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AN APPARATUSAND A METHCOD FOR CONTI NUOUS THERNMVAL
HYDRCLYSI S OF Bl OLOGd CAL MATERI AL FI ELD OF THE
wo DBNTISEN The present invention relates to a PeL/RPIHOV53802
and an apparatus for perform ng continuous thernal
hydrol ysi s of biol ogical materijal. BACKGROUND OF THE
I NVENTION I n nost parts of the world waste water from
house hol ds, industrial processes and agriculture is
AN thARgTrIsIANDtA SEETRD P IFOR CONTENIUEH) D THERMA IS HYSORTLYSIS OF
ks and rivers. This is done in order to prevent
BIOéQﬁIgAh M bBERMlcal contents to contaninate said
streans, creeks and rivers. Such treatnment can be
bi ol 0 |cal rading wherein biological particles are
FIElde §Fafief . IN l\@\h&\l@l‘\' certain biological particles are
harder to degrade than others, and thus it is known to

speed up the degradi ng process by treating the
Thebqrgp@@q kE‘é(Ie”ﬁ'ﬁf‘é'lelaé?S 59 h@sthed obeoda eaParaeferaperforming

conﬁﬁﬂ@ué %@%élhﬁ/ gjfs%g%oﬁloldaﬁ‘%él%gk A—?dg.d mai ntaining it

a tenperat ut 14 egrees Celsius for
a predeterm ned period of tinme such as for at | east

I cess i s known as thernual
BACﬂi’#r NthéF‘T dESPIQ\‘)EﬂT 9

ol ysis and causes |olog|cal mat eri al which
exhibits reliance to biol ogical degrading to be turned

In rﬁé‘%op{ﬁés%\& g V\Y&H&WaFy per#rj %oﬁ?%@é@ﬁ%fﬁs SialsehiBepfRlesses

i's is nornal ornmed In a batch process i1 n
andvagrtﬂultbmecﬁbmlmlcallwu@@te@ psigbjte cneigsion inbestrems, creeks and

el g T o AR e BB AFR p contominat
said $teeamls, byadkal arsd sivers.as a conti nuous process. An

exanpl e of such a continuous process is disclosed in
EP 1 198 424 which discloses a nethod in which sludge

Sucwittrdéatmethtyl_chaﬁﬂbdia(ﬂﬁolog_rtttaEdéglfafdir_ig H\g?érém ?]ietbg'idfﬁlq;atifcles are

reac e sludge is maintained int reactor for a

degb%fchtd"%'f’e‘serwrﬁ?'ﬁuﬁ'@@%qa' RardnpeaLe (oe ‘%ii‘tol%@grf‘é}’@ than

oth@l%g%ﬁﬁsth%h@ls%@{ﬁrq t@tspéearﬁﬁ% ge ad%‘ig?lgrocess by treating the
Bar . Subsequently, the treated biological material is

biolegisheanasgriaayn Heating thelggical material comprlsmg the biological
material and maintaining it at a temperature of about 140-160 degrees Celsius

for a predetermined period of time such as for at least half an hour. Such a
process is known as thermal hydrolysis and causes biological material which
exhibits reliance to biological degrading to be turned into material which is easily

degradable.

Such thermal hydrolysis is normally performed in a batch process in which
batches of sludge is subjected to thermal hydrolysis and subsequently fed into a
digester. However, it is desirable to be able to perform the thermal hydrolysis in

as a continuous process.

An example of such a continuous process is disclosed in EP 1 198 424 which
discloses a method in which sludge with a dry solids content of 1-20% is fed into
a reactor. The sludge is maintained in the reactor for a period of 5-60 minutes at

a temperature of 130-180 degrees Celsius and at a pressure of 3-10 Bar.
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exchanger so as to ensure that the tenperature of the
sludge is sufficiently lowto avoid bacteria in the
waelc@estwr3t o be destroyed. | n order to recovePCEREIGY)53802
the heat exchanger is often arranged to preheat the
sludge prior to being fed intopthe reactor. Further
background art nmay be found in WO 96/09882, WO
2006/ 027062, WD 92/ 06925 and WD 2004/ 096866. It is an
Sub@éﬂ@@rﬁtly@fth@rtréaﬂef@ldblﬁw@calfméfe&la‘l’@&@@lﬁadlWﬁﬂialn@rbﬂa)heat
provide a system for continuous thermal hydroly
eXC'&%@ﬂre%P 89 t? €EgHre FRafgEelienmPeagyie %fo'medgue%t'%ﬁ%'ff@enﬂy low

to a@EJDcl Sé‘cgtterl%q(?{"th@ﬁ@@&'emé Be ddsthSya 1pbet t8freé‘<5\/er energy, the

odi ment of the present invention to provid
heat gxcleandasris oftan awenged hemrahealydreosiydos nrrorvvhu ttmn@zﬁed into
xchanger is needed to cool down the sludge.
theE§$&8€er is an object of an enbodi nent of the
present |nvent|on to prOV|de a systemin which cooling

f Q apee I
Furtg‘n b %%{(Q'LOSJ Ceéparfa% esOL%ﬁ' ﬁhe ﬁ%@%}rﬁé{@ %§%§/0t2g862’ wo
92/06!9)25 medovor 2004/0deBeEDre, it is an object of yet
anot her enbodi rent of the present invention to provide
a system adapted to prevent depositing of particles in

It issarppbjedtiofieh smbbdanest efithes pmﬁemtlimm&;ommpmleel at system
a reactor for her y . DESCRI PTI ON OF THE
For SRV BNEATE By e VSS RSPLEd kS trrE aldas Hh oK solids
Conf@{tq;feﬁ lb8stp @ hod for perform ng continuous thernal
hydr ol ysis of sludge conprising organic material in a

tube reactor by continuously: - feeding the organic

Furtfet-#fora |t'|§"i’:19 éhjteest 89 camsdiffert N theasrksént HQeAtioh o
i ncrease the préssure and allow a t enper at ure above

provige igyiteas aredositinslonstthetmab By dralgsisfn widclongaiias exchanger

is negae(gd 't@lcool é&ﬁg tﬂgssﬁ(g;a%pnl nto the reactor in a steam

z0ne, soO a crease the tenperature to a
tenperature above 100 degrees - maintaining the

MorBbyer it fs AR obi&t R bl mBnPEPARE BFUE I PETE AP brovide a

system in which cooling of the biological material causes no or little depositing of

particles on the inner surfaces of the tube reactor.

Furthermore, it is an object of yet another embodiment of the present invention
to provide a system adapted to prevent depositing of particles in supply lines
such as steam supply lines, connected to a reactor for thermal hydrolysis.

DESCRIPTION OF THE INVENTION

In a FIRST aspect, the present invention relates to a method for performing
continuous thermal hydrolysis of sludge comprising organic material in a tube

reactor by continuously:

— feeding the organic material into a feeding zone of the reactor, so as to
increase the pressure and allow a temperature above 100 degrees Celsius
without boiling of the organic material;
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- feeding water into the reactor in a cooling zone so
as to decrease the tenperature to a tenperature bel ow
wdomdegrees, and - outputting the organi c matBCT/AP20091053802
an outputting zone. One advantage of the system
according to the present inven@ion is that no or
little depositing of substances such as vivianite
and/or struvite, occur. Such depositing normally occur
- feladmhd feabh plteghealeat®irahi Abtdasn ¢eeding zd@eN sb @sald increase the
extend causing the concentration of a given chem cal
teamRerghee §pa %@%ﬁ@%ﬁtﬁ?@é{@d&%@gfee@;sm ubility
decreasing with decreasi ng tenperature.

Supersaturation will normally result in depositing
- RfBiatning thﬁ@r@wcjawh@%@@t@ﬁé@r 3urredetesAtingd P@é'&’geOf time,
t he substance reach its new saturation level. In the

present i nvention, the sludge is cool ed down by
CRAE WAELTCIHEP ithe r%@t@r In é‘rﬁ?oﬂ'ﬁgszoﬂ%%ﬁ%lt%&eé%ﬁase the

t'?—%;?éﬂa@uré o §RBhRR-HMNE Helsh 40 Hé%rtelége ahgactor and

along its rnner surfaces. I n convehtional systens,
the bi ol ogi cal nmaterial is cooled by neans of a heat

- &ﬁ%@?ﬂ“ﬂgﬁ%h%k &hil %ﬁf@%‘]‘?ﬁj hcbd% 9& rﬁ’%@ one or nore
I nner Is rfaceg lf: tubeareac | e?eby t he sl udge
contacting said surface(s) is/are cool ed down. However

Onea§d\}5}ﬁaﬁggﬁrthéLé&fsﬂﬁﬁsac@f)redlﬁg%efﬁe Whent B@e iBH9€ that no or
col der

posi t in the area of or contacti ng Sal
little dapositingfefcrbstmndesdysbsas vivieniteaan il dressrevites giagur. Such

depBRbECTF RN, AT ARG RBER Lt TR B BN o

extersd téading thd cosE et on f daglveh&madcélrmamcte/to be
order to funct|%ﬂ Br operl Anoth advant aﬁ% of the
supgrsgsited geno ity ﬁ'&F %@%W %@qraésu?e gergture.

SupbP@atQFé’c'ud?QMlﬂhoﬁ%ﬁ{/ Irééulf f¢l dbasgt.haearﬁaﬁ{ow rMhB%hem.ca
hi gher, as the biol oa_gga material "is thinned at a

subgi@inge SUIFISRt EnpResa stilestanag readheits nbuesatyirgtien level.
hi gher | evel of dry solids content, the capacity of
the system of the present invention is |argerelative
In the praskit iDyendem, BnPdge g cacledadow blydngratindogooling water,

on350E LB 5 5o ORERl PBUSE) Bt BRI ey g o
aloranits livemeraslufantesy én arbnt/hatloma&a/rstemeymﬁ bmhogiayl Mpatdriatis
coolleélgay hdt enlp%ga%%ﬁé%@%dg%rg\glaltcﬁ3%%%%%9e&£§%8glr§own one or more
inner surfaces of the tube reactor, whereby the sludge contacting said surface(s)
is/are cooled down. However as the inner surfaces are cooled down, the sludge
positioned in the area of or contacting said colder inner surfaces will deposit the
particles on said surfaces as the biological material is cooled and passes the
abovementioned temperature. The consequence is that such systems must be

cleaned frequently in order to function properly.

Another advantage of the present invention is that the dry solids content of the
biological material fed into the system may be higher, as the biological material
is thinned at a point downstream sludge feeding inlet. Due to the higher level of

dry solids content, the capacity of the system of the present invention is large
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such as enzymatic hydrolysis of |ong chain carbon

nol ecul es. In the context of the present invention the
wo esoai 21370l ogi cal material ™ shall be under st OOPCEHEPENY053802

material of biological origin and which contain

organic material. Exanples aregqwaste fromindustria

processes, waste from processes in agriculture/farmng

(i ncludi ng manure and waste from sl aught er houses) and
relasivedgecrvimbPs@nid esmprie heafextnsh gavefioe rcoblingthe b|oIog|caI

househol ds, 1 ndustries and/or a rlculture/farn1ng The
matefighto aemperaryne suitahie f O%Wﬁﬂﬁﬁt@ paukIesgat sigesser.

as t o allow biological material to be fed into one

end at predeterm ned velocity and gradually be nove

Yet @pethis 3hantase of R PHeSeli 'Pée'ﬁ%@%t”%ﬁ’\h pﬁéh?h@%mﬂf’ess
tem %P&%rrétalr‘lﬁech%niq Péa%%ﬁlﬁr‘%s?urre al B8 taF&Férs?r%l:l %)%lE%‘IﬁFeeactions,

or a given |ng rate (mass per unit of :
such esearnziyoratid hyean:tySlsm@mng ohaia CtambcrkemolteubleSr eact or
than for a thinner reactor - provided that the |l ength
of the reactor remains the sane. Additionally, it wll
In the cappedcifathedoresant fryiensiogi thertefend” bialtogjcal matieniet’sshall be

unapfBPE A AmE Rt RE ARGy & Mn R WAl CR R e
maﬂeelaSt EMpleerareomﬁb fpent indosttel pirotdszeb) wlastd fraln processes in
flo in.a horizontal direction, and/o

ag”FHEHEe/ EnNgr ”@Hﬂ'”ﬁa‘?“la”Pﬁe\ﬂﬁpd’ﬁa%tﬁér?i“o‘?'6@9*&%”20%95) and

s|uc@t Sbtatled FroWs ticdt@ehe of vike REEGGHo @M o et £XAdRSPies
he entire tube reactor may extend in a horizontal

andd@"ré@:’tlﬂﬁwr@ffatrﬁén@ntl re tube reactor may extend in a
vertical direction. In one enbodinent, a vertical part
is provided upstream a horizontal art and the steam _ _
Theftobgiregctosnwilliis rpesheadgdimentsebe abad tsogfs thellow biological
I
ot 3 87 i B0 shP e B eLR P 0 BB
movezkohisite mmbmrednmﬂ ohde rpalmttamfng tree pscrctejssaérr]cpmrature and

causes the steam a t he. hi ol ogi ca
pregiiEalt WIEos apBEday TR RO0A ¢ eeSTd fpfeumsg BeRant of
timé)s tReQ¥tdiRrbr fine RABhGeNfa a Paitker tie fé%l%@@rntha‘h fdrad thinner
when the steam feeding zone is provided in

reaigr - RRVAdeCh AL therengtahtimeeAdke FTBPRi gl saae ehdditionally,
it wmgbfe '%Bgﬁec’i‘ tte%%%@?% Egl\zgrﬁ]?écﬂ@ce', BhiRikh¥8s [ @¥RTRer) & the

rosin
length of the reactor determlnes the retention time.

The tube reactor may comprise at least one horizontal part in which the
biological material flows in a horizontal direction, and/or at least one vertical
part in which the biological material flows in a vertical direction. As an example
the entire tube reactor may extend in a horizontal direction or the entire tube

reactor may extend in a vertical direction.

In one embodiment, a vertical part is provided upstream a horizontal part and
the steam feeding zone is provided in the lower part of the vertical part. Due to
the buoyancy of steam relative to the biological material, the provision of the
steam feeding zone in the lower part of the vertical part causes the steam and

the biological material to be mixed in a better way than when the steam feeding
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and a lower conprising the biological material. In the
context of the present invention the term "vertical
w@2000/12873 t he tube reactor shall desi ghate anyP@HEP2009/053802

the reactor which has a vertical geonetrical

conmponent. Accordingly, the vestical part will extend

in a direction transverse to the horizontal direction.

In one particul ar enbodi nent, namely when the verti cal
zon@as brovided inRgesHmel byrtVEhtireasdry is tH W@t the steam feeding

part" only has a_ vertijical geonetrical conponent and no

Zonﬁdﬁ PEQ)‘HF'%@ iRy 8omrizantal P gkgam jand thyeneiplogical material may

hav@@f@idgﬁ%ﬁli‘to dehe é(t%rlh't&ﬁhoﬁ% sSTBYNQG r(t‘b'n‘ﬁﬁ‘#slﬁb t @ steam,

angl e erent rom Ca egr ees relative to
andvaetaveratoroprisingdhiedriol ogicatphateriate 30 degrees rel atlve

to the vertical orientation, such as 45 degrees, such

as 60 degrees. In the context of the present invention
In thaeontexh ofHbiei preseat inyvantiondhetteemt Inseticalaparst of Hze tube

[Mofakts t j S . :
rea{BF SB8 B RNLTRnY i SR SnE SREHEr IS PaREr Gicphgeometrica
compinten¢ ahcquatinghy | theexéreiad! partawitl éxxehd dn at diadetiaT s@ankverse to

ﬁ?he vertical direction. In one particular enbodi ment,
the hoRPYHtaMLECHRR- horizontal part is arranged exactly

hori zont aI I y the “hori zontal part" only has a

hori zont trical conponent and noq%ertl cal

In ogeopriticn B TEBRBOME Naay GVt HEBRGALREE. Sidfsanged exactly

verti&liyZ eRé aberﬂ?ﬁa‘ pERY dify P8\ dedical ?é!?n'\%“ﬂlgbﬁ c‘i‘irﬁﬁ&ﬁ@ﬁtand no
from O and 90 degrees relative to fhe horizontal

hOFlé@ﬂ*@ﬁtg@lOmﬁt”CEk@@mpéQe@‘i dn3ghge greleedimeanis, the YthltCﬁbPart may
o fg@grdeegoz‘%t B IO R el B dPobaages alEles i versic
oriehtﬂi(m eE-xa]rﬁpkes arevm)sdegrazrastdedatamemrtﬁeeeelﬁtml popatammgssuch as
n?r oV t m, Xi ng of the steam and the bi ol ogi cal
r&? aPuc fqeequ Ps that the tenperature is

hormgenl sed. It will be appreci ated that such static

r dypam xers are hi vant.ageous en ,t
tn 8¢ cahFPRat s Tedet verBonion s TOEO s pa the tube
read¥BF SRYR esignaté lahyieappF €6 abgetok 'Wﬂlcﬁi heskr Iﬁ)wlﬁcbrﬁtal of
static or ynam Cc m Xers in a vertical part causes the

geom%Hﬁ@Ia%nPﬂ@e%ti dﬁ%gr%aalvmﬁh%r\fﬁéﬂlcaﬂ@%&%' REENthingg direction
transYRF VAt BYertical direction.

In one particular embodiment, namely when the horizontal part is arranged
exactly horizontally, the “horizontal part” only has a horizontal geometrical
component and no vertical geometrical component. In other embodiments, the
horizontal part may be provided at an angle different from 0 and 90 degrees
relative to the horizontal orientation. Examples are 30 degrees relative to the
vertical orientation, such as 45 degrees, such as 60 degrees.

Static or dynamic mixers may be provided in the area of or downstream the
steam feeding zone so as to improve the mixing of the steam and the biological
material. One effect is that the temperature is homogenised. It will be
appreciated that such static or dynamic mixers are highly advantageous when

the steam feeding zone is provided in a horizontal part. Moreover, it will be
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The steam feeding zone nmay be provided in the | ower

hal f of a vertical part, such as in the |lower third,
wemb/1z373 n the | ower fourth, such as in the |PEEEP2009/053802

fifth. In one enbodi nent, the steam feeding zone is

provided in the bottomof the gertical part. In one

enbodi nent, a plurality of static and/or dynamc

m xers is provided between the steam feedi ng zone and
apptd@ateeoihat ¢ha PrevisUCcor siatiersr dpartie eweitbYn a vertical part

distributed (i.e. substantially equidistantly spaced
cauggatis stgam ﬁ@drﬁhﬁe?@'q%%ﬁ' @@atﬁr@rr@@@ mﬁ“?éjr U@ impreved way.

plurality of mixers nmay conprise two mxers, or three

m xers, or four mxers, or five mxers, or Six mXxer
Theo?te@'éhfe@m 30Ng Maphhe é’i*f%'ﬂ’ieﬁeﬁttheﬂﬁ\é’eF datftfra vapical §art

sucﬁ%%'lﬁriﬁg ISWEP thip@t sdd?‘feﬁé:ﬂ?ﬂ%ﬂrov%r Forﬂr‘?trt%l%ﬁh'a?s M R ower fifth.

along the entire 1engt ube is my be
In cacherevedinogntpitbeistieary feegingr zdne is pfovideckinsthghbettoar ef the
apart at a small distance such as 10 cm such
Vert?(gaﬁl%%gcm such as 30 cm such as 40 cm such as 50 cm
such as 1 neter. The reactor may be adapted to prevent

C e Lin i.r
i oS R8Ycdent A e BRI N ke ol DB G PR 'azo“rév%@d
betwedarml'rthee_téamafbediaalgvmnaosmd eraencbblawgaohenguzmnexers may be
evellt GRS .81 ol ST R S8 v
may 8e!pragideand drouds NPré ZPYadty Bﬁfﬁrx@rfs g d’cﬁﬁﬁrt@é twa_hﬁrxers or
restriction may be provided in the [ower part of th

thraecaéxess. oOnfewt maxersepy fivermxers, gupsinenens ortee mrxers In one
emtfc?oqﬁwtewc fWé’réaC&rtngr‘ %bveefstdé@#n@@guc B’%trﬁ%"&&rﬂgnfgprﬁ{gube is
enbo rs

I'n"on reac Or conpri ses
mlxaddalsreg:bmei entire iergthpdrthe thbewebis miaryd:ie acrhler/edcblytmoviding a

such that the first vertical part
plurBftX, b BuRerse P A P hes R Snt 5t ool HioneE sl phdPem,
sucNestaEam, Bach asS3®Eﬁvlsil%ﬁ R0 Thi eamht 5§5bctfnh Z@Lﬁ&l‘ﬁbs 1 meter.
part. In ‘this enbodi nent, the steam feedi ng zone may

be provided in the |lower part of the first vertical

ThePR@bttorndal e §@é}it’e6§toz|§rfe9eﬁﬁbablﬁlcm FitHe@obling M&ter in an
second vertical part g_ﬁ@l n the I ower part thereof.
i

upstreaghdieeidemf tk}% reaﬁrea Atmay bremhre\fedqewpz'emdarg a
un.aﬁér&.ofﬁ%yvgﬁxeﬂﬁ réﬂeﬁﬁ tHAWRiih§ e éxztg?ﬁéwﬂff bi galy

and the cooling zone i1s provi is this further
supplement a restriction such as a vertical wall may be provided upstream the
cooling zone in a horizontal part of the reactor. The restriction may be provided
in the lower part of the reactor. Alternatively, or as a supplement, the reactor

may form a vertical part upstream the cooling zone.

In one embodiment, the reactor comprises first and second vertical parts
between which a horizontal part is provided, such that the first vertical part is
provided upstream the horizontal part and the second vertical part is provided
downstream the horizontal part. In this embodiment, the steam feeding zone
may be provided in the lower part of the first vertical part and the cooling zone
may be provided in the second vertical part e.g. in the lower part thereof. In an

alternative embodiment, a further horizontal part may be provided downstream
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hori zontal part. In one enbodi nent the |ength of the
tube reactor is in the range of 5 to 50 neters, such

wa@sooon2she range of 10-40 nmeters, such as in tPE/ER2VGE053802
20-30 neters. In one enbodi nent the dianeter of the
tube reactor is in the range 5¢- 500 nm such as in
the range 100-400 mm such as in the range 200-300 mm
In the context of the present invention the term

the ‘seedvid Ruai| ther amd thy doelivg zehe sdptdvibed i s Fuandras
a process wherein thermal hydrolysis is undertaken

horigantad R unpr ocessed bi ol ogical material is fed into
the systemwhile at the sane tinme processed biol ogi ca

material exits the system The pressure of the steam
In Oﬂ“@oemﬁpg'”ﬂﬁ'ét '{r‘lﬁo'@nﬂ%@f &he fahe peadpbieimtigarangg ehs 49 50

met%PQV&& Rl gaeso,ap@y@ ﬂr%t@%r SUSHGS |ﬂ3th%br%Y1%elfo 30

or suc ove 20 Bar. I'n one enbodi nent
metlemhelnr@membomrr@@s|tgaelcn|argetearsofttdﬁeanub@wetahmr is in the range 50-

s00 iy AR FErkEHald 2o 40 mif S8cf A5 ¥ 1Be Fofie 2o-300 mm.
such as above 45 m nutes, such as above 60 m nutes,

i . . 1 O i PN/,

i BB A e R B FRQbEnbRls Sh@ithgEnvarolysis

shall @edimirratadtess egroagenivhiendin taérMeaEVdnﬂyEslshfuhdell'taken while

feedin f the reactor n on , a
v RO Rs S LB oM Tial Je £ot inid thssayeeiim Whie ok the same

timé 9eé¢ésgeacm@|ogmat pigtatial ekivs tife spshsal feeding zone
may be provi ded down stream a steam feeding zone. In

yet anot her enbodi ment, a chem cal feeding zone is

TheRfr‘é!étﬁ*‘édoﬂJﬂPr%t $team ﬁaocﬁ’ﬁb'tﬂg t488 e8RS Fha belBvead Bar, such as
feedi ng zone is provided downstream a cooling zone.

abova® Baj csicbdscaleove 40 Baty sbeh @8 aavgl 15 Sachoasus@eriabove 20
Bar whi ch nay be injected so as to boost the hydrolysis
"teaction of | ong chain organics (such as
Li gnocel | ul osi ¢ conmponents of biomass and m crobi al

| r ] I,
In O@%p%mganémg {ﬁe g{if(ezrl)elacﬁ‘@ar;@b%asﬁ%?’e:d&%ggécgaaj‘lg E)heal | ow
predéterﬂnWrmEcbk@/lxahSiohctimalte hd abevab rmimedsicautch esrpboat leminutes,
rg 0 de ees Cel si us\)
such as a ove mlnu s, such as above 45 minutes, such as above 60

minutes, such as above 90 minutes, such as above 180 minutes.

In one embodiment, the method comprises the step of feeding a chemical agent
into at least one chemical feeding zone of the reactor. In one embodiment, a
chemical feeding zone is provided upstream a steam feeding zone. Alternatively,
a chemical feeding zone may be provided down stream a steam feeding zone. In
yet another embodiment, a chemical feeding zone is provided upstream a
cooling zone and/or a chemical feeding zone is provided downstream a cooling
zone. The injected chemical may be an alkali such as NaOH, which may be
injected so as to boost the hydrolysis reaction of long chain organics (such as
Lignocellulosic components of biomass and microbial cell wall components).
Alternatively, or as a supplement, the alkali may be injected so as to allow the
hydrolysis to take place at a reduced temperature (such as 120 degrees Celsius)

and/or at a reduced pressure (such as 7 Bar).
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and/or at a reduced pressure (such as 7 Bar).The

al kali may be added when the apparatus is used for
wee@ohyadrol ysi s of greasy waste such as fatty BEBER2009/053802

fromthe food industry or from nunicipal activity. | n

anot her enbodi ment, a chem cal g s added for

acidification for renoval of heavy netal fromthe

bi ol ogi cal material. Hydrolysis in acidic conditions

Therakals ahaibbé ia‘@l@leﬂﬁmﬁ’é@ tiad 2ppBeftuk s LBed Bbepeghgdtlolysis of greasy
material of e.g. an industrial waste water treatnent

washe gHED aaffakly Wﬁ%tetfﬁ%'i"hté]e W&'r'aﬂ&'%‘i% ortfRRM My0i APPSRty
may be separated fromthe solid fraction so as t o

al | ow separate precipitation and renmpval of the netal
In anoghert erRbPAHNERT #hene®iGad it agded femaeiAdicabirndopraseval of

hea9¥|_t|’ﬁet%¢rﬁ%rﬁ tHe‘WoI%B?&%T ARiteridl. g%r%fysﬁ)ﬁ#éadlc condhtlons may

neutralization. n yet another ‘enbodi nent
SO|Ltbhi(§ﬂ r@kals rgbsotlzet lrstrmwbm»k@gica_h materignof eug harandusgral waste

watlL BB RREACSHE el le TP gl €L neh ARG AR cOhay be

Ise a m
separdajtadtfrmﬂtthe Ryotidi faciorofo ap toxdlldivez sershrage predipitatien aoe

remonghoBite mebpliend! thet ighided 6 s Ry fareshésolid bhase to be
sen§ b Q@é&%bfcoﬂ’@@gﬁé?ftaﬁftér' ﬂﬂ@ f&eRrdiRatipnChl oro ,
Bi phenyls). Accordingly biological material which is

not acceptable for agricultural |and spreading due t o

In yeaabtheos@doUfsest! theaheRiiBal iMBctls islahwidizRe 8yent such as
nmeans of the apparatus and/or nethod accordingt 0 the

H2Qx g5 &% o peE@retisracid. The asidEine GgrBhMPPLEMIYS np*@gomprlse a
mlngfﬁlloac'@%r aﬂaﬁkgﬁ féPpH%éQ%%&?I%Q\?glo%oo@? Bxfﬂl%lefdedent may

decr enperature
redidenthegtaatityraffect af stme argbaigsenahuaseBDEX BehdEne, Toluene,

N

Blp@mﬁ)l MRIRbrdihB BValadicdl bRl Rk f@n@@@twpﬁal@n@rso
st odilute the concentration in order t o achieve

ag”gk‘@kﬂ@' aeng sRERH NI Sk teshaoniue BT IHMHEE RUFRR a§LﬁQEHUT‘@YfQ9’
detcmﬁeé %Hﬁg‘tofttﬁg g)'ﬁgpétu'srbntcﬁﬁr %&ﬁ%ﬁeécco%%ﬁa t8 thg present

redeterm ned dry solids contént may be a dry"s
Inveﬂtmnt beI ow 15% such as bel ow 12% such

In one embodiment water is fed into the reactor in the cooling zone so as to fulfil
at least one of:

— decreasing the temperature of the biological material to a temperature
below 100 degrees Celsius, and

— achieving a desired dry solids content of the treated biological material.

In one embodiment, the water is fed into the cooling zone so as to dilute the
concentration in order to achieve a predetermined dry solids content which is
suitable for the subsequent treatment in the digester. Such a predetermined dry
solids content may be a dry solids content below 15%, such as below 12%, such
as below 9%, such as below 6%. It will be appreciated that the ideal dry solids

content of the biological material depends on the subsequent digester and that
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as bel ow 9% such as below 6% | t wll be appreciated
that the ideal dry solids content of the biol ogical

woredoen2 i3 depends on the subsequent di gester apPdI/EP2009/053802
thatthe dry solids content in nost enbodi nents nust be
chosen such that the risk of amgnoni a poi soning of the
di gester is avoided. In one predeterm ned enbodi nent,
cooling water is fed into the cooling zone so as to

the diry 8bBd$ bentdirelie ghest ermBbeirheéhtstrdust Becheekh dsich @nbettie risk of
of approximately 9% It should be noted that the

amrpgp|a PeisoBiNdsefdye digestes isexaidedeedi ng zone al so
causes the dry solids content |evel/percentage to drop
relative the | evel/percentage of the biological )

In opgt Riedgkernned srabedianent 60Ped Waser isefgetipkC Be caeling zone so

as t?éﬁﬂité‘%é%ogicﬁ, AReRIPRAL 'H?Vtsoﬁi%(gﬁﬁﬁiﬂtr& Ar8kirhStely 9%.

into the Tooling zone so as to decrease the
tenperature to a tenperature bel ow 100 degrees

It S8 B o thaR InB RGN o SREEIn KB SteE eahgESone also
cau? Haudry s?]lc’xhs exnteet m%@we@tﬁes_t@a{rgpu}glatmﬂ}ﬁat er

| . . A . . .
level B rdliPob T ERA DB ENAY Wiyl B EREHRq flog raderor at
the tegtingzobel sius. The water fed into the system may be

tap water and/or processed water e.g. treated waste
water It will be appreciated that in nost enbodi nents

In ohlee?mbeanmémethmgodlmgewialﬁ?rnscmg detd thestdatimy ztdrfe sc;] as to

cool I.n zone, so as to allowt enperature of_the
decEiApag B SR B PRt CBTPEToLE S 90 64T5RA CalFlusnaich as
el RO EBBLs ddiuE CARYPES BRIBH 5B&FegFRES ekl RN as below 50

cool i ng zone e.g. provided in contlnuation of each
degmrasetelsins, sHckaemselewt 4 degreasreelsivsl i ng zones may be

provided in a vertical part of the rector such as the

second vertical part described above. Additionally,
Thetwiater dadtinio g/ CeUingr7ae mavebe e nrngr éémtpela(ﬂglﬁggrees

zone o g V] ' td ' .eac :
o8 Such PR LR 1620130 al02 Globachnatifr i ino e
systanovnale eitapavater tanddbr pegdesséd Weker earttoeatdchasie water

the first vertical part described above. In one

enbodi nent, the organic material is continuously fed

It will benapipeedietsti tigat in most embodiments the steam feeding zone is
provided upstream the cooling zone, so as to allow the temperature of the

sludge to be elevated prior to cooling it down.

In one embodiment, the reactor comprises more than one cooling zone e.g.
provided in continuation of each other. As an example two or more cooling zones
may be provided in a vertical part of the rector such as the second vertical part
described above. Additionally, the reactor may comprise more than one steam
feeding zone, e.g. provided in continuation of each other. As an example two or
more steam feeding zones may be provided in a vertical part of the reactor such

as in the first vertical part described above.

In one embodiment, the organic material is continuously fed from the feeding

zone to the output zone via the steam feeding zone and the cooling zone.
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zone to the output zone via the steam feeding zone and

the cooling zone.ln one enbodi nent the reactor is
walewpgrsds and control |l ed such that a predet er nPEIEEP2009/053802

period of tinme el apses when the organic material is

fed fromthe steam feeding zonggto the cooling zone.

The predeterm ned tine nay be at |east 20 m nutes,

such as at least 30 m nutes, such as at |east 45

In oflenéth®sdinseisthtasraictdeidgsdedighdd BAY &dntdoNe@Rich that a
enbodi ment, the predetermned tine may be in the ran

preggtesming EQGO%OMF%, elapges when ghe I‘?ég?%lﬁj@a‘@”aé@ fes %gm the
stedth rféé&?l e &Vﬁ{ee&dTﬁ‘ﬁg S HRE AR é‘rtrﬁmelded'mfe%ay be at least

contr ol |ng one or of the fee I ng speed
20 mémgtes asucreasat ledss 34 ergutes, sfich las atleam ﬁmunntes tsueh as at

e e d .
ea3 53} flbieac 1) SPE PSR shEPoRbE MRS bimhS oo in ene
rangdnef R0alootR @ ahinoedsersiugh .asl in tcheerapgetofc?;ﬂ &y 60mhotditaent ,

the anmount of injected steamis adjusted t o the
incomng flow of waste materi al/sludge, such that the

Thec@sterednbermmpaﬁw 8 doatmhéaifme@bntﬁ@llmgrdrieomemore of the feeding
prOV|

spebheifis rmpeabiie. B0 T6F o pHUTRian NG e g CAIRISHRE System, the

tem‘é@)‘at%% it t'mypr@%sur@oﬁ fH@céJl%gswﬁhﬁmedQngo tr$é1§{7‘stbhﬁfso as to
he or%anlc mat eri al provides a dry solid content of

C00|1d®@%t sldelogiral maferiger cent in the sludge fed into
the feeding zone. In another enbodi nent, the
bi ol ogi cal material defines at |east 20 percent of the

In ogleuRRyéicuRI@MBedigtente ke apmowHrefdniected skearm iatdjesied to the
, |
e BN G W e Al o AR, JEnRBECERL peBed ghaure
obtainpdcti on of the steam the percentage of the
bi ol ogi cal dry solids content decreases slightly. In
one particul ar enbodi nent, the liquid sludge may -
As rapntioped pesgiboglyi hhé peesarienvesiidoprovidas arsyastelingebérsin

. with a dry soljds, conten f r oxi mat el 9_per cent .
piolgcdl Pater @ Ith & FESn BBty Sror Fie i dpaY ey eRapES Bhe system,
e.gr fic@NtHapRhEidFganic rﬁbtérﬁﬂ%:troom%s%@ky s6lie Boiendtof 118880, such

two weeks, such as at |east four weeks. In one

an Jé?fﬁ’@dﬁ)?ﬁ?ﬁﬂt inptheeglvsloeded faimths fRasing Rener Bxanpider
emb RSt fife bidSgical material defines at least 20 percent of the sludge,

such as at least 25 percent, such as at least 30 percent, such as at least 35
percent, such as at least 40 percent.

It will be appreciated that upon injection of the steam, the percentage of the
biological dry solids content decreases slightly.

In one particular embodiment, the liquid sludge may - upon processing in the
tube reactor - enter a digester with a dry solids content of approximately 9
percent. Once located in the digester, the sludge may have a retention time of
at least one week, such as at least two weeks, such as at least four weeks.

In one embodiment, a means for maintaining the pressure inside the tube

reactor is provided in the area of the outlet of the tube reactor. Said means for
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reactor is provided in the area of the outlet of the
tube reactor. Said neans formaintaining the pressure
wo sooadzpsved to al | ow bi ol ogi cal material to exPCT/EPm®09/053802
tube reactor via the outlet while maintaining the
desired pressure. In other worgs, the neans for
mai ntai ning the pressure is adapted to allow the
bi ol ogical naterial to exit the tube reactor wthout

maihtnipr préxsgt PR dghpgrel aw dilvey Biolb gTuan Phessalnsd exit the tube
neede for the process in the tube reactor to_take

reagppyE tﬁ%eu%%wgllﬁdnawa@wm Hishgesired BF%%%Jﬂ?eIf‘nﬁWQra\N@rdS the
l 0

e S R R LYEL Sofey ROARI HhaSidioRl Ribterial to

exntmEetslbetneecimTes@mtet ihe pigssgreadprrides detdwdbe Ineingnum pressure

neeftf ot B4 Bl TARRE k057 spaetdF 10RaRS 8. TR BHNE P
malptmplr@rmgt@isUﬂa nadyatakestheafd rimoofCapsesdure valvd egj.ca@mprising
rmve out of the tube reg%tor [

ile
a SHFH?%{J%%SHN?E‘?WEQ PRUER CAUSATNAIVRINE QRS €0SeH, Uﬁ@é&iﬂwressum
is a@é@@@tprbaet@hﬂﬁ@anewélvwahoaltérﬂbatxé%nﬁ@ocﬁﬁqempaﬁ@mns for
for continuous hydrolysis of sludge conprising an
maiptajamdctheapr@ssare takes thgpara efsa eoepiassinggcayityupemp arranged
tar
to rbERESD st Kavss vl bIRATLRE R 30 HOMA Rt R e
reacctnewmlleennafrctanﬁregdhelgiesiredrmlmu'mml peesmmet or in a
steam feedi ng zone thereof, - at |least one inlet for
feeding cooling water into the reactor in a cooling
In az®BEONeagmdct thadresant ineastionmelatas Itetanfmparlatu]a/\fdwg
roces exit the reactor. .The_jinventio
confRBEFETNAr V6t 16 Lo mEPSS R e P atstiahy e Spparatus
Corrqﬁr[gp;hg]attlug@ rebcfatipres and/ or el enents of the
invention according to the first aspect. As an exanple
the apparatus may conprise a control unit which is
- &deptedns okt edr fer@igngludbeshenthd Péttbhm §tF€ddhg zone thereof,
feeding zone, so as to elevate the pressure and to
al low a tenperature above 100 degrees Celsius w thout
- &olebshenefiniet %m@e@mg SRdaen o the fdaetdH ifes beh Feedihg zone
anot her exanpl e, the reactor may conprise static or
he@f c mixers as is described under the first aspect
of the invention. As yet another exanple, the

— at least one inlet for feeding cooling water into the reactor in a cooling zone

thereof, and
— at least one outlet for allowing processed sludge to exit the reactor.

The invention according to the second aspect may comprise any combination of
features and/or elements of the invention according to the first aspect.

As an example the apparatus may comprise a control unit which is adapted
control feeding of steam into the steam feeding zone, so as to elevate the
pressure and to allow a temperature above 100 degrees Celsius without boiling

of biological material in the pipe reactor.
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reactor may conprise horizontal and/or vertical parts

as is described under the first aspect. Alternatively,
w@eooad2®7suppl ement the control unit is adapt eBCT/BP2009/053802

control feeding of cooling water into the cooling

zone, so as to decrease the tenperature to a point

bel ow 100 degrees Celsius. In one enbodi nent, the

reactor conprises an inlet for feeding a chenical
As @UAEr EREMPld)ehicaR@Bdr maycothendc staticendd yweararN@ixers as is

thereof. In one enbodinent, the reactor is adapted t o
desﬁr‘%‘%Hf‘dB'éE% figsh aPechef E%Fﬂ\f?@‘t\ﬁ@t &S Y& anpthgs exaanmle, the

rea%bF &Gy egw%rls(er}?orfz%%% I%nd/-&J & ePiONS §§ '|5b89%&?1:?éﬁ’u &&er the

omth I'rst aspect Ich also app les to the second
firstaagmast. of the invention are only exanples and any
feature and/ elenment of the first aspect applies to
the second aspect. In a third aspect, the present
Alteirpatively oor eelaasuplemenhéhasentol uhé iswdaptedibelcontrol feeding of

r di he fj_r.st :
coof RERRt TuBlifei oMo bt g 45 3 4G Eare St Lo PRRAyre o @ point
beldvine O0edetraet @etsiof. a bi o product such as bi of uel,

bi ochem cal s or biopol ynmers. Wen manufacturing such
products, the raw bi omass may be difficult to convert

In dn@t@ﬂbatﬂm@h@ the odactios, co&mﬂ"lsdseairefrﬂetefcg‘eceedmgl § chemical agent
rst st elplﬁl n the. rgi? cture of such products nmay be

mtoath@hr@,aﬁgq VRFBERUS IPRFOPSYNEISRfass. Such use of

t hermal hydrol ysis conponents of the raw bi ol ogi cal
makes t hem nore

mat er e to ch | and/ or .
In O euBRPHTCR EH6 FERHAL IS AARRIGS 1 ProvantBASKAPYLAIIne cooling

watéPird aRYHsBlesph HikcA6R T thRYebergender t aken at a
tenperature in the range of 100-200 degrees Cel si us,

and/or at a pressure of 1-12 Bar and/or at a

Thepd'tﬁﬂ/%té‘ééﬂ'%%@ B&InhPds Fforhi the fﬁ%@%sﬁéct%ﬁlcﬁoé!!%@ applies to the
Moreover, the process may beundertaken with or w thout

Secmaﬁp@ﬁt fothgqUéentsora RESoOH exaplercdnd aandeaturs andy element
ntrati on of the
of ug‘lg g@‘ét%s?%ét r%gp 'égﬁs%‘?%t&?our?%&aspect t he present

i nvention relates to the use of the method and/ or the

In A ?§ taa*&?? . ttircl’\{érn:?orf i"élﬁfes%dtﬁehﬁsesgpﬂf@method and/or
vely, tor

aspec espect|
apparatus accordlng to the first and second aspect, respectively, for preparing

biological material for the manufacture of a bio product such as biofuel, bio-

chemicals or biopolymers.

When manufacturing such products, the raw biomass may be difficult to convert
into valuable products, and therefore generally a first step in the manufacture of
such products may be a thermal hydrolysis of the raw biomass. Such use of
thermal hydrolysis components of the raw biological material makes them more

amenable to chemical and/or biological transformation into a final bio-product.

This hydrolysis process may be undertaken at a temperature in the range of
100-200 degrees Celsius, and/or at a pressure of 1-12 Bar and/or at a
predetermined period of time such as 0-5 hours. Moreover, the process may be
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pasteurization of biological material. In one

enbodi nent, the pasteurization process conprises a
waet@p/1oi87heat i ng of the biological material toPEI/EP2009/053802

predeterm ned tenperature such as a tenperature above

70 degrees Cel sius. Moreover, ihe pasteurization

process may conprise a step of maintaining the

tenperature for a predeterm ned period of tinme such as

under@kbaugith BRIWEEh ddKeRifdh OR dduebtE cheRiRRSrdfenents and with
invention will now be described in further detail with

the pgewpeplyeneBtiohed §PHdF RgRCeNtratign ehthe piogicalynstedales
an enbodi ment of the system for continuous ther rral
drol ysis according to the present invention

h 2
In aiiogithhasred, thdhereseadtBYeniitbrelpiRs i{ootr}qqgs%pég@]fnethod and/or
the'taﬁégpét'ugrbccémng It thé fﬁb@‘a‘hﬁ%ﬁé RBoRARQHEAEREs S cth2R/, for

e reactor ac |ng o the present Tnvention.
pasEETkiaLieD Q_’DESOJQIQIFCEII OMNateFiaTHE FI GURES Fig. 1 discloses a
sl udge treatnment system 100 for treating biol ogical
material. The sludge treatnent system 100 conprises a
In onesembodiman thainastewizajianaprasess cooumisgisra sigp of heating of

the b BRLER PR 8BRS0 Lo bR 9084 Blbiraure
abotemieded nees CdlsitibeMored o, clada plaiatarrlzaltlonq:yrobess mdyhéomprise a
el Sy VPR RS E AR tare suehos
one/ggrial of at least 20 % The sludge treatnentsystem

100 further conprises a tube reactor 106, and a
di gester 108. The reservoir 102 is fluidly connected

BRIEP DevTripgeoienr ¥ ricuikibs tube reactor 106 and a
cool er 110 (which is optional and not necessary for

the systemto function). The tube reactor 106

TheQHV@Iﬁmé&%\nﬁ* n%WQQ%Ie'sBrHSéd HAurkkheoHERIVRIR Fefdiandd ¥eeRe
may be fed into the tube reactor 106, and a sl udge

drawingsein wtdch:hough which the sludge exits the tube
reactor 106 after a predeterm ned treatnent period,

such as 5 minutes t o 5 hours, such as 30 m nutes,
Fig.sludiscloses @memipodinent of the system for continuous thermal hydrolysis

according to the present invention,
Fig. 2 discloses a tube reactor according to the present invention, and

Fig. 3 discloses an embodiment of the tube reactor according to the present

invention.
DETAILED DESCRIPTION OF THE FIGURES

Fig. 1 discloses a sludge treatment system 100 for treating biological material.
The sludge treatment system 100 comprises a reservoir 102 which is suitable for
containing biological material and which is fluidly connected to a biological
material supply system 104. The temperature of the biological material may be
in the range of 0 to 100 degrees Celsius. The biological material may have a dry

solids content of biological material of at least 20 %. The sludge treatment
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30

such as 2 hours, such as 3 hours, such as 4 hours. In
one enbodi nent the | ength of the tube reactor is of 5

wo 298018net ers, such as 10 neters, such as 20 PEI/EPX09/053802
such as 30 neters, such as 40 neters. |In one
enmbodi nent the dianeter of thei4ube reactor is in the
range 50-500 mm such as 100 mm such as 200 nm such
as 300 nm such as 400 nm |In one enbodi ment of the

systiefy aiDi fRRthdri® nabrades £tuleé rédcot UD6, BAACE GgdsSeron@s. The
meter, such as two neters, such as t hr ee neters, such
resed'gop'o]tgz ifell WHY canperted te W@ digestes 10Bvighke é%%dﬁﬁ@ﬁ’f 106

andoaf céa%r'memmew.g Bﬁuggﬁgémiu ung d§§é¢ff5ﬁ@r¢égy thfh A€

hundred neters, suc _ ers, Such as _
funqtm"éeThartubecreaeterrlé)6 surpriass ﬁosjudmnvebdlaéhmtsgh which the

sudi P e ot AR EEaP The oy g3 MR i il o Ruety B thougn
whitte aled sludb@texiys treatubeofeatdretderaftet@ pradeteadineg trbetment
e into the tube reactor 106 éba t he sl ud

et .
peripdy Sah g (BaURNteE S 5P i TonEeg e idhend, Pl dymutes,

such B hberd, %@hra%asmursl%cwaﬁa Hqursncr ease the
pressure inside the tube reactor 106. It will be

appreci ated when the pressure inside the reactor is

In dn@%rﬂ%ﬁﬁneﬁﬂ%é R Eth @F'ﬂlﬁ@ tQbhe ?@&t@F@GﬁS'tB%@ﬁnétEﬁs such as
tube reactor 106 nay be elevated to a tenperature

10 fé‘l@tﬁré_, s00h @sFlemeter, $uGh ami 3haRtesausich@s A raetmgeln one
etk e Tl A Bk I8 TpRGETH0: 568 ffim, such
as 10t onmhsudhubse ZO@am:m,rsugﬂrﬁas 800aswnt,csuancazedd@ mhe In one

t eyrper at rat.ure. abo 1 deqgr ees.
emigElTBIRIE of KEe Rl SR anr L irerfieot fiss eSS e meter,
suchesnwoglctascdubl J¥Ennce Phetehs JRA0RY folikmetdre, such as five

t enperature % be elevated to a poi nt abave 100

met@g@r@egn@@@ MENE v Gbe é%‘(’.%’?tlfﬁ’ W@e'e@@ﬁ*ﬂ Ohtthe fubpseager is
onerrﬁgfclfr@El rﬁ@ﬁe EOSLBLCH bs thB rﬁfHHﬁ‘— ﬁérgeé‘ﬂic% ab tEﬁre%t ﬁt"i‘ﬁ‘&ired

nto the tube reactor dinto the t
metesscsumh a_sofmmhtmqmeas@at@sjosum as élagthmrﬁdrsdrmeterswe
enbodi nent at |east a part of the gas produced in the
di gester 108, is used to heat water so as to produce
Durirtgeuse &aerslubigeotatitaigled, indhel reastvair pa2tis 6dd irte thasubeyreactor

1 062[&9 [n:% n'fgc&foa ?Eesote‘?alnf Eg%}eﬁ'eg& %rg &1%9S|\L/,I Icl ae T &%th esﬁ%%l Peactor 106

via the sludge inlet 112.

The feeder 116 may be adapted to force the sludge into the tube reactor 106 so
as to increase the pressure inside the tube reactor 106. It will be appreciated
when the pressure inside the reactor is increased, the temperature of the sludge
inside the tube reactor 106 may be elevated to a temperature above 100

degrees Celsius without causing the sludge to boil.

The sludge treatment system 100 comprises a steam feeding inlet 118, through

which steam is fed into the tube reactor 106, so as to increase the temperature

to a temperature above 100 degrees Celsius. As the pressure in the tube reactor
106 has been increased by means of the feeder 116, the temperature may be

elevated to a point above 100 degrees Celsius without causing the content in the
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Due to the outlet pressure valve 120 a predeterm ned

pressure nmay be maintained inside the tube reactor
wokioba2tshe sl udge is fed fromthe sl udge inl etPAWRP2009/053802

towards the sludge outlet 114. Said predeterm ned

pressure nust be a pressure sufficiently high to avoid

boiling as boiling of the content in the tube reactor

106 wi Il danmge the reactor. Mreover, the tube

tubé @8&dter 1086oCHdTRITnsesmaRafSodiAferitbethsterm RedlIntbithg tube
tube reactor 106 relative to. the anbient t enper at ur e.

reagtek d08i inde inteethy '{Hﬁ?@erer?&{}”n"h@‘ﬁlaélanp@éf%'feaﬁﬁ flglqagt dgbar.
same tenperature during its passage fromthe sludge
inlet 112 towards the sludge outlet 114 without adding
In ongrembpdinaant @‘b'e@ﬁéaﬂ?&%é’gghe OaS 59 e ueefb ButiReAigestemils, is
use®t8 rt%véjc%%étafse&‘ﬁbrt c%%leesttiaé’ﬁwe%&‘ébﬁdu?ﬂﬁer ;%(t:]r@é)st'aspart of

equal to or substantially equal to atnosp
the geesvay de fadootalbrejeym genatiatdr b@d afmppagassunply sustenmd 11.
tenperature of the sludge nust be |owered prior to
passi ng through the outlet pressure valve 120, in
Dueotaddre owtlelr @lﬂﬁ@ﬁura nalvel 1fye ﬁredﬁteymiheﬁ@re!ssurw hay e

mafPRETIAER shP Ehed BEpr SROTIA RO IR TR E e imer

112p0essds ehatsiddye sutler 0i4.t beidsyedeterniined predsulegnessbe a
Cel siu | evel . In order to decr

h .
Presefip SLEIAFRTONAMED 8l aligeolne s iligs of Fas cREMNtIgEhe tybe

reaét@@ 108"l $fHagBeNBrelBicR, COOling water inlets 122 for
addi ng cooling water to the sludge. As is described

previ ously, one advantage of adding the cooling water

More8vémaheltiBelreBB®-aldd EotiBRisES MRy R théﬂﬁbh‘ﬁ nsulatlng tube
advantage Is that the dry solids content of the sl ud

rea@ar d0priglathe tule pedien teropenayreherdepEtiag v tmqsludge may
e
i S el e e R Pl e A B 18 pBSrate o he siudoe
inlebfL1a tbamrdsemélamigle durets] 14 gatHoed adhliroy finrthérehsytsteethe
according to the present invention is cooled by adding
ProCest | ng water, which causes the sludge to be thinned.
Accor dingly, it will be appr eci at ed that the dry

I ds caﬁ%ent necessarily her upstream th

In gt SREOARTERs: ARE PeShelio i n the el R hg e iale 120 is
equbh® BF e88&tantially equal to atmospheric pressure. Accordingly, it will be

appreciated that the temperature of the sludge must be lowered prior to passing
through the outlet pressure valve 120, in order to prevent the sludge from
boiling. It will be appreciated that the temperature should be lowered to a point
below the boiling point at atmospheric pressure at the site of the system, i.e.
100 degrees Celsius at sea level.

In order to decrease the temperature of the sludge, the sludge treatment
system 100 comprises one or more cooling water inlets 122 for adding cooling
water to the sludge. As is described previously, one advantage of adding the
cooling water is that the temperature can be lowered. Another advantage is that
the dry solids content of the sludge entering the tube reactor 106 may be higher
than in conventional systems wherein no water is added and wherein the sludge

is cooled down exclusively by means of a heat exchanger.
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invention. Thus the skilled person will readily
realise, that the concentration of the sludge feed

WO pdoo/121823 syst em of the present invention, w |PCDEP2009/053802
hi gher than in conventional systenms for the sane
concentration of dry solids comgent in the sludge
exiting the respective system It wll be appreciated
that the cooling water fed into the cooling water

Thei g @§ & fFd sy hlrd et HRtavat fdcor@ihgaeshiedhragtet iriend@dy is cooled
ot her kind of water which will not disturb or prohibit

by adfhing cophing ¥tahi WRICAJTAREES yhe skedas ke |th”‘t'“ﬁé| Accordingly, it
will %' %@@Em%@@théﬂ‘tt@‘&ryﬁﬂﬁg étfﬁgéné h@céisrsxér.ﬁphwi% HeORigRRE

sludge fed into t tube reactor
upsaﬁpmmmo@iryg m@t@‘elrn(t@ﬁﬂ?a?nm theesmﬁpfea@aqndmg ¥ the present

quﬂt \ﬁat'r%gjlsrt;cﬂgastkllll %asgﬁéﬁo (?Ie ai OK %L%é Lﬁ?ﬁat ‘:h(?ﬁéﬂi??ntratlon of

the Bﬂfdgedfetahanﬁd titg ey stenmmaf ﬂt@phﬁéntﬂm‘/dﬂﬁldmb&lllrlmbtgﬂer than in
in the ram;e of one ha

106) i
conY S SHBBTAH 114 FAMGroPBI AL OB Gt s cpatent i the

sIuoﬁjeU@L@ﬂngQH@ réEﬁ&QWé%téW' ing water inlets 122 is
approximately 9 percent and the tenperature is

approxi mately 80 degrees Celsius. In sone enbodi nents,

It \N‘iIhBeSa\b?)tr@ﬂlaé‘éHTﬂfdtScﬁé éb%‘l’ih@rwét@ fE@NintdetHLasd Mg Wheer |nIets 122
enperature of the procesSed sludge even further. The

ma\_(:@@ltép water napcesked waser oF anyfothenkind @fx‘dﬁbﬁfg\éhlchhd\'kﬂmOt
st 7Bl BT BUE LU AR SOSEAN LGP T B0 crer 103
sludge, e.g. prior to being fed into the sludge inlet

In o%%zednggﬁlrﬁéﬁ;tgﬁ]eﬁ{]rgp?&gjs;ée gb %Eﬁeel %M@E??ﬁﬁﬁﬂg&%e hﬂ?e reactor
106bac3p®trox1h@eb,all9 revcassasd dnetemperatuee iseleaatddto at least 150

bi ol |1 de | ud I d t he, .
deofpe EElsER - o SRS S At Do et 8Gh clsfle B etd Hime
penbh&héhﬁl@@@@[s Adfntaiel Bl tHgguBe efceeni oSy Bt mfﬁhb%,ng@&)f one

rise an agitator 124. Alternatively, or

halfSpr‘ﬁh@'l%'?\Qur tIHéh§I|QHgéemté&Im§m: %@qu Sontent of the
sluda@gy&&mgrs:%%%mﬁg%ggge et iU £ 12BpoidkifRLdIy 9 percent and

ready present e di
the 108 peiature lisidgeraxiinately 8thdegrdss (Eeéamtsor 106. As the
tenperature of the sludge already present in the

di gester 108 normally
In some embodiments, the system comprises cooler 110 for decreasing the

temperature of the processed sludge even further. The cooler 110 may take the
form of a heat exchanger which is used to retrieve thermal energy from the
sludge, such that said thermal energy can be used to heat up sludge, e.g. prior

to being fed into the sludge inlet 112.

The final process step in the system is that the sludge is fed into a digester 108
in which the bacteriological processes are initiated so as to biologically degrade

the sludge.

In order to mix the processed sludge with the sludge already contained in the
digester 108, the sludge treatment system 100, may comprise an agitator 124.

Alternatively, or as a supplement, the sludge treatment system 100 may
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will be ower than the tenperature of the sludge

exiting the tube reactor 106, the recirculation system
wowdob/1z21830 contri bute to further cooling of theCHEPZIG®053802

exiting the tube reactor 106. As an exanple, the

sl udge exiting the tube reactor7106 and the sl udge

al ready present in the digester 108 may be mxed in a

1:19 relation ship (i.e. each unit of the sludge

confp¥isel dgedifgil dtide syseet aD6 1 Mhitls |sm'a(2|@§tewi tbhﬂstMfdlbtaSalﬁéady
t he sl udge al readé in the digester)

Preft%@rtﬁﬁlﬂ*%e%ﬁrtlﬂ With $ed 8 £XITIRG e ubeeariarcl6- 106

is 80 degrees Celsius and the tenperature of the
sl udge recycled fromthe digester 108 is 55 degrees

As t@@lt@mﬁeraﬂl’f@no'ctt}h@ Qlké%%@lofﬁ@ ¥ QfﬁS@%InSQh@Q(ygeWéﬂ%gormally
will tb'é%ﬂ/'eg%ﬁéﬁrthé rt@ g%'?%dr@“dfrt H's"lﬁdﬁ%‘eﬁﬁfi%&;eﬂfﬁ‘&'t%be reactor 106,

appr oxi nmat el egr ees Ce Si us egree
the he@l"@ﬂattl@ﬂaﬁyﬂw'\ Nilh@dgo ednteibdye po ggher cooling: ofitheshucge

ex'tf"??e”}é Eerw a Ii?c?r ? reci at ed th_at in orpler to prevent

erature o the sludge in the digester 108 to
gradual ly increase due to the higher tenperature of

s 34 S9N B 200F BRI Rl DR BRI Gl dfag aireeay
preﬂrmdggihﬁx:igestgr Eggvrt;rap&ﬁgamd;trn 406 19uetathm shipuslee@ach unit
of thg Sdas et nagNBSEBETEPHGT 116 aThEty Bl T yits Gine sludge

a|reéuy|.ﬁrﬂhé@|§>ésté@l Gf tHa térﬂpé#’é-’tBFé’ of 'ttﬁ‘@%lddglé' @L&.Mng the tube
connect ed t he tube reactor . e. he st eam

reagteediofgsiaf degrees %ﬁiauérartdh@ecmpﬁ:r@tum @frthenslelﬂg@zgcycled

fronggﬁ{a%gé% ?b%qggs'@éﬁe %Jf?elsﬁg'ctth el‘ﬁ%sfethB a@qu’egf?fm&\fsludge

tem
entekrm@dta@d@astﬂ fmrrpth:e recsmmlrat&m vegetrald @pmiokimataly S& degrees

ceigfi Ee onE drae 8 i BRR o Fes gl eady PrRet gl the digester

ipo8retracted into said inlets and thus possibly cause
depositing in said inlets when the sludge is cool ed
down. The neans 128 nay be autonmatically controll able

It wanaé@rpprﬁaauaéd ¥haaAtgrakt abbeevdritwhle! tebepaBRlirRCHREHRIsIudge in
at due to the low price of mneral oil, the means

the ﬂﬂ?sﬁ?rowgég GEagH A @%ﬁ%%ﬁﬁﬁﬁ%};ﬁ? f’tbgh?fr@g@pqrqqgrq aksludge
entdPH £ 11803 ekt 68 Sthe digester 108 must be insulated accordingly, or the

temperature of sludge exiting the tube reactor 106 must be adjusted

accordingly.

Moreover, the system may comprise means for preventing depositing 128 (of
e.g. struvite or vivianite or calcium) in supply lines fluidly connected to the tube
reactor 106, i.e. in the steam feeding inlet 118 and/or the cooling water inlet
122 and/or the sludge inlet 112. Such depositing may occur during shutting
down of the system. The means 128 may be adapted to pump oil such as
vegetable oil into said inlets such that when one or more of said feeding inlets
is/are depressurised, sludge will not be retracted into said inlets and thus
possibly cause depositing in said inlets when the sludge is cooled down. The

means 128 may be automatically controllable and/or manually controllable. It
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Fig. 3 discloses an enbodi nent of the tube reactor 106

in which the reactor 106 conprises a vertical part 130
w@emaises i zontal part 132. | n the enbodi nent POf/EF10g9/053802

3 the vertical part 130 is provided upstreamthe

hori zontal part 132. Moreover i® the enbodi nent of the

Fig. 3, the two parts 130,132 are provided at a right

angle relative to each other such that the vertical

will pardpprasiabed bigst deat@lthe eogiridecst mﬂmpﬁﬁinﬁhel%aa@dlm
such that the horizontal part has no vertical

Proyjdesst ¥iMPa¢ apgrhssenvay 96 pr@?ﬁé'vtflﬂo@“er Wﬁ&osgﬁﬁﬁhelt%es
a sludge inlet 112 through which the biol ogi cal

material is fed and two steamfeeding inlets 11
Fig.| Disclases an %’Wblog'rﬁ%‘ilpalé’tﬁ Fybe F@qt%'v\é%t“hl"\‘m%fth@ ﬁ@actor 106

con'}berfsteh%a{/eﬁ%raﬁ 1?(?‘%anbehHHE8rﬁta%aW1§ﬁ‘ ITh tH(aQéthS&'ument of
I'n the | ower a f of the vertical part . Moreover,
Fig.thithe vbgicatperiot 30 0% peaviped swstreanotine éprlpoe@unaet 132,

ortBl %, SR RaP PP, R R 40P A brovicec
at acioght aggleaiettiveatoreadts ofrar quckvieiat |the vieait&alfgadvhds o s

nor ARl SRR SRk 2GS AR B AR DB g blghert has o

vertﬁééPVc_\zje%%‘?et%apécﬂ%bGﬁént p3ghe form Of a barrier in the
| oner part of the tube reactor 106. However as
descri bed previously, the nmeans 138 nay be provided as

The&uB@'r@'aE@ﬁtdo‘Prﬁ‘é\llsé’saé ‘éﬁm@eﬁh?@ 112 fhidkighodhicarthe b|oIog|caI
perform ng continuous thermal hydrolysis of slud

mat@ﬁ'@bﬁ f:sadn@ﬂd)t\garﬁt@am‘ie@ﬂlrtﬂ inlefsal 18, g Ifwﬁi‘t(@frwbsﬁ IS provided
in tlﬁééemalllé\uﬁﬁrsd 4f the Dﬁ&i’da’ﬂgcfﬁ“%@ Qanﬂh‘é g?plge?rdfq}vhfcﬂt g@owded in

ng zone o as t ncrease t
the powesishalé odntide aleroeal paredBOr at ure above 100 degrees
Cel sius without boiling of the organic material; -
feeding steaminto the reactor in a steam feeding

Moreower;, the tabetreattrma:r]é}ﬁseombeiseseaperwttenrmreswra valve 120 which is

t. at ure above,.100 e i ni ng the
proyiABl i RECPUTE AEr SR b7 2uibt B hedShswEb hagk flow of
the IcbBBng wteeH Rt RF pravéntihe beEREW 188 if pe®AtedUpstream
zone so as to decrease the
the cooling water inlets 122. In the embodlment of Fig. 3, the means for
preventing back flow 138 is provided in the form of a barrier in the lower part of
the tube reactor 106. However as described previously, the means 138 may be

provided as a unidirectional valve.
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tenperature to a tenperature bel ow 100 degrees, and -

outputting the organic material in an outputting zone.
w@200942182%8 hod according to claim 1, conprisingPCHEPEDEA53802

of feeding a chemi cal agent into a chem cal feeding

zone of the reactor. 3 . A netiwd according to claiml

or 2, wherein the tenperature of water fed into the

cooling zone is between 1 and 100 degrees. 4 . A
CcLAMaEhod according to any of the preceding clains,

wherein the tube reactor conprises at |east one

hori zontal part in which the biological material flows

1. A eghb@Forz patraimmd esitiribusth@retal dly dk@gsis cFiudge comprising
vertical part in which the biological material flows

organicAngtartal éap tWhedeartn. byscontiyritshvd according to any
of the preceding clains, wherein the steam feedi ng

zone is provided upstreamthe cooling zone.6 .

- fesfisuthscecdaiqgaterighipte faeding é%%%lpﬁéh%lr‘é@%r SO0 as to

r [ I

YRRIERE e reBt ot BROA AmpB FARNe UBUOVR00 JEdteps TBisius
Wébduhgomogeofmd Qrbentcdmlate@alzone. 7 . A net hod
according to any of the preceding clains, wherein the
reactor is designed and controlled such that a m ni num

- fieediha ste@imm sttopgdei red cufr iniaretdaap feedinheoneheo @sganincrease the

AR o SRR e zone 1 P
precedi ng cl ai ns, further conpr|3|ng tpebfgﬁps of : -
e R Y g R S IR
wat er :nto t he cooling fong :o asitFoePSU{e thatitre
- CRlR e RO redeoBiP BRI e 65 TBEAS e
t2mpérat@tdhiada aeepedangetbelenyl 0f dédvees) angdi ng cl ai s,
wherein the organic material defines a dry solid

content of 1-50%in the sludge which is fed into the
— outputting the organic material in an outputting zone.

2. A method according to claim 1, comprising the step of feeding a chemical

agent into a chemical feeding zone of the reactor.

3. A method according to claim 1 or 2, wherein the temperature of water fed

into the cooling zone is between 1 and 100 degrees.

4. A method according to any of the preceding claims, wherein the tube reactor
comprises at least one horizontal part in which the biological material flows in a
horizontal direction, and/or at least one vertical part in which the biological

material flows in a vertical direction.

5. A method according to any of the preceding claims, wherein the steam
feeding zone is provided upstream the cooling zone.
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feeding zone. 10. A nethod according to any of the

precedi ng clainms, wherein the organic material defines
wa2aps2sed | d content of at |east 20%in the sledhOEP2009/053802

which is fed into the feeding zone. 11. An apparatus

for continuous hydrolysis of spmadge conprising an

organic material, the apparatus conprising a tube

reactor with : - an inlet for feeding sludge into the

6. N erthod acbordif@esliang crane preesdioh, claingd) wineriin tige organic
feeding steaminto the reactor in a st eam f eedi ng zone

matepigt t§o¢°nt1m&wsi\hf%{ frogt the EREdiQ9 2BEItAGNRAWPUE RORE Vvifethe
[ reof, and- an outlet for
steafrﬁfr“%%\n@lﬁg %r%cessE%@gPélﬁz§§§eX|t the reactor. 12. An
apparatus according to claim1ll, wherein the reactor

7. ACH\'EEI%& %%c&%lnﬁd”t@taﬂﬁl%f tﬁ%%EleﬁSQ‘S S %hé’%gr?%hé Péé’ctor is

the reactor 1 na chemcal feeding zone th
desigppdrandisortcoledisugh thatch animnmunopredbtenhinesi penioe of tlme

. r.ol
1an s8R L e SPERHE s el B b el SEPPAREdBT8RE B
cookasg konel evate the pressure and al I ow a tenperature
above 100 degrees Cel sius w thout boiling of
bi ol ogi cal material in the tube reactor, and - feeding
8. Aofeshedmrctariding be asly exrthbeedcadinganaims Fusther coat@isihg the
the tenperature. 14. An apparatus according to claim
StepFRoiwherein the reactor is adapted to prevent backfl ow
of the cooling water in an upstreamdirection of
T eé‘EPEFPX'”'@ﬁ'ngAWea%B’a%;cﬁtCl?sC%@BF af hiplegice! mekerid f@F' “TZP the
whergh Pedigrcandrol unit is adapted to control feeding
of cooling water into the cooling zone, so as to
de t
oS8 paten RERFIALI o Sors 8P oBleo REISR Hogt GRClR Solias
11cmﬁtenmrmpne$sﬂdelv|ofqg1cajtreatarlaet epitong tredtulpes teashon is at a
the inlet for coaling water. 17. An apparatus
ac@B?%‘?tﬁﬁn"f%edaﬁWeLf clainms 13-16, further conprising
nmeans

9. A method according to any of the preceding claims, wherein the organic
material defines a dry solid content of 1-50% in the sludge which is fed into the
feeding zone.

10. A method according to any of the preceding claims, wherein the organic
material defines a dry solid content of at least 20% in the sludge which is fed

into the feeding zone.

11. An apparatus for continuous hydrolysis of sludge comprising an organic
material, the apparatus comprising a tube reactor with:

— an inlet for feeding sludge into the reactor in a feeding zone thereof,

— an inlet for feeding steam into the reactor in a steam feeding zone thereof,

— an inlet for feeding cooling water into the reactor in a cooling zone thereof,

and
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for determning the dry solids content of biol ogical

material entering the tube reactor, and wherein the
w@ooonoig7ainit is adapted to feed cool i ng wat er PETYER200$7653802

cooling zone so as to ensure that biological material

exiting the tube reactor has appredeterm ned dry

solids content. 18. An apparatus according to any of

clainms 11-17, further conprising nmeans for preventing

- &eposiet mgalimmagqar@temdeslgagé lte dxitl @leSreRictéhe
apparatus, which neans is adapted to feed an oil into

the inlets when the reactor is shut down.
12. An apparatus according to claim 11, wherein the reactor comprises an inlet

for feeding a chemical agent into the reactor in a chemical feeding zone thereof.

13. An apparatus according to claim 11 or 12, wherein the apparatus comprises

a control unit adapted to control:

— feeding of sludge into the sludge feeding zone, so as to elevate the
pressure and allow a temperature above 100 degrees Celsius without

boiling of biological material in the tube reactor, and

— feeding of steam into the steam feeding zone, so as to elevate the

temperature.

14. An apparatus according to claim 13, wherein the reactor is adapted to

prevent backflow of the cooling water in an upstream direction of the reactor.

15. An apparatus according to claim 13 or 14, wherein the control unit is
adapted to control feeding of cooling water into the cooling zone, so as to
decrease the temperature to a point below 100 degrees Celsius

16. An apparatus according to any of claims 11-15, wherein inlet for steam is

provided upstream the inlet for cooling water.

17. An apparatus according to any of claims 13-16, further comprising means
for determining the dry solids content of biological material entering the tube
reactor, and wherein the control unit is adapted to feed cooling water into the
cooling zone so as to ensure that biological material exiting the tube reactor has

a predetermined dry solids content.

18. An apparatus according to any of claims 11-17, further comprising means
for preventing depositing in one or more of the inlets of the apparatus, which

means is adapted to feed an oil into the inlets when the reactor is shut down.



