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The conversion of lignocellulosic biomass into fuel ethanol may offer the ideal
solution given the rapid growth of short rotation crops such as shrub willow (Salix
spp.). Two of the main components of wood, cellulose and hemicellulose, are
polymers of simple sugars that can be converted into ethanol and/or other chemicals
by fermentation. This ethanol can be used as a transportation fuel either on its own or
as an ethanol-gasoline blend. Ethanol-gasoline blends of up to 10% ethanol can be
used without any engine modification or loss in engine performance (Hunt, V.D.
(1981) The Gasohol Handbook, New York, Industrial Press). Lignin, the third main
component of wood, is a potential raw material for the production of plastics,
adhesives and resins (Lora and Glasser (2002) J. Polymers Environ. 10:39-47). The
use of lignin in high value products, rather than as boiler fuel, will off-set the high

costs traditionally associated with the processing of wood and production of ethanol.
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mate Protection, 10-14 taly;
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al. (2005) Appl Bzochem 'Biotechnol. 121-124:1101- 17; Pan et al. (2005) Biotechnol.
Bioeng. 90:473-81; softwood: Boussaid et al. (1999) Biotechnol. Bioeng. 64:284-9;
Yang and Wyman (2004) Bioresource Technol. 86:88-95; Knauf and Moniruzzaman
(2004) Intl. Sugar J. 106:147-50; Mosier et al. (2005) Ibid). Also, the degradation
products generated by extensive hydrolysis (phenol, furans and carboxylic acid) can
potentially inhibit further fermentation steps (Palmquist et al. (1999) Biotechnol.
Bioeng. 63(1):46-55; Klinke et al. (2004) Appl. Microbiol. Biotechnol. 66:10-26).

Furthermore, severe pre-treatment conditions, including the use of acid catalysts, can
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Bioeng. 31:643-649). Increasing the water/ethanol ratio, or the addition of a chemical

catalyst to the solvent, increases the hemicellulose sugar removal but is associated
with a reduction of lignin removal and increased hemicellulose sugar degradation
(Holtzapple and Humphrey (1984) Ibid; Rughani and McGinnis (1989) Ibid; Pan et
al. (2005) Ibid).

Successful advancements in enzyme production technology have resulted in a
lower cost of the hydrolytic enzyme required to obtain a high conversion rate of

cellulose to glucose. However, because the enzymatic hydrolysis activity is strongly
3



wat er/ sol vent ratios are used to maximze the lignin
recovery (Holtzapple and Hunphrey (1984) Bi otechnol.

wBr@engpo2P6: 670- 676; Chumet al., (1988) Bi ot erdiNE2007/000106

10

15

20

25

30

Bi oeng. 31:643-649). Increasing the water/ethanol

I fhhitedOMhyt REe aﬂ?cirz)fl}ﬁig %frocglcfsh F{gﬁl&éée Ca%ialsﬁgxtt tcglhﬁlg €, tchains),

sol vent, T ncfeases em cel 0s€ sugar renova
i simpdtgneriuat dermdntdtion refduthei arleased i gryan (S$PV dbr asiehultaneous

PRI A Gumpnion) CUEHER “nevects el cenepe/cthano]
| BriVersRanusitle Rbver ERBAR 10hBing) -Se%?f%%ﬁﬂdi{ﬁités%é ?%%g?\féilﬁble that

in enzyme production technology have res
| sy adweadeniise dfthh bivroasytat dovear opsteundery aivasetyt af ledstcanstraining

PSS ERadR i o I Dt MR gt 69:627-

sé40ngl yi nhi bi ted by the hydrol ysis products (sucrose
and short cel lul ose chains), sinultaneous fernentation
of t heWheraasdederurpationdielacese sambg easriedout efficiently by a variety

S tfi.catl Qe i c eatly i1 nprove,.
9 S L WA SPT R el el Tk TR Hinos
epreyants b chdilenge. Sever af attanionhasghersfore dearofodsal baldesetically
that allow a b e. of the. biomass at | ower cost

d .
UTREEICCHRE ST iﬁﬁ%r aneeRicieaHE HizR, Regiase fart opert them to useful
(&anprnas subh b Brandl d&s 2 %@idﬁg d P%tﬁ[agézog{)?' Cé’?rr. Opin.

Bi ot'echnol . 69: 627- 642). ereas t er ment
gPistargrolc 4188188 ml&dna:uiyplyeftlﬁd pergodel fyadbipn awhiali iisepredomminantly

or.gani.s t he bi oconversi,on of the pentose fraction

(R BE P odf sBr IR 35 BB fen be it e e et gproam and
addnRBiid Db HaRolBL LSS & £vhaskle fosdsRAuGhdIRNR! IFRbidduct streams
engi neering strains that can efficiently utiliZe

plépmokis praeess Ofwiiral, adeimacisl, g}g@fhﬂdr@m’vpm‘fj geidsmdhvaailin) may
| ' in:  ACi St Pent tj 20
SHRPRE BRI (LIRS B8P R product o

tierkpe rho de obtaireidi ndistillatfoni Bord ke edthd &attioh. XYh®s&tic cid may
heﬁr dwood species such as Salix, can be recovered from
t

¥ hircepvesed iamoded peryetetis@ciddoxpilpt ol for use as a
val uabkg,f ad Bl plfj ri?%ﬂsfde}le% to¥e B l‘glgg&tvaﬁer & 8se of its ease

fromthis process aral, acetic a
pefi medmedy and lits sniatilitycfod aawitevanpe lof ipdusaial applicakiens compared

fracti gnat subj ect to market price, Furfural, the

SHEE CRIOTPTIHIE i ichafedbat Tavagel i BecKisfh process often
dingibldby ot Uil AC Rk Rctioh6r REAE 1iniAGkGires hi
rmn? a*so %e r%cg\%r gt%p télg{ms}lgtgﬁchggcr%oéyg%et | chgréllﬁgeg%lfes high
polymescohsobeint sod bb$ e nairgwien ringe ofrpplieatieds (Furaskoér al. (1995)
%igg%ﬁno\f.aﬁz%gngb 963435 SQI Lé)rtasang %}clgsser (2002) J. Polymers Environ. 10:39-
47; Kubo and Kadla (2004) Macromol. 37:6904-6911; Lawoko et al. (2005)

Biomacromol. 6:3467-3473).

Lignin extracted using the OrganoSolv™ process differs significantly from
that extracted via the Kraft process. OrganoSolv™ lignin has a molecular weight of
700 to 1550 g/mol, low polydispersity, a glass transition temperature of 70 to 170°C, a
high relative amount of phenolic hydroxyl groups, and a low degree of chemical
modification (Lora and Glasser (2002) Ibid; Kubo and Kadla (2004) Ibid; Lawoko et
al. (2005) Ibid). This lignin can be used in the manufacture of molding compounds,

urethane epoxy and formaldehyde resins, antioxidants and controlled-release agents.
' 4
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degree of internal process recycling (US Patent Publication No. US 2002/0069987).
There remains a need in the art for a process for producing ethanol from
woody biomass which can be established at a relatively low cost and be profitable by
maximizing the yield and recovery of valuable by products such as natural lignin and

xylose.



pul p and paper industry resulted in the Alcell pul ping
process (US Patent 4,100,016). The | ong-term econom c

wo e@bitkdory of the Alcell (tm process was si gni PCTAA2M07/000106

10

15

20

25

30

i mproved using technology for the recovery of lignin
and furfural byproducts fromthe organic pul ping
liquor (US Patents 4, 764,596, 5,681, 427 and

SSUBRVIARY O THEIRVENITON cel | (t m) pul pi ng pl ant

processjng 30 netri¢c tons, of hardwood per day was )
est abl Tﬁ%‘i‘l g’ﬂeSFﬂt 1y8etion, PRviges A Wiy iedamegess thak eallgpfor rapid

w@i%dearana&pﬂigwomﬁeifsespbiomgg, SanUhe ‘@ﬁciﬁ%[eﬂdu@ds{%ff?é;% use of

down due to external economc factors. re recent
apleat eiamasspior ipreduction whsthpad)) naptrebligmhatylog and ather co-products.

i nf egrat ed operation. f.or, processi sugar cane .t h . .

o D PloResS oty im0 B aeiar R b alior s edigient Hactionation of
Plfth Afd ABhideBHINEEY RithQR coMpr@AIdER dthot $Rid. aDud ¢l the high cost
operating cost by providing a high degreé of internal ]
predated reigly bimass (nusluesipen thepopfitnemt wtdization ofigll lignocellulosic
2 987, r ' ne in.the art .for.a ]
RGOS Wt the (LORIEL SRS B EEL 1 BReR 16 W g obtein

Cathavd asi abinhehdalyatompettat pNel. y D @t caipleRature of the
the yield and recover

p,ofitlgle by maxim zin ] [ ] y  of . .
Vignsspilidosly thrmennens sud rbs s teRbicH AR TiegHes, agpgiated with  their
XY g%ﬁo§%@%e for, 'ﬂEch ST G tﬂ@a fecgff%g\%galg@ﬁm& cgﬂnponents

provi des an I ntegrated process t rapi

pisaepeted doreiicrthgostalfl pombkicofy sopasdisen waody biomass.
efficient and cost-effective use of plant biqQmass for
pr oducti &HCOFH‘%P%&}?&}L, A HPatmegh 1OCSSS d’%‘%‘ﬁgrﬂa Lased on a

Ot HEBinSARMRFAAUOEEnoSIHE™P o €830l ANRED ik 509646 80% ethanol
pre-treatnent that allows efficient fractionation o

| ingwiater) aftehtinent and| 4 botosaser washh tueptiimpd forithé frgctimation bf Salix,
vield, Due to the hi.gh cost. associ ated w.t h bi pnass
Yol e YR, P O R R DGR By o grmipipe ¥ BERR Recovery, as
| well @s ehd Wl @all cattponeNteotdry! Methbeeeshmekidsy cellulose/glucose
mar ket abl e products is essential in order to obtain

e¢grapIsiong tPraduch mepevenyaumdgr mdldrenditions ispfurther, inmwevaddby applying

. | osi
08 FRER IR ol blS e EP Tl 05 GRER R ot Pros
SEhARTIQHNY anyl and 'Wemah qR004) THdpPMOmhEE e /.t (2005) Ibid; Liu and
recover g gl_l val ugbl e conponents is required to .

Wamen CAB ). Biaressir ol erdieh 5 SUGAOSSHr dinaditap to mproving the

Pk 1, SULBEE onch P RSP roces
dmpeovedriy avweiding thefalditemafphembaedtaly s Whitthan ekpémsive, require
%ﬁ%&@ﬁ%ﬁ: ?@}%ﬁ%gt?pr%f t(]:géﬂvé%tlﬁ rm(%%h ’ancli Sre(%?ctel H;ezs ue of the

recoverable lignin, and are costly to remove from the liquid stream.

In one embodiment, the inventive process employs hardwood, preferably Salix
spp, although other plant materials, such as wheat straw, may also be effectively
processed using the methods disclosed herein. As a biomass feedstock, Salix spp.
offer the advantages of requiring low energy input in relation to the biomass
produced, being easy to propagate from unrooted cuttings, having genetic diversity
and a short breeding cycle, having good winter standing, being inexpensive to harvest
and chip, and vigorously re-sprouting after each harvest. In addition, growing of Salix

requires significantly fewer pesticides than traditional agriculture, uses fewer
6



and inproves the overall biomass utilization by
maxi m zing the lignin recovery, as well as the overall
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bei ng t ' hayi L
Genet S LR RIS v SR OGSt BiinoPRECRY tignin
gisoevery aud solyerdmetiyalng. bEihagol alsx pifersitheadvantage ties tit iaachroduct
chi and vi gorously re-sprouting after each harvest.
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fEVRANRRS procbHESEHRAN bFed@hinlenp abittRRF it ukd! 08 anl's grcatalyst is
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drsioyed ot achiqverkigh grcqvienz of kdhemicably Quheglifiyd 2004) lignin with
vl L il Pollution 162:183-204) . .Becaus

Ay o) AP i 3 R e o Py 27 he wyton
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Beinperatiresnslell almve disenanial béiting pbint yf thelaslvenigr en (1998)
son, ((1999) Bi gnass

Bi Bi X 15: 71- 74, '
Bi oondPgpe SEDIERens Ahe Rioga oo DD e R ovgne steps:
Qual . @P: 14bRabth? h- cobHAGAR! IR of ﬂdéﬂ‘temg@,ﬁgl \QQ&{jFS wood chips,

crops, Salix production 1s carbon "di oxi de néutra an
i s t her ef orwitls 2 cowrdep-autedny comtpowtsfibwi of aaf dquedis dthanol solution

reduce gl obal r.mn Lenmu d 200, it. Rev.
o ane ® sl Sareftiy kB AR 0 B sbiEnal e et igperature
sol vent, prafigrabh (&rhaample 4101 tefReYathe BoEWeen 170°C and 210°C

and a pressure between 19-30 barg) for a period of time sufficient to

produce ethanol-soluble lignin and plant pulp material, wherein the
plant pulp material is depleted of lignin and has a high concentration of
cellulose;

(b)  separating ethanol from the plant pulp material and recovering the
ethanol-soluble lignin from the ethanol;

(c) contacting the plant pulp material with water at elevated temperature

and pressure (for example at a temperature between 160°C and 220°C
7



recovery and solvent recycling. Ethanol also offers
the advantage that it is a product of the processing

wotoocakd9ai ose and therefore can be readily recpCl/ad203/000106
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part of the biorefining process. Ethanol pretreatnent
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Cou TN R e Y SRR RIS
efuay etceverbd bp evayt off @stillatiop nad dewate(dddry exlangddgesduch as use of a

ten‘gfgrat ure between 1700C and 2100C and a pressure
HaP 830 barg) for a period of time sufficient to

pr oducehe handll pra@bathleht tdtéiﬁ(dj? ang @_ﬁji‘ile@ W C?lelbitamtia(ljly in the

material, wherein the plant pulp material is plete
ofbsenagrifranzasil ¢edalyst. Hiogkxaopleatht redotion nuiktuce hiaylcostain less than

( arat i et hanol . fromthe ant | p.materjal , . .
aﬁ%ﬂ ¢ ecoa\l/céé F%%ly?éﬁ eﬁle?mbfi@qbg(?%%ﬁ’ ﬂ?eg%#ﬂ%ﬂ PB?H .ent is carried
edthanelpH inthe eQiFe B 189. . h8infll2Ht iPeHrRiMBhBsdidlentdl thb hot water
wat er at el evated tenperature and pressure (for
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and. (e) copRsti j ter

with: (i) an aqﬁ%%ggs% %??%%%%%%1?%@%39%3 %a@g@ from the
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yeast ow h.medi a,, and .(iii) buffer, ereb ) )
Lot ui Ble hudBRnE e Pt 1 h oS imdrd Brlodof time sufficient
hydrolyzed ¢0 fghtiC@S@econd plant, wherein the composition comprises

benzyladenine, activated charcoal and at least one medium selected

from the group consisting of: Murashige and Skoog medium and
McCown Woody Plant medium;.

() obtaining at least one subsequent cutting from the second plant,
wherein the subsequent cutting contains at least one node; and

(d)  culturing the subsequent cutting in McCown Woody Plant medium for
a period of time sufficient to form a subsequent plantlet.

Plants that may be effectively propagated using such methods include, but are

not limited to, S. viminalis and S. schwerinii ‘Kinuyanagi’.



The resulting glucose may then be fernmented to produce
ethanol, which is in turn recovered by way of

waele@ritkdoat i on and dewat ered by technol ogi es surtI/AZ200%600106
of a nol ecul ar sieve. The ethanol pretreatnment (step

(a)) 'Tq}ﬁeé?:ea&i”afl&ﬁgnﬁgfeaﬁf@%iaﬂk' Blebdt! ﬂvéﬂiﬁnagﬁleﬁa%e anner of

of an acid cata or exanple, the reaction m xtu

rrabtawmg thiem Wdibedzdmappkﬁftm, md féc igvensibalwilithe beast understood by

T LR T N——
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contains at | east one nod e, tivati ng th
10 cintegratgd procasscfontisgiredustion of b@ﬂpaé fioptiwobd thipe

R s R SRR Bl Hhan, VISR Socchariicaton and

c hafepatiognsr @k diehskd Qﬂi’c@grﬁﬁdl PSR Pprbiloh B biofuel from
group consi sting of: Mirashi ge and Skoog medi um and

MBosdshPBody Pl ant nediuny. (c) obtaining at |east one ’

subseq ein e

subseqﬁgﬂhliﬁ%%e&gmégﬁ alngdgsﬁgygéﬁﬁogéqmﬁgﬁﬁl wﬁE%ﬁ¥0°fﬂm
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subseqfi#nt 1p p PASTRAIc 05 aprxperpgitah 30 wb digestar far g pre-treatment

PHERR gg&@d usi ng such nethods include, but are not

I|n1te S. vimnalis and S. schwerinii

' Ki nuy Erm @l shoWhses schandtiaddiat 3 ¢ packddelbeduexperiofentahdigestor for the

prese é H ?Etl on and t he manner of obtaining them
and the invention will be best

20 under SF%OCV 1sbﬁ é’cﬁ&%ﬁﬁ’é‘(&' 4 @0t NGatkR! dxPWiREnAP gestor for the pre-
detail ed description and the acconpanyi ng draw ngs.

BREEMeDREDRPISON OF THE FIGURES Fig. 1 is a schematic

of thefl kSt stage et.ha tlon
di scl o5 1?1 Pt 81510 ﬁs?ﬁx B‘?‘ PM] Z‘ilfyc}flass) removed
breiusHlix fchipWitloT0% telﬂﬁﬁol solvent at three different scales (100 ml, 3 1 and 40

1), expressed as a percentage of the initial DM loaded.

25 Fig. 9A and B shows the ratio of DM and lignin removed from Salix chips
with 70% ethanol and expressed as a percentage of the initial DM loaded. Fig. 9A
shows the results obtained with the 3 1 digestor, and Fig. 9B shows the results from

individual experiments in the 40 1 batch digestor.

Fig. 10 is a graph showing the effect of time on the DM removed from Salix

30  chips with water solvent applied as a primary treatment or after an ethanol treatment
at two different scales (100 ml, 3 1), expressed as a percentage of the initial DM

10aded.



Fig. 2 is a schematic of the second stage (hot water
treatnent) of the disclosed integrated process for the

w@e@wduzeeon of bi ofuel from wood chips. Fig. 3PCENZ2007/000106
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schematic of the third stage (sinultaneous

saccharj dBRIARA, 6f 1
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(pr.oduct . sep rification) of the disclosed
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tdslﬁpspretreat ment of bi orrass F| g. 8is a graph show ng
the effect of tine on dry. mass) renoved from

Sal i x Eigi p3 Smwﬂrm%%pﬁm&an éagwhﬂlabwa% Feeved from Salix chips

D L

sH¥\wsl gniek3 I digesjorsf e@k&s&tﬁasl d mcemw@nﬁ\ﬂ&dmitrad) DMVb&daded.

chi ps th 70% et ha and ex ressed percent a

of ¢ hebiEnilé ise SRTH SIREAE the GOMERITh Shse ﬁwgser ESarael following
0Dk RALH&A WM liduid M8t %akr%&ﬁﬁ&ﬁr of 8418 Ehifs 4%{%18@@ tl{':yh&lzymanc

results fromindividual experinents in the
dhsgieelves, cpingared Owith  eorgmarsiallyh obtaingdt pureetcélbdoseofand cellulose

ne on rom Salix chips with water
F?/Veﬁﬁgﬁblfnwa{eggné dl?lP?fary treatnment or after an
et hanoFigt 1 8a¢ aRRiphashowiBg dhd ﬁ&ﬁlﬁﬁﬂatﬁﬁaéﬁ%d&sbo@m!ﬂﬁral Jcetic acid
1), expressed as a percentage of the initial

Mo&lecw gluring theshet waterptacasmenti ofg’ Wh @ﬂm@lpmamdoi?al@f chips in the
E&]il Estb the DM renoved from Salix chips with 70%
in three different scales (100 m, 3 land 40

1) expressed as a percentage of the total DM renoved.
Fi 12 s a raEh showi ng the proportion of the total

' ered after pre- treatrrent of the
Sal i x gBigRgu¥del rhbg@:/"tgut: gﬁ‘éséht ifvehfiéh HRR n@ﬁﬁicaﬁg-wable
1 digestors, expresse a percentage
ciotegmted procedsdouthiertéaefoling of lignocellulosic matenal from plants such as

Salix spp., to produce ethanol and patural lignin. Other types of feedstock that may be

effectively employed in the disclosed process include dedicated short rotation woody
or herbaceous biomass (for example, Miscanthus, switchgrass), woody and
agricultural waste (e.g., wheat straw, rice straw, corn stover or sugar cane bagasse)
and dedicated energy crops. In certain embodiments, the plant material is selected
from the group consisting of: Salix, Poplar, Eucalyptus, switch grass, miscanthus,
sugar cane bagasse, soybean stover, corn stover, rice straw, barley straw, wheat straw,
corn fiber, wood fiber, and combinations thereof.

In one embodiment, the process employs a continuous flow counter-current or
co-current digestor. Use of such a digestor results in faster processing rates, increased
throughput and increased efficiency. As such digestors run continuously, they require

less maintenance and less labor than batch digestors. In addition, displacement wood

10
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chips. Fig. 13 shows the ratio of DM and |ignin that
was renoved from Salix chips with hot waters applied

W@s0oa/1poenary treatnment or, after a 70% et hanoPCT/NZ2007/000106
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her baceous hi omas or _exanpl e, scant hus, ; )
<t TG e 2 B B g USSR A SV PeCqriscgon, opersting with

WS clfibd B FdCmdSdiéchteed Hd B prMgR D] :
ba asgegj andg de(:l(c;lmiﬁl catledwegﬁe?gy %%\gg oﬁi &)Eee%?kt&g?nlfgg%?feed Serews

adit pessesagainse thel fiow ofwelids sathat shipe bxdting thefmanhintereee exposed

[ onsi sti of ;. Salix, Poplat, Eucal yptus, switgch

P 3t8n Rt BhvlBeting sy, moHE e g B st wicn have
cthé Right\eRtracthble @ofifefitttte dxpbbeliothe Alst Wh@BUadeh sBWent solution.
corn fiber, wood fiber, and conbinations thereof. In

ordvesiisaisring ibe dighelopisaeresranwrpyd tamebiin o apertlingipressure
&H&@ﬁleé'ﬂdctldg{c’rgﬂge He aﬁ#fcrcﬁ{% tglé)%gsg oaﬁl}sg ﬁzegf’lgxifv Ky :ég.lg)g: d%olvent

I gestor r sin Ster processi _
tfromo wgthin theadigestorcis easouletet ithioapk ¥xteAml Su@brsdfd @gi@pRe steam
r.un conti nuoysly, the¥ requi re | ess, mai ntenance and

IRE@iETS: 9B oo RHPUS Resth odhriiesihe meod chins i tp ifisroperating temperature
Hudk A CRECRY gY%:?t?i@uhﬁ' hrleratiif tei(g%écrétlt?iégg%&ri@&ﬁ BALE s time,

processes an erenti reac
pespérbtuee pofidg pressuSaini sohddighil ratis) withinathe difesied agensptimized

tockpiled.. | f reductign of .th article size of the
PO e sinR TROVRLof PPt JRoEle HEpRdE dogood fibgs. As the
GRS ARMIFAGAERBS the digestor and are exposed to lower pressures, a portion of the

solvent content therein will evaporate, resulting in cooling of the wood chips.

In an alternative embodiment, the wood chips are displaced in the digestor
using gravity in a downward gradient. Solvent entering the digestor is pumped
upward passing against the flow of solid.

Chips discharged from this first stage of the process will still contain some
ethanol which must be removed prior to the subsequent water extraction. This is
achieved by means of a steam stripping operation. The vapors are recovered from
both this operation and from the flash evaporation of depressurized solids, noted
above, and are re-used directly with the fresh solvent stream. In this way the latent

heat content of the vapors is recovered.
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using a chipper or simlar device. In one enbodinent,
Salix particles of approximately 5 mmto 5 cmin size

wae®@7erpkoyed in the process di sclosed herei n. PANNZ2007/000106
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first stage of the process disclosed herein is an
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pressure a i qui

digésivater aoe dilptel the edlide for akd d@qﬁi@éﬁ ma;ﬁunﬁmw ahtl@f (illustrated
wat er insoluble lignin fromthe wood chips.
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ereln w evapor at e, resultlngln cooling o
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discharged fromthis first stage of the process wil

swﬂll be dtsnhagﬁfd wmeﬁléﬂr land the metdindd solids Wik be eeroverdd o disposal as

th%g §ulg nt wat e ction. Thi s is achi eved

52 PR Plrmichfs 5 ik 56 ey 8050 b Redieisty <
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Additional products are separated and purified as illustrated schematically in

Fig. 4 and discussed in detail below.

Lignin Recovery

The black liquor (ethanol/water/lignin solution) exiting the ethanol digester in
the first stage is depressurized before passing to a flash cooling vessel in which the
solvent (primarily ethanol) is evaporated. Further ethanol is then steam-stripped from

the liquor prior to transfer to one of a series of batch vessels in which precipitation of
12



extraction (illustrated schematically in Fig. 2)
undertaken i n conparabl e equipnent, and in a
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and water. to dilute the solids to the require
%F?lﬁﬁ?tﬁmsqqgwnoe%eﬁ y&ithen separe lrrgfiqm-y inFig.

3) . | NTh¢RRaty o8&R! he 1bHE nfctdchutir %&ghts ﬁli‘li‘é%g)ﬁl ¥&ﬁ8n% Qhe xylose

produce glucose, which is in turn férnented to produce

elr#rsionlas wallray @vasigs offother lsampbnente invhidmgfurfdalj acetibecid, para-
f Qr by caqnti,nuo repoval...of .t he, produced .
OISl oSt aRt e . AT A Rhal e GG G, crsentration,

| decOREizAliE defofizatiE iR GiR4to blaBB staysl aRl ﬁﬁi'd%cé‘&rtiﬁﬁe xylose.
e

fermentation to ethanol. The vessel contents at

end of the batch fernentation will be discharged via a

fd -the retained solids will be recovered for
Sl attle feed. Residual conponents in this

fractiDie ethynddland vger @pausr@d. belieeydled thradgh the pulp biomass to

consisting primarily_ of ethanol and water, 1s )
CBFERTS qu%@at CENSHBEINTe Py BFASEESCANtor oprogdudty epcevesy.  Subject to

G0y s e B, SRSB4 RSt s

- preotivietidi and/e- firfurdlzeidl be cohtideidr it theedtieamopassing to the ethanol

extraction,.stage.. Addi tignal. products.are separated
SRBC R et Brotcas from the whenolianeics Ziftylafian prybe goncentrated
aid rédoveraSRihgl MetBsdsaldll BR)vAYYn the g3l N Recovery The

bl ack |iquor (ethanol/water/lignin solution) exiting

t he et%@ﬂlomr@@qampldsrare offered by way of illustration and not by way of

limitation.
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the first stage is depressurized before passing to a

flash cooling vessel in which the solvent (primarily
we@edanzior1 i s evaporated. Further ethanol is thRCI/NZ2007/000106

steamstripped fromthe liquor prior to transfer to

one of a series of batch veggglnte {n Which

precipitation oflignin fromt [ 1 quor is pronoted
t hrough dilution (3 Bipréfinipi lixbidmawt er and

| owering of pH (<3) by acid addition. The resulting
lignin precipitate is then separated by filtration and

dPtratioPakd LpREAEH Ghalyhis ORI rENRINIAS Hiomhid t F at e
i's conbined wth the hot water streamrfor xylose and .
5 water StemsisifSafix viivelis escilissghweinibdeanRewegié werd ttapped with a
h wal, t+act t st om,t.he second
sg&arge chcth gfl( nf%g‘g“ﬁ‘?)‘ui]%%’ ??’ggll%xy egsaz apivé %%@3404%“?1 sieved by hand
nadteeet Bwo wileghéshks of Bitists IEsigveIoah epedinds 6F DB arfd™ mm. The
and C6.sugars) i.s depressurized before cooling by,
f $ORPPSEIPRNR Bt Bevedt angaunsicvedSaiy chipsnyay assgpsed; with the results
d5.0RP3 ! ey At ) AL GO -
oa Sfiowh 16 T T2, o Bl ShALs HATRARNER0S using taboratory
10  sapiyteek drbgedirdst (BAPoN.deVelepéd | by athe Natiomdlh®ehewsable Energy

l.ecyl ar Lgh i1t [ contai ns the xyl ose
TPASEHbE QUEREL bolieh B 6 e ke R St component per
I T gcﬂfrtﬁyflﬂfhfe%éldugp eEktFacﬂ%sdrveféafs@ﬁYéélrﬁ’s)iﬂ grgd?ﬂh{et extractor,

acid and vanillin. addi tional nodule carries ou

reieigloed. ldguiol econcendrations welksi detdradnddoafteacblemical hydrolysis

D BTHALLRB Ry TR TR RORCER B oY B8fsobgle tapin wes
15 reasateddby Heutghmetrh it BAD Pnb bAIBSS cdrRehthBIoRaASEth medl4eid soluble

concentration, or processed for product recovery.
SYast pepuErde bY  wightominusi ashs  Ehe ipgrpentage ofiglucan and xylan

' ' Y/ re f, at .l t . o
FEE{ERE L B0 SRRIER Shep Tl Qe R AES 1B PRy witn 72%
stuifereion quids @it 1§28Q). t Peci@tsbimbld soencw hadired BYEERPLC using the
fractions fromthe etaanol /water distillation can be :
CHREPREICAREP ‘gﬁf&yl?%@a &luegsqEaigrdset hods wel | known in
720 the art. The follow ng exanples are offered by way of
illustration and not by way of limtation. Exanple 1
Bi or ef Tablad: GdmPBadition bf wrtmaed Bubp bicandse (* a$ieved material)
conposition analysis of untreated Sallx biomass Steins

saik vadd X Vi minal i s| &xtr8etiviex| sckwerkignin (YKi nuyandgi ' Sugar (%)
- _were chipped with a gd¥den [nSélabler|. Infoleblego@o@hi|p€lucan | Xylan
Sakievenigelisd at 4Q0C|forl®4 hour3 and sBeved by3 hgnd23 .9
Salix viminalis 8 3 24 27 34 8
Salix schwerinii 6 5 23 28 32 14
Salix schwerinii Kinuyanagi 4 5 22 27 33 12
Salix schwerinii Kinuyanagi 4 3 25 28 33 9
Salix schwerinii Kinuyanagi 2 4 8 39 35 9
+ Salix viminalis
Salix schwerinii Kinuyanagi
+ Salix viminalis ® 2 4 25 29 30 8
Average 6 4 25 29 31 10
Standard Deviation 5 1 3 3 4 2

Pre-treatment of Salix biomass
The pre-treatment of Salix chips was tested in 100 ml experimental digestor

25  and 31 packed-bed experimental digestor that were able to process 6 g and 300 g of
14




between two wire nmeshes of British test sieve with
apertures of 2.8 and 4 nm The conposition of the

w@r@vaehdand unsi eved Sal i x chi ps was assessed, PEU/NA200@00106
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results being shown in Table 1. The mass conposition

' ; 2eHaky 86ied in Fig. 5
VB FSRESERLrBL AL oA DAICAIaDREN oR 1REY b6 lobRGSilsRiied in Fig

t he National Renewabl e Ene

r
LelbOrmt digestoNREld, F1gol6dén! padsed-bgd| digesten).e x%)&ﬂrleig\é@ﬁ@ra‘é’as also

gram of, ¢ nent per 10 ntreate hj

AR GETBIES 2or B raetintal il LBl BPMES L b Rimss at tareer
dgdaRA(Fan &) Wehig 164 digds@i isubletdqaotasat kg oS drebidmass.
determined after chem cal hydrolysis of the Salix

chips (4 hours with 72% sul furic acid at 102C). Acid
SBLUBoh L8N 00351 IBATHERT B¥eHGFId et ry at 320 nm

amd- thHe Concentratromn of the non-acld soluble lignin

was medhel e ol apaity ixpedimerstalagh-trefitvecn eigestor dgensifted of a one
gl ucan and xylan present in.the,sa r . .
dcBrinbn &6 et a ezsﬁswﬁafaqoﬂﬁérﬁwﬂgs? 13 2R fiherglpssrinsdgion 19.
Sehdiie gfaggér%gﬁ%d wg%%tgeléﬁwerﬁp&éﬂﬁwﬁiéﬁfﬁ tWBSvas connected to a

neasur e using the appropriate range of xylose
andldgt yresserestanndimerid3 byabéans bf aCéripdsiube dd aid to a thermocouple

EEACT RN S Y0 2T e——

SahivE 18NS td aSdobidetidh 4B 1M ofHREAnERhath, WlgEs i0turn was
and 3 lpacked-bed experi nmental dlges or that were able
n

t
t coypesicdss 6 ' inakl 18GEIY hsmaety noRsliel eiep30. The temperature was

respegtively, The i f i '

| FRREl 8 ther g8 1f By o] UFRIGDUC AT RN def copnected o
1apastslttr ke d ThigesifigtatioA fAdlithtedithe sentovaheB scves at a temperature
desi gned and tested faor the recovery of natural lignin

f Mesthabays the hpBimgPemtof thersglientcal e (Fig. 7). This 40
ldigestor is able to process 6 kg of dry bionass.
Description of the 100 m experinental digestor (Fig.

5Dpehatioh 00 thel 100 aplaaxiptymentpeprerimatradnt digestor eat ment

di gest or consi sted of a one inch tube 10 with,an .

_ex? er ng:_P? EJ/F‘C qngﬁprﬁ-etrdqaprﬂantc Idlgff{(])ﬁﬁg Bfgl' ée‘?’?ﬁ lﬁ@%e% with 6.54 g of
! agi 4§ ¥oo@RhibS and 48 AP oPEBatRSEES B6). OTRe SWRESE W€ bdtled at all
end- 2 which wel ded

cap 1 inturn was connected to a .
pSemgelok  fistirgd v thesbinpetrmasdle oflve dpsddncAhedigestor was then

SBAE B ISHIBEE B8 Ebpt T g0 i Moy e

V l BallP tf SRARE HRE tHeOprdcde Irkfhkd @fuilibHemlquickly! MBnceah® desired
 ength,” which in turn was connected to a 1A inch

|- brmegpr i@rlrebwam eachask dherepglion wae allywed fe ppraesd dprebQaynutes with
t. . .und .
ﬁ@gxﬁ'@cﬁa Irgagl}l%yagita{lgr%r Ay ﬁ%g%ldf%fltﬁe YEAAEH tHRIHNE BLor W inverted

connec
and the bonnet needle valve opened to allow the solvent to drain into the collection

tube. A fine mesh, positioned in the digestor against the valve, retained the solid
fraction in the reaction vessel. The content of the digestor was cooled down and the

solvent was removed from the collection tube.

For the hot water treatment, the digestor was filled with 90 ml of wash water,
sealed and heated to a specified temperature in the range of 180 to 220°C. After the

desired incubation time at the target temperature, the hot water was removed using the

15



a controller 21. This configuration facilitated the
renoval of solvent at a tenperature well above the

wheiozitzeg2poi nt of the solvent. QOperation of theC/8@2007/000106
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experinmental pre-treatnent digestor For the ethanol

Pg t

ot BRSSH sy RoR06 R 18 Mgt Vob e and
t subrovgd tolipelralysiest or was seal ed at all Swagel ok(tm
fittings and the bonnet needl e val ve closed. The

di gestor was then heated to the sel ected process

t PaReihebhl bethe BAYackeHIRAC c¥pdr! (Bidh8) Ny agi t at ed

manual | y to ensure that the process reached
equi | i bh¢ 3rhnpekeskbed digester 2hshaves i Eig. 6 eopsisied of @ siwsless steel

|l 0 .
SRENE ok A R vl RS0 el 5080 AP ied i
t&@agmé%‘ﬁ afd tdpTBttingheedi That Glervdbul BEsid 86d #RE hRE from the
d$1nnet needl e valve opened to allow the solvent to

gesiion 2% oftl &C tub@rmﬂ@b%‘i copriecigd thedigestion chamber 25toa

the gdige retai
e sof?&g&fd {rl%g tslaon |% e B ea r}%fr%eft/%g‘éeeﬁﬁtyﬁ 28 hog ﬁef %tp ressure
othelmm:odpkgwtmeasmaﬁg &mqiredutbumﬂlga%doﬁ hmtﬁlﬁdr\ls[lhndl\@ﬁs connected

f th | | ect t ube. For .t he hot wat
TN ar e dp v AN Trse I3 s 7 bbgpireulating

WAEBT inlSte 8% e4l] speql f
t he rangeg%f fg%kqt ?%%%E&A?tfer Eﬁ ﬁ’?j d‘?‘ﬁg&& Ufibel 5 and
| applibaiianoaf (rresswrat frome at pregratized mitevgeh ueydindeh ehrbogh a nitrogen

CENENETONE Y oy
Soifitatting dluids GOt DFQigestion cheRsiser 'ZBtdn‘arh o> ﬁermocouple inlet 55

lpacked-bed digestor (Tig. 6) The 3 1packed- bed
dpaegfeé thetegmtafnre ingifg the dignstios wcbamber 25.st A ﬂdema@couple 56

bas édg{%g)e S eg@gﬁﬁr ﬁé égouge%lsn Pﬁwté 5 r%s i S gg circulating

fﬁlmﬂumtjmcﬁﬁulaﬁ"h@ﬂmdwabee four outI ets and two inlets
fromt edlgestlon chanpe A 1A tube outlet 24

connect &PiPhed Htged pishalt éﬁah%ﬁqd n3 2 tué?e ¥8ebafuvas connected to a
t\faﬁaﬁl‘é g@éd 3ve 31k Bﬁﬁnﬂﬁ%ﬁﬁ# é)?%ge SlekCi7 Xr?d &% %%eﬁu(}slmegt several

hous a pressure t her noc neasuri
FE@@EIJONz irotagji spelst iPump(}ihaftﬂéple% 49kt ﬂﬁﬁ”&ﬂmhﬁﬁadw When

P RN N T
Eﬂlﬂcﬁl\éﬁ‘a r}fé‘dﬂu?% 1P 2 ccfﬂtéihﬁixg d MferU@EEdHOA 35, and through

chanber 25 and application of essure froma
Gh‘eélgefr‘tlozlefbambclﬂigfemneblb md@rcwhtewgnela cohtimmge lﬁlow
gﬁlt : Q?E 2{60%&%” r;}lé'cd' §f Has aﬁo%ﬁeb{: %f {or gl'rlxlegcille %Jel é‘é and a 10 ml

bottle 37 to enable taking of circulating fluid samples when the digestor is operating.

To take a sample of circulating fluid, valve 36 was opened and bottle 37 filled. The
valve 36 was then closed, and bottle 37 was cooled and removed for sample analysis.
The heater construction 35 conmsisted of a %” heating tube 52 with six
electrical heating elements 53 sealed onto it with conductive cement. The heating
elements 53 were connected to a controller 41, which was connected to a control
thermocouple 42 measuring the temperature of the circulating fluid in the middle of

heating loop 29, and an over-temperature controller 43 set at 250°C and measuring the
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circulating fluids out of digestion chanber 25 and a
1/ 8" tube thernocouple inlet 55 neasured the

wao egopeeetur e i nside the digestion chanber 25. BCT/NZ2007/000106
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t her rocoupl e 56 connected to a circulating fluid tube

ﬁﬁm?he C|chPat|n %%H?E&% QEIRE§%§%r?§%ﬁ&% w%%ﬂgﬁhehﬁﬂh@

shMSsthmmaieﬂwrthéibEfglas&be 48 that was connected to
a vari abl e speed drive punp 31 containing four
propel | ers 47 and seal ed using several ECOFLON2 rotary

E:x%tioﬁ’Hffihe%rl abkel-RiEsissidt® hel d-the 2" tube 48 in

p ace. en s I'S rotated at a speed of

1, 400- 2hgdo! rnankedﬁbqsﬂn dlgesorf @h@s@m in hfigu ghfymatipne@] waded the same
CJ t p 29 contal ni ng. a heater
ct)ns‘i frﬂ%l %dtgﬁh%)@ ‘%J;uq eé“’aﬁ’ ﬁhl tﬂl ﬁ’ﬁﬁ'ﬁl&n chamber 25

t cortaiadd ehe Biordss o@iﬂ}ﬁhewﬂ@ %éshnéaxﬁﬂetmmum fah@Vhe Aolvent was
recycle line T piece 51 was connected to a needle

veiripdatedt within the tpating Bwpt39ebseway of é'nabble spegid dxgveopwnp 31. The
Cid1Gat: s nge}tfeéi léleg gﬁg b érr t;ﬂa{ g t&y g) 1}a]ku.r éor digestion was

operatl ng Cl TCU

veehoted3 6 hmdﬁneﬁllme o€ dleam‘iahtﬁiri procRT waks |d|etedmn'Eb Qy\balwc&mﬁﬁamples
| os nd bottle 37 s cool ed and reno

h ed
f%fﬂt%ea%gﬂb easﬁg‘fei}g ¥ wan of mesdler valyes H6r ard i Qnméé’o’fﬂe 37 situated

cm%&lﬁ&fﬂl@%‘g&% heating tube 52 with six electrical
heati ng el enen 3 sealed onto it with conductive

cement Ther tlaplb@a\tmotbfeecﬂmm(u;s G300 Y *eas:;daa:mlanelmb Wwire sesh sample

BBk ot BohuRRuY AR RE SEkhetie Jesehiifiie sample basket

CWhE lﬂn@al Wahf hplitd 31 bh SoReAd! Sd0ftheh gakion 9w!150%9a18<9 tightly with
and an gyer-tenperature control | er 43 set at 250

n%%@gﬁlcrlﬁ g fitHegse nPhe meyaleloop wasdiltsdrwith Hauid @yfalddmg wmnﬂarough

f= e Ioo 29. The heat |
e W Tt SO, 4 e, PR s el oS cieutator and
1t|aﬁpr@d,trb eonttblpesiore sHiRhd dn. PTRK ptshiee trahsdasdrdn, SlAMGouples

aFllmg 6 functioned under the sane principle as the
‘%lmgf@% feActagi ! hamnasRuRsS00M thh dtber swefags Gbseremonitored

e mesh
sa%g %P]k? ﬂ%ﬁ@%@ﬂ%l#ﬁ@ecw@ﬂ%ﬁ? gE T cufated within
the heating | oop 29 by way of vari abI e speed drive
punp 31. The solvent was heated electrically to ensure
that the target tenperature for digestion was reached.
Théscki i hfiPorRtardhr M AROIAGGiRERGSFE, WS det er i ned
by [ ecti ng sanpl'es of the no e sol vent by way of
needl elhed O/ bpRBedrhed digestbr Showin i Eig Bives fibeidated from a section of

dﬁerc’utnr fig rkapress{lrtzzem?félin?’ceel tubing which formed a reactor vessel 64. A
surrounding 300 mm tube formed a heating coil 63 which was partitioned by a spiral

steel baffle into a spiral flow channel. The reactor vessel 64 and heating coil 63 were
surrounded by glass fiber insulation 62. The heating coil 63 was connected to an oil
heating circuit 76 and oil inside the oil heating circuit 76 was heated by a heater 69
driven by 6 kW of electrical heating elements. The oil was circulated through the oil
heating circuit 76 by a pump 68, and could also be diverted by two loop valves 71 to a
cooling loop 72 immersed in a water bath 77 to enable faster cooling of the reactor
vessel 64. The heater and pump were controlled by a thermostat 70 and a process

controller 67. An oil reservoir 73 connected to the oil heating circuit 76 was used to
17
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The chi pped wood feedstock (up to 300 g) was placed in
the wire nesh sanpl e basket 27, which fitted tightly

w0 p®i7deosehe vessel. The vessel with the sanpl ePGENREI07/000106

was filled with up to 3 1 of solvent, and the reactor

Ve off | K

r ec;; cle | {fc%oﬂlblgllfht'1 e%l(lp %ﬁ?sﬁdg{h %%%IIP i ?eggﬁ éﬂeg I%ac{glg ypssel 64 was
t ﬁlrl@swﬁhtah@ltxﬁdtgemf Scdmmmasstansao tmne ﬂntdrh of V@%celﬂmnoll\ﬁa a funnel

con ISR B Valye BB oG HaiR SoBrE 6L iH8 btk apd heated
Stamnrg@&mqmpsl 85 rAeh ¥perafing 'téhl}%é?@ﬂﬁeeg&%eé) aid temperature was

t her nocoupl e 56 on the tube surface 61 were noni
ugopigorad by cotempeRboe poehe QlPand)tthueﬂsniedg;ya p@ﬂﬂﬂ:rmgdg@ 59. The

Description eration o
o esnE% e s Boniefe o s i alar G0t PRl par 66 s
Fittichefl 08 16w bARVER e fg50m the $84dtb10VesREl @410 TOnable time-course
hi gh-pressure mld steel tubing which formed a reactor

VBEYs gfzthe )slqmgirpl@%tﬁ beytaken darmg theeestaction stgphe ligiid gampling

C@J{[o Qﬁ)st\glﬂlra ow c antthleone%ﬁesg?“gggg ﬁv%ét gﬁeégl?eampropnate

heaﬂemxg timne,| oibdirsmdtidnswiay SviteRd t6YhOtasiimgi1bB§72 by means of the
insul ation 62, The heating coil 63 was connected to an

dPPP Kalxes Ahand ﬂl@dﬁ%ct%vea 6djafloyad tqjeoqlh é\fisr retheval jofy ghe liquid

elag@?h ca \E@Ztﬂ% ﬁgé e emant Sg‘ﬁ%ﬁgrf(’ﬁ? O?ﬁ@%‘nr Cuﬁpgﬁﬁa& liquor

twasodginedhizoroi the lreatormyessélr by ni€ans yofathp Uoiweb 8all aatle 65 and
coul d al so di verte Ioop alyes 71 to a .
GBPAg 306%5 784 Pﬁ?ﬁtfegleﬁ%hny@( ! g fvaser too resnputs) edditional
f@ﬁ@r ARehIRBI atthBin &R AR OlsiefS 88084 t
and punp were cygnatrol | ed by get her%gt alt1 Vy&% Q’Sﬁl S%WH) o the
1:T3 P@dnﬁﬁ chahded 6 Ateatn explosipe stapvioi be Parfommedect ¢tk biomass

h atl n rcuit 76 was used toaccommodat e
Vghdeguoét Fl‘% '{“?fgp%'?ﬁ ®1n operation, the
react or vessel 64 was filled wth about 6 kg of Salix
bi omass and 30 to 40 liters of 70% ethanol via a
fResuls 57 and an upper ball valve 58. The reactor

was then seal ed and heated, taking 3 to 4

%%%é@g%%ﬁﬁeach operating tenperature (185C). The
t enperldding ehavesperimeérdtalr digeftyrsaad eldpeibat Usdvel SBBx ®lomass was

d.the pressure hy a pressure gauge 59. The pressure
%& %%fg igtondwe ¢ Bacionsa pednustbanal| audfon ayajer solublg fraction

FRyRbiyeste P H ) 68n 1B aa%%ﬁf thx%gtlc;rp Eﬁ.l ei))o WefahRab |y ér%gen?s B2 mass

in theé rea of” vessel ti me-cour s
gartitlossofothe tadix | chipsi fllpvamevarious epré-adeatmeniti cequ@ntdde  Treatments

extr ctlo g.valve (not, shown)

e Bine, il heh étinanqlﬁgﬁgrérq"%d oot OB grines sitherrhgtare or afer
O RIakAé s F&%ﬂ%ﬂq%r 8D FBin a@'lbO@G kS HO@C. 0?1 m%*sexample all pre-
switched to the cooling |oop 7 neans o

treatment experiments were initiated with 6. 54 g of dry Salix chips (n=3-5) in the 100

ml digestor. The mass in the hydrolysate represents the dry mass (DM) recovered
after evaporation of hydrolysate, and the mass in the pulp fraction corresponded to the
DM of the residual insoluble material yielded after each pre-treatment. These results
show that the addition of a second pre-treatment increased the displacement of mass
by 10% toward the hydrolysate and that the sequence in which the two treatments are

performed does not have a great impact on the final amount of mass displaced.
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| oop valves 71 and the reactor vessel 64 allowed to
cool. After renoval of the liquid sanpling valve 74,
wo b@7tizewat ed bi omass in the formof |ignin-conPEi/NZ2g7/000106
bl ack |iquor was drained fromthe reactor vessel 64 by
nmeans of the | ower ball valve 65 and sanpling port 66,
and washed wth 70% et hanol and water to renove
addi ti onal | i gabla2: Masebalancewé ipye-trestechSaliibmads a
Ly ot

At o tha camlina nart
SaRp++-R ar

speamexpteston—valve—{pot—show)—to—the t -
6 en?b| ed a steam expLD@é%m Iysatene her fﬂhﬁﬂ:él &ﬂp fraction
tIhEretmERt s whil e stli 1o+ Si4DeM gh % b Htddext [ & cfitdiDev % + Std Dev

A, rQesanesolv Fesul t s Milsd.83a GRfcel RBEhY 40He eXer (n@nt al 73.24+0.92

dildetswvates as descri bed.7aBonty |Sa6.2«+hisonps 2.58a9.07 69.27 £ 1.07

f [r@gplahosodd ¢d Hoptwatdr o 2fg1acg 30ns 4440 + 3moef hamel gaxd/ 0T 5826+ 1.68

VR 6 wtel- BrbndsbRETT 0B YHEPTVIRbE 3T T3 ATh &) & 56.88 + 1.83
[S]

sotTdfractiom (pulp)y—Tab represents—the—mass
partition of the Salix chips follow ng various

pr e- t r ¥h¢ kiretics efitascremovdll @aingehé Hrivkee rdafRnMvith 7008%thanol
et hanol_ at. 170C to 19Q0C for 60 m nutes either before

> orvanfidiediarthe 3tlragkefebrdsdigesionr Rigd 1P drressotsithe aygrage amount of
1 9 ' [ 4. t.
PRy ) SO o B VR o of
ﬁ h?:jm:gln(mts;iaeﬁﬁormnd ixhﬁate BO?)r?nk%ddb@bﬁgestor witle 70‘Hﬁahdn@é fdies0 to 480
r sate represents . r recovere
e 56 B RS Ry e dr i 1S abheOndas T (58t of data,
PobtRinbA Fehl & HelFBERMPAED5h gtém% %&2& ewﬁ?ébxﬂgiﬁjed with the

i nsol uble material yielded after -treatne
10 Tpereentagesefl massghmavechwith (7086 efidnaliusmgahe amaBerofl@0 ml; 6.54 g) or

- tal t he djspl t of b
DSt LD et 20RG 4P BEf e AP RIS B sequence i1
whi ch Fige 8tshows thatdBidestimeL1d@ef BciBAiodoRss RALir&PYEnS the 3 1

great inpact on the final anpunt of nass
dpaskedrbed dipgsipe topremone somptahleamstuntsy of-dry enatier astieisxaller, 100

j [ [ ; val during i he
P ARSrof 1 6 81" Theitos oM SRR hert Wy B dchFron 2pg and 400
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anount . olfﬁng%/l renpved (expressed as a 8erce(r)1ta e of the

i 0PN oHBe Tange Qf drqubation fups, &% de A0kt the input DM was
PSRRI ferd i 09ERhR! Pkt & h i
SATLRAT fun it 10Raa0 BB JodoRA, B0 M e o of
bdsty vweelter 14610 ig@in cret®SELCby Tthe <708 tetimhollag the plrcaitaged of the DM

fromthe.pre-treatnment, of. 250 g .of dry Salix chips,

wgaded, with, awﬁ%h{{ﬁ@ %)gf‘tgsﬁ%g@n%ﬁh%{% i Fign 94 g dh Fesults for
20 788640t hBaneh disesie telid vl B Figl98. Mrhe Gvetded DM removed in 22
extractions with 70% ethanol in the 40 1 batch digestor (Fig. 9B) was 25 % + 3 in a

running time varying between 200 and 400 minutes at an initial liquid loading ratio
(iLLR; 1 solvent per kg iDM).

Fig. 10 presents the ratio of DM removed when untreated Salix dry chips and
Salix dry chips pre-treated with 70% ethanol were treated with hot water (170°C to
195°C) in the 100 ml and 3 1 digestors. As seen earlier with the 70% ethanol
treatment, the ratio of DM remove removed was lower when using the 3 1 packed-bed
as compared with the smaller 100 ml digestor. Fig. 10 also shows that an increased

incubation time of the untreated chips in the hot water did not result in an increase of
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earlier with the 70% ethariol treatnent, the rati
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1 -bed as compared with. the smaller 100, M . . .
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| Hedihadepontibh rad QfrylnB eand WEERERS of *ﬂheO?rebii)ith!%eliéiﬁﬁ. This weight
water did not result in an increase ofDMrenoved as it
dngaspEngng rife EERin ceppgenteptionnwie Fhewn afeo contel e wwith nmeasurement

Fig,.: : | . 10 [ ors when the ho er.

o aipl by Sgb dpliiohy PhbluafbLfiRRL Dl R SHpl JeciPlgef 1Ehin and

Ttérprtatonl ofwhe peemfion nate iwith hefe@ndPas l@?ﬁrdpﬁate pre-run peptide

di.gestor, _an additional 10% of DM renoval was )

ey’ Thesduesseed, xian copeenBptem ds dhe (hweyolyrgte was directly
3 a

T e RANE? Rt LML B S0aRa nt B Bilon of the

tpvdp sl assesssd aedesadbalkgplidrifacthc antrodtedSmedchpd. er

sequential treatnment of 6.54 g, 250 g or 35 kg of

Salix chips with 70% et hanol at 1750C to 1950C for 60

t]géﬂ' 5eé'8v6%23 es followed by water treatnment at 1700C to
1950C for 30 to 375 mnutes. The conposition of the

conparait #ll scaleg (108wl 3alpaskedeed; aad A0k bajeh)otthe kaeuential 70%
ethanol and hot water treatment resulted in the removal of over 30% of the total lignin

content of the untreated chips (Table 3 below). The majority of the lignin (28 to 32%)

was solubilized during the primary treatment with 70% ethanol solvent and an
additional 3 to 8 % of the initial lignin was removed in the subsequent water
treatment.

As shown in Fig. 11, the ratio of lignin to DM removed by the 70% ethanol
treatment reached 35% in the first hour of treatment at a temperature of 170°C to
190°C using the 100 ml and the 3 1 packed-bed digestors. The lignin composition of
the DM removed in the 3 | packed-bed digestor during the second hour of treatment

increased by 5% and reached 50% after 4 hours. After 8 hours, the lignin content of
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anal ysis of untreated Salix varieties described in
Table 1. The concentration of lignin in the

whyarotpsat e sanpl e was determ ned after aqueoRGI/AEZ20®7/000106

10

15

20

25

30

precipitation of the lignin, separation and drying and

WO RehRked tﬂ@e;ﬁé@ ohR ﬁ}aﬁﬁ)thérgm%‘ to TeHch 60% Q?Ig 11 also shows

measurement of |1gnin concentration was shown
cthat, én gheed batchrdzgssion thntatiomfdi g toDM remomdmausd between 30

I 287 BT R Gt sy SR SR PSP, sibfy deBRR ( e 12

aiisRfes Meepidbrtiod bPBB ttbEP lighidnebakehs in The ubirstf&b ehipH that was
xylan concentration in the hydrol ysate was directly

nEsagvATed b fherfi%e ethanplysalvent A 3Fh af éha Bieredigestors. The higher
Sfe%ggeq'g %g hgigﬂ]e(S 5‘9%?1 t%R Minfies Hﬂﬁlggﬂégﬁnﬂ@& ]I‘jl]‘)l%;tglsg' Egst&'? reflects

descr é untreat
LitgrHighet eﬁte\(ﬁlﬂl\/b%makrdil ®bhved W(lth&ﬁlsrmges&)rl With kledl3 bhedcked-bed

d 40 1 t ch) thes entlal O/eth nol, and hot

wg $LO%, ﬁ%@%ﬁqovrﬂasw ‘?Vﬁ d vghin gﬂ% %%rme%% Ofts]fm?&la?nt- The
' 44%

L Afioh eSS EENLERL 1 40 Mot HIGERLE il apbet D) fnd
sof thei nitid dighin icogrenthel thei Silixy chiipe abmesponding Ho 7% 13 % of the
et haﬁr]g,D Iv%r%it and an additional 3 to 8 % of the
i e Wﬁﬁ was renoved in the subsequent water
tr eat Mg .13AhoWIONE rhtib 6F DMIdhd Kfien rré‘ﬁlb@ecpf)#ﬂog mdfert@eannent
DM renoved by the 70% et hanol treatnent reached 35%in
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Table 3 shows the composition of treated Salix wood chips after pre-treatment
with 70% ethanol at 175°C to 195°C (60 min in 100 ml digestor, 180 min in the 3 1
packed-bed digestor and 345 min in the 40 1 batch digestor) followed by water
treatment at 170°C to 190°C (30 min in the 100 ml digestor, 180 min in the 3 1
packed—bed digestor and 375 min in the 40 1 batch digestor), compared with untreated

Salix wood chips.
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corresponding to 6 to 13 %of the initially DM | oaded.

wo@7/11®28hows the ratio of DM and |ignin r enoRENE07/000106

10

15

hot water treatnment using the 100 mM and 3 lpacked- bed
di gesters, expressed as a pergghtage of the DM | oaded.
Wien the hot water was applied as a primary treatnent,

up to 3% obémgohe i nddnipasitiddldf selidl andifiquil v rec ed.as .
|| geers i rPIioREn-yastteam afierg bRt PretAfmang % o f | %fﬁ:g o hented ohioe)

of SemRsat mecRipscor r espond? AP B 10% of total [ignin
aval'iabl e)%Dwhen thErasetenat er was appl i ed Hytirolysate he
70% et handfPP'r eakthenet | Watemor EulPhanTol# of Ettagoli rWatéra| Pulp  Total

as recovered28$ i g9 | n5§t.éh:e t er sol vent (3% of
. o DEon . .

t at d8°f r orf’t he et¥fanol 3 36 72

- 1 9 a N ala a¥a J 1 X
i gni A-Spr eci'd o

chj
hy Lgy addftion B acifffc waler had"hn avér age98
| ar W&i%ght &F approxi mat®fy 2, 600 Dal ®bns &ld 46 67

|
\Tn)pﬂ&?d}i mat?dd t o He? snal48 pent!dferi @5t o dechrer i @9 43 149

pol yers wpph a gugi acybgyringyg unl,{,Q ration of 1:4 as

sh_‘—b_lwm y R3SPECRHOSCORYS _anaipz_gl ST VR _dlldlglbl S #SU 45 72
sheyesh t hay s4he Sglii x 1hgnin dpdervept litthe 4, 23 127

mogiyfshcat iigR oundep 4t he gpt i muaar e- t g eat ment,
conglidri ons 570% qplagnol 14 1950C for 60 mingres) oo 3 1y
T + ' ot

chi #&! af t ePMor e- t 26at nerf? wi t H6070% #0hanol _at 175C to

195@0N( 60283 in 200 nl ndi gestidd, 16 min id ther@ 1 59 90
paEluean bed! didgest #8 and @45 niBRA6Ii n tIP¥e 40 Indatchld 105 105
di geletor) 10812l owel.0by wader tr@atnmen® at 170C t o nd900 0
(3®thern i n30Phe 100-0 dingest or0.4180 2%i n i n %the 3 ndl 35 91

packed- bed digestor and 375 mn in the 40 lbatch
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pr et r eBraveeatmenb off Safix otips tyidRisdovost effenetitldse in the pulp as shown

R BE 58Sty o] Bieot R 387 5 b tyCindoe afieah AR aci3n ol ach of

the digestor scales tested (100 ml, 3 1 or 40 1 digestors, Table 3). As shown in Fig. 15

and Table 4, complete conversion of the recovered cellulose into glucose was
achieved after a standard five hours treatment with cellulase (Trichoderma reesei
(Celluclast, Novozyme, Denmark)) at 80 pfu per gram of glucan (theoretical) and
0.05% beta glucosidase (Aspergillus niger (Novozyme 188)) as recommended by the
enzyme manufacturer. Also, this result indicated that the residual lignin and xylose in
the pulp, at cellulose loading ratio of 1%, did not interfere with the enzyme activity
(Tables 3 and 4). This provided a glucose substrate at a concentration of 10 to 12 g

per liter for fermentation to ethanol.
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pre-treated Salix chips at_ constant
'70% ethanol pre-treated chips were also treated with hot water. This improvement of

cellulose digestion at higher loading ratio probably reflected the lower content of
lignin and xylose observed in the pulp provided after hot water treatment.

The digestibility of the cellulose yielded by the 70% ethanol and hot water
treatment was further improved by providing agitation using rollers instead of using a
flask shaker during the enzymatic reaction (Table 4).

Glucose was fermented to ethanol using 64 ml hydrolysate and 4.5 ml Still
Spirits Temperature Tolerant Turbo Yeast (Brewcraft USA, Portland, OR) in 6.4 ml
10x YP medium (YP medium: 100 g/l yeast extract and 200 g/l peptone). The
reaction was allowed to proceed at 40°C with agitation at 200 rpm until the growth
curve of the yeast had reached a plateau, determined by measuring the ODgyo of
hourly samples. The amount of ethanol and remaining glucose in the medium was
determined by HPLC. The yield of ethanol from the digested Salix cellulose using
Saccharomyces cerevisiae was 0.32 g of ethanol per g of glucose representing 62% of

the theoretical yield of 0.51 g of ethanol per g of glucose.
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gr owt
degradation of the xylose yielded through efficient hydrolysis of hemicellulose sugar.

As a result, the cellulose pulp that was produced after the 70% ethariol pre-treatment
and longer hot water treatment contained greatly reduced levels of xylose (Table 3,
<0.1% of DM loaded). Another indication of efficient hemicellulose hydrolysis
during the hot water treatment was the formation of acetic acid as a consequence of
the deacetylation of the acetylated moiety of hemicellulose (Fig. 15). Fig. 15 also
shows that the amount of glucose was maintained at a low level during all times,
indicating that the hot water treatment did not result in cellulose hydrolysis.

The importance on xylose recovery of applying the hot water treatment after
the 70% ethanol pre-treatment was further demonstrated in the 40 1 batch scale
digestor. No xylose was detected in the cellulose pulp produced after the 70% ethanol
and hot water treatment whereas xylose levels up to 7% of DM loaded (70% of total
xylose) was measured in the cellulose pulp produced by the 70% ethanol treatment.

Example 2

Biorefining of Wheat Straw
Table 5 shows the mass composition of untreated wheat straw and the

composition of the hydrolysates and pulp produced during ethanol-water pre-
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Example 3

Micropropagation of Salix spp.
The technique of micropropagation was used to rapidly develop large numbers
of clonal Salix spp. plantlets at low cost. Planting stakes of S. viminalis and S.
schwerinii ‘Kinuyanagi’ were produced via micropropagation as follows.
To establish shoot cultures ir vitro, stems from one-year-old Salix species
grown in the field were collected in winter and cut into 25 to 35 cm long cuttings.
The cuttings were washed in water, sterilized in 15% commercial bleach for 15 min

and rinsed three times in water. The cuttings were then placed in a beaker containing
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80 fpu per L‘ira , thce cellul ose 1n"the wheat pu was
catgst asdyc W&I&W%SOMOWWdWM melidayte infreaseatbe immmber of
Ltated ing rallers. .Exanple.3 M cropropagati Q
g?ﬁ@e ttss pp ﬁlfh gr(fcg%sn L& ofe%g?tgq oprop a@ﬁf i s Olﬂgrg&ts were
tteansplah@dll ynt6 @oRingAnixah as niweper s of clonal Salix spp.
plantlets at |ow cost. Planting stakes of S. vimnalis
and S.Follomvieg transfer ig saily plpaglets Wwese kepy dgrosdh ¢hamber containing
' ' . TO_es i sh_shqot ... ...
o RLARARA: W e et sERBEN Bpumddfmidity conditions.
shtrex iveskgaftanrtransfet ko Hotehg niry slativtd €CIRUS b hgere cut into 3-
%d cut int? 25 to 35 cmlong cuttings. The cuttings . .
e SREBRES (Fontaiping 2 leatt &riqdeg)dhat wereggspdasigfeinapasiing mix in 25
o . 7 ‘i C
B R e I e DR  AE R efthE blzpd can e
Roasplanted iimtovihe kield atem, woekw aften dhitial Srahsfed froanmchlarg )media to

ABREL PE S anet SR sk TRRCROPSLR et Grodhea) diom another

plantlet in potting mix.

The composition of the M°Cown Woody Plant medium used in these studies
was as follows:

Micro elements

CuS04.5H0 0.2 mg/l

FeNaEDTA 36.70 mg/1
Hz;BOs 6.20 mg/1
MnSO4.H,O 22.30 mg/1
Na,Mo004.2H,0 0.25 mg/1
ZnS04.7TH,O 8.60 mg/l
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were renoved. The sterilized shoots were rinsed three
tines in sterile water in a sterile tissue culture

whowd/129Phe shoots were then cut into 0.5 to 1 POT/N&RIH7/000106

10

15

20

25

30

35

40

m crocuttings containing two nodes each. The

nj\,farcgyaglhgﬁtggs were pl aced into M5 (Murashi ge and
medi um ( Si gnma, MO, Murashi ge and

S g Physi ol . Pl ant 497 1962) or M Cown
?’fant medi um ( ;‘7 Egpdg/lp arl em Net herl ands;

L O4nd M:Cown, Pro | ant Prop. Soc.

3 4-427, 1981) sup wth 0.1 tol.Ong/1l BA
( | adeni ne) and 018 g/ 1 activated charcoal,

a Rsubated in apléﬂ@o@jmﬂth roomat 24C with a

16- hour photoperi od. Four weeks later, a shoot (2-4 cm
| ¥itgnirgsnd several roots were produced from each
nGeyoinecut ting to form a.pdapyll et. The plantlets were
Cityodf@@difdl i Nt o m crocydd.0ogs/jand cul tured in McCown
Wadyinfd &0 nmedium to igep e the nunber of

[0]o¥ This proces e repeated every four
V\%?Im_lﬁﬁd[ﬂmﬂi}éctl ets were tS% o ant ed into potting mx in
2 s. Fol | owi ng ran er in soil, plantlets
were kept in growh chanber containing 100% huni dity
for on®hyeepbeficd 6f MRIrfHiRXaHATGok ndidimiBlsed Wittt ¥udies was
condltl ons. Four weeks after transfer into potting
n%%(o lgWaint 1 ets of 10-15 cm high were cut into 3- 5 cm

ai ni ng 2 nodes) that were
&h&nﬁngpottl ngi‘6%6ﬁ§g§41 25 m cells to further

easekélt hg nunber o g}]tl ets. Alternatively, the
wg% betran%‘ggﬁfgd into the field seven
ein|t|al fromculture media to
ylfatgr  af t er 3Yhmed weeks when the plantl et
mﬁEPFm%ﬂf@teed from ano®Ref m@lantl et in potting mix. The
cBotpssgim pbospbatet he McCHwmgbody Pl ant nedi um used in
t Fgsmisstlfatees was as 2hBlgys: M cro el ements
eSe¥ibiiAdrdie 2 ng/ 1 Fedba&bibA 36. 70 ng/ 1 H3BAS 6. 20
Waﬁgm%ﬁg@ 22.30 pm4 }né)QaZI\/bO4 2H20 0. 25 ny/ 1

Potassium iodine 0.83 mg/1
Sodium molybdate 0.25 mg/1
Zinc sulfate ' 8.6 mg/l
NaEDTA.2H,0 37.2 mg/l
i-Inositol 100 mg/1
Niacin 0.5 mg/l
Pyridoxine.HCl 0.5mg/1
Thiamine. HCI 0.1 mg/1
IAA 1 mg/l
Kinetin 0.04 mg/1
Glycine 2.0 mg/l
Edamine 1.0 g/1
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ZnSH H20 8. 60 ng/ 1Macro el enents CaCl 2 72.50 ng/ 1
Ca(NOa) 2 386.80 ng/1 KH2PO4 170.00 ng/ 1l ; K2So4 990. 00

worguor/139s04 180. 54 ng/ 1 NHANG3 400. 00 ng/ 1 Vi t BO/NE2007/000106
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A ycine 2.00 ng/1 nyo-lnositol 100.00 ng/1 Nicotinic

acid 0.50 ng/1 Pyridoxine i?ﬁﬁ’ g mg/ 1 Thi am ne HC
1.00 ng/1 The conposition o0 rashi ge and Skoog

medi um used in these st uﬂz&lwsg@l«hm dlol | ows: Anmoni um
nitrat .1, /1 Bori aC| tggll Cal cium

630
chl or i Hg Pf%?ei aed te ﬁiF@FTF‘H’g 895 sRfCies g eaQvihngegimes
S bhhfa%leefo?’ e BtlinGHP T hike ?hﬁﬂoaéaﬁzhgle%)sﬁn'mé& 7RQIAS S SHIR viminalis

phosphate 170 ng/1 Ferrous ‘sul fate 27.8 ng/1 Potassium
nla male Cllqn©991ndg$a11xlvmhg@nese Keuinfeaeg’® A2n 3nfegile male clone) were

PR T bR Gong TRORGTRY N P A S e off e bass that
commercial nurseries considered them to be high yielding and resistant to insect pests
such as sawfly. The trials were established using 20 to 33 ¢cm dormant stem cuttings
planted at a stocking of ten to twelve thousand stem per hectare. Parameters that were
evaluated for the optimum biomass production included planting density, stake length,
soil preparation methods, fertilization regime, insect and weed management, and
harvesting method.

The trial consisted of 32 plots (16 per species), testing site preparation of
ripping compared with no ripping and cutting length. Cutting lengths of 20, 25 and
33 cm were tested. Weed control using Gardopn'm® (Orion Crop Protection Ltd,
Auckland, New Zealand) was applied to all plots. No fertilizer was applied due to the
need to benchmark soil and foliage analysis in the first year. The designated
measurement plot of forty trees was assessed in May 2006. Height of the dominant
shoot, number of leaders greater than 50 cm from each cutting and the number of live
cuttings converted to a stocking (stems/ha) was recorded (Table 6).

As seen in Table 6, there were no significant differences in height and number
of leader stems between Salix viminalis and Salix schwerinii ‘Kinuyanagi’ one year
after planting. Both species were well established on this specific site (light pumice
based Taupo soil) independent of the site preparation method. It should be noted that
ripping would be required if cuttings were planted mechanically. There was an
increase in productivity with 25 cm cutting as compared with the 20 cm cutting but
further increases in cutting length (from 25 0 33) had no impact on the stocking rates

and mean height of the dominant shoot.
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i-lnositol 100 ng/1 Niacin 0.5 ng/1 Pyridoxine.HCO 0.5
mg/ 1 Thiamne.HCO 0.1 ng/1 IAA |l ng/1l Kinetki 0.04

worguor/1gd99ci ne 2. 0 ng/ 1 Edami ne |. O g/ 1Exanpl e BCBak2007/000106

spp field trial Site trials were perforned to.
determ ne the SPAM@‘G %%Elsmé’d%ﬁre&{ T _
sui tab for sites within the lLa almoctc nents in
New ZepVamety Sa| i MeanrHaigliti 5| (MeamlNembéorje) SestkBal | x
schwerfynii 'Kinpyanagin) (an |i nfeflidaiersmalle csRag)hayer €
sel ect edpagesPr €f erred speci es. These culfjivars were
| ni tiaf },3aLECE €0 OR Jihe basl's t@@2 COTET T %L99§

nur_ser lgl'?ﬂé'(ﬂlg’bl tered ngem to ,E aAég jf/: et 1Y) 9:}10%

resi st to—thASeet—pests—ste Saw-y-—Fhetats

wer e efs‘é"“'prﬂﬂ‘.’e Wi ng 20 to33-cm-dornan
cut t i ngSBRFAnt ed at 138t ockiln of#8h to tlwel vé8.909
t housanHneprash per hedtldre. Barame?8ts thdt wet®006
eval uat €dttinglen opti num bi omass production included
pl antijnzp densitl, stake length, spbl preparatiggse
met hodss fertil] zati pnsregi % I nggst and weeg g7q

T

managerrg}t and narve%l ng nou3 lere tTiat @Cg)ﬁl St !
of 32 prots— (16 per species), testing sitepr cpcu at+on

of ripping conpared with no ripping and cutting

I engt hTheCbiadic RM@oleduabitg @biskPe caBtentNdf 3 Q%V\ﬁHGSahx schwerinii
ted. Weed control using Gardoprim (Orion

SPBtTRH a0 Sl AR PR R B P s %qawlpweteocollected
ai}ok bRJn?:%ls sid %Iﬂ k #?[ﬁ%eﬁcﬁg o i %élﬂ?lvgleﬁgs recorded

soi | analysis In

' y(éqﬂots"phespdelss)gnat ed nmeasurenent plot of forty trees

was assessed in My f the dom nant
shoot, nunber of Ieaé"gé?q’i &:ﬁ‘a&@ﬁ {?\H%%NSISO cm from each
cutfingg st NE [NUTHRS st imgs co 53 a
st ockLnaﬁ&gﬁ ens/iha) vvé)sdoéeeggygk%liﬂrabl e Mﬁsﬁﬁgeﬁ’ in
Tam&scﬂquhme were no si @g90fi cant di fferencesﬁém

laoadar ct anme hath aen Q:\l X
COoTTyY T 7\

hel U auu _IIUIILI\_ T L>4
vim ‘ﬁd’l‘ I schvve\rgi fii K nuyanagi ' onse'S %/ear

While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various
changes may be made and equivalents may be substituted without departing from the
true spirit and scope of the invention. In addition, many modifications may be made
to adapt a particular situation, material, composition of matter, method, method step
or steps, for use in practicing the present invention. All such modifications are
intended to be within the scope of the claims appended hereto.

All of the publications, patent applications and patents cited in this application
are herein incorporated by reference in their entirety to the same extent as if each
individual publication, patent application or patent was specifically and individually

indicated to be incorporated by reference in its entirety.

29



10

15

20

25

30

after planting. Both species were well established on
this specific site (light pum ce based Taupo soil)

w0 pabepezaredent of the site preparation nethod. |PCENARI0T000106

be noted that ripping would be required if cuttings
were planted nechanically.cql, was an increase in
productivity with 25 cmcatting as conpared with the

Weolagm cutting but further increases in cutting | ength

L.

2

(from25 to. 33) had no inmpact on the stocking rates

and ‘@Bﬁ’ﬁeﬁeﬁobﬁ{e W%?Pgoggﬁ?ﬁ%ﬁ?n@h%‘??%'e 6: Site

tri gh) neasufeiRh @ntiffio@NBow & thd Har a8AteriNOREh a co-current or
density, noisture content of one year old Salix )

schwer i nigounigr-guyeniagntinuavd foay % an iagienaisjethapel solution at a first
cal cul at b 7 a ecscol |l ected for .

bi omass Zeg%‘{a% ée it o%ur?’o%& ﬁ%sn S %ogrgpq e%Pg \%i]gll’%e sufficient to
medi um sryducal plivgspul edteled 4nd P hikSrd €smPREEE @Fanol, ethanol-
Table 7: Bi@g)ma S Analysis Whjl e the present invention

has been Sa8%ds figaig aidi WatelrehapBehe pla ubp agtqriad is depleted of

enbod! TeNichid AfY 1880 hith colBittAliNtruRRbs ood by ! hose

skilled imt art that various changes may be nmde
and (bpui sapaatigg theyplast pulpsmbteritletromi theomixtoepard racgvering the

fromthe true spirit. and. scope of the invention. In

addi ti on,eﬁfﬂgﬂbs ]E}Fithﬁ{i’é’t Relif SRy made to adapt a

par e ul aonctindtth® plaktepelp! Materb@RAS | Whieh Rfa RESET elevated
met hod, method Step or steps, for use in practicing .

t he pr esdempéraieantandnpregdure sfocta pedod | efatimensufficient to remov
intended,;to.b ithin the sco f .the clains appended
hereto. AT %e?‘“mr?s bt f}%tﬁ%ﬁﬁa,ﬂ%‘&? é‘}?tter@g’pl i cations

and (gpt entparstinge thel Watth S plaat pdp radteridledr@i fcovering water-

i ncorporated by reference in their entirety to the
sane ext salublgssugarsezgetic peidiandien firfyseldrors she water; gad ent

appl-icat i on.. . i ficald d - )
hei o afy T BF P BaBE B bRl 88 ) mpapegy gotuton
in its erbmpeibingCteliubse,V\B-ghhidisitasel and\ tonparatse-fodéraht geast, (ii)
Cont act| 55 EBOMTPRIGhnf (60 BSHok Repiod el aeepregg n the pla
with a cg)-ug}%té{%ﬁ igq.?,&[% &&5%1%53%!“ continuous flow

e sol uti

of an aq us et hano ution at a first el evated
tenperature and pressure for a period of tine

R L T AL

ethambler, wherein the plant pulp material is depleted of

3.

The method of any one of claims 1 and 2, wherein the plant material is a

lignocellulosic material selected from the group consisting of: woody or herbaceous

materials, agricultural or forestry residues, and dedicated energy crops.

4,

The method of claim 3, wherein the plant material is selected from the group

consisting of: Salix, Poplar, Eucalyptus, switch grass, miscanthus, sugar cane bagasse,

soybean stover, corn stover, rice straw, barley straw, wheat straw, corn fiber, wood fiber,

and combinations thereof.

30



10

15

20

25

30

l'ignin and has a high concentration of cellul ose; (b)
separating the plant pulp material fromthe m xture
wapw7neweveri ng the ethanol -sol ubl e 1ignin froPeT/NE2007/000106
m xture; (c) contacting the plant pulp material wth
5. Yl efhe dhetfod 66 f1ofit 6 Bhfith | STRBEALHEE A8 ALEAHUE Srom a plant
for a period of tine sufficient to re e
selnetnd from the gsmpsogsisting ofo Sulbhspepicamd phbgs. materi al ; (d)
separating the water fromthe plant pulp material and
recovering watersol ubl e sugars, acetic acid and/or
6. f ur fie ahethb@Bft 44 WAS OF claRE 1-8) wheRiRGhd RYuddd ethanol solution
resulting plant pulp material wth: (1) an aqueous
coprisas 9P toth¥e ediangl- cel | ul ase, b- gl ucosi dase and
tenperature-tol erant yeast, (ii) yeast growth nedia,
and (iii) buffer, whereby cellul ose present in the
7. pl amthe padtioddl @1yl éile dfcldipndrob, wdesleih Qtepl (HF RSBrried oul REbstantially
) thod of claiml1, further conprising fermenting the
ngﬁ@@ﬁ?@epﬁmbﬁééﬁgéb@¥hanol. 3. The nethod of any one
of clains 1 and 2, wherein the plant material is a
I ignocel lulosic material selected fromthe group
8. consTlst mathodfof angany afcliiesbiatewhaeimptherfirs] devated temperature is
agri ral..of . forestry residues, and dedi cated
be A 8?3?645:%%521%40 The method of claim3, wherein the
plant material is selected fromthe group consisting
of : Salix, Poplar, Eucalyptus, switch grass,
9. mi sdaatmetbod oficgmy ommof viayms sk, shytedmnhes fiosteglevatal pressure is
be‘%} oﬁ’?§-’3 h.ce straw, barley straw, wheat straw, corn
[ o]=] 8t%fi ber, and conbi nations thereof.5. The
met hod of any one of clains 1-3, wherein the plant

material is froma plant selected fromthe group ]
10¢ ondihg matlpdodt: angnieyof sfraus d <9, avherein she secend laeated tempgrature is

e ainms 1-5, wherein the aqueous et hanol
betgtgfeﬁ??%n cgonj;azroﬁges 50% to 80% et hanol. 7. The nethod

of any one of clains 1-6, wherein step (a) is carried

out _substantially in the absence of an acid catalyst. .
g, Fhe Mdiont 8 apRy obpleimes 10l0qwhgrein the sgeendplevatad pressure is
betiwebs 2.0k guat ed tenperature is between 1700C and 21Q0C.

9. The nethod of any one of clains 1-8, wherein the

first elevated pressure is

12. Anintegrated process for the treatment of plant material, comprising:

(a) contacting the plant material with an aqueous ethanol solution at a first
elevated temperature and pressure for a period of time sufficient to
produce plant pulp material and a mixture comprising ethanol, ethanol-
soluble lignin and water, wherein the plant pulp material is depleted of
lignin and has a high concentration of cellulose;

(b)  separating the plant pulp material from the mixture and recovering the
ethanol-soluble lignin from the mixture;

(c)  contacting the plant pulp material with water at a second elevated
temperature and pressure for a period of time sufficient to remove
hemicellulose sugars from the plant pulp material; and

(d)  separating the water from the plant pulp material and recovering water

soluble sugar, acetic acid and/or furfural from the water.
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bet ween 19-30 barg. 10. The nethod of any one of
clains 1-9, wherein the second el evated tenperature is
whedreza2.600C and 22C0C 11. The nmet hod of anyPCHEZ2007/000106
clainms 1-10, wherein the second el evated pressure is
between 12-25 barg. 12. An integrated process for the
treatnment of plant material, conprising: (a)
13¢ ontThettnethod lo chiimnt?, whesin de planthmaterialgisenligncethalosit material

tdon.at a first.elevated te rature and pressure

sopQled 490 R s (<iistogil Soonl T Gepiastiieanpieln pgiturl or
foreptrerdsiiue§Red dedibabd eferePBM0Ps.S1 Ng et hanol ,

et hanol soluble lignin and water, wherein the plant

pulp material is depleted of lignin and has a high

conc [ 11( epar.at i h |l ant.
LA A R R G of 1R 12 L3R AGR B ol sl is setecte
froat teengrburs obnsidtiag |df g ¥alix f Paplar Bacdlipths)s@itch Grass, miscanthus, sugar

contacting the plant pulp material wth water at a
CaRe BRFIS I SBV PR FIOVERRITRIAVET A s ShAriey fspvwa vieet sigaw, com
fibe, idoRFiteH chi1 €bBinalifhd GERYE hem cel | ul ose sugars from

the plant 'pulp material; and (d) separating the water

fromthe plant pulp material and recovering water

sol ybl e r, acetic.acid and/or. fyurfuragl fromthe .
15uar e FathaR b ordf s STis 2 anl, et e et niinel is from a
plaibeédtad frbm tBe b ﬁ@@ﬁéi#tﬁig‘b‘-ﬂ SalfRpeLLSAndSEh&Et €d from

t he group consisting of: woody of herbaceous
materials, agricultural or forestry residues, and

dedi¢at crops. .14. net hod of any one, of .
16¢°C 1R8 HEnER Sy e"?e“ilﬁntsh@g%a CIRig, 1BF j4gPequs Sthanol solution
compH R0k for §0% tihenglr oup consi sting of: Salix, Poplar,

Eucal yptus, switch grass, m scanthus, sugar cane
bagasse, soybean stover, corn stover, rice straw,

bar | ' fihe and .
17 on a8l of PG, of Rt LRI ylBSh sy RPelsh e foriifature i
betwtean 1E0°Careit 031G andvierfesieléhaeedyiragtretabetivedh 10-S0fagun a

pl ant selected fromthe group consisting of: Salix

speci es and wheat. 16. The nethod of any one of clains

12- [ 2t h .0 I SES,

18 ooty Soooa Lar S S RaRis AT, Skl el B isBiricd ou
substaatiaiy tpthe 8bsenbeofrimacidentilystst el evat ed tenperature

i's

19.  The method of any one of claims 12-18, wherein the second elevated temperature

is between 160°C and 220°C, and the second elevated pressure is between 12-25 barg,.

20.  The method of any one of claims 12-19, further comprising contacting plant pulp
material from step (d) with (i) an aqueous solution comprising cellulase, p-
glucosidase and temperature-tolerant yeast, (ii) yeast growth media, and (iii)
buffer for a period time sufficient to hydrolyze cellulose present in the plant pulp

material to glucose.

21.  The method of any one of claims 12-20, further comprising fermenting the

glucose to produce ethanol.
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bet ween 1700C and 21Q0C and the first el evated
pressure i s between 19-30 barg. 18. The nethod of any
woeer@7atoel ai s 12-17, wherein step (a) is carrPENaz07/000106
substantially in the absence of an acid catalyst. 19.
The ABje | B L3 j f o
2 e oreielS 9] B YBRE pRnt O Wi pedl, IR LedyHfiisine:
22009, arvdltutieg s deastl cakestmbedfpr dustuplant seleetedefom the group

12-25 . 20.. Th t hod of .of cl aj 12-19, .
cop i PR Sl sPrr e 41 g PR U S BF Rl PBein the
cutgeoblingl ldstdnb r@Be2que0US sol Ut i on compr i si ng
e

cel lulase, b- glucosidase and tenperature-tolerant ]
yeadh) (icultivating theyeustimgime ¢pmposifion €or 4 perbed pBtimeaufficient to

' ' fijci dr.ol |1 ul ,
folf"d WdndBlaht WhEIEN ind SoRPELBN “Gorfitiesd RERURIGHRD potivated

chartodiniyid @ &eadf o1 bditmlstiedfed frath tthe frowp MBRiSINR0of: Murashige and
fernmenting the glucose to produce ethanol.22. A nethod

Skpeg medpnepd Megopraleadyorlast medipm. speci es, the net hod
conprising: (a) culturing at |east one shoot of a
first plant selected fromthe group consisting of
23Sal ithe sypeioodesf cdaich 2 findtek cogpdsing;east one cutting from
t he shoot, wherein the cutting contains at |east one ]
nod@ ( b)PPlaRg \?ﬁqaﬁtgort%%l SR RS ngEbFPﬁo?F@ndoal% pwherein

thesub§dquest Rittidel dBRtAM dt1&kE8 e dddef Hgm @ second pl ant,
wherein the conposition conprises benzyl adeni ne,
act (bat egultiring thel subsequent dustirgg inoMeCowtli Wiondye Péant @tbdium for a

f.r t he u onsi st i of : r.ashi ge and Skoog
peri o P Rk RO ay P el elliEom %23 The met hod
of claim 22, further conprising; (a) obtaining at

| east one subsequent cuttiqg fromthe second plant,
24nhedbp methed of pnyoga o elaims 27 med 2brwhereis the plhetds selested from the

e R S0y P AL AR P R 2 "

sufficient to forma subsequent plantlet. 24. The
nmet hod of any one of clains 22 and 23, wherein the
plant is selected fromthe group consisting of: S.
vimnalis and S. schwerinii 'Kinuyanagi'
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