WO 2013/ 015930PCT/ US2012/ 044240 . NIl EMOD FOR PRODUCI NG NEGATI VE CARBON FUEL.
Techni cal held The present invention relates generally to biofucl and
nor e partwoubewdiyosvo met hods tbr produci ng negative car lpom/usc@bioseho by
concurrent production of biofuel and sequesterabl e biochar in unm xed form
from bi omass, Des&EPHOGhFOR RREDRSTIAGENEAATIVE CARSYAY i@ icar bon fitel s
are defined as fuels that are produced via a process that al so sequesters
some of the carbon contained in tgg carpg contai ni ng feedstock used to
produce the fuel. A sinilar and rdEsiéd %h%ept is that of carbon negative
fuel s, which refer to fuck whose: 10 production renoves nore carbon di oxide
fronlthe at [ L carbon
di oxi de addgg pﬁgﬁﬁiﬁgﬁggggémgsegLﬁﬁ{q?% %5@3%% gﬂhé mﬁygvgaR%EES% | e.
sonme of pi(ﬁkiﬁtlﬁ@-ﬁxbi@ﬂ%jJ@ﬁmﬂaﬂ(@aﬁbﬂﬁﬂﬁtﬂﬂi&ﬂﬂ g plitiofuel gl sb;&tQ@iBﬁiSD\ Highte rmved
to the ground in nore or less permanent .form while the remaining carbon
fron?thé?mﬁmmmim§né@ﬁV@ﬁmé@ to fuel. The production of negative carbon
fuel s or carbon negative .fuels is desirable because the 15bi osphere is
presently overburdened by car, on. ced fromfossil fuels. The
burning of fuels presently co Y ' ual release of 4 billion
nmetric tons of carbon dioxide into the atnosphere and the injection of 2
bi I on met rie, tons, of, ek QRﬂi&ih%kQR% Hafast BEMOTIG $,QCERA% ofk¢ has been
vel | docunentéd t hat tkese carbon em ssi ons egatlvefy i mpact I1ving
or gani sg®ubdkert henosieRnGrias svehincd s Vo chrandeo2@hg feditscipres entrbyudeniiense
interest in prodUC|n% bi ofuel s froma w de varlety of feedstocks i n order
to provitgh sseivtlabing relelil a%nﬁn% éwf@rwh@wﬁgdumelv& whiwh st ipdutarhoser s
deS| abl e to. conbi ne bIOf ucti an mnth}gar}on eq est. atlﬁw i.el di ng
o PREUsR BoReGr e poRBGaN beb JRobae R e BRSO AL ve
fuels h J i, ; . 5 i e
" Car bon&ﬁ%lglgg({;hr g{( W @H?i Mug: ﬁﬁé@?gﬁ m%%%m es Lg%ﬂ toeﬁ(‘}%’mh) mb%, égﬁ%{%&k‘&@éﬁh%_rypl cal
prOdUCtHQ&n@B?QL@&bﬁﬁSumh@MﬂM@ﬁmnwhmkmﬂﬂBe@yﬁmkyshbapnmm@é&eﬁxmhnmﬁuproduce
a resinous mxture of oil and carbon along wiith signifjicant anDunts of CQO2.
The gasmetawdens Ptikmiﬂtiﬁﬁ@’ﬂpM‘dﬁ@&édtiﬁﬁlémdéﬁ‘%aﬁfiﬁ&?t‘éﬁ IR IR CORCHBLY MHgent s,
such as ul f

It
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negati vg;, hch.L I 18 Ik ﬁg@; @asyigepar ate and
negss | veialiels i B #r}iogu?: D6y A fhoh U GRADS E‘%‘?—‘ 8 ipho oRugede

burning of fuels presently wnmbu{v to an annoal release of 4 bithon mLtt e ium of carbon

dioxide into the atmosphere and the injection of 2 hillion metric tons of carbon dioxide into the
world's oceans. Tt has been well documented that these carbon emissions negatively impact

living organisms in the oceans as well as on land.

20 There is presently infense interest In producing biofuels from a wide variety of
feedstocks, in order to provide suitable replacements for fossil fuels. In paricudar, Ut is desirable
io combine hiofuel production with carbon sequestration, vielding a negative carbon or carbon
negative product. The idea of carbon negative fuels has been previously discassed. See, for

example, J4 Mathews, “Carbon-negative biofuels ", in Energy Policy 36 £2008) pp. 940-943.

]
L&

Typical production of biofuels, however, utilizes pyrolysis processes which produce a resinous
mixtare of ofl and carbon along with significant amounts of CO2, The gas streams that are
produced are contaminated with various agents, such as solfur, The carbon is alse contaminated
with tar products. 1t is desizable to find a process which produces negative carbon or carbon
negative fuel in which the fucl and the carbon are produced as separate and uncontaminated

30 products.
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WO 2013/ 015930PCT/ US2012/ 044240 Approaches directed toward the

production of carbon negative fuels include those described in US Patent

Publ i cat iwo 2831049811157, whi ch teaches the producti on eCThisediamhe4d r om

al gae as feedstock. The process is clainmed to be carbon negative due to the

hi gh absor pt Homcethcodetigd pherddhypedudiSn Pataben xmgbﬂmxiat & oneli20 11940040510

di scl os ltls essurized fluidized b asifier erating

bet ween *758"?§ ﬁ&‘é%épt?ih'é‘t*m% @‘ ‘3 L? HRE: W’éf%‘y}g ?fé*é‘i“-éwﬁé.’&“&ﬁﬂ?{ﬂﬁéﬁhar

The bi OQLW%EA Sl hei dd JrieTheformmEi on of
met hane, gasEo i’n‘(f'i1 afj Le ﬁ@[&???gsﬁé{&éﬁ} géﬁg ﬁ\T gg{"nzlgeln{é% g Q‘mtp? {Tg' xyl ene)

and tar (%} exmingnlﬂyxhv&uﬂﬁwuthei@@&wﬂﬁﬁﬁuhﬁhﬁalﬂmh@m@ﬁ§§k@hﬁz@ﬂ0duce

carbon negative fuel. US Patent Publication 2008/ 0317657 di scl oses a system

and fet h?@tfhwﬁm% e@fﬁ@w@rmﬁrtﬁg warsorsin: @rwe HBHibof copharts loraat eosybOivyis

gasi fyi ng (e lg f| ed I r.ve w _heat.i ng.val ue

pr oducef” ig%i‘éi “‘§" b@“%ﬁ)“r"ﬁﬂd t‘“ i Méi‘g? 3%?“ “?j‘é {@é"‘t“énﬁ @E}B‘?’i“(‘:’%\ffon

2004/ 0111908 LS EMEFRE voUfi 0l Yeh NIRPKABRSSE QURLOIER, £RAY AT (P OLYS! S

gases which are steamreforned to hydrogen I's treated to ecorre a

carbon hased. fee tistilez @rsaidBo ipedsitSu prmuge carbbrhoghtine ks 10f Pdhre PLB@Iib: on

15In its nost general term the present invention discloses a method for

maki ng n@@"a@ﬂx/é’\ C@ﬁ‘ﬁ@ﬂq\f*u‘é@iﬂlmai ftlﬁb@tb?@ﬁéﬁﬂatlﬁ@fnti?*’p?iﬁ"@uelt ihoAormod! dhenbugtd bl e

f | d f b t
| npul. PR e R S S S Rsi A e B PO B RGN gt ey

I ncl UdeFRJ(Q ?%u %&c@”qt‘h?ﬁuﬁmgﬁd ABRLO0LNG | IIAEES el }’mg%ﬁ'u%@l%x As gl ective

pyrol ysis ss performed in a novel reactor usi I sCrete I ncreasing
20t errpeg»ailumﬁmumﬁqrxupm«sssumaxhzailmus spracemanddsiotadlogeh. Thi ofr ackdeoniitng. The
novel reactor has been described in detail in co-owned US Patent
Appl|cabﬁ@ﬁkisﬂ@@Bﬂgﬂ@fdﬁhﬂ#ed "Met hod for Biomass Fractionino; by
Enhanci ng Thermal Conductivity" and co-owned US Patent Application

13/ 019, 236, titled "Sy % nkand Met O : snFractlonlng," t he
contents of which are iHEGFBOFRECY-HE BREREE in their entireties.
25The carbon produced fron1th|s bi of racti oni ng process i s sequestered.

Usi pg this progess seneral form, the present invention discloses a method for making negative

carbon fuel via the concarrent production of combustible fuels (and chenvicals) and carbon i
unmixed form from a carbon-containing fnput. In an embodiment of this invention, the carbon-
coniaining input may include biomass. In mother embodiment, the process may include a
sefective pyrolvais of blomass performed in a novel reactor using discrete increasing

20 temperatures under pressure. This process is called biofractioning. The novel reactor has been
described in detatl in co-owned US Patent Application 137103805, titled “Method for Biomass
Fractioning by Enbancing Thermal Conductivity™ and co-owned US Patent Application
13/019 236, titled “System and Method for Biomass Fractioning," the contents of which are

incorporated herein by reference in their entireties,

25 The carbon produced from this hiofractioning process is sequestered. Using this process
the resulting fuel is negative carbun, The fuel and the carbon arise separately and substantially
uncontaminated, avoiding the resinous mixtore of standard processes. In a still another

smbodiment, the hiofractioning process produces carbon negative fuel.

One embodiment of the invention Is directed toward a methed for making negative
30 carbon fuel, comprising: concurrently converting a carbon-containing input to: (a) combustible
fuels, refinery foedstock or chemicals: and (b} sequesterable carbon; wherein the combustible
¥
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the resulting fuet is negative carbon. 'The fuel and the carbon arise
separately and substantially uncontam nated, avoiding the resinous m xture
of standawd2praouesses. In a still another enbodi ment, tireThisedizactzioni ng
process pr oduces carbon negative fuel. One enbodi msnt of the invention is
di r ect edudpwelingrateaitdeb o tlmmierkkig nnas@am%h 3openb o Buerimovigrivgi ng:
concurrently convert ng bon-cont aj ning input .to. (a) conbustible fuels,
o't ner JRH 8 STBER GO SR CROTe ARt (hy ¢ S A e AR OR e oi n 1 he
conbust i H {({RU 1 2CT U 2 44240
fuel s, rblginl%iﬁ\é% ngsr toc 'ﬁclrjr;‘[‘ C ié}r%ﬁgﬁ?\)nhg?ﬁsggﬁﬁé %’uﬁ%ﬁgg{ Tar ﬁ%gsé{}lg“r ate and
uncont arﬂtﬂ%em Heps! themiiune uséapesher abiiceis dkpasurk heaane t&ﬁﬁ}@ﬁ*;d t he

car bon- cont ai ni ng_ |nput may conprise biomass, The step of converting the
ear bén- e@mamiwmg iung@mthﬂhayz f:w@wpqi bigmasse, E@m %iiiﬁ‘]“é@tt G N %‘f(‘bﬁfﬁf%bit‘ APANPS of
terrperatures‘i nder. E ‘f ”gx” “essm o | nCr eases {e(’{réer mal
conduct VTP OFPTHECHAPET B IE}“‘“ l”r‘b P gt S SRR Sy “Pﬁp et at | on

subj ect Irn@k@mﬂﬁ% Jl&h!xﬁmﬁnr% ,«R@m&w MHR S8, BHOSSHEE Be PRREy Med
usi ng nobi | e equi pnent “The net hod may further conprise choosing a bi omass

conver smoahoa'uhs;tua\ibgé"edmammaa«ci@npthsm| on of the bionmass. andl or dispensing
the biomass as thin sheets. In sone enbodi nents, a ratio of sequestenbl e
carbon to conbustible fuel is controlled 10via sel ection of biom
feedst ock or rbsﬁnwnémwm ’»tt*@ﬁ*éeﬁ&ﬁ‘m*ﬁéb ¢ afpplosrmbesidiy! “p!rfés@w%hd By way
anpl t he uest ‘ il
rren it wbwwiﬁ Yt B R e A B
0 U a Arbo i=ul) { th AFRRDEDT
cont ai niyag FOrRa !;EBJ: i gk R rboR BHNERLEERBLR Y SRRROR JRY 9—@ used. }tor
carbon offsets or on credits. According to one inplenentation, at
| east sqAger@hu h*&mﬁ@lﬂ;&ﬂ&ﬁ}&l@bﬂi@ eldaanbo ril Snta@act adepwist hatoxstg@is carbon 15
di oxi de, nethane or steamto generate synthesis gas. The synthesis gas nmay
be conveil?ftﬂéﬁmﬂbl»@@*ﬁﬁug't‘i} B+ asefd @nssrw@ﬁaﬁe#rw %fttéﬁwnérmieheﬁi ©HEL 1 WS one
cases, ea rY o stock, or. chemcal s
is certl“i8 ﬁé‘&“%t E“éhftbbﬁi ?f’é‘éf’ @?Cb“qﬂ*ﬁg’“ﬁﬁ ‘\L;‘ebor%1 H% @rg"n%fd Qlé‘f “Cohpri se
bl endi ng;Lhe sombusdihh i8toackss synalkneny Bkask mx@qrmﬁi'ﬂ@gﬁﬂb@@h& Q.wt‘ﬁtb one or
more of : gasol i ne, diesel, jet fuel, kérosene, |ight napht ha, heavy
cornhustible foels, refinery stock or chemicals. n somse cases, at least one of the combustible

fuels, refinery stock or chemicals s certified as carbon negative.

The ghove method may further comprise blending the combustible stocks, refinery stock,

or chemicals with one or more of: gasoling, diesel, jet fuel, kerosene, light naphtha, heavy

20 naphtha, light cyele oif, and heavy eyele ofl. Additionally, the method may further comprise
blending the combusiible stocks, refinery stock, or chemicals with one or more off methanol,

thanol, propanol, isopropy! alcohol, n-butanol, t-butanod, pentamol, hexanol, butanediol,

dimethyl ether, methyl tert-butyl ether (MTBE}, tertiary amyl methyl ether (TAME), tertiary
hexyl methyl ether (THEME), ethyl tertiary butyl ether (ETBE), tertiary amyi ethyl ethe

25 (TAEE), and ditsopropyl ether (DIPE). In further embodiments, the methed may also comprise
blending the combustible stocks, refinery stoek, or chemicals with one or more oft detergent,
combustion improver, cetane improver, emulsifier, antioxidant, antifoam agent, corrosion

inhibitor, wax crystal modifier, icing inhibitor, lubricity agent and distillate How improver.

Another embodiment of the inveation is divected toward an unleaded fuel blend produced

Led
o
=

according 1o the above method and suitable for combustion in an automobile or aviation engine,

the fuel blend comprising: 0.5% or more of combustible fuel ov refinery feedstock; and 89.3% or

Y
o
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20napht ha, light cycle oil, and heavy cycle oil. Additionally, the nethod
may further conprise blending the conbustible stocks, refinery stock, or
chen cal swai2ots/mmsoor nore of net hanol, ethanol, propaneCT/ussapoeqyd

al cohol, n-butanol, t-butanol, pent anol hexanol , butanedi ol , di nethyl
ether, test hijdnetoe plorbult: )({hﬁcéiﬁ‘ih&hs:w( IMEBE)], ke@rtricali gt am;hlihdn‘bft‘hy Itlxltétllht)eﬁi*’m‘r AME)
tertlary hexyl nethyl et her (THEME), ethyl tertiary butyl ether (ETBE),
tertiar §yamyl sad hw‘»etﬁepi (TAER, and diisopropyl ether (DIPE). In further
enbodi nents, the nethod may al so conprise bl endl ng the conbusti bl e stocks,

refinery st ok, AL, AR GRS W A RN ML AL s ARG ORGRM. ro80aRST i on

i mprover, npr over, er, ant i OXI ﬁtpq ant?‘?oam agent’

corrosi Qﬁmlidlihkhtlrﬁﬂ{m R 2N u@f&ﬁ?&iﬁlmmdhfﬂ;%wﬂz;ﬁth@“kﬂﬂhm%t abich ] ummm ty agent
and distillate fl'ow inprover. Anot her enmbodi nent of the invention

i s dir estipd! t:ommid tartuinkeadedfusk \kﬁl?eﬁﬂ@ﬂ@ﬁ@dﬁ@é&@@‘a@@m difguranahe above

met hod and suitable for conbustion in a Dbj | e o[ av tlone | ne, t he
el bl Bndneoiar Srighe soBogdne oreisr “Bspticons wanby iR rER
feedstogk Iand 99.5% or WD 2013/ 015930PCT/ US2012/ 044240 | ess of one or
nore of. § S5oline, diesel:, jet fuel, kerosene, |ight naphtha, heavy
naphtha, light cycle oil., and heavy cycle oil. O her features and
aspects of the invention w IHj.becommiapgarentavfifgm the fol l ow ng detail ed
description, taken in conjunction wth the acconpanying draw ngs, which
illustrate, by 5 way of exanple, the features in accordance with

enbodi ment s B¢ prbeni mvenpion auﬂszmsmmmm prgngrovaiipE emdediments| et

f th t def | t ached
her 60 o, EReaY b%%&r%%ahﬁ“@ﬁ& raiGe THQTBTALURY PORCER (T SRR Gecor dance
wi th Onﬁgg{l%m@ﬁ By fingus, sohad Qﬁ%%mﬂnﬁn SEIREM diAhd ASAT vkt b

referen FOrTow ng aw ngs are provi for purposes
of i |l ugfkatd:QR @Bt ;Mmﬁmq‘wﬂm@hm ﬁﬁﬂir@hn&ﬁtmiﬁﬁsiﬂ @ ';ﬁebﬁﬁﬂ’@ioe sedrdediselt s of
the invention. 'Ilhese drawi ngs are provided to facilitate the reader's
under st a;ndu}lagddzfmmmnil thy bredtonrcgndoshalitabity obée @bﬁ%ﬁtfwer{bﬁwpﬁﬁittwhé of the

br eadt h, scoe |IC bility of the invention, L ‘ﬁ&P e noted that
for clabitipr aﬁa“’ ‘é}§é‘”(5f°?|‘ 1“%{{%‘1& PSS AP RES ST R R RF TGRS, BYIP St essari |y
made to scal e. 15FIQ | is a flowdiagramillustrating a method of making

negative Carf ﬁlm d@w?’ﬁfﬁﬂ&?’ﬂa{ﬁg 2 n\daﬂ nﬁ@%@q{ﬁ aﬁﬂi Aok Ry nventi on.

FIG"2 is a i dgramei'Tl ustratrng a ne IOfTB.SSISthe

car bon- Q(Qﬂﬁﬁhffy‘.ﬂﬂz *xzﬂ@h‘iﬁudﬁzﬁu&@ﬁ@&ﬁ@ﬁn@ﬁuwth an errbodl ment of the invention.
FIG 3 is aflowdiagramillustrating a nethod in which biomss is the

car bon-cont ai ni ng 20i nput and bi ofractionation is the process which
produces negali. Ves ¢ Brbdmgfaeiinsiprioy agndtigdan tihey beradsp S Catbar atdings a
met hod for biomass tre o-.fractionation process to produce

negat i vEPEHPRSEGE “i‘ ‘%&‘qu"&%‘h@é)? WEERSSHMEnbodi ment of the inventi on.

FIG, 3 15 a flow diagram illustrating a methed in which biomass is the carbon-containing

20 input and bofractionation is the provess which produces negative carbon fuel,

FIG. 4 15 a flow diagram illusivating a method for biomass treated with a bio-fractionation

process to produce negative carbon fuel in accordance with an embodiment of the invention.

FIG. 5 is a flow diagram illastrating varions paths for the production of negative carbon

fael.
23 FIG. 6 ix a block diagram ihustrating an embodiment for producing negative carbon fuel,

FIG, 7 is a flow diagram illnstrating the basic operational principles behind the

comversion of biomass into BMF char, in accordance with an embodiment of the invention,

b
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FIG 5is a flowdiagramillustrating various paths for the production of
negative carbon fuel. 25FIG 6 is a block diagramillustrating an

enbodi merwofers/psmduci ng negative carbon fuel. Fla 7 isPpaTfusos20isegr am
illustrating the basic operational prlnC|pIes behi nd t he conversion of

bi omass i nt o HBVFE klamiagram dbsosttgroesaiph of gpliedbedivnent] wfretbedingvent i on.
"4- SUBSTI TUTE SHEET (RULE 26) ., WD 2013/.015930QPCT/ US2012/ 044240 FI G
8is a ‘iﬁ@?‘?aﬁft‘rqtrqiwt\#‘a‘ﬁipﬁgman“’éiaéaiﬂa|%ﬂ<¢8fm é*pimi‘itw‘« w«&gwﬂ@ psidion during

cor resp U, @ hin the reaction chanber,
as %‘3 tiﬂ% l}ilr'aRn?ﬁ?:%c:Q&%%}? £ xﬁthaﬂ )y b%q{?}%.ﬁ,ggﬂ r%:% iv%lim in ncordance with an
enbodl rrent of the i nvention. FIG 9 is a diagramillustrating the

conver si on of¢idUelkS Edoaih UAEIQUS KELASHIBK ST Dl TRGE AL IANELINGAR ;AN
embodi ment of the invention. FIG 10a is a di agramillustrating a carbon

cl oséd lsspdapproheh cobodinenipridgententinient i on in which hiochar is
sequestered as soil enhancer; FIG |G is a flowdiagramillustrati ng a

rocess for 0 ng,.bi ochar suitable as a enhancer

11is aflowtd d’&’éﬁ?’#“”’d’é‘t‘ﬁ‘é‘t“ﬂﬂ‘& SCposadads TP saSoRH bR WAL Neion
process i1 QRIAUNEES INRGALANE! SALROBHUE! Fid g@&%m@{\% i@ glrbod! rent
of the invention, E] 5 low'diagram il Tustrating.* possible

car bon mﬁmysﬁ)n&zagmrmmmmﬁ\hz&ﬂ «@hedi nent of the invention.
FIG 13 is a flowdiagramillustrating an enmbodi nent of the present

invention in Wich sonme carbon is sequestered and sonme carbon is converted
to syngas prEdr. itios e nveltaioniibetfiuegl. pulx,SPRht clmmsma@\xmuhust;xstam\mn of an

enbadi nent, of a systemc bl e of, producin ativ car bon fuel,
% produces negattve carbon ?E? n :mmdax?u wii Hn an %ﬂmei%zem m£3 the myention.

FIGL 12 15 a flow diagram illusiating possible carbon pathways in accordance with an

embodiment of the invention.

FIG. 13 18 a fow diagram illustrating an enebodiment of the present invention in which

some carbou is sequestered and some carbon is converted to syngas prior o conversion to fuel,

15 FIG. 14 is an Husiration of an embodiment of a system capable of producing negative
- g P &

carbon Fuel.

FIG. 158 is an illustration of an embodiment of a system capable of executing various

methods of the present invention using mobile equipment.

The figures are not intended 10 be exhaustive or e limit the invention to the precise form
N disclosed. It should be understood that the Invention can be practiced with modification and

alteration, and that the invention be limited only by the claims and the equivalents thereofl

Detailed Deseription of the Embodiments of the [nvention

Embodiments of the invention are directed toward methods for producing negative
carbon biofuel by concurrent production of biofnel and sequesterable biochar in pnmixed form

froam biomass.

3
18

FIG. 1 s a flow dlagram illustrating a method of making negative carbon fuel in
accordance with an ermbodiment of the Invention. Specifically, a carbon-containing input 200 is
5.
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FIG 15 is an illustration of an enbodi ment of a system capabl e of
executing various nethods of the present invention using nobile equipnent.
The figurwe 2arissd | ntended to be exhaustive or to |inPCTiUseo2/02m¢1 ON t O
the precise form 20di scl osed. It should be understood that the invention
can be praetsidedbrodcth? Wodipfidoat ¢conuamdy abmbusgbledngls ambehehatals 39 shdvent i on
be limted onI%/ by the_clains and the equivalents thereof Detail ed

Descri pEFBHsHR fﬁﬁ@‘t‘%dﬂinn@ﬁﬁ“é agplly H@GPW@W%W& separate 0 bBTPREIRS of t he
i nventi 1.6 h R ( Y8 lpl of uel
by conc ro oHE HrBETRErsRAR BT B SR RS RO e

form 154LG00nmbi 9RB8Se. tibifas \Hﬂd}iﬁﬂ@af\h@ﬁ’(ﬂﬁl rRGERM Hbhod bR, hﬂ@t@ﬂ@@h:ﬁ@dﬁ of
maki ng negative car bon fuel in accordance wth an enbodi nent of the

i nveft | @h{\h@pe&tmd’;&l11Ly311w%eu7e¥aﬁ¥bohPa@m%aﬂﬁMgRliinim}tbtﬁl@mw gt ~,;mﬂm convert
2013/01 930PCT/ US2012/. 04424@ [)r ocesse n p,r ocess 250 t Ece Cﬁncurmtly
combust T GHPUAPEEHE BRE AL AP OB 4 ‘“Eeddééi"é‘r‘h‘b‘l gy Bonubge

subst ant,},a| 1%13!1‘& Féﬁ”l nat ?&@Qq 3 RRLAL Q ok %‘L%E}&Q&P&St biBh& gt and

chem cal's can negat i ve carbon, e car bon-contal ni ng i nput 200 can

i ncl ude prdotts v mn@imiwmhﬁ@k It Qunvehi @m%ﬁn aihomEs-eapirauns ngdorateRsdiral |
hydr ocar bons, oxygenates such as 5al cohol s, al dehydes, ket ones and ethers.

Process SQ@MEE\N@W o 2 %yi@equeﬁmerboﬂ ihstt epg*rtt(hiezt lopp poeds '}ﬁ te, including
carggn cont ai ni ng L,I}Ut 200|nto? p SS and 275@ arauf1 ent ties

suBEPARTIREE PYrRHERRh 3E S8 Rot i i WEpt BERY ARorhdetels but
are not 4 gln lﬁﬂxs&é’bmambh&f:‘Es?rﬁﬁ 's:@”;%'h& n@&%‘?%ém {eﬁﬁ, Dk FTHRQ&%{“{»%

COI’]VGI"[S ‘‘‘‘‘ I NCcreasl ng "‘te tures u ress

Seque. swrcahkr@a‘zﬁ:a;rda@ma@ﬁam@ﬂ mksuhx@mn\y mazmbmmh haeethm mwmuf and | ong
periods of tinme, |nclud|ng 10carbon that 'is stored underground or used as
a soi | awmnmrwmﬁ Conbesed bt dtemaniag ahghotwmug aPsis20ptivasuppeisydusssdit are
not limted,to, sol i ne, .gasal i ne-conponents, .jet fuel, diesel, naphtha,
oxygenat&eRGary ¢ gﬁ‘hqéﬁtﬂéﬂﬁ ﬁ and di methyl ether, hydrogen, nethane,
light gas oil, and vacuum gas 0|I The process for determ ning, whether

Out l@*[s't 290 i grcpegal hye d%mr?ﬂ%a% Atﬁll't Szﬁ‘t'&%@ﬂm@@%ﬁ‘t&%{&W@Wsﬁ fhicRaRagthoho FI G

G 2is aflowdlagr“aml fating an enbodi ment of the invention in

W" ch t bengiamb ot ﬁﬁmtxa,w&xﬁ@mnmtm&@rmm Isgabahinpnags prdBeoria8svido is fed as
i nput into process 350, which. concurrentlg out puts conbusti bl e fuel and
cheni cammagmtanw BW@R&M@ sdrbonicalyd %glwbwamiﬁ BFRPIIESAt ani nat ed

and separate
psuhamnufm unmmmnn sted and separate entities,

As used herein, the term *hiomass” includes any material derived or readily obtained

20 from plant sources. Such material can include without Himitation: (i) plant products such as bark,
feaves, tree branches, tree stumps, hardwood chips, softwoed chips, grape pumice, sugarcane
hagasse, switchgrass; and (i) pellet material such as grass, wood and hay pellets, crop prodacts
such as corn, wheat and kenafl This term may also include seeds such as vegetable seeds,
sunflower seeds, froit seeds, and Jegume seeds. The term “hiomass” can also include: (1) waste

25 products including animal manure sach as poultry detived waste; (if) commercial or recycled
material including plastic, paper, paper pulp, cardboard, sawdast, timber residue, wood shavings
and cloth; {iii) municipal waste including sewage waste; {iv) agricultural waste such as coconut
shells, pecan shells, almond shells, coffee grounds; and (v} agricultural feed products such as rice

straw, wheat straw, rice hulls, cotn stover, corn straw, and corn cobs.

30 FIG. 3 is a flow diagram iHustrating a method in which biomass is the carbon-containing

input and biofractionation is the process which prodaces negative carbon fuel, This process

e
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As used herein, the term'biomass' includes any material derived or readily
obt ai ned 20from pl ant sources. Such material can include w thout

limtati omo20i3j01pd3ant products such as bark, |eaves, treeThiSanehedtotree
stunps, hardwood chi ps, softwood chi ps, grape pum ce, sugarcane bagasse,

swi t ehgsaigssis @ndiogics) lopletdetosimt ecinalenguciivra sangrsasder puoodrean s deayribpeld et s,

cro roducts such as.corn, eat and kepal. .['his termmy al so include
seegspsﬁﬁtﬁﬁé’?%@@‘é‘?@b‘l’ éatg‘géﬁﬁ\{gﬂ‘gﬁﬁ%%v\g’P@é@a[s"?dﬂ-?”ﬂh-*&géed)s/, and | egune

seeds. The termtionmass' can also include: (0 waste 25products including
ani mal manure, L Rawht 1 v deri yed wastei (1l scomereial ..ormecycl ed
material i nc?ﬁ%ﬁﬁ% i%?“zfg? :{% ﬂé)g”g)g‘% y@ﬂ‘ﬁgﬁﬁ%ﬁ iﬁ)},gd %g&;ﬁ@g&? é’ﬁ pg(g:\ﬁ%u*;s"t{}?gt i mber
resi due com@edntshauiRg so@bekiibledtidls ald dibhiod oo hpdlegnaslrghit Rebaoi T30 FRBNAgE
waste; (iv) agricultural waste such as coconut shells, pecan shells, alnond
shel Fs, 4o f ko pdlineisl crabralitpu)ts alght comhadnagnt flged iprddustdesiiehioassy i ce
straw, \:(iyﬁueat straw, ri

ice hulls, corn staver,  carn straw .and corn cobs.
3071 G 305 & KRB G A 1) PSP BETRG e o8 Tih AR K STBTRSt ot he

car bon- @nt.al ping d-nRLU - 8NH DL oL LAC o0 0P 5 i S\t RE: P LASESS , WRi.Eh,pr 0duces
negat i vgﬂg tgﬁar% gﬁﬂg‘ él%%k‘lrﬁ?@ F(l'p\r Bg{é S %9 Ei’é‘l * ljélsi'?l\"h%)lrngﬂ%ﬁgé‘?'&?h%\ﬁgoiﬁ E?QV\D

2013/ 01R9B0RGH 482021044 240nsubRect s the bi omass to deconposition using
tenperature ranps under pressure. It i8 described in detail in co-owned US
Pat ent Application Nos. 13/103,905 ind 1.3/019, 236, __Referring nowto
RI G 3, bi oma88ih4ostiisdirdpyntedd Fide 6 abil 6fthareiponat snapr dcbys tapgdope:d

congurrentl roduce conmbustible fuels and.chem cals 200 and seques:terable
car S o eEaeds GATTE W ikt ero AT EnBOar d s 61 S heSBrDoa nent
shown i 04,Fh Gy B @{‘?»?%&'t%hiétﬁg?g}% SO | zﬁldm}?t,&:?@ﬁi%%li'zigei%ﬁ_ TR OProdL0 prior

to being subjecte -fractioning process 420. e conversion

pr ocess 4pF QAE@SthS ecigla ey alth@s cachembi2hel(cempetdnnes 3r BhETdediIsanherei n as
BMF char) and vol atile gas streans 4.23. Wth continued reference to FlGs.
4 and 5partipée vaivattpd © syaibost g8 A vaEs prrdectonadt Bfndde totlessamendiidl  gr ade
fuels 495»via\sgpargtlonﬁangxbl?nﬁLﬁg gque§§e§.480\angwﬁgghAﬁgﬁﬁggLively.
whi ch cEARDEPEL RIS ENEHBIR UHEMFEA'S! BT NG AT R St dWEr el
conyer st.on pr. SAT0. € KN AT A8 HRASS L EANS: 49 Lenewabl e fuel
COnNE! <} P RLIRRTRIH B AONSLIULIE Y01 SUELe AARFIEATS 19 afeel o Tue!
syngas piheduehi @rbisthepméasind e}, synthesi sgas of Apdibawecanbimerrau spases,

i ncluding conversion to fuels and fuel precursors via, process 460, and

uti | i zatinbreyaedsngrgynprada et 1?'5?(51?!1"7(1130»‘@%51“@a*ocﬁi'f%@)cfﬂi (b ressed SyyRider
production process 450, can receive input from (1) biochar processing 430,
(ii) extBrHgrtOseress BF hydrogen, carbon or oxygen 431, (iii) recycled
Car bon nonoxi de or carbon dioxide frompro' s 460, or (iv) recycl ed gases

after the separali.Q.BLRRESSVHGEa: 40 SRR AR IBN bR drShiMeGhar 425 may
be sequestered in underground storage 20 product 434.Char may al so be mi xed
Wi t BO coppdsdi 460 HMVE dhaseausist B etkeprottiuompdlo vield sequestered product 433,
Divect utilization of the bochar as a soil amendment is also possible, since the residence time of
biochar in soil ix in the order of millennia. The latter has been determined from the persistence of
biochar as a soil enhancement agent in Amazonian soil terra preta, BMF char 425 may also be
upgraded via different techniques and sold as a soil fextilizer 439 to enhance soil growth. In
25 further embodiments, BME char 425 may optionally he processed prior to being sold directly for
various end uses such as activated charcoal, pas purifier, coal purifier and water purifier. The
commercial prade negative carbon fuels 495 arise from the concurrent production of

biofractionation-derived renewable foels and sequesterable blochar,

FIG. 6 is a block diagram illustrating an embodiment for prodocing negative carbon fuel,
30 In this embodiment, biomass as carbon-input is blofractionated into volatile components which

arise from conversion of lipids, hemicellulose, and lignins within the biomass. The volatile

.-
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Direct utilization of the biochar as a soil anmendnent is al so possible,
since the residence tinme of biochar in soil is in the order of mllennia.
The | att ewohas/thesn determ ned fromthe persistence of IpCoaisasi2ag42ao soi |
enhancenent agent in Amazonian soil terra preta. |3M char 425 may al so be
upgr adedwmami‘\ffﬂ@rwmﬁ\éwhim guineicalia maba ol aslegbledicinifady bt cabon @89 to
enhance smhi rowt h 15f] art her embo nts"..BMF char 425 may

opt i onal¥gf ?Hégb‘f* ﬁé)é‘?é‘é‘di ‘Eﬁ‘l “"t%“b*éi“h@" Eﬂ 1HP’E%3‘§P‘F‘§#‘”F YAy seugiiend uses
such as .aehiM Va&r‘?ﬁlwgﬂﬁﬁ%ﬁ 1ge, &atﬁt\ﬂlg{; Mt %Bmg& aigz\ F?Hlxl tt'\, m“? Q? tﬂﬁh epu“ fier.

The comverci al e negative ca

concurr @Wtie@m(QQU@ﬁ %@Bcs@fmibh&t ﬁv@ﬁuﬁb@ﬁ]h@iﬂﬂﬁﬁﬁdi%@d renewabl e fuel s and
sequest erabl e bi ochar. FIG 6 is a block diagramillustrating an
enbodi ment for producing negative carbon :fuel, 30in this enbodinent,

bi omAss as carbon-,:input is HMAFEPR h&téé[‘«ﬁﬁtb vol atile components which
arise fromconversion of |ipids, hemcellul ose" and lignins wthin the

bi omass. The,vpl atil e. BSTI TUTE . SHEET (RULE 26

2035/ 015030 PRI EURBGHSF 6 iSRG &wmgﬁfc’éﬂwy\ b R 1&%&&3@1 [ &by hlogsmivdd to
fuels a'ﬂginﬁ@Lﬁﬁ?@é&hﬁn%ﬂﬁﬂ&ﬁlﬁw phf2€s:Ca0 DR, § ég os 'o‘?ﬁxh )timﬂ‘?‘lnt Iaslg} E’Rﬂg&ge‘j may

be used as“activated carbon, “or sequester Vi a us as a ancer
under gr dunghstemage, it Qnom}xmwsvwm Retganpogtes dH@whas L&sxﬁélﬁﬁﬁmld}\%ﬁhxv&ﬂ in
the .biofractionation process wll now be described in further detail,

S5El | () VAL SL!sJ@mmmétmwmﬁﬂgmgsm nt besoprPess i\4dufaiplsﬁ dtthohionses i grohdes! t heof
t he .0 bio-f ract|0ﬁ pr.oce

20. Th
bur plise dopehLofh at Fudihan HOUEE TholiPpiiaiy Eeo @l qRang o dgitinen ©
bio-fr a?xﬂtpiﬂifngvi%%f)ﬁﬁﬁ&i B20ni ML Py npx QLTI o @Q\ % 0@@%&@9%‘2&!1&9” of

mper at ef

bi onmass at 1 ncreasi ng ures un pressur e process
facilit ai@deisfze e rm@msm&i @tiotendinalngh cﬁﬂnﬂmﬁaﬂae& gﬂt@xzag. @&’;\&ﬁ’ﬂ@xﬁ as a
thin sheet. The b 'mass may be ground by a variety of ‘equi prent i ncluding,
but not ‘ﬂl:’tm&iédiitibfi¥®M|T®mnt .1:Zir making nulch, chips, pellets, or
sawdust . (}ound particle size nay range fron10.001 inch to 1 inch in
di aneter, cessin prent size an . t her ransfer ates.
Erbodi ment 5. BROTAEORUERET DR HEHE e T SbuRAEDIOA Piie: Doiboaess Erahbe
thagsis, g}i? BadMod8l: t‘?ﬂqi ik engey EL‘QX@.&J'\{I\ M@nm@v?]ﬁs%nanﬁQ{’}Emﬁaaﬁ&% whis QWSES ' S
di spensed into thin sheets whose t hi cknes t1nmes
blOnassﬁ@ﬁml%éiEhﬁ“&@nuﬂﬁ?ﬁthb@nQ&&ﬁﬁ&“&nmn&ﬁﬂﬁﬂQQHLhMQKﬂﬁSma%bhrMBe
chanber for unconpressed bi omass (which is ground or chopped to 1/8" or
smal | er}hWﬁ’»abpﬁi&ixii‘ﬁm\eﬁﬁt&bl@:ﬁw i hz»hmmws% chypped Hel/Bi oresdeil & heat ed and
further pul ver] scussed .bel o 13NF char qui
condensiteTalh L THES AT T Rk heyi e REs Rkt G BodheliE I N1 1
pym yZi pgo ol diang, At aal Levt iseelel 661108 Shuuses Yhuchamgaly gagpounds
own as blo I ntermne |ary ounds as we he production of BM char.
A ped sornsafes akldl gy mimﬁ_hﬁmanmw hbi aleprheci Rt dfasefthdsmidal mnmsmhanber S

can be sized in wdth and | ength along with the dianmeter of thei
corres pbsmmg Wif\%éli‘di igE qoaIPans shesl gf& B pagfuatﬁwééﬁi bgkars érzwmé véleigiir ed

h h f h
O nOn Bbe it bl s B R SL8 etk B o ERAL R kB e s P

si m | ar w40 Hahanad Qs Yh&Q%h@a{mudhﬁe BNEOHYSioSn$ Qit‘ii'{i;k %Q§p‘pz (b;ma@er @@t leGRsikdae
environnment is scalable in that Tt can be expan ed

throughput for the biomass fractionater, without departing from the su\pn zi mt, invention.

23 Dispensation as thin sheets assures an environment similar to laboratory scale mild
pyrolysis conditions. In practice the environment is scalable in that 1t can be expanded in two
dimensions to any practical working throughput while retaining a constant thickness for heat
freatment of incoming materials, The biomass may be dispensed in pre-dried form, or it may be
dried atter dispensation. Biomass may be loaded piecemeal onto a plorality of movable blomass

3¢ reaction chambers which are movable using conventional drive mechanisms such as gear drives,

~R.
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di mrensions to any practical working throughput while retaining a constant

t hi ckness for heat treatnment of incomng naterials, The bionass may be

di spensedworrovoasesni ed tbrrn, or it nay be dried after @CTpsaea0#42m0

Bi omass may be | oaded pieceneal onto a plurality of novabl e bi omass 30

r eact i omhghanber sitohbigisparckeimkall aldisinnig leonvepkiconails, dri vatine chiarlicsns
such as gear drives, -8- SUBSTI TUTE SHEET {RULE 26) WD,

2013/ 015930BCTEBEPOES CO A4BHONE FAiRS e DRSS IEMIEPHY® §phigkket s, etc. In
addition to |inear displacenents, the reaction chanbers m:ty aIso be
arranged on a disc that rota}es:eeatd;pMeust ;in a stepw se 'fashion.

RI OM' SS 810FRACTI ONI NG Bﬁ@ﬁ&%@%@ﬁ%ﬁ%ﬁ XO\Q&G, the di spensed bionass is
subj ected to a novel biolractioning process 420 described in detail in
co-owned US RaigttcARalneal enmidosed bidahe3: 908carido 23003 9idB0tiontini S process
subj ects the biomass to deconposrtron t hat produces volatrle Ras st reans
423 usrmgmdh§@ﬂét%ubeﬁpd&@tume*ﬁue&%ﬁ%ﬁe@ﬂm eﬁﬁﬁwe§§uﬁe UIrHE elessur e
serves GI ease the th nducti vi t car |zed bi omass

t

and accé9§ﬂ§*§: HePEEToR gﬁﬁ#bﬁwnTﬂﬁP@¥“¥“V%“ﬁ“f?%h?ﬁ%ﬁ@?%ﬁv “'tstrating
the basig, gpematlanal.Q ;QLJ o 1BGLALGR: R@rpr'n&q %um% gi%(%ﬁf §he tegiurxb*k&v@%? into BVF
char, in accordance enbocir ment Fr I nventi In particular,

FIG 7 depist ﬁm'&i’ﬁ@n&ﬂclmdrﬁ:ath'emqeumﬂhEb@ni&?@ﬂﬁ&@&& anugntda&:mmbﬂl ments shown
in 4 and 5. Referring to FIGs,5 and 7, biomass 51 is pretreated in process
410 and dedvempositibjected to a series of tenperature ranp profiles (ATn) and

pressure shock profiles (APn), where n is an 15integer greater than 1 that

descrlbes th st.ages, in.the deco 03|t|on of th mass 51. In
part Weul ar, '6?6%&%&*@1‘“@ %@B %éﬁ‘e r*r.(%rrmrru Bripaeles PRg £ file AT I,

t yp: cal lt,gm w\li rﬂ@%mﬁ Em?r%‘; @*»Hfr, §rr ?‘[FRWQXQT \ﬂﬁ%%n%o@&%“}tt eﬁ‘ﬂ? M@sich, TR @l

anv oesrtrg sta ypiCl | e purpose of the first AT1
profil e >hz$mﬁi9r dawert iﬁﬂi}rd\hﬂt bm@ BRgSnceRIf @c&uﬁarm\pnn@esmhmgnm& gliovd2ih. FiCs.
Subsequent Nrt) profrles end at progressivel gher tenp eratures and serve
t he pur peséSoRcbutgasdihys ant’. tiwrrnm thewites r/ ﬂg/n ar@Wer@W iy Byl sgisicddass to

volatile hio ounds. Thes i 0-CO nds rogr.essi vel
ogher . GeUbRal MRS RSt an® b ERIRRA B EEASE, SheP Rk g
devokat il @Lr&@z i @mle@hrm{r@m@umé Lr@p K\WQI%&% Wsﬁmh u?arvrmms;

acconpanre a pressure treatnent enbod |nen 7, this is
achi eveéy };tﬁ!m@lrpmﬁbmmwgl S aliboon rﬁ@: i()a i‘@atmuq.msidb nay, t@fmaiﬁwa hr&)ﬁrfr r

subj ecting the biomass to acconpanyi ng pressure profl | es AN 1500rrpr| sing a
sequence!mﬁpirfesusw &y shedios %t*ﬁaﬁrxsé%pldomtm Rt rztrm@rvewrf* BHHPrids Syunaly.
femure of ca nperature protiles are

| near - PEABENRSRGNR AShPBITOR aReer B B sue TSR, sPED 7 om
1T/ sec Ri?ri)s%ﬁr anfl’\?@ﬁm il?s%ﬁﬁﬁhﬂggi%ﬁ%k‘ P@@E&\{ﬁ n@ﬁ:;@@m@nb%e ﬁ@%ﬁ@@lr by

el ectric eating e enent di rect ane conpustion, or by directed jets
of 3J0heatigshsingnkd tgngas! mrrusurmenmrmg will biomaisdio Webitikebigicwapoayds.tfiesheat i ng

profile and t he pressure ‘
useful bio-compounds emerge at progressively higher devolatilization temperatures, In order to

accomplish this devolatilization in a selective manner, the temperature treatment is accompanied
by a pressure treatment. In the embodiment of FIG. 7, this is achleved using compacting station
69 (e.g., a series of anvils) for subjecting the biomass to accompanying pressure profiles APn

comprising & sequence of pressure shocks that exploit the inherent compressional features of

Pl
Ly

carbon,

In some embodiments, the temperature profites are linear ramps ranging from 0.001
“Cisee to TDOSClsee, and preferably from 1°Cfsec 1o 107Cisee. Processing heating station 68
may be heated by electrical heating elements, direct flame combustion, or by directed jets of
30 heated working gas or supercritical fluid. For a given n, the heating profile and the pressure
compaction profile may be linked via a feadback loop, or may be applied by the same agent
.
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conpaction profile may be linked via a feedback |oop, or may be applied by
the sanme agent WO 2013/ 015930PCT/ US2012/ 044240 si nul t aneously, Conpacti ng
station 6Sormis/sdseontrol |l ed by electrically driven devipceaiS2@zn4anpr essed
devices, or any other formof energy that serves to inpact |oad the

bi onass «»mmtdgweh (ompwiting sieterpthany botongeticdly sladtatally drivongohentas 423 of
the deconposed bi amass are col.lected after each a |IC&LIOn of a

t enper aRUPBISHS At P Ry QURe BFOHONEEY R Bt e 08 ipr BELUSPRgIst epelvep N F
char 425.6HErs ﬁf}mﬁe@gw O vdifific seAuaSLL At oy zfpag%ﬁ@é“ﬁ%m are cf & od

sel ective pyrolysis of I omass ari ses out e interplay "between the
appl i ed sficesshuglpuiaes » tapphited rheppel ptune peitlcr asw ﬁxaﬁtps Rreessuies, and
t enper at ures ererlenced by the biomass. The process is illustrated

di agfam¥Bdi ekardys prempGrad) oaAkchausHewsn apptiséd. pressure, bi omass
tenperature, biomass pressure and anvil position as a. functi on of tine. It

i s under st ood, 10t hat diff rent. Lypes ess pul ses
may be appl i 38* Sy gi YRHW ’”ﬁé?yglﬁti “}%‘N‘ PGS DAY ey ge‘“é ‘t‘gﬁk}] ‘gew ce,

fa Fla SrRIEsaueoshosiaaRRll &4 ¥k s L @ﬁﬁu@m&? blfedliBung) are
shown as a series £ 1 an gul ar pressur ses wth an uns ecl rest
time. Thenprodes prdeegiinslubysttdi Jx.uzmmgu@ﬁeut Py, gplvhich aistuet dppliddprefsumat er .

The biomass is first subjected to a tenperature ranp sufficient to cause

t he b| o REISEISE BMmpelabas daRitse pressTendpal b psdine at! efd“Wat‘e?mvdbbﬁmﬁfe%h‘t?&lﬁen

cctlor S i PrBt D aeEET G Kbk o E R POk Canke WBe R AL B,

nvent AMisbllh 18 LLABOR A bA In MBI GBSl vidboRt han cahRgigrent s,
t he st eam does not ttaln a supercri tical state COﬂtI nued ref erence

to FI G (8 FiGhE pr desune ashask! aliagulal dessiun mbt\lwapisnmgmgwh;eiubj orass:. ThAe short
tinme after peak pressure is ap I|ed the anvil js pushed back by the

pr essur SHEESSTogExbY el %lhafrmieofefbwdmfds% atan el it*we%\m‘f it yeéisEBmpotinds
are remp ved essure wt s. decreased
Suddent P Ba e BT P e DRGSR R L RS EPE R R e “anvi
[ et Y5 NS viyr il e ﬂm@%k@%ﬂ@em%&es HRES W onffd el & MBYRE R3%rRRENLE emoved
entirely fromt i omass, the applied tenperature causes hot |ocalized
areas Whiohiags ddeembbdinms & dohateniniibiate! darbantibhnbxaditonatGompuessiivel

i npacts on the newWy formed carbon serve in turn_fo 25increase the thernal
conduct Biiet yn pfer drebod Bpandi thepvam doey wa sEYn papgsEiticelouct i vity serves to

efficiently transmt heat energy needed to break down the bionass to the

next stage i S dec sition,.Furthe carbon exhibits
conpr essi onaﬁ %’E‘HB{PV“ g‘gﬁﬁ?% g fx F’Hﬁéé‘t e“‘tg&f"*‘&féh‘t“ FEaEErt this

ef f ect Qﬂn{a&e r\nﬂﬁlm%ﬁﬂdﬁ% ;‘}S{ak besssure is app) splied, thERBy 1?@ TRERIBLANR! (hEBRRIYe Of
carbon has been indirectly denonstrated in studies of 30 comercial carbon

r esi8t oestratdhoiniproespunelsgdhges: veaelcRosenlels gie r@metedallongntidr thaticanal
Journal of Inpact Engineering 34 _2&07% 732-742, In these studies, netal
di scs \Aé?béwrta’t}iﬁ@ﬂélﬁf emm & Gasegdrudiooki JRowee Serrspiag it R atvpR & PaShpact ed

an epoxy, o Lhet SAerhAl B8 dle MG Pufe bRRYERReT Ml Ko bk i 28)
entirely from the blomass, the applied temperature causes hot focalized arcas within the blomass

that inltiate carben formation. Compressive impacts on the newly formed carbon serve in tum o

o
L

increase the thermal conductivity of the carbon, The increased thermal conductivity serves to
efficiently ransmit heat energy needed to break down the biomass to the next stage in its
decomposition. Farthermeore, because carbon exhibits compressional memory, compressive

impacts are sufficient to exert this etfect on thermal conductivity,

The compressional memory of carbon has been indirectly demonstrated in stadies of
30 conumercial carbon resistors as low pressure gauges. Sec Rosenberg, £ et af hternational
Jowrnal of Impact Engineering 34 (2007} 732.742, In these studies, metal discs were launched

from a gas gun at high velocity such that they impacted an epoxy or Plexiglas favget in which a
10
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WO 2013/ 015930PCT/ US2012/ 044240 car bon resistor was enbedded.. Resistance
changes were neasured as a function of tine after inpact. It was noted that
t he resi swenos/dssneased rather rapidly in | ess than a rrctrss@comtso and
stayed | ow for several m croseconds, in sonic cases over 10 mi croseconds,
.unti | ictrbbregaisior wab nobabled Rysiadoal dignges wercantaspad bis & Buelis; ofThivsafevi dences
a nmenory effjct or aiéﬁlow rc. |l axation. Safter .the jnmp Because

ol ectri vapat %wtfam Hrilee EereepRgC ‘»%ﬁﬁé& RFirany léﬁ@eﬁ‘n‘s@%%@W(‘%b‘?i}t’efﬂaft ed for

car bon I e, rnal of
Applied” %Pﬁy@l &s“l% rié‘ﬁ&“%@%’ iﬁg dlk‘li’ﬁ’g&c{%%ggl ‘étmgfg (‘fﬁt ﬁn}fé ‘m ychnol ogy

Sth edi tic@Rke obiese 1S iudingset 1QYRAThid: GONRELSSEADN BRI & 2wt Renpaki of the

carbon. This corrpre55| on menory is at |east part 'y utilized in various

enbodi nmefitrghofnpabie Bivventibanc:! oBrbodindahty 1bmntlm‘«nnu@nmmhahm arli i ze

t he increase in ther conduct i vj t as ,carbgn is,co he change in
lect 1 Eaobpsrs b BTG [oh Saulle v et on i e GRHBAGS ﬁeéf’f‘ 76 s Dknown

203, 216/ 185" y’p??"éﬁ*?'?mioﬁ"f%’ggf%é}e%d%”"f‘“ﬁ*a%““‘ﬁg?‘é VR O Hhonhs

Edi son, gegesidenappanativsptinathd dansf Diimsapagieaiones $ m&m(m tr ati ons)
to changes in .electrical resistance of carbon grannies. 15Car bon is even

mor e sengiiteivie varivain cwbadivwngs al G invertiop. | nver se rel ati onshi p bet ween
el ectrical resistance and .thernal conductl vity. Below are data indicating

the t her mal co gdﬁﬁct\i vi ofxvarl SI tances ("\ﬁc H? b§ ok.of Chetnisiry
and 'Bhy, i cs, BB “‘é@‘f’r‘ )‘“‘“H”‘é‘dﬁi&’a‘%‘i "ft“&)”‘t%ie ST BT g Carbon
conduct | £ A in RRTRDL €y m%l fies T LB L DRERD YL 25!
W (m E\ ‘*‘*&‘X" " "edrBMé eT Rl uct \illlbty Spper 390" St al nﬁgss St'eel éo
Vat er Oi\ﬁ?‘own effect used by carbou telephones and carbon amplifiers. U.S, Patent No, 203,216, 1.8,

Patent Neo. 2,222,390 and ULS. Patent Ne. 474,230 to Thomas Edison, describe apparatus that

transform sound compressions (vibrations) to changes o electrical resistance of carbon granales.

15 Carbon is even more sensitive than most metals in i inverse relationstup between electrical

resistance and thermal conductivity.

Below are data indicating the thormal conductivity of various substances (CRC
Hundbook of Chemisiry nd Physics, 87th edition) in comparison to the measured thermal

conduetivity of BMF chan:

20 Table 1. Select Thermal Conductivities in WimeK}
Material Thermal Conductivity
Copper 390
Staintess Steel 20
Water 0.6
Dry Wood 0.3
Fuels 011002
Carrier Gases (Hy, Naete)  0.01 w0 0.02
Carbon Char (.01 to 0.0
BME char o)

As the thermal conductivity of the formed carbon within the biomass icreases due
pressure shocks, it becomes consequently easter to attain mild pyrolysis conditions within the

biomass. As higher temperatures are reached, the fact that carbon is a belter heat transfer agent

e
M

than water enables higher boiling compounds o become volatile, Pressure shocks serve {o

-11-
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Dry Wod 03 Fuels 0.1 to 0,2 Carrier Gases (142, N2, etc.) 0.01 to 0,02
Carbon Char 0,01 to 0.05 BMF char 1 to 5 As the thermal conductivity of
the formeslocarmmmswi t hi n the bi onass increases due to presdlse@2siboeks, it
becones consequently easier to attain mld pyrolysis conditions within the
bi omass.comprdNs élh@rhmlm@mag gwmzsmd:e‘zmiefanm@dgu t¢ Frectfudgy cotihatiscathbohei s a
better heat transfer a t 25 a{] V\? el enabl es hi gher boiling conpounds to
become VETEEF e pf’?“é%"s’u LSEHBLRG! Koy Rhich Sipe 296 ST pesty USBUE 2/ 044240
conpr ess,.;ihe & s acturing cell
wal s w f’ fﬁl % {glr:ruaiaggsl u'd_]lﬂ% b qg@gggﬂfsﬁ{]ﬁdﬁ%‘? Eé\%‘g’gM&Iﬁ:ﬁ)&d ?3 whi ch shows
anvi | e@i&ﬁﬁh@f@n&i uﬂﬁ&i@n@t ﬁ'SBw‘E&%@@ﬂLﬁbmg zlc»@aﬁg@nmwkbﬂp&uﬁsequent pul se
application, thus i ndi cati ng succe55| ve biomass pul verization in

conj unct ion with rel ease of useful %her boi |l i ng conmpounds. A variety of
pressure profy Yeastyappresarepeffedtpve §iclivcirdsgiasgetecacmnbbimeher mal

conductiy 1 ressur Vary. MPa to 10 GPa
and 1 nayoBLXaphr TREPORMIERE b ot SrPHRTREY B IR URAY LEO L met B g o
driven r@z% itang; o mmmm big@lchViedh Uvgawmhms wir @R tﬁﬁﬁln%s hYadlchien davi ces.
The duration of the pressure appliCation cah vary from. mcrosecon& to
week. | piskasundessibdoddtraticprasw @rpidnsgshafredikhgpientiomagnistuges jand
10different time durations may be admi xed to yield optimumresults.

microsecond © 1 week. {115 understood that pressure polses of different magnitudes and

10 different ime durations may be admixed o vield optinmam resulis.

be enhanced by the addition of mperm‘itia; } fluids in the reaction chamber, It is known that
supercritical fluids can improve heat transter ag woll a8 wecelerate reaction rates, Ceortain

embodiments can eperate with supercritical carbon dioxide, superenitical water, supereritical

ﬁ.)‘:

methane, sapereritical methanol, or mixiures of the above. It s possible that supercritical

conditions ave created internally with some pressure and femperature profiles

A system capable of embodying the methods of the present invention is described in co-
owned, co-pending 118, Patent Application No. 2010/01 80865 entitled “System and Method for
Biomass Fractioning,” the content of which 13 incorporated herein b}f reference in 1ts sn‘iim}a

20 This systern comprises a biomass load and dump Sation, a heated pulverizing proc station
for compressing the biomass, a biochar dumping station for removing residual hiochar_, and a

plasality of biomass reaction compartments able to carry the biomass from station to station.

FUEL CONVYERSHON

Referring to FIG. §, the volatile pas streams are optionally transformed to fuel
5 compounds 473 via catalyst conversion process 4780, These fuel componnds are typically termed
rengwable fuels and can be applied to any combustible fuel, such as gasoline, diesel, jet fuel and
other fuel blend stocks such as BTX, derived from biomass and useful for transportation or other
purposes. Varicus catalyst svstems may be emploved to effect this conversion depending on the
nature of the volatile gas streams and desired fuel component. In some embodiments, a system is

used wherein only a minimum nuntber of bonds are broken and made, and consequently, the

tad
o}

minimum amount of enecrgy is spent breaking and making these bonds,
AR
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The efficient heat energy transfer executed by enbodi nents of the present

i nvention can be enhanced by the addition of supercritical fluids in the
reacti on wbansarsosbt i s known that supercritical fl uidsPcaruseompoeizeo heat
transfer as well as accelerate reaction rates. Certain enbodi nents can

oper at e wi t hAsiypleromid mbatiaid reaidcbopthdicakivile t.mﬁiﬂf:&éﬁ‘ﬁﬁbﬂt‘b‘cm[]w\nﬁ?ﬁtﬁml by using
supercrltlgﬁ 15net h ﬁ Fercrltlcal % qnol xtures $Lsthe above.
Tt i s pORUTEF BBR AP eSO R T GHSCCaR HeSeF Re iBEOToNTeF NS T ¢ b
SOMme PI ORSHESRND, | SUPLOAI HfePrAtM®RY Making RASNSE FILCARANL Eim%.d?@()dyl ng
the neth present 1nvention IS dl in co owned. ng
u. S Paﬂ%ﬁht%@@kn@mﬂwmﬁ“mﬁ ﬂ29&ﬂh@&89&ﬁﬁnﬁﬂﬁﬁﬁ&@ﬂhuﬁ%ﬁb@ﬁhﬁndEMBkhOd f0r

Bi omass Fraetlonlng " the content of which is incorporated herein by

r ef epen@é&nﬁq uFftt@bfém?wbwmmwﬁqmsﬁ*sy@txwﬁ*t@@ﬁprdcs@gpzaumlaméisi\|thfa@leiand dunp
station, ul veri zin ng.st.ation. for conpr ess th

b1 ormes PR B RN HE e B DR T et RS IR  and
plurali tmeQ{m:Q* ERARAl, w&du@n ACOURA! L ARG SLRRLGIL OF R 0ikal tRe %Q&%ﬁ pd rom
station'to stati on. “tN Referring t =S 5. the
volat|IeugaSS$mn&mn&ba&&ompﬁnﬁaﬁmkyﬁhnansﬁ@mﬂﬁdbkmxﬁuehnmmﬂmounds 473 via
catal yst conversion process 470. These fuel conpounds are typically terned
r enewabkevifaiBizatiamandcanopiag &ﬁbﬁWé&ﬂ@%héﬁyﬁde%ﬂéﬁyﬁle fuel, such as
gasoline, diesel, jet fuel and other fuel blend stocks such asi BTX, derived

fro b| onmass seful for.tr n or other e rious

cat 'yst syst gﬁg “?‘Jﬂa 1 é"‘@%ﬁ”BV@&ff‘gléf‘?%% ‘t(‘ﬁ“%}\"@fiﬁ\/‘grg{) ‘i@éd\\e{ﬁ] & AG@bn t he
nature Qfimh@iMlratd Higngashisty ﬁﬁﬁ%uﬁ@ﬂa%@%h‘? 10 £ Hﬁkt}&ﬁ@%(@ﬂ@\m s ih ﬂn?ﬂﬂe
enbodi nents, a systemis used wherei i only a m ni nrum nunber of bonds are

br oken andvmadﬁﬂnamdU@mnSEMHem@h&m¢khanmpmmmﬂmnammmhhndﬁnem&mgy*ﬁ& spent
breaki ng and maki ng these bon ds -12- SUBSTI TUTE SHEET (RULE 26) WO
2013/ 015030PENKuS0Y!d/ B 4apye. the bomass ke SYAkEH RGBT wrétn%rmﬁ@ 2t he

f b bl
cat al ot PECEPREERE Y PP B PiGa et Bt B PR Db R BB ©
Appl k catypn gNBmdan@[uQZm&u@rjn@hﬁ)'ﬂt zb&;@mm&\/ﬁ%h}% 11‘11%[% I“@'ﬁ!c"’i@«. Rengwabl e Fuel s”

and co-owned US Pat ent Application 38 entitled ", System for
Maki ng Penewablsatibualas viry Thesem’émtietm ﬁ»hdmsmm fned & amogt ammbﬂh& gystiem f or
routing bi omass deconp05|t|on products .through processing stations and a
seri es mwé@itigtwrbt She s v thinpasdy ol t&nmo*ms §ledenerus. Inghe Wiﬂsi*m

R R e L R o A

tenper af i &1iRf callQNBSE L ﬁ@-ﬂﬂ@B’btﬂ%&’@inﬁtx'iiﬂb%ﬁ‘id Ham@RdreGhihfeOud kng, based on
know edge of product vyiel 10FI G 9 shows an enbodi ment of high-yield fuel

conr shditiansi uhz@x o (taﬂdm toit aztdniéc; o iien g ntmmﬂ(bxs iatonomzeiontdalvei owmess.
Tliree differ Hﬁuz es bi onass g gl%li hOV\@ as_ inputs to three
pr ocessrwrsbe ¢4 ‘*’Péé‘éﬂmﬁ’eiﬂhﬁk%ﬁi“ radtitiovey Z;Sﬁ’r“f? e th ) Sof

tal yt
Foeast ot L el SPhyTRL P ARME VI bRl P LBV AT " e
that thgefiredalpgkmalie GURSEY la!@ﬂéi!;,)&apI;Q‘éﬁﬁ@%&MﬁMﬁgni ferehNreR Siations.

upgrading catalyst can be comprised of metal modified MET type zeolites, where the metal is

[0
LA

selected from the group consisting off Ga, Zn, In, Mo, W, Cr, Pt, Pd, Rh, Ru, A, Ir, and
combinations thereof, The dehiydration catalyst can be any ackd catalyst, such as heterogeneous

solid acid catalysts.

Volatile components can be recireulated o af least one of the following: a) one or more
processing stations by the dehydsation catalyst, ©) the aromatization catalyst or d} the gas-

30 upgrading catalyst in order {o create fuels.

13-

SUBSTITUTE SHEET (RULE 26)



15 O her enbodi ments feature nultiple independent bionmass inputs. Wile the
nunmber of processing, stations can vary, the sane catalytic colums arc
used to cwoweroisdse vol atil e gases to renewabl e fuel s. Pha/use@dendd2ao whi ch
the catalytic colums are selected can vary. In the illustrated enbodi nent,
a hernieel hi:lose-rich bi o888 QN BOHHAMINNGN ar omat i zati on cat al yst
and gas-upgradi ng catalyst while a I|p|d rich biomass and a lignin-rich

bi omass are 3’ ect 8? %0 ddi ti onal dehydr t| on cat al yst, but gt
differ ent tez‘b G @ T o SRS nPasadd ?‘ééﬁﬁ""b‘@“&ﬁhﬁbﬂ‘*’s§ of NEI

type ze “f‘ iﬁﬁx@{j@ Jgﬁ{ amﬂﬂﬂ& iw?guMgmﬁ&%%&; @»‘9-\) g‘%ﬁm W%Eﬂ%&gﬂ% t,%ﬁl is

sel ected from#t group consisting o oup net al s,
G oup Vit Ufﬁiuﬂhfﬁatu@;@b&xmﬂm’éﬁh&udsﬁ‘a@iﬂﬂuéi&ﬁ dretad s sirélns dnd reraiieh! af |
conbi nations thereof. The gas-upgradi ng catalyst can be conprised of netal
modi fi ecwmt,zuzrinm ytpewzzéglumtbes diowhisr sethie avdtight dagesddl entady fcrncimimetgr oup
consi stin

Comot bbb w B s b e et Sy st dntal vt
such_as.felienggeneRlEnabl A ASLAEAL RNYSE S Sucole YehRLI Sasempanent s can

be recircul ated east one o0 he“fol | ow ‘ng: one or nore processing
st ati onggbhat h@mﬂ&hmdmatpmémcazﬁ‘.aia_wtzmmmm&hemw gsmbé galibon kaddhyst or d)
the gas- 30upgrading catalyst in order to create filets, WO

2013/ 01583ORCTRWS2VERF VMM Y HSERARATE ONG IANDTRu LGOI cal charcisysispi ct ed

R A R e e T S L o e
conver Sbf&ﬂm@%ﬁgﬁﬁ@#ﬂ@wnfﬁf}&m%ﬁt?@ﬂ&'«%% RARHRE BREAAL TR fRfbER, CQREansat i on

of the gas streans and renoval of bwater, rbon nmonoxi de, carbon di oxi de,
met haneomg,dmug gbtivgdanes id8Blut e piogadduye g@rﬂmksm@uﬁl Zael CB Scongdiurds .

Addi ti onal steps nay be added which separate different streans based on
chem cakadietsphysi cal characteristics of the exiting streans. Sal eabl e
chenmicals and light gases 481 may result fromthi S process The separation
process may al so @ g:eJI iedto 1,C E} ol&ta Une I’ild nsati on.
Separ at i on i oG RSPl Cpady U ‘i“iqﬂ’{dmlgﬁ o v ﬂlﬁa la[(‘E' lé i cs, 10such
as t i del: yel's 465
can Do Bt PR s ShEEQRlL ot R L AEE Pl ({"Sé‘e‘i‘@%@:ﬁ Bther

pr ocess afl suGhkodsclfids e ptalut® fionor futibl atdeaic drudls: dercy edehfasdighf ossi |
fuels, to produce swtabl e commercial fuels 495 for different markets. The
co- bl endépiigief beshs nelihal het gerdc f«%d’lﬂ‘éﬁéthdﬁ midrﬁtf@émt dn \glas sPPpEeHsesel |

jet fue 15nmet hanol sobut anol

I ot but,
and vegdtdiea gy os agled B H{dl“ﬁglﬁf e ‘Fjr“ailf‘@é“ \7{81“‘ @é 4 h“’np?méln ERE%r om a
f1uidi Zﬁgm’lﬁ@rﬁﬁl&%ﬁ\ <t Bh ﬁﬁﬁwﬁ REQRE ﬁ@ar VRN Br@Rir ds@hﬁmﬂ%ﬁ&hﬁm heseas,
napht ha e ol Eeavy cycle oil, and kerosene. . In some
embogli n’&ﬂ'ﬁcﬁ,mnaﬂﬁhzww egw Rt eoddaeddisllihod ue;lm.iw{m,ﬂuialuﬂplagﬂniiJu@ch
addi tives may include without limtation: detergents, conbustion inprovers,
cet ane Infhitoisend anliikék¢iter s, anti oxi dants, antifoam agents,

BIOCHAR PROCESSING AND SEQUESTRATION

After formation, BMF char 425 can be sold for mumnerous uses involving low surface and
high surface area carbon, such as activated charcoal, gas purifier, coal purifier, water {ilter and
25 water purifier. The BMF char 423 may be optionally treated in process 430 prior to being sold,
The latier process may entail increasing the biochar surface area via a number of different
reactions inclnding those described herein, The BMF char may also be sequestered as discussed

in the following two sections.

-14-
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20corrosion inhibitors, wax crystal nodifiers:, distillate flow inprovers,

| ubricity agents, icing inhibitors and antistatic agents, B1OCHAR

PROCESS| NGOAND/BEGWESTRATI ON After formation, BMF ebarusans/oeeno be sol d
for nunerous uses invol vr ng | ow surface and high surface area car bon, such
as activated charcoal, S50 PEQEESTRAARON MR ekCHit er . filter and
2bwater purifier. The WAIF char 425 may be optionally treated in process

430 prior to_heing sold. The atter SS rm ent ai | reasing the
bi ochar sur f S0t (8RE W/PsneE RHGer UsrBUE FrereRe P@*aétlroah@ ﬁwémﬁr ng those

descrrbd y Er e ed in
T
2013/ 013930P RS2 1E hQAGAA0] GARRGN SEQUESTRARICN rARPROAGHES  Witsh furt her
reference to HG 5, the BNIF char 425 obtained fromthe biomass

bi of F actiomat iconeld pegud 26. m«amub@%ssleq aesi addidve Ut Wirdleaingyiss rq&h%rmdrrrrg ( i)
storage |n under round st or rrrat otts a questere

R T b R R e S
orused as:a, SAld @9 ¢ és\f ﬁgw OQH@# Lis9aresAp kG & ES 1dens e &l trr?t:dt hr the
sequestration I's expeécte be at least tho sands of years. In one

enbodi nﬁmst\fni)'ﬁmU‘ﬂ@@b@ﬁ@Uﬂﬁha@;ﬁr@zﬁrﬁgabmﬂéﬁgﬁrubﬁdnl nabon puihedhiddShkRat ent
Application 2010/ 0257775, titled " Syst em and Met hod for At m)spherl c Carbon
Sequest mathiaoitg-ty i@ambom agaseabipg (Epadnd ntt@uhlmtﬂtwiaéwié $3¢ endeErpIoN

aggreg atr ons & %‘ Elstor d .i n, geol o tc(ﬂ 3t abfle unde rtoug ;
10dé§i’)osPtl§-"‘"“*l’ EYRTE AL OETPPH ?y%ﬁrwe%r ¥b “r‘ I COFSBrR SRR A by
ref er engrﬁ;ﬂl{éfﬂ el %drg Ht L&hdn aibRadpat r’rl%q&@f%g'hm -otich G & ﬁnn%gﬁ'i%r Gan be

sequestere Ion I n supercriti ca ofm'rnt o oi

enbodi meRtyef] Or{)&@h@@ﬁmﬁ,@ﬂme&khr&i deqistsionguisnpsiodii addiibn anaigriaple sispemgl e

di spersal of BMr char onto soil. Sequestered product 433 can produce

consi depBBME rém)rum sibPeqresipg eradri -&:’aﬁ«@bwi‘@lﬂ@%ﬁ@éﬁ e Epowheoldedmigosi ti on
quest ered pr.oduc

f h duc
ot hime S s S RS Lo oD TR EPEP s Fatbral SN SR B BN 855

enhafce 5okl  AHMMBe meshane or carbon dioxide, whersas sequestered product 439 can be used to

grhance sof growth.

CARBON SEQUESTRATION AS SOIL AMENDMENT

In some embodiments, the sequestered carbon produced from fuet production can be
employed to increase soil productivity in order to counteract the ultimate burning of the fuel.

206 FIG. 10ais g diagram Ulustrating a carbon closed loop spproach of the present invention in
which hiochar is sequestered as soil enhancer. Speeifivally, FIG, 10a depicts the production of
negative catbon fuel and subsequent biochar for soil enhancement using comn cobs and com
stalks as the biomass source. The closed loop nature for carbon dioxide wtilization is
demonstrated tn this figure in accordance with an embodiment of the invention. Another

25 embodiment relies on removing defrimental features inherent in biochars after formation, and w
rendering the biochar pores hyvdrophilic in ovder to transform the biochar into a hospitable
environment for microorganisms. The steps of this process are shown In FIG. 10b and will now

be described.

REMOVAL QF HYDROCARBONS

30 Typical charcoal contains a variety of hydrocarbons in various stages of decomposition,

depending on the fast temperature to which the chavcoal was subjected. During early stages of
-15.
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CARBON SEQUESTRATI ON As SO . 1" AMENDMVENT In sone enbodi nents, the
sequestered carbon produced from fuel production can be enployed to

i ncrease woi2b13prisaacti vity in order to counteract the ulpCirrmst@2low2né ng of
the fuel, 20FIG 10a is a diagramillustrating a carbon closed |00

appr oac hedingt Weopielsgwn tvalon yane poi dhasrhsiicath \\mogdmtm riositige saasahaved ! gé soi |
enhancer, . Specifically, El G .10a depicts the production of negative carbon
Fuel andieLTREERE Col CLRh e RodGh R Eih LGB UG S SRR dBe R o 1
stal ks 352{51%5@1}19%&%{%%{&8 ?80“‘@1@(‘&&%} dd QOR. DAL YE&-l8h-C Lo, di.Qxi de
utilization’is denonstrated 1n this figure in accordance wth an enbodi nent
of the hmrenRidnasly Anetrhdnnerhadiident thislbhesqionl! cempivk Rgod€Craine meaht in
features inherent in biochars after formation, and in rendering the biochar
por ed hjamsghil iferthe heplgers pedet wnkpe othtbhiar bicosrap! batighly hoapinehs ¢

Tob ana bt RoiThE! GO IR RSB B s AN T e e coal

cont ai NgqAliMAl 8LYnPhsiRHERBALRBNS! thitohRbhOHS [SHr&gRS «aki} desarP@si ti on,
dependi n& on the last tenperature to which the charcoal was subjected.

Duri ng eairbyhodicdgdscabond, sEhSUBSTAD MR BHERRHORUIE 26) witM®the char can

2013/ 015930PCT/ US2012/ 044240 heating, wood rel eases water vapor as it

absor bs ikt colynstiogetrpBdi ¢haphy BRErIEdBove 110C. yiel ding primarily CO,
CO2, acetic acid, nethanol and traces of other conponents. Exothermc
decopposi tiop . starts at around,280C and tar .starts to form. Just above
4008t he . whish At B Baddi i Uiy B ekl Bk oG RBR <

char coalyghédr! EQM ARSI endliScRbid LIBVPR LGN Ink A tRliAfss FREURRLAL . InFur t her
heating I's needed to drive off the tar. Because of the highly porous nature
of woodprdiet toirsnciti fhi iR thatr dospeiniy &vrtsabseguinessereuffriian ewtdign, bicgle il
tenperatures are reached beyond the equilibrium deconposition tenperature
of tar 3wﬁb@ﬁ@ﬁw§mgﬁwﬂﬁﬁé§§HwF%g%awvhaﬁnwﬁ@%WGthyaﬁﬁﬁW®ﬁ%emﬁﬁdwaéaﬁ%ons,
such as_pol yaromat i G, hyd SCPA Us) W tRn fohe  ahak can. i.nhi bit
g S e L R e

di ags amdpbdvisEEAhhNE: @nibiQA8HES JQkitA0H b NOhilH ReRaes St habueaSardy SO |
enhancer. |In particular, step 600 entails creating BM char using a bionass
fract i otimtaouyatitm stop day itcbideerrdaiont hethBMeacishavithhospi, hatek er fopesubsequent

m cr oor gani sminvasion, step 610 invol ves renoving the hydrophobic

hydr ocarbons. In mﬁé&éqses‘ .tenperatures above 700C are required to renove
the hydrophobi ¢ hy&EQYBEAL. APSRINHE. QRAREN FRENCHAR EORES) I'e hydr ocar bon
removal step may be conbined with an activation step, which increases the

char surfaceparea, the actiyation step, may includes reactions of-4he
oo o v PR B G BT R R P R RE AR LSRR B0

. PORF, Syihich removes adsorbed gases within the BMF char pores 1 allow waier infiltration. In some

20 cases, the BMF char can be a high surface area compound (typically in excess of 300 m2/g in
activated form) that contains significant amounts of adsorbed gas within its pores. Because the
adsorbed gas has high adhesion to the pore surfaces, it is preferably removed. A simple method
for removal of adsorbed air is to inumerse the BMF char in boiling water, For short periods of

time {e.g., several hours), it has been fownd that water uptake is substantially insensitive lo

pa]
L4y

surface area, averaging around 50% uptake for samples varving from 20 m2/g to 300 m2/g.

During or after the weiting step, optional soluble nutrients 437 may be introduced as part
of process 630. The nuirients enter a high surface arca environment and can exchange adsorbed
gases to some degree, Nutrients can include macronuirients containing nitrogen, phosphorus,
potassium, calcium, magnesium, and suifir as wells as micronutrients containing molybdenum,

30 zine, boron, cobalt, copper, iron, manganese and chioride. The high surface area BMF char

affords plants more effective access o these nutrients. Additionally, the BMF char retains these

16-
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The next step in the rendering the M' char nore hydrophilic involves
process 620, which renoves adsorbed gases within the BMF char pores to

al | ow watwo 20r8fdibe3pati on. in some 20 cases, the BMF chacTasmoibe4edshi gh
surface area compound (typically in excess of 300 ni2ig in activated form
t hat conﬁtaf.mis atsiirgw whesannialrounteweh s ofbem gasoihintthe ﬁ*wmc@ Uﬁ.)@t*\ﬁ% xBecause

t he ads d as .has hi gh,adhe n to,t pore surfac referably
removed-. ‘Ygtl’ﬁff‘ &n ﬂﬁt"i‘%‘d”‘ﬁl&‘r’”?gﬁg VA “%f‘n‘é‘&é"iﬂ‘f*b‘é’a“%{ r‘“f & 1bE ¥y ﬁé}éd’f he BME
char in b0|I|ng wat er. For short periods of time (e.g., several hours), it
has been found t hat f%ﬁﬂ@?@@¥?ﬁ“§i%PP@F@P{h@ki% kpp@'§|t|ve to 25 surface
area, averagi ng around 50% uptake for - sanples=varying from 20 n2/g to 500
n2/ g. During or after the wetting step, optional soluble nutrients 437
may be i ntrodygedn@aicpasitrent pFECESs, GIG40Thelnutddient soefiseigeat. ihgh
surface area environnent and can exchange adsorbed gases to sonme degree.

Nut r § envstisaiheitidl abe !‘rm@i\oiﬁ@t»@l}‘éﬁwsﬁ‘d@lnﬁ&Tfﬁfmf\ﬁ!\t gbegaem*upﬁ@swh!@# oy
potassium cal.ciu g nd sultur. as wells & .cronutrients

Bont ai nt RO I yisaarie 38 tar s PRcHEHY il e Bl s iR Hianganese and
chl or | dfvic. JEu NN URS AEEHALER AMIENGr sinBLRALAS. BLIARLE IRGE uRNfGeL i ve

access to these nutrients. Additionally, the char Tetalns these
2013/ 015930RETHUSR0 A2 Q42 40dingiturent ©a attht bhﬂ”s(,}umennl:im.m?ﬁxa}mtcrt\edﬂs to wash
themoff fromthe soil in the absence of BINE char. Resides water

. nfi | t neduenpst. of Merdingethn ddt i*wwu@émmn@r»%s&dwemOﬁbuamxaﬁawwaw plebval of

| T1 ON. OF BI A )
<t ef) BB TNVO VISR A CspaCE: dsene COREE et FAb! PiBrbfCli Vs
ready | &)i@%ﬁﬂ@tx RS B &I Rbw TR eﬁ%%ﬂgﬁ*ﬂk%’ﬂﬁﬁzbﬂ_ h@&%miﬂi&* @]%@@ﬂ*m&ﬁs nmay

conprise fungi, archaca and bacteria t hat supply nutrients to plants

symbi ot Cgldbinya), Naterehd Rrl@omgamisas! ﬁmy“ﬂamm at cdduiperts hmradtmmnﬂ:ieirtof

di fferent ways, including mxing the 1:11v11: char wi th conmpgst and water,
addi ng a@m&a ziaeamifef’ﬂw(gmrsw W i’m&t@nm»n@ PRty HeTRIeiat b \«:@rﬁmi or

bl'end n% [t Dot { gx 0 "QIGE &‘vt xq 11 ré’n umnm i many or
all of %8® "ﬁé”sé 1%“t“é 0 MR g SR Fh?ﬁ% Lnf‘éﬁ‘tcﬂ S PHE PELTGF I Eopost t ea

| ncidi I(j%h QWEL%& 6\&3&9@@8}%& Qfn&OmResk: ﬂtﬁﬁnﬁ%&hst@@h BlkicShodk @;Wzﬁ'n@ﬂy nami ¢
Tea I'Ac, Santa Monica, Callforni a), Nature's Solution
Co rrpost sufRdedr Bu(ahla’t l}mmzsnﬂriﬁﬁdpnohmgue swightehnatind badteid Gy Nowat o,

California) or MroGrov,e(0) (Fungi Perfecti" inc., O ynpi a, Washi ngton).
The conihwgtldlt%@ﬁ TEREt wal. agitated to nmaintain an opti rmm oxygen concentration
for mcroorganisnms to thrive, 15Electric bubbl i ng aerators, porous stones,

Or manual St.- L b n ugng%gf m?yutﬁgﬁv F{hé} é(,h{}qq Vil htld ngl{ilts{ 1%{.,{1d§lg nmnﬁx‘nﬁﬂtl‘ ﬂ?er ation.

D fferent co

dependi "5}9 143 ol RLEGEHBPRlnei, S0 &ﬁ?@@m}wnhﬁwm f%ﬂlﬂ' (mtih@r hﬁﬂd@ﬁﬁ(@enef icial
fungi |nc udi ng”menbers oOf the arbuscular ‘mycorrhizal fungi, which express

t he2gl ygepsotiesniigkomahicmben of heiphy hy}i&maaumcmzoﬁpdr Baps Srmis&ml s ar e
rember Sm?f,mfrrﬁa ?shr{ly%w?bigrfrfxr(?o \cn{ tith, \Q@é@% ;mﬁﬁfmii 7&‘(}@\4? ;@u %rh:[lr;o?l ©s
expresses glomalin within the char pores and aids in maintaining good soil structare by binding
the biochar to soil particles. Additionally, the oot structure provided by the hyphae allows

nutrients to penetrate in and out of the high surface area environment provided by the biochar.

ARJUSTMENT OF SOIL PH

ol
L

It has been long been recognized that soil pH is an important variable in mainlaining soil
health and productivity. Soif pH tends to medify the bioavailability of plant nutrients. Some soils
are inherently acidic or basie in nature and a soil amendment should consider its effect on soil
acidity. Biochar can differ in its effect on soil pH depending on the biomass source of the

30 biochar. Upon decomposition, corn cobs leave, for example, significant amounts of K>O in the

hiochar residue, and this compound tends to render the biochar basic. Addition of this basic
17
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together and is responsible for good soil tin. Wen introduced into |3M
char, the fungi expresses glomalin within the char pores and aids in

mai nt ai niwQ 2gadssoi | structure by binding the biochar tPaTas2e12pa280 cl es.
Addrtronally, t he_ r oot structure provi ded by the hyphae allows nutrients to
penet r att@ohy aaded it srlekly mtlgﬁ?‘%@ﬁﬁa%@@ﬁz& vty mﬁh@md“pm@mhdebtmy t he

bi och | b d
hat SoPFE QRARTNNGR: RSy i cralal ot BRI AL-LB RGN ang

product ig%idy Xgre%glt v iRHERLRRI S R%agﬁ | fofist \h%?i@ﬁva'iilx&tmw S 38& wRbAL,, _
nutrients. me soils are inher ly acid basic i'n nature and a soil
anmendnetheshnatbidblconii dercidist afliecbiionhs @t};tesaﬁd dhbyashBiabehagh gRvfdif fer in
its effect_ on soil pH depending on the bionass source of the 30bi oehar.
Upon >de@8MpPddistiosh, corn cobs [eave, for exanple, significant anounts of
K() in the biochar residue, and this corrpound tends to render the bioehar

basic. Additie athis | ga_s' 7 e I
2013/015930P2§1‘ﬂ1@%‘137‘%2’§ Aok o{ean’ H‘*‘t‘gr “”“‘"t"t ““t“ﬁg %‘Hét}f %diz’mbasr c may be
det ri mepfrabdibRuih@isel dan bl@l:hut[@ﬂﬁg&mﬁ“ﬁ} kﬁ§ atﬁr@%ﬂmﬁﬁrﬁﬁiﬁ heedyiwaduentant |y by
Amazon Indians in creating terra preta soi'ls. "Gther materials are aI ways
present BAE bhag hddicoal niothet embrahqnme‘s addigitssian buedhiledso toreal chdrnied col @yt bi ts
and wood ash. These materi a Puf er the acidic | atrellte sorls The
bones aﬁftr RRy6 ¢haiahl b%tlf&*r‘tt&é“t“it%‘ wr-r%f 3‘rthereaer b addgd el g the soil and g n

50 involves adjusting soil pH In sone

furgg if mggﬁi?fﬁl—fm\k Lp%&ﬁm ‘g@”ﬁ‘f/ addi ng pH adj usting conpounds

di rect I y to the soil atter Bnp char addition, in other enbodi nents,

addi tives cafpbg@s dikkg‘[l}ti(h‘@“lt‘ IV &g ﬁﬁtdﬁrhtﬁkn%ﬁt t“éﬁ'k idplibde, BN F char pi |l
In further enbodi nent char can be ddded directly to the soil and Ieft
10t o selNeundirtiial drmqmtrmic rsm)ub*nd eddip &érdcbateawinchiderenions selec®érofn s reappr oach
utilizes vveI known pH adj ustment reactants plied to soil. Neutralization
conpoundsbiggapicss ORI TOR HEh AP WA DS R GHE SR8 190 1 he

group of eg )\t@%@i@ﬂgﬁgsﬁou%ﬁa{ﬂg gm ST Jt:\,’ Srr T%UI#‘?I?C’BOQ W urt%tg’s nnil I acpu?w n‘tz.,rhﬂuls des,

sul f onat® carboxy 5 ri'se one or

mor g5 f uaﬁtrh&ttatmgﬁ@u@@uw el s@:hRe tyrmern oxIdy ﬁtdl}ﬁtffﬁ@@&@@ﬁtﬁt Neyictady®@ | ncl ude
oxi des such as cal ci um oxi de and nagnesi um oxi de, whi ch upon exposure to

ai r prodyssubasiic ppdng@dusdsompautls. aNuﬁatrhmmn«:ompmmdelssxutﬁétntﬁusrftdmmbas| c
bl ochar can i nc| ude |norgan c azﬂ i ds_such  as l 1131) Oﬁ Pd SH, S4" and
or gani ci@cmési ESUTIEEES ‘lﬂétﬁ’lt&‘ ay B Beaid Pt m&r%wa-‘ér*asm SRk s—‘p@f‘%‘ént may

the i r Sl dp8 B ks SHBREAERBRDAREAY A Che' B char . ada 1 onal |y

Il M char may be nade | ess al kaline by |rrpregnat|ng it wth bacteri al

conpost tea {Mhdchif fmtoacRRhRbMHD gmarsttt@tuemzétgmﬁh BRt Spsiieh nAs beﬁta;ﬂeaes
plant juice, or algal extractives. The biochar may be made acidic by

addigi Odil‘ﬂ'ﬁ'h itnGregiil chachdibtiquh R} Moramy Hel2@0kss akid! rmrlgampv. gagirgst such
as humc, vanillic and fer. aci ds.. The bi ochar he re al kal i ne
by addi Pty d‘d?“f‘éP%ﬁl}?%’ié‘dg“nt“gf‘%%‘tﬁ“ﬁg” pgigie ‘Yi%‘tﬁ‘ré’:&“ “‘lb%f‘*ia@@ai‘ﬁ?r g’g’r"ﬁonat e or

juice, or algal extractives. The biochar may be made geidic by addition of inorganic seids sach ag

HCT and Ha8Cy, and organic acids such as humic, vanitlic and ferulic acids. The blochar may be

made more alkaline by addition of alkaline agents such as hme, bones, potassium carbonate or
25 potassium hydroxide. Buffering agents may also be added. The third approach requires long-

term exposure to the atmosphere to neutralize the pH via carbonic acid formation.

MIXING SOIL AND BIOCHAR

Step 660 in the method of FIG. 18b comprises muixing BMF char o seil. In particular,
a wide variety of different techniques exist for applying the BMF char to soil. The incorporation
30 of BMF char into soil may be accomplished via BMF char integration into traditional farm

machinery, such as the yse of manure or lime spreaders fn conjunction with plowing methods
~18-
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75pot assi um hydr oxi de. Buffering agents nmay al so be added. The third
approach requires long- termexposure to the atnosphere to neutralize the
pH vi a cawbanidmisesnd formati on. M XING SO L AND 181C0CHARCT/US20130e424660 i n
the nethod of FIG | Ob conprises mxing BWF char into soil. In particular,
a w de utihringtorrphodi dfehentvst dohul, qlue[%amiktgsntthdﬁs veliydl aiengBMiehBNEechar to

soil. The_.incorpora Qof BMF, C to s onplished via
i i 3MF cwaf#wrwegtrueHbﬁwwﬁtfeﬂ 1y Sy Brérévﬂ O ﬁé*e MG ie?& ﬁgﬁ @Y Re use of

manure Qfidaii ‘ , ] ‘ , SUBST TUTE
sreeT (AE BE R BhE i B b Bt 1B aBE R ] PR e
di sc haupging.as 6 ugel 8 maetBe bBandidngimephods apflicdhiiattowaBieacihar: wee
W t hout signifi cant | y di sturbi ng the underlying soil may also be used. The
B. NI E chars wilexadadded in solid formalong with manure, conpost, line or
mxed with water or liquid rranure and applied as a sIurry It may al so be
m xed with topsoil, g £d.. di . [ ) roots Wi |
ext end. SEQUESTRA At A IARE AR s i SR
si mul t aneous producti on of sequester abI e car bon and renewabl e Inds al | ows
for negativeygay gﬂafftH@\lprﬁt'i&gHﬁ%ﬂ Q‘ﬂu@&?‘tgbfl ut%tﬂ}%ﬁgtﬁaﬁ\ﬁ@ﬂtl%&%ﬂ5 and
carbon of fsets. Present ‘venues certifying carbon credits under
regul at gegativegirb@siubnebdiddon but foasiesinot: \lmhmz teditd oxl ceiten bifsdEuPogean Uni on
Em ssi ons Tradi ng Schene, the United Nati ons Framework Convention on
Cl i mat e v@ivanle codifidng tie uRexgrcbtﬁ wﬁf@t‘@@h’tﬁous*wl@‘smﬂﬁﬂlt |bat AV émdffmtqfiéu NbB¥ t h
Eas ted Stat.es n tiqn certif enm ss
o BHOPERCY HIBR BT dra oDty N TR Ak SO AR G dar ds
Or gani z (REE T S IRNERT A A6 A nsct g 1AL FREROVE@ES.s DBl sh s (under
OHO Cor %‘%ﬂé%@g‘m}%‘ﬂ ng ar(fﬂIL eportlrmng’St andard thei ntmer nat i or%a\
Em ssi onggabalisadhngefissadiail emiands tdiec r(anb mttzeie Cﬁnmuzm n(uuhmecd Mothunt ary
Car bon St andardz the World WIidlife Fund (un g andard) ,and t he
Car bon bitgortbwar Hamasjsdgganizgien Sﬁ@t»“e‘f%*ﬁiﬁf@aﬁm]@ r!ﬁr g ’n%‘épﬂftfﬁ‘e‘”@&}* ¥forni a
Climte Acti istry, nitiat nder the WC
Cap- and{¥ %fd‘éﬁﬁag(g?‘gﬁtr Q"fz‘l”@miinfgtf‘é\ “r” ‘ ‘trr‘hgﬁ\é hmrrfmmtnr‘atlﬁlﬁéHna" process
for det gtf{ttrw AGoMhRINER o (Bft%e@%m%%ﬁ&@' %ﬁmkeg%uvemﬁ@tﬁ@p thefwelld The
frgure epicts a procedure for an énbodi ment i which the carbon-containing
i nput i SVicimpFasigdndd Goldibmeakad) Spedicdaliscluantsgct, thefiitoc esSaddomm
process 700, which converts the input into conbustible fuel and biochar as
separ at &ndpdhu heloant hagsdoprs 3@&*}‘9%5 ) PrigRe Bestomd- laae Budatns SenisF e he
process.. 700, caﬁ ulr; orwseguesters carbon. If no carbon is captured or
sequest & - ¥l PIPEARGt negative carbon, if some carbon is captured or
25sequestered process 720 deci des whether the carbon captured or
sequestered jg; TOLE, ﬁmems@thmﬂ iehakh tlﬁrémtsrtmt%m;mh&z@@%ﬁﬁo&w bon i nput.
If the carbon captured or sequestered I's nore than

20 produces negative carbon fuel. The figure depicts a procedure for an embodiment in which the

carbon-containing input is comprised of biomass. Specifically, blomass is processed tn process
760, which converts the input into combusiible fuel and biochar as separaie and uncontaminated
products. Process 710 decides whether the process 700 captures or sequesters carbon, If no
carbon is captured or sequestered, the fuel is not negative carbon. I some carbon is captured or

25 sequestered, process 720 decides whether the carbon captured or sequestered is more than carbon
obtained from any non-biomass carbon input. If the carbon captared or sequestered i1s more than
the carbon input frem a non-biotnass souree, then the produced fuels and products from this

process are negative carbon. If not, the fuel or products are not negative carbon,

The procedure in FIG. 11 does not include carbon contributions to the biomass teedstock
30 aside from the carbon contained within the feedstock. However, other carbon contributions from

non-biomass inputs to the process are counted. Such non-biomass inputs may include co-feed

-16-
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the carbon input froma non-bi omass source, then the produced fuels and
products fromthis process are negative carbon. If not, the fuel or
product s woeorsatisysegat i ve car bon. The procedur e pcm/usSk@G2/0d4k4a0oes not
i ncl ude carbon contributions to the biomass feedstock 30 aside fromthe
car bon eattiaisned cabtrthiontithEofciads toegy inploweshah relgtondessd drtdo rOserbobut | ons

from non-bi omass inp to the pr ss are counted. Such non-Dbj oinass
| nput o ARGHUFHC e B0s dech et catiss PRy SPEES PULESSB e (L

2013/ 01y %ﬁgﬁﬂg’%@?&%}g AdaOoal 6 %f“ﬁeﬁv@@rm@qz&%hruhpwamsr lpm ener gy

|nputs SE ce carbon hegativity is established,
the ext ﬁmc_mm‘us,tgﬁé he Avegabew & lealbiige :set by process paraneters (e.g.
tenperature profiles & pressure shock profiles) which yield a greater
amount of biochar relative to conbustible fuel. A variable N can be defined
as: SN anount=¢dmaat bbrdon ibiboehal Y im¢urpleirbofcoadrstie Bshbusti bl e fuel )

100 The above equation quantifies the extent of car bon negati vi ty if
t he process | ro uces an equal. rrgunt of g(e ar _car ﬁn to 3 f uel
carbon, N=l 0 RV H@l‘i\\‘ii?fé‘im@%‘ Pé‘f)’%l%bi“ RGOSR RS 913&‘1“?)?“(‘;’ H“ar‘%o be

control | ?1 ki %xBnQPﬁ‘%c}ﬁ? ﬁr&% 8@09% L6 QLOTBRS. ‘bgﬁﬁlsihﬁ‘ﬁﬁ bl hé-%blix?(i@x flow

dlagram rattn bon athwa from'the point of view of
10car bor;jdp. QXﬂxQ@u@éﬂrﬂMﬂw ﬁhm&ﬂ%rmﬁkﬁﬁﬂ@ﬁ@n dif o bgbenakstetdyeckour ce of
carbon for the photosynthetic process that outputs biomass. Energy is
needed to collect and transport biomass, and the production of this ener ay
| eaves a carbiéh £ Got e dmgmmiisatmaﬂmwﬁ}bm1§mnrﬂﬁh“snhbtmthtwﬂeﬂ siay ¢the

procedur e_ of FI carbon, footprin are ft.during the production
of éRer géj}h‘@"bdlé?ﬂf‘e%jh“‘ff*hgm%ﬁl\}é‘f‘é@ﬁ“ gif*’?‘bifb E%‘""ir‘ﬁt‘ € ‘Gé”oénlg‘ sequest erabl e

Car bon ﬁqgl‘,%ﬁu{lyém&h@t %ﬁ&ﬂ@ﬂ& hidRhakd Ppn%pls%ddcﬂgo Ki&@@%ﬁ%sm '&%1&5@& gy for

onver sl on pT ocess Itse my r | ease carbon

dl OXI dewmﬁ%& 9\*‘0@@&{1@%1ﬁmeu{&[tﬂqe&&mav&hmmkﬁgmhurmi\mgz b@mim&gnmtadm uefudeel ease
carbon di oxi de back to the atnobsphere. Sequestered carbon in soil may serve

as a smal the pourdee ofFiCat bé}ihtdw@i%ﬁﬁlé)i)@rﬁ%‘smhﬁ @@p@ﬁmm@%ﬁmﬂ/\ﬁé{“ﬁéﬁ % he
carbon i ‘mxed W t.h conpost

i‘ 1prod \i of con}:&g i}b e fuel and
sequesté?‘é%i%‘@%%‘é‘?f“éf “%‘"é‘b"ét“ﬁ‘t‘@“ ' HREOR %‘éi%“é}d“%“ tet’s *EhE  20car bon

51 Goriar RO O 1 i B E PR o AT g SRR 8% ot o

carbon pegat ébddioaan FRenat b By edeby. whks bn@mmmamihedmies}iﬂamhm
produce synthesis gas and converting the synt hesi s gas to fuel. The nethod

for thi ézobue@hé\rmd@m&mmh@w Frajsetoehcdbadh seiboay prebicwiatl UFePal rbon
éggiilscgt ’Jtog Elglh%’éﬁi BFI’; {] kgitnli fillzfedigx 15&? ;gxawﬁ wﬂ% cmnpu:@ s thg%{‘w%?dn% to
combustible fuel and sequesterable carbon as separate and uncontaminated products, some

20 carbon dioxide is removed from the atmosphere by sequestering carbon in soil,

BIOCHAR CONVERSION TOQ SYNTHESIS QAS

Higher fuel vield (at a cost of carbon negativity) can be achieved by reacting some of the
biochar to produce synthesis gas and converting the synthests gas to fuel, The method for this

hiochar conversion has been disclosed in co-owned US Patent Application No. 13/103,922

SN
4

entitled “Process for Biomass Conversion (o Syngas,” the content of which 1s incorporated
herein by references in its entirety. The basic flow diagram for this conversion is shown in FICG.
13. After emerging from the blomass fractionator 420, the BMF char 4235 is activated prior to use
in step §3. Activation is a well-known procedure for treating chars that increases char sarface

arca and adsorptive capabilities.

20-
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herein by references in its entirety. The basic flow diagramfor this
conversion is shown in FIG 13. After energing fromthe biomass

fracti onavoro®adsesnhe M ff' char 425 is activated prior PCoO/UsI@2i0m280 ep 53.
Activation is a well-known procedure for treating chars that increases char
surface area and adsorptive capbilHAREEACTONID13/015930PCT/ US2012/ 044240
PKESJI Al REI TTI oNS BNI F char can be reacted in char reactor 54 with
one of CH., f g d 02 as jllustrated by the reactions: C+ Cl14 - 2H2
v oAl 1 By ek HMLFNSHe@fltwwﬁwm“m«@idH Hpgh C @M@t@ 8% 200 07 - >
CO mr- - 172 kliniol MP= 110 klinol [21 [3] [4]

Equatl oh &ﬁ%ﬁ { Lﬂ%d&ﬁlﬁ approprl ately witten as: til:40.1F (,: ,F142112 }-
CBML, Cawt horn 10Thus the carbon in equations 2, 3, and 4 may represent

ei ther 11. N |IF carhaqriior waroan fromypet: ha;@emﬁpr bot h. (1] Any one of the
above gaseous reactants with the /3MF char may be introduced in
supercritical formfor -faster kinetics. The oxygen concentration should be
contfol l ed to avoi-dteGmpliétetoxi dat i dh“of 31 kénchar as: {5C->Ali"- -393

ki | mol [ Si The first -three reacti ons are endot herm c, while the
fourth is exothermc., The.energy for the f hree reagctions can cone
from channel i ng |¢Pfgpﬁaf "‘(hgat genera‘tt’ fl PY\‘ fourthitieaction O from

external sources, e.g., conbustion of coal or natural gas, or electricity

during of f-peak f]ﬁUES{) Lne@rinciple, Jibe heat;.ggner at ed jrom creating 2
nol es of CO via the fourth

Equation 1 may he more appropriately written as:

{W«f? (‘HS - 2”” + gy Cmccshu.sw [Iai
) Thus the carbon in egoations 2, 3, and 4 may represent either BMF carbon or carbon

from methane, or bath.

Any one of the above gaseous reactants with the BMF char mayv be introduced in
supercritical form for faster kinetics. The oxvgen concentration should be controlied to avoid

P

complete exidation of the char as:

5 C+ 0y -> CO AFP= 393 kifmol E

L
L

The first three reactions are endothermic, while the fourth is exothermic. The energy for
the first three reactions can come from channeling internal heat generated from the fowth
reaction or from external sources, e.g., combustion of coal or natural gas, or electnody during
off-peak hours, In principle, the heat generated from creating 2 moles of CO via the fourth

20 reaction can be used to power the first three reactions. The following reactions are also relevant

for this discussion:

HO + CO - Hy + CO; AHC= 4] klfmel 6]

CHe+32 0 -» CO2 + 2,0 AFP= -802 klimol 17l

CHy+% Op-> CO+ 2 Ha AHP= 235 klfmol 8]

25 CHy+ B0 > CO+ 3 Ha A= 207 k¥/mol 9]
2.
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20reaction can be used to power the first three reactions. The follow ng
reactions are also relevant ,5 for this discussion; 1120 + CO-> H2 + CO2
Cl-14 + 2402033/01393¢C2 + 21120 cH4 + 3/2 02 ...> co + 2 PRTARGI2/H4421R0 ---' .
CO 3 1-12 Alr= 41 kilmol Afr- -802 kilnol AH .-- :35 klinol AFF,-, 207
kitinol [61 [Erpatisil 1@}1{'11&&112&@&\@&1%{11?%@ Lzﬁﬁﬁﬁgx(iﬂuﬂﬁbzﬁ)mihﬂm o be

2013/ 015930PCT/ US2012/ 044240 uati o articul ar deserves notice
for al | GWYEedRIPILEE dL36y %lewaﬁsévv iR ueé?&}@md@mw §tt Ben, Present

met hanekaxﬁ%ﬂw LR seg?mcsmz,{. 1BL P%‘Rg)&qﬁymﬂlﬁ 1 %K&aﬂ%@@@gﬁgw}%@m

sul fur, since e coa ntains a er cent

sul fur. sﬁlhensm futthdsiy (mheumwmh@m @zgﬁx&u@ﬁﬁﬁ@&,xm{)m Vel pRissabisigasand it
is removed fromthe synthesis gas before introducing the latter into a
cat af ysi’uira@dmrmhws«ﬁ@piﬁ@géﬁ@s* calebysled obhis amfn@wmi@xfpﬁyfm p@.finprﬂ arly for

smal | Scaue ng% SN lﬁ"'—lp“l‘{‘( ACI:C UF n@ 1'(% 1 I) ’}‘ g”!{.‘ﬁ‘)"‘l i ﬂ'é}“ 1‘«”“ U ﬁ"
nvent; iticgne: o cngha B SR "Rredindro eRBbRER P E iR e fane,
| eadi ngphg h dgtld% A tMca%M‘&ﬂﬁ%k%uQﬁﬁm mgthane, EGI&'%%L 't(p}'ﬂwi} ?m%‘('s(‘x?tﬁévi fat carbon
atons from net hane d“ecorrp03| tion add a fresh |ayér MF chat surface.
Any inpurities in the nethane feedstock such as sul fur-based I mpurities,
10wi Il tend Equaien baeiisds tiat cinltey: hwmgmhn@hh s it@apoatieaadhafresunfeace and
eventual | y accunulate in

the BMF char surface. Any Impurities in the methane feedstock, sueh as sulfur-based impurities,

10 will tend to be burted in underlving high serface wea char surface and eventually accumulate in

the ash. The methane may be derived from a number of sources, including stranded gas and wet

gas. This process is thus inherently resistant to impurities, but still able to produce high purity

synihesis gas, The ability to add oxygen or waier ensures that the BMF char surface remains

active, as long as the CO removal raie is greater than the carbon deposition rate from the

methane reaction, The BMF char can thus be considered 1o set as a sacrificial catalyst i that it i3

st
L

not consurned in the overall reaction, but does react sacrifivially during internsediate stages.

The oxygen in the above reactions may econcmically be obtained from an air stream. It
may alse be ehtained from a gas that comprises oxygen with a different concentration, such as
pas containing pure oxygen, or gas obtained from the decomposition of an oxygen carrying

20 species such as NoQ, HaO, H0: or sleohols, The earbon dioxide may be obtained from gas

recyeled from the biofractionation process 420, the separation process 480, the syngas

conversion to fuels process 460, or external source 431,

Auny one combination of CHy, Ha0, €Oy and Oy may be also be used to react with the
BMIE char to create svathesis gas regetion products, including nxygenates such as aldehydes,

ethers, csters, aloshols, and carboxylates, The following lists the pessible combinations in

P2
(]

relation to reactions involving BMF char and a methane siream:
C+ CHet Oy
C+CHy +H:Q

C+CHy +COy

)

- S
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t he ash. The nethane may be derived froma nunber of sources, including
stranded gas and wet gas. This process is thus inherently resistant to

i mpuriti esp2biso1se3nl | abl e to produce high purity synt hesraSsg@a/04ibhe
ability to add oxygen or water ensures that the BMF char surface remains
active, as | 6nigCHs *tié) ©0:renoval rate is greater than the carbon
deposition rate fromthe 15net hane reaction. The BMF char can thus be

consi der ed tg_ag{ a V?fs crificial catalyst in that it is not consunmed in
the overal | reactioh:BuY: does react sacrificially during internediate

st ages. The oxygen in the above reactions may econom cally be obtai ned
froman air styeam. il mey,al so be obtained froma gas that conprises
oxygen with a different corcentration, such as gas contai ni ng pure oxygen,
or sgas obtained fromthe deconposition of an Oxygen carrying 20species
such as N20. {1130+ (11282erC@ cohol s. The carbon di oxi de may be obtai ned
fromgas recycled fromthe biofraotionai on process 420, the separation
process 480, the syngas conversion to fuels process 460, or external source
431. 5Any oneltcibifbicast. poepeo thaop ingiad 0caciame andicg raynibecedbgwitiva vhsebon o
react wi,th the BVP.char.to create synthesis gas reaction products,
includiH@x5§?§§W5?é§ﬂ§ﬁéﬁsé§“§Fdehydes, ethers, esters, al cohols, and
carboxyl ates. The following lists the possible conbinations in relation to

reactions in Qlﬂ\éi““ ‘@}Yﬁ i Ef%r‘ﬂ’ %C{?f‘ tQ e!‘iﬁ&t‘rﬁgp{ﬁh & Mty Qa%gﬁ%ﬂglﬁcﬂ + H20 C
- fooce - Bartelediin e ( Hie g’g) O 20T 3] 0156 30PeT) TS5 2/ 044240
Cl1- 120 #h2 iGnGhdrangCABOC T 11 0C (G iand dhoft p@{trably BA0°(HeQOS0°C. The knthdiese
cases, proper channeling of reactants is required to mnimze formation of
carbon disaxpdechis gidiamipeassefuar # ok verigi@! purposes. Itmay be converted into
10 oxygenates and hydrocarbons via a number of different catalytic processes, including methanol
synthesis processes, Fischer-Tropsch chemistry, and synthesis gas fermentation. The synthesis
gas may also be direetly combusted. The hydrogen may be separated from the carbon monoxide

and used as feedstock for the ammonia synthesis process or as a reactant in fuel cells. The BMF

char may also be combined at any stage after iis formation with typical chass.

13 ADJUSTMENT OF HY/CO RATIO IN BME CHAR REACTIONS

The reactions above may ccewr concurrently or sequentially in one or several reactors. It
is understood that best practice entails careful monitoring of reactant concentrations and of
reaction products o adjust the output ratios of hydrogen to carbon monoxide, It should be noted
that there s no catalyst invelved as typical processes that rely on water gas shitt catalysts, The

20 BMF char is a sacrificial agent for the ultimate production of hydrocarbons, in essence
representing a more efficient use of the hiomass. Temperature, pressure and space velocity will
affect the results and distribution of synthesis gas products. The hydrogen to carbon monoxide
ratio can be varied depending on the nature of feedstock and guantity of material. Indeed, a
stream can be engineered to produce a stream comprising of 100% hydrogen, or one of 100%

25 carhon monexide, or any compositional mixture of the two. Thus a feedstock comprised
exclusively of methane can provide a source of pure hydrogen, while a feedstock comprised of
oxyeen can provide a source of pure carbon monoside. The two sources can then he mixed in
any ratio. A Hy/CO 2:1 ratio is proferable for the methanol production while dimethy! ether

requires a 111 ratio.
=~y
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I n one enbodi nent, the preferred tenperature range for the BN F char
reactions |listed above is in the range of 800e to I | 00C, and npbst

pr ef er ablwo&b08/0@5430 1050C The synt hesi s gas produced i sPasas220in/oprecess 55
for a wide variety of purposes. It may he converted into 10 oxygenates and
hydr ocar bons Awirdicametiodel adpfstivg fatie istutibat atvyder vinpr olcesseds. ”‘r *rntﬁk“ udigagt

met hanol ynt hesi s ces Fi sch r-Tropsch chem str nt hesi s gas
ot mont AETCIMIUTR e e 4 g i S B e PEC Rl kb LR eat e

hydr ogen, o S >gdst ock
for thegémpg}n?gkst%gaﬁggrﬁgl Spg)(r:pe%ts}g%r ggs&gi%g%¥g§? d\?dr}gkf %%& qﬁﬂfm k?The BNI F
char mayg@hb@uher goshingddadh iadyestingeabtigiainhs ptc@rtmtw@mm fithutiby pi cal
chars. gADJUSTIVENT OF 112/ CO RATIO IN 11W CHAR REACTI ONS The reacti ons
abové rratyuta@@um oot Fenngnioped Geguentibaliryos ttﬁot)trf‘re Boit gl equpiionseagbors. It
i s underst ot best @r act i cg ent ai n| tori ng of ant

d i [
concent C&#TS r‘ré“%tﬁt}mﬂ)‘f"tr"@ KGR BdbEt "t‘"f)“‘jid I 1% Hé%h‘tlpht’”f‘r’g’tf% Yof
hydr Oger?mfnpof(i@t{ b&ﬂ \tm'?tn%‘tt dg- mwtt, }ﬁtl?to(h‘l ﬂ E‘F:tt@%rﬁﬁ'} A mtth@ar @zt s%t@t‘? catal yst
i nvol ved ‘as processes th y on"water gas shift catal ysts. The
201 MF ctrarmb@i ia z&a@m;tm mxahu@gBMm B u{mrt faefat to cwmice tpmdudummhsf
hydr ocarbons, in essence representing a nore effrcrent use of the bionass.
Tenper atkrbey sedions aartur%s:gfawénwzrt@&iﬂr’rtmﬁ| Maffect the results and
distribution of synthesis gas products The hydrogen to carbon nonoxi de
ratig can be. varr d depe ur e of e“stg_k,nndmﬁ uantity of

mt af a1 ndbat e SRR o et tes bR EL P L BRI s ng
of 100‘%%{9&%%{1& SENS 9& gtex%ﬁtte%mttzmmtttﬂ@m éttzﬁ%@ﬂnposr tional
m xture of the us a stock comprised exclusivel'y of nethane can
provi de a source of pure hydrogen, whil e a feedstock conprised of oxygen
can provi de HEauhees eblopuiageardfan cmbodixieden! tTh@edwbinsomooéswhah then be
mxed in any ratio. A F121CO 2:1 ratio is preferable fur the methanol
pr oduct isprhaskigee geticrabphplises et ce F&té@ﬁmckegnrawimm ar(ébr*dm cqppersion, and
2013/015930PCT/US 012/ 0442 npt her d of justing rat
uti | i ze SESHRHERT TG %‘f“‘r‘téfgc’ &’E’ S ﬂ{/a\ﬁidg“ BN %u - Eﬁ%@ﬂf‘t’%tm%gn téth‘j be
obt %“GMBW&% B eetncanblagtiang, of reactants, chosen from

carb I oX1 de. The actual ratios wll depend on

the chenlcal equrlrbrruntof all species, which is determ ned by
tenperature, pressure, aRdiTEWedriNatFORGIOET NedEhdntd and products. As
menti oned above, energy for sone of the 13114F chat- reactions can be
derived either fromexternal or internal sources. External sources refer to
ener gy suppl Pedesses tihet Youm Of! in ét,(ghcﬂédd nawt e qpedd oubpn jagplbeiwgh seye

electricity.com rom out,si ste de crlbe

i nvent i gwnynlnﬁyértrﬁgjpogéu PRl }“WB?%&Q )0 St S @H %‘Pﬁ)ﬁt\\t‘%‘ xottﬁeir mc
react | O@?ﬁ*tuﬁ%%ﬂuﬁ% RO | ﬁ%tﬁttﬁt‘%ﬁﬁm{ ﬂm&@ﬂ@tiﬂ@émrtm%g JLOSFABY [EBRagenent
via i nternal energy sources rray be achieved wth the appropriate

conbi) natkah i@fF i el ThRtssid [4@naeprisdehopynt heK) fs; @xaminhmntaﬂnn close to
energy neutral. FIG 6 shows a block diagram of an enbodi nent of the
pr esent AR ‘@wmmi«tmr tatﬁﬁ@ymwe§ta§0@ais!*&éﬁe B GK %brrrrre\e%%umhr cel | ul ose

: ¢ ub f ted
oyt nooreb R4 5 Sopa SRRET HEPTTRE0 Py aRM THET RN ok RSN L SOINE  ©
Iprl\l(\)/\él de%\f&{ i@ SR IRY pI&RALE QtrPact P eraBYRRR $hr S8R B bIRy 1oREEMY USI NG P

illustration of a larger processing facility 1300 is shown in FIGL 15, One individual trailer

houses equipment for an individual process such as blomass pretreatment, biofractionating, fuel

o
L4

conversion including separation and blending, and biochar processing inclading synthesis gas

conversion. A command center 18 also shown,

HLUSTRATIVE EXAMPLE

The following example deseribes an embodiment of the invention. 100 g of wood chips
30 are brought 1o a pyrolysis process in nominally dry form. Further drying removes 10g of water.
24-
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Processes 410, 420, and 470 in F1Gs. 4 and 5 can be carried out on a snall
enough scale to mnimze transport costs of bionass to the reactor site. An
enbodi merwwoah13zi1syest em 1400 that executes basic processesTafS2tibe4quesent
invention in one machine running a conveyor line as 20 shown in FIG 14.

Thi s sy$tien waabchaprmppricset 4o pperbonuand 16 de picormadey of spemehti dmugsivat eri ng
stations 1420, biofractjoni ons 1430, synthesis gas stations.1.440,
cool i ng A EAtSEHASPresesane ;M*‘g"’@t‘*ét i*‘i)’rﬁmit&%@%%’ls W?M@mg‘t ﬁé‘%ﬁ? éﬁdﬁf machi ne
onto anqth anve o M ¢ca ) ctor
trailer I‘t g“j’l(& F}‘r\{ %{ﬁfghggdtrtt mt *f)ﬁ){}%ﬁocgﬁt ?gg? {pﬂfﬁﬂ?q’? 8@????% ié-%ﬁng a |l arger
proc essh@r@;aﬂ agd thérhia! AROAsIEhahawd id e bhGlysikand Engrek@i prbadiial cditkainber houses
equi pnent for an individual rocess such as bi onass pretreat ment, |

bi of facekiomat ¢natgy thijemoyanierisi (dn: iHacibomngsapar B r anﬁ“@l@ﬂ‘difngﬂ and

bi ochar ocessrn |ncI t he conver si.on nt er is
al 0 ShERSE Foqie 3 #&r&%@?&w@@ A RS s SRR i) &
descri begy a,rruﬁrmwr%rm Ofnbll@ribyy 7L 00 (11000 AlittoRG-chiRm B8 br ought
to a pyrolysis process in nomnally dry form Further drying renoves |

of wat ehiairadidna SWBGEETURRGHERR. [ rthInEniZ&). prod@h20 137101 $ O3PS dﬂSZOlZ/ 044240
90g of wood chi ps represents 459 of carbon input to_the process Og of

met hanormamewbrieugﬁeﬂ iSrpregger dpnti m**r‘l@ﬁﬁfeéé‘ﬁti‘il H‘@‘“Qig Mﬁr{%oﬁ%dn@ ed into the
pro% fhe wa reana

reprgsehf’@‘"%{bﬁrﬂbﬂ g Srpiisedy me@:%‘f ’(rﬁc‘;@iﬁ; v’d’é F‘i)c‘“ﬁ r“?h"“‘?' ?ﬁ }V\Qm 3 O al
gas thet;r@{bhp(;ogﬁe§§ o (hq fhiePspl n the pyrolysis and conver si on processes

consume 'Bext er hal energ ﬁa anounts to | 5g CO.; (4g carbon) em ssions.

The pyrol ysis and conversron processes produce 34g of fulLd total (31g.
carbon), and [34gmohi Siequest snaldk eallricechamobdcisepamatel Bild oifthrtamibnat ed
form An additional 3.7g CO, 51 .g_carbon), which is produced w thin the

bi of r actmaphonvippbeiegsiicss ayd Vel Wiitt: \Ff@r? rm%y %héﬂi‘fbﬁbc‘édﬁ‘ﬁ‘@irr‘r“’m G 11,

t he 34q, of se estera car car bon
nput s bOTRGTEGT Ag Tk RocohveReahiny PRt P sk BBk RER, Ohi <
ProGess Lb%. ngo' "Vﬁit‘f‘@f 1D ssidBo ﬁ‘;&eﬁlﬁ@bﬁ L8l imhid Qfn Qthey afr@lilhe Nt the

fuel “can ternms of thé carbon dioxi de bal ance, the
wood chigpsudeérrovacti M,SQQDQ{JQ@a rfn.n'mmrt fhematnospidce. vi a phot osynt hesi s and
113,7g of CO2 were rel eased back into the atnosphere from burni ng fuel in a
vehi cl e. Ener?i/ for drying wood, process enerQg and roc%ﬁ; venf

15cont ri but edlt @3@03%\Wl?efﬁteieﬁbﬁéhkt‘re”ﬁ ReEnath ‘ﬁH‘e‘r“émP PydiNpliEs from

gt Prggpﬁg;jj gﬂ%ﬁ»r@iﬂ%ﬁ&% it »mu Lﬁ’k unders ztili)dt rhatfthLB\ (umg fiamn.a &xﬁ@%\ gn?ﬂﬁr\(& m{? 9 m the

described in one or more of the individual embodiments are not limited in their applicability to
20 the particular embodiment with which they are deseribed, bat instead can be applied, alone or in
various combinations, to one or more of the other embodiments of the invention, whether or not
such embodiments are described and whether or not such features are presented as being a part
of a described embodiment. Thus, the breadth and scope of the present invention should aot be

limited by any of the above-described exemplary embodiments,

23 Terms and phrases used in this document, and variations thereof, unless otherwise
expressly stated, shonld be construed as open ended as opposed to limiting. As examples of the
foregoing: the term “Including” should be read as meaning “including, without limitation”™ or the
like; the term “example” is used to provide exemplary fustances of the item in discussion, not an
exhaustive or limiting list thercof; the terms “a” or “an” should be read as mear_zimg “at Jeast

A0 one,” “one or more” or the {ike; and adjectives such as “conventional,” “traditional,”™ “normal,”
“standard,” “known™ and terms of similar meaning should not be construed as limiting the rtem

deseribed to a given time period or to an item available as of a given time, but instead should be

-
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Al t hough the invention is described above in terns of various exenplary
enbodi nents. and inplenentations, it should be understood that the various
f eat ur es,wazpsatisszand functionality described in one or PoDMS2@R/ 084280

i ndi vi dual enbodi nents are not limted in their appllcablllty to 20 the
part i curad tentsotpas o wititnaiiadiont eyorank otsedhiddedinologies it et can be
applie i n various conblnailons to one or .nore of the other

nareebEe B
enbodi MHFEOEPT FHET MUEHTA SR URAST HE AR hEE &G AILREBUTHRERES 18 Hescr i bed
and whetgt, 0504 J £t e R §REN Ss of a
descrlbgpﬁ&%%ongegﬁ%ﬁhﬂjgﬁ ﬁgﬁé?%aﬁﬁﬁggﬁhhggéﬁé‘gfhpﬁ‘q“ﬁggént i nvention
shoul d rokndd@idd artdreghsbihogmp; }Ex{,nz‘txhena\b@\&eﬂ‘gd@aﬁm ‘bedmemafmlaamy ienbadherent s.
25Terms _and phrases used in thls docunent, and variations thereof, unless
ot het wi 888xpressly stated, should be construed as open ended as opposed to
limting. As exanples of the foregoing the term’ including shoul d be read
as meani ng "iyncl udi n m.
s lsed to plb \A?‘tf’é“‘e&%b‘l‘“é??’y“irﬁ b ELn G sl B o cd&Rbn AR o
exhaust ivg.of c)f 15;' RS dhkSts HREHEOkiand A8hIBLTBe vl tc@ﬁmnﬁi’ﬂﬁ ;ﬁbﬁlk}kﬁi\t@e read
as neani ng -at [ east é one, one or nore" or the |ike; and adjectlves
such asgdse rivendddanadynired lriadidtckowhdne Sudhrosadabing phistcandarbd abséhknown”  and
terms of simlar neaning should not be construed as limting the item
descr i baddigionalygihe epriquys ﬁ@hp@rmafd serfoitlyhapinjapafpsaibat fmisrras aatsv\erm‘%mgu ven
I nst ead RULE 26)
vo S13RbeSakmen Teonsh Srhy utaies nedlbedtRoRhbeiy SHp oty

tradi ti gnal, thO B Rk rqunnSﬁi@nﬂ@tﬁguﬁ arhMokiagEs: tohaton@indbRiavaiLabl e or
known now or at any tine in the future. Likew se, where this docunent

refers ﬁkmﬁﬁ@hﬂ@h&@n@nghﬁtd“ﬁh@ﬂLhﬂﬂﬁpmmﬁeﬂhﬁﬁﬂ%%ﬂﬁ%ﬂ&hdbﬁnémﬂf ordi nary
skill in the art, such technol ogi es enconpass, those aPpare t.or known to
the ski llugigtiaps ﬁ@éhuhewwwmn“ yumnﬁww»m t‘Bf‘P}“t“HF‘é STHREUYSEnce of
broadenlnﬁtﬁo ﬂ q ‘g ?dch as "one or nore,' "at"but not limted to"
or ot heP*PFkE P ?%&E%(“h”'oﬁﬁ“‘%stances shall not be read to mean that the
narrower case is intended or required in instances where such broadeni ng
phrases may be absent. Additionally, the various enbodi ments set forth
herein are described in tem s of exenplary 10bl ock diagrans, flow charts
and other illustrations. As will becone apparent to one of ordinary skil
inthe art after reading this docunent, the illustrated enbodi nents and
their various alternatives can be inplenented without confinenent to the
illustrated exanples. These illustrations and their acconpanyi ng
description should not be construed as mandating a particular architecture
or configuration. 26- SUBSTI TUTE SHEET (RULE 26) WO

2013/ 015930PCT/ US2012/ 044240 d ai s
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A nmet hod for maki ng negative carbon fuel, conprising: concurrently
converting a carbon .-containing input to (a) conbustible .ftiek, refinery
f eed. st ocwoan13ahsesbcal s; and (b) sequesterabl e carbon; PCT/US2MIRI0@I210 t he
conbustible fuels, refinery feedstock or chem cals arise in substantially
separate and uncont ani nated form frofidhe scquesterabl e carbon. . 2.
The nmet hod acclaim 1, wherein the carbon-containing input conprises

bi omass. 3. ,The nethod.of claiml1, wherein converting the

car bon- cont af ni ng“\‘i’iﬁgﬁﬁ’dﬂ‘gﬁ*i‘%%%wﬂé&@wgv Poade to ranps of

t enper at ures under pressure, 4. The nmethod of claim3, wherein a
rati o of sequestenalercartonationconbustd bpd th:yel condusidnit fuels| wlinuira

sel ection of bionass feedstock or by selection of enperature ranp profile

and pregaui& or cﬁi‘;emic%s; shpenyehhed: el Ghakm 1, wherein the sequesterable
carbon I s sequestered by use as a soil anmendnent 6. The net hod of

claim i1, wher gaitrgintﬂpeeco?n Hueti%gzr\ﬁ.glxﬁgc ?gQagpﬁs%suﬁgﬂﬁ_ﬁ%%é?ﬂm? hs cglgg i ound

storage as cB sterabl e
carbon is sequestered by addition to soil containing conpost naterial.
8. The methwdindfuncirgimmmited Wnerfeinnihehepssgublstatabl e carbon is used for
carbon offsets. The nethod of claim1l, wherein the sequesterable carbon is

used for carbon cripdidifed HcBidhewiBbatk @hhelanmidize Wher@biprads Hieagk. sone
of the sequesterable carbon is reacted with oxygen, carbon dioxi de, nethane

or steamto gener.ﬁge%n&%? AR 19{% uﬁ?ﬁ%ﬁ'aﬂ@nﬁu §§E§Iu§u%ﬂll‘1§g lzﬂ?}klt COMPrises

subjecting biomass to ramps of temperatures under pressure,

4, The method of claim 3, wherein & ratio of sequesterable carbon to combustible
fuel is controlied via selection of biomass feedstock or by selection of temperature ramyp profile
awd pressure.

5. The method of claim 1, wherein the sequesterable carbon i3 sequestered by use as
a soil amendment.

6. The method of elaim |, wherein the sequesterable carbon is sequestered by

underground storage as coal

7. The method of elaim 1, wherein the sequesterable carbon is sequestered by

addition o soil containing compost material.

8. The method of claim 1, wherein the sequesterable carbon is used for carhon
otfsets.

9. The method of claim 1, wherein the sequesterable carbon is used for carbon
credits,

10, The method of claim 1, wherein at feast some of the sequesterable carbon i3

reacted with oxygen, carbon dioxide, methane or steam to generate synthesis gas.

27
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WO 2013/ 015930PCT/ US2012/ 044240 11. The method of claim 10, wherein
the synthesis gas is converted to conbustible fuels, refinery stock or
chem cal swo0 2013/015988. The nethod of claim 1, wherein at [PeagtS2anm44fot he
conbustible fuels, refinery stock or chemcals is certified as carbon
negative. L 13he mbdodret Hooh BF whbminha synthesis lzay is comysrid lognbiueiide ng t he
conbusti bl e stocks, refinery stock, or chemcals with one or nore of:

gaSO|ln?u,dhgg@ﬁmﬁ@ﬁyytﬂgﬁbﬂkerosene li ght naphtha, heavy naphtha, |ight
cycle 0| , eavy cycle oil. 14. The nmet hod of claim 13, further

wth one or tore SR HOREERG ol A TRk Ch R e e BRET ° ©

n- but anol , t- butanol pent anoh hexanol , butauedl ol , dinmethyl ether, nethyl
t ert - butsipik et themiqaldis s@)ificd arpbap pegalyt. net hyl ether (TAVE), tertiary hexyl
nmet hyl ether (THEME), ethyl S5tertiary butyl ether ITU), tertiary anyl ethyl

et her (fAEE) j3.and 10 hizopdepyhiset harhdRbiRmising blendind fe chibunidlehastkaf cl ai m
13, further conprising bIendlng t he conbusti bl e stocks refinery stock, or

chemi cal %“gﬁ{]{%%b “Smmg‘%{&u& i fhmagaﬂx s GRTRY aﬁ ORI QURE lighit ane

|rrprove|r ant’i foam ag ent’’cortosi on ‘i mhi bitor, wax
crystal nodifier, icing inhibitor, |lubri Clt agent and distillate flow

i mpr ovemaphiha, m“l@&i?m Hipkttoveld Oﬁfﬂﬂlb&i‘m%‘ t'1’“&11“ her conprising choosing a

bi omass conversi on route based on a conposition of the biomass. 17, The

net hod of cl aim 27hd MEhRes] CORPIRL Rirthgr GhgPieig lhrtgdmhehdmmmsblmoatkm n
sheet s. 18. The net hod of cI aim 3, wherein he pressure increases the

ther mal t;\}%g{qvuﬁ%m}\véwt ,gé‘*géfg g&:gﬁ 1Y 0 ?‘l{n& i‘s C%{&%Qﬂ }IZ ?tﬂmm ?}%&'?ﬁ? SD% 19 The

met hod &f B¥lat ur es
under pressure is perforned usi nDblle eqU| | eaded

fuel bl eldipriotiueed. deioel pﬁf@ﬁtﬂéqtvnewhéw Hioeihof dl&héh‘r ity 5ﬁ§1}’£\§i‘t&%ﬂqe f or
conbustion in an autonobile or aviation engine, the fuel blend conprising:
- 28-  SUBSTH (NuTEr: SHERFy (RWLB:B@)ather (TAME), tertiary hexyl methyl ether (THEME), ethy
5 tertiary butyl ether {ETBE), tertiary amyl ethyt ether (TAEE), and chisopropyt ether (IPE).
ts. The method of elaim 13, further comprising blending the combustible stecks,
refinery stock, or chemicals with one or more of: detergent, combustion improver, cetane
improver, emulsificr, antioxidant, antifoam agen, corrosion inhibitor, wax crystal modifier, icing
inhibitor, lubricity agent and distillate flow improver,
16. The method of claim 2, further comprising cheosing a biomass conversion ronte
hased ou a composition of the blomass.
17, The method of claim 2, further comprising dispensing the biomass as thin sheets,
18.  The method of claim 3, wherein the pressure increases the thermal conductivity of
the partially carbonized biomass.
19, The method of claim 3, wherein subjecting biomass to ramps of temperatures
under pressure is performed using mobile equipment.
20,  Anunleaded fuel blead produced according to the method of claim 13 and

suitable for combustion in an automobile or aviation engineg, the fuel blend comprising:

~28.
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WO 2013/ 015930PCT/ US2012/ 044240 0,5% or nore of conbustible fuel or

refinery feedstock; and 99.5% or |l ess of one or nore of: gasoline,
di esel , jw02b1sal1593ker osene, |ight .naphtha, heavy napht lraT/Use@bi4eyel e oil,
and heavy cycle oil. -29- SUBSTI TUTE SHEET ( RULE 26)

0.5% ar more of combustible fuel or refinery feedstock; and

99 5% or less of one or move of © gasoling, diesel, jot fuel, kerosene, light naphtha,

LY

heavy naphtha, light eycle oil, and heavy eyele ol

20,
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