n t he nodel , as are variants i n enePgyCA2005/001137
supplied for the gasification, volunme and tenperature
of the steam supplied, and gas velocities through the
process. The desired product, in this case ethanol, is
then selected. Currently, other products which can
toahé eohmies/of inpcareatadeairetrdamoudel, iagese variantstinenlergyesupplied for

i ncl yde fornmal dehyde an acetic aci CH3 S
thegastigatiom w&m%a«a@ tsﬁgjq%%rr ther sieam %&mpﬁﬁig\eﬂ %ﬂglelocmes

on of the pri rrary feedst ock are neasured
thmﬁthﬁgéggé‘ggﬁt i nvention agai nst the ideal anounts of

car bon, ocbheyeesistdproddct drethis easke dthamof, ds thest $alected. Lurrently,
fee stoc IS th cont

otR e RIGFS WERN g0 aterRaaBbS BTRGENEre deFyaliyfs,af methanol, and

méﬂ.’léé Lfc?k*l?‘r'léI!:Iélﬁ(yd%“(ftl-ffgiil) anbtade‘ﬁcsa%icﬁ(dﬁf%b@‘@l-‘lﬁ TheasarSo® monoxide
e follow ng questions: 1. How nuch heat 1s needed to

amblwda'ogem n@tlcg@bﬁamadafmmﬁheigasﬁ@amn phthe privam feedstogk are

S B 0 3B B a8, B and

hydadgdrngegdetto foemadthandsle A ééctmda@y feeiist@nk idahén nomfemplated in
the secondary feedstock? 4. W gas m xture th

ansideration of vt%arbencf@@wtn@THyvaAumval pility anf eqst. s selected

c(g[ggﬁ feedstock could be a gas,
rfﬁ?ﬁ‘l% '%?fgglflbg&ﬁﬁlg cargon Exanpl es of gases include
ndt tew nyach hemslmleledegdxs achieve dine gesifibaticmef, thexpaimpary s

ids, include gasoline, diesel fuel, bio-diesel
(deffﬁﬁaﬁt 8§+d| esel fuel make from bi omass) bi o- oi |

( defiARIn@ch Blidinbnalidasben AHOKRIOANd RPArOGEA Trd Bequiired to
fromthe pyrolysis of wood); exarrpl es of solids

i nclsupplement the pinary\syathesisgas®si dues, organi ¢

WaSten H%aggées"\@égastalrpéc?ﬁ%@ eﬁaﬂIMc\jAﬁfdgﬁéﬁhka%ecbgd%rg Jeedstock?

sél et nt or mat’on on ases ar e
f dorivilk theprast madturenhdalréqmreafwther processing by a water/gas shift?

The selection of the secondary feedstock could be a gas, liquid or
solid hydrocarbon. Examples of gases include natural gas, landfill gas, propane or
butane; examples of liquids include gasoline, diesel fuel, bio-diesel (defined as
diesel fuel make from biomass), bio-oil (defined as plant oils produced by
re'processing or from the pyrolysis of wood); examples of solids include wood or any
type, crop residues, organic wastes, paper waste, plastics. Once a material is
selected, information on the gases which are prqduced from its partial oxidation are

input into the computer model. From evaluation of the gas composition after

oxidation, a decision is made to further process the gases using a water/gas shift.
The process of the present invention converts carbon monoxide to-carbon dioxide,
thereby adjusting the final carbon monoxide ratio, a step which may not always be
necessary. The gases are then combined with the primary gas stream, and the
model can then determine the output of methanol firstly, and then the final ethanol
output.

12
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input into the conmputer nodel. From eval uation of the
gas conposition after oxidation, a decision is made to
wo mobloer719r ocess t he gases using a water/gas shCT/CA2008001137
process of the present invention converts carbon
nonoxi de to carbon di oxi de, thereby adjusting the
final carbon nonoxide ratio, a step which may not
al ways be necessary. The gases are then conbined with

the pri marpe gatirs bf fReorapatet b@ﬂwarbeéllmch s to any input,
determ ne the output of nmethanol firstly then the

which are themadiustegd: panualiyeuntt the pragess ﬁl@%léﬁauﬁf@uctory That
tygg%fm%n@lthgtv% { u@ﬂ%efﬁartscﬂ BVOdJ&@Htﬁ‘;qM& (hpREad BSQSlbIe as

manua unt

lithetarbonahonyxidé IimeXhamst@@fr‘om thveqmced;mtarﬂsamhme volume of
et hanaql [

d f . t
RATRE] NSRRI GBS Cotaly i HePS aré remiclarbinia treagtial
g?é"ﬁi: i®n!drisebsnd Qg%,af tﬁg &ydrocarbons fromthe
S

catalytic step re recycle |ntothe|n|t|al
gasi f i catDaingthesdesaniption of the pricessistepsi hatow! ierence will be

ri,n thedscrl tion, of. the 0 t eps_bel ow,
mpt o the Bo6ERRS biesn 1EilkaBofisr SRRy 10 75 rale? fow the
m%éldemtérfﬁte%' WitH e firtal Prccdseaisigmand hbw dﬁéﬁi@'ebﬁlﬁl feedstock and
interfaces with the final process design and

preduelgean be madgde aiiize manyditieent %@@twsmprp@!uce other
maf Anof S?ngégi;olegg[nf \}\:v;i;l?éq E)S&ﬂﬁ%%ﬂ@ﬁ)ﬁqg tﬂé&dglﬁﬁeﬂ%’é art that

ano becone obvi ous
methmel alayl natdel prodbeediat all,Hait ametHexmbemieal usirg adlfferent
rodtéced at all, but anot her chenical usi ng a
lyeUSlent catal yst(s). The physical process is

descri bEdTﬁ’éPﬁ |éél"rﬁocé§§ i5idédtAbed ag%lﬁfvéﬁ ly at 10,
the primar eedstock 1 is prepared by whatever neans

Inrfage@shrganeasaﬂwnata‘d) dhe ppmagy fegdstetkny s piepppechby whatever means

iR e 5P o Blrei, SR EBRE e Bridhe’d Hoisture

cdreentsdfagically 25%, anti @ sibe of ator lees liry ahg direcdtigrasThe éseddtock is
feldr:nttohtﬁeZ?r?dslser::(tzl?/-h(gatgcli E;a&%ero :)3( ¥ng Fhr;a atz)asne%c aosflafn'I grdoxygen and gasified
using steam 21 as a fluidizing medium. The gas stream evolved is cleaned 4 and
solids 5 and carbon dioxide 6 removed. The solids may consist of ash or minerals
such as sodium, nitrogen compounds, potassium, copper, silica, phosphorus. The
exact mixture is of course determined by the composition of the primary feedstock.
The cafbon dioxide is typically scrubbed out of the gas stream using an amine
separator, but other state of the art methods are available. The economics of the
process will determine which method is utilized. »

A secondary feedstock 2 is prepared by whatever means necessary,
such as chipping, grinding, chopping and drying to achieve a moisture content of not
more than 25%, and a size of 2” in any direction. The feedstock is then partially
oxidized in a gasifier 7 using oxygen 8 which can be supplied from an oxygen
generator or molecular sieve. In the event the secondary feedstock is a liquid or a
gas, the feedstock can be fed into a burner and partially oxidized, using oxygen 8,

supplied from either source. The heat produced from this step is used to heat the
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using steam2 1 as a fluidizing nedium The gas stream
evol ved is cleaned 4 and solids 5 and carbon di oxide 6

wo eonsweryis The sol ids may consi st of ash or m nPCBHICA2005/001137
such as sodium nitrogen conpounds, potassium copper,
silica, phosphorus. The exact m xture is of course
determ ned by the conposition of the primary
feedstock. The carbon dioxide is typically scrubbed

gasifierd to! gusifyahe primeafesd igelqandif nequirsah itiaé wateriyds shift reactor
other state of the art nethods are avail able. The
1% bhe grses prodused frain dke partial oaléﬁawrpr@cq&ﬁ.asﬁ eitbenelganed 12 or

sévr\){?1 tc%ﬂﬂé wé?e‘?/ o3 sHitE POMtAG Y11 € §%¥n%9’"§ fRORRAS @sfééé’r)’%as shift

s necessary, suc ing, grin
reabtop i1 rzgeajlehrthw1 .’hgnd soaom P2 andacarbos dioxéle 2B removed. The solids
not nore, t han di rect

arfrRaa daterguned By ndieraice] Gmposfioniol ¥ SerondpRt febistock, but

will BéSloWvdlMeana %a‘z‘;"&ir%ﬂuféﬁ@ UBfzed!PPhé %erfdrpd'ibi‘lﬁe%‘lé@%bed out
generator or nolecular sieve. In the event the

usieg whataver neetbod i Mast egomonyigall asrwith qupleamag of gases in the

r&ﬁg&stgék can be fed into a burner and partially
i usi ng oxygen 8, supplied fromeither source.

The heat @asskifrom thewledrihg pfdciesi1R areatieigedh®ith the primary
thegasifier 3 to gasify the primary feedstock, and, if

gase§ pre@ing H@W@@@qsﬁga@ﬂgﬁﬁquﬁ‘a ér The mmge@ggg@ream is sent
to%e neﬁggélrrggb 3R&9ﬁ|UP ﬁées%@ﬂt%nﬂpcgl{?ﬂ}féﬁﬁ FHe t%l?@f is nickel

or sent to er/ gas reactor
ar@hsapperigengrailly ihrtbenpréportionsof @3@ ahd fare keawhdo tHdseasldlled in

thpé{ﬁnﬁd 1%}@@3}9\%'@& 22 and ggri]rm%h&prﬁffomgd in the reactor 13

ar‘érb%ﬁt f@{hé@tﬁa%! rtelaeﬂo@brddé%s%c on@éatafy%edsti@gged REonvert the
| ow volune if as or liqu i's utilized. The

mema@s@hwdefdsnangban%msgenﬁm a @mkeugtpmermlwten the pranertions of

7#2%"&?6 kﬁSWﬂotp]tﬁgé Riffe llﬂetz{?ﬁ %é&s%agﬁéﬁaﬁ@e

primary.s ses rom anl ng process
distilkationy gﬁdhmhuhe trhﬁhamolnawnmmstoametrwil agefaterthér spht into

etfanerac et it 6759 SnaAmeRana € GapimuaN 15evoied through
0B Fép\‘é&es’s@d. The catal yst is nickel

This catalytic sequence from synthesis gas to ethanol utilizes known
catalysts and techniques. However, catalysts are always under develdpment. We
found that the described sequence is the most efficient to date, with high catalyst
selectivity and conversion. In the future, other catalysts may be developed to go
directly from synthesis gas to ethanol in one step, in which case that would be the
method of choice in the process of the present invention. In the future, new
catalysté may also be developed to produce other chemicals directly from synthesis
gas. Astime gdes by, the process of the present invention can be adapted to utilize
those catalysts, broadening the selection of products available from biomass or
other primary feedstock.

The products of the ethanol reaction step 15 are sentto a water
separator 17 and the water is recycled into the system for use in the water/gas shift
reactor 11 or the steam generator 21 to supply steam for the gasifier. The products
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and copper generally in the proportions of 93:7, and

are known to those skilled in the art. The product
woredohaomohs and any ot her hydrocar bons forned i nP€Ti€A2005/001137

reactor 13 are sent to the ethanol reaction process

15. The catalyst 16 is used to convert the nmethanol to

ethanol and is generally a nickel copper catalyst in

the proportions of 75:25, also known to those skilled
arertheh seat to. distilatipn dde érs winioh the etkanaliis pudfied.i Ahgother,

yfiefEroB Eisead riateel hah8 ArEIHEdR e Pty oS pELE Bxidation
prbbéséfvtohwmepr aANGasieusl y recycled through to be
repr ocessed his ‘catal yti c sequence.from synthesis

gas to etlhwilbpe apprqcmgd leydhpse skileq i theagrtithat the above

o ETRILAICR bR sRESTEEKRRI At B MR She present
invéstiom sThefrivieatiemcah bedddseribed tim mMorg lyeaatal |te'r$rhs and these are
sel ect I Vi t%gand conversion. In the future,

nfiguresgyanske3 d§P§Fl§'S@UV ndigytse &; th@@txﬁfﬁﬁ'? bsnﬁor the instance
wﬁ%r;é:t%ss‘eégﬂgéry fﬁe&% ek dl Oé‘ p%t%rtgﬁﬁﬁd tg%s‘@ﬁ'cﬁ hih ain steps

woul € process o
wotld rmt begrquired.e Bpeoificallynthehwatergas shifhstep eadahegas cleaning

S{§B Bl Bof e HEQ e ity Wi ia B o il e Rgvent of new

ceﬂé%ﬁi&i BT b@séﬂbl@&@@o diFacRIyth e Géer&PCQHQ@E Foditt without
utilize those catal ysts, broadening the selection of

- gqina dhreush anetheael Similaiy Higurmads similer e poh fightes 1 and 2 in that it

inbERLS RS ot R U tn oo Mo R0l FRBLER L3k P

ter sé arato wat er
cordemplatels birien catalystythiaerfigupbe 2use in the water/gas

. shift t 11 th t t 2 1t | |
ot eam f orlt {EbgERsaanized By hosectkliectin the ardhatiprBhad CxHhO:
pr@ld%ﬂsl \M%h @8n Jd% foh’ﬂetﬂ"iﬁ*o‘i'l'i1 sgﬁtﬁegfsl"gadéoére' Iﬁmfé&f orhly BY-théBailability

hydr ocar bon 4 renoved in
ofonasalystlsao |d@rsqar@e5mmtones have been available Mtnnaml yearsesuch as the

. i mar ifie Jt, owi e ] i
it Sesek oRfst o 3R Lol rfavb]nrapuGErRREBRS Rbfoats from
the synthesis gas generated from the gasification of coal. There are many other
catalysts designed to perform specific reactions such as the conversion synthesis
gas to methanol. The challenge is to fit the catalyst to the desired product with the

- most effective use of the synthesis gas produced.

Hydrocarbons (compounds of carbon and hydrogen) are of prime
economic importanAce because they encompass the constituents of the major fossil
fuels (coal, petroleum, natural gas, etc.) and biofuels, as well as plastics, waxes,
solvents and oils. Oxygenated hydrocarbons include aicohols, ketones, aldehydes,
and carboxylic acids. These are also very important-as fuels and as building blocks

~ for pharmaceuticals, industrial chemicals, and man-made materials.

As used herein, the terms “comprises” and “comprising” are to be
construed as being inclusive and opened rather than exclusive. Specificélly, when
used in this specification including the claims, the terms “comprises” and
“comprising” and variations thereof mean that the specified features, steps or

15



description is in regard to a specific exanple of the

i nvention of the present invention. The invention can
wheoodesng bed i n nore general terns and these BCECAR@AM01137

in figures 2 and 3. Specifically in figure 2 the

exanple is for the instance where the secondary feed

stock 2 is a predeternined gas such that certain steps

woul d not be required. Specifically the water/gas
cohpbrierits @fe luddte TIRsStethadren®t $6 bp interprétatdto élude the

required. Further, as di scussed above with the advent
presenesotather features, slepsinr GOFRANGNES-to go directly to

the desir : ;

the des' @@uFﬁ?%pprémeg thatht Bibe HRSBAAJY B to the invention
by way iof examplalodlyi rMam,at/amatlanlsa:inMesnVérmomNiﬂrUegalsvious to those

nd t he eani n eps figure 1 but_jt . :
KUl P artana, fich Sbpup Yeratararg il the scapepf theyjavention as
dé&?lﬁ@ﬂ'h@‘?&n%ém@ﬁ@r At dlppesddbSdibyidl that the range
CxHYOz products which can be Tornmed from synthesis gas

are limted only by the availability of catalysts to

do so. Certain ones have been avail able for many

years, such as the Fischer-Tropsch group, which are

used heavily to produce fuels and chem cals fromthe

synthesis gas generated fromthe gasification of coal.

There are nany ot her catal ysts designed to perform

'specific reactions such as the conversion synthesis

gas to nethanol. The challenge is to fit the catal yst

to the desired product with the nost effective use of

the synthesis gas produced. Hydrocarbons (conpounds of

carbon and hydrogen) are of prinme econonic inportance

because they enconpass the constituents of the major

fossil fuels (coal, petroleum natural gas, etc.) and

bi ofuel s, as well as plastics, waxes, solvents and

oi | s. Oxygenated hydrocarbons include al cohols,

ket ones, al dehydes, and carboxylic acids. These are

al so very .inportant as fuels and as buil ding bl ocks

for pharnmaceuticals, industrial chem cals, and

man- made materi al s.
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As used herein, the terns "conprises" and "conprising"
are to be construed as being inclusive and opened
wo atohee77ihan excl usi ve. Specifically, when usepCT/QA2M05001137
specification including the clains, the terns
"conprises" and "conprising" and variations thereof
nmean that the specified features, steps orconponents
are included. The terns are not to be interpreted to
WHIAT {9 CLLAIRMED ASETIRE INVENTION igat ures, steps or
conponents. Tt W IT be apprecrated that the above
description related to the invention by way of exanple

108 gt or BRI E Prdlpifing GRlShrblts, Wnéiol X ¥and 2

atesintetjdre,frorareeprimna iy feetibock @optainingtHyerocavieons supplémented by a
descrlbed herei n whet her or not expressly

seEoNdarny, taedipck qomprisipgthe sleP$iak | NVENTION 1S 1. A
pr OCE&J% {ﬁ@tf&f 8@%9"%&3{&?%&?5 Waﬁ@rdc&ﬁéﬁl% rRJt Qfester than 25%;

rein ntegers, froma prim
f eedmuektlycbmtmgﬂmrimdnydeedﬁonk geopraily e theadbﬂ;gnce of oxygen to

ondary feedstock nprising the steps of: providing
'qu@ 91%? r%@&ﬁd&fﬁ% Wi th a water content of not
gr eaéléénﬁ'lbatﬁe Halsticafh BRE rémolinglCOg ahBSokds BRpsdduce a cleaned
feedstock "generally in the absence of oxygen to

g@% se@®; a gas stream and solids; cleani ng t he gas

o AR B L SRl TR s Bieam,
H2 i pattiaity oknelmmgjtmsecdﬂdeameadatddkabIpyodxmezllneatrfgr thesindirect

second ry feedstock to produce heat for the indirect
fa hgtPrinarY SeeqRipgk :f%‘é’d%%%‘k"‘?%@aﬁ sie@phdle pegenrdary

| e?d%ﬁﬁmseﬁélﬁnoﬁ%@ﬁ%ﬂdét%ﬁﬁﬁﬁrgf%él%%% @P?d’ﬁﬁﬁﬁlr@&ryeheat the

termning the heat required to in
pimanafegdstoes compariog thmpércgntage @fe@@anchlgeumme@ﬂbm&ﬁ gas

st Bal Yl BB 7 RSl e S B ERARE: rocuct
a?ﬁgét;mgg rtl‘)i/@@d@nﬂdhél RO #Hd l@r@ddlré@ fovA the e€cdridary
feedstock, determlnlng the secondary feedstock, calculatmg the amount of CO, H,
and heat to be produced from the secondary feedstock;

combining the CO and H; from the cleaned gas stream with the secondary
feedstock gas stream to produce a mixed gas stream;

adding a catalyst to the mixed gas stream to produce a predetermined
CxHyOz gas; and

distilling the predetermined CxHyO_z gas to produce the predetermined

CxHyOz product.

2. A process as claimed in claim 1 further including the steps of determining
whether CO to H; in the secondary gas stream meets the additional requirements of
CO and H; for the predetermined CxHyO; product, where additional H; is required
prior to the combining step, passing CO through a water/gas shift wherein the CO is
mixed with water to produce H; and CO; and then passing the remaining CO and H;
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feedst ock, determ ning the secondary feedstock,
cal culating the anbunt of CO, H2 and heat to be

w@emduerd from t he secondary feedstock; conbi nP@myCAb®s/001137

CO and H2 fromthe cleaned gas streamw th the
secondary feedstock gas streamto produce a m xed gas
stream adding a catalyst to the m xed gas streamto
produce a predeterm ned CcHgOz gas; and distilling the
toOﬂhéciﬁin%iﬁingeéie@(WOZ gas to produce the predeterm ned
CcHgOz product. 2. A process as clained in claim1l
further including the steps of determ ning whether CO

t ' r : t Ry !

3, yflockRe ke SR SaimPSs 2 AT 1RBB Do e SE5bLHBERo the

secaniiaey gasstreamealtt ternovihg IG0] and eglids cbrpduce ataledrier] gas

conbi ning step, passing CO through a water/gas shift

Sif®@&Mein the COis mixed with water to produce H2 and

COX2 and then passing the remaining CO and H2to the

conbining step. 3. A process as clained in claim1l or

42 A prockss as ctdimedrig anlyeonet afclaisc! a8 iwtgreinesteamads disegt for the
nd renoving CO2 and solids to produce a

_ .ngas ﬁtr am g
INdirechReAtNGSIEPy eam 4. A process as clainmed in any one

of clains 1 to 3 wherein steamis used for the
indirect heating step. 5. A process as clajimed in any
Soheprocess as glaimeddn anyonecefelaimsaltpd iwharginiaeay peeiary

e t f Rl I, 0252 J 4
RSB T nER Bt R o MRS "oad 2550 Rihe 0o s step of
dityingrthediaeeptimanpfeetstockite usd uuektherindamyfeedstocias
claimed in any one of clainms 1 to 5 wherein the COis
removed using an am ne separator. 7. A process as

6C1A8bFREss BsABIMERSn Shydrd) dfcidinds™ B BRHeRER thBET O, is removed

predet er m ne
using an amine separator.

7. A process as claimed in any one of claims 1 to 6 wherein the predetermined
CxHyOz product is methanol. |

8. A process as claimed in claim 7 wherein the catalyst is a nickel and copper
catalyst.

9. A process as claimed in any one of claims 1 t6 8 wherein the predetermined
CxHyOz gas is methanol gas and further including fhe éteps of adding a second
catalyst to the methanol gas to form a second predetermined CxHyOz gas and
distilling the second predétermined CxHvyOz gas to produce the predetermined
CxHyOz product.

10. A process as claimed in claim 9 wherein the predetermined CxHyOz product is

ethanol.
\

11. A process as claimed in any one of claims 1 to 10 wherein the primary
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CcHgOz product is nethanol. 8. A process as clained in
claim7 wherein the catalyst is a nickel and copper

W@ a108l0yi8s 9. A process as clained in any one pET/CA2006M01137
1 to 8 wherein the predeterm ned CcHgOz gas i s
met hanol gas and further including the steps of adding
a second catalyst to the nethanol gas to forma second
predeterm ned CcHgOz gas and distilling the second

feRdstirk s Bhossh RN g raldScarBistingddfofadts didmaseaRd m%mﬂc material.

CcHgOz product. 10. A process as clainmed in claim
wherein the predeterm ned CcHgOz product is ethanol. \

5B AoRE e 8 et 7 LA 1 WAR PR BstfrfuffRsg i fhdsbn fom a

groupsiceisistiig of cres tesiduiey s daedidaeg draint hemtesting| milling and
A process as clained in claim 11l wherein the waste

munipal activities,up apd pargr §apapd sawsust i ng of crop
resi dues, wood residues fromharvesting, mlling and
muni ci pal activities, pulp and paper bar and sawdust.

13.3A propess as slairaedlirmclaind 1iinwbérgimthielongaeicainateriatis chosen from a
organic. material is chosen froma group ,consi.sting of

IR SisiNg A himartand animal Feiage. Andian Prolein qggduss from the

fehimentdtion dfelldBhoisirbAgraing! @I@G!@Bi&iﬂé% gtdiss or 8A/ disfller's
dry distiller's grains or dry distiller's grains and

gradisuaneésoluples. A process as claimed in any one of
claims 1 to 13 wherein the secondary feedstock is
chosen froma group consisting of hydrocarbon fuels in
1428, process ds glaimedlin dn§ oneof lelamssistocthwhierginghe secondary

etk 3o BT oot BB it aendguid anc
SQOHR LR L RRAS o gBChl
15. A process for designing a plant for producing a predetermined CxHyOz product
from a primary feedstock containing hydrocarbons and a secondary feedstock
comprising the steps of: A .

determining the heat required to indirectly heat the primary feedstock;
' comparing the percentage of CO and H; in the cleaned gas stream with the
required CO and H; to produce the predetermined CxHyOz product and determining
the additional of CO and H; required from the secondary feedstock;

determining the secondary feedstock; and

calculating the amount of CO, H2 and heat to be produced from the

secondary feedstock.

16. A process as claimed in claim 15 further including the steps of determining
whether CO to H; in a secondary gas stream from partial oxidation of the secondary
feedstock meets the additional requirements of CO and H; for the predetermined
CxHyOz product and determining whether a water/gas shift is required.

17. A process as claimed in claim 15 or 16 wherein the primary feedstock is chosen
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conprising the steps of: determning the heat required
to indirectly heat the primary feedstock; conparing
wo b@epereent age of CO and H2 in the cl eaned gaBCEHCAZ®EN01137
with the required CO and H2 to produce the
predet erm ned CcHgOz product and determ ning the
additional of CO and H2 required fromthe secondary
feedstock; determ ning the secondary feedstock; and
fréral Cghorpl dwa,stéﬁﬂﬂ T NHte Blontdes afd erfniematdrialbe
produced fromthe secondary feedstock. 16. A process
as clainmed in claim15 further including the steps of
. e . A .
16T AHTGbo 4 Rl G A e BT RREHidm RS 1SR R from o
gmpt?nslsﬁngdgbtdmmiduequbodnesi(tjiagsfro@@awésﬁﬂm%fmirl]lingmd
redet erm ne product an term ni ng et her a
S mﬁav&aﬁ éﬁgv'g?ﬁ-fﬂﬁi?}_g%@aﬂﬁf par a'idi.sa‘A(SH?tocess as clainmed .
in claim15 or 16 wherein the primary feedstock is
chosenfrom a group consisting of waste bi omass and
19r Agprocessaaciaithed ir8clain g7 ovhareirathecdrganisdnaterial isichosen from a

wher ei n. {.he ste biomass s chosen froma group

bl cBoBishgs of REimap HELRael Se35%. Piabiriied fsiiifes from

fefReNr@tibh o graThs chisd aR/diBlkire grainsasrtdry ididtifier’'s grains and
paper bar and sawdust. 19. A process as clained in

10 sqlyRlEsa 17 wherein the organic material is chosen froma .

group consi sting of human and ani mal sewage, high
protein residues fromfernmentation of grains called

20r i} ploedsd asclaimed i asy one of glaiinstiitd Benr'1sl tort whessin the

Cdfnproniust o ghoser e arend cineitha Bl §osbSisr siggbydes,
ketSnEL1 R2PHOYIi© BEcldIe eSePs! En& %l'iﬁérsd)dyganﬁeda hg@fehfbon d%rivative

al dehydes, "ket ones, carboxylic acids, esters and other
15 oxygenat ed hydrocarbon derivative
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