1 Method for producing non-putrescible sludge and energy and correspondi ng

plant. 1. Field of the invention 1 The field of the invention is
that of the treatnent of organic wastes, 5especially those produced during
wat er treatnent. More specifically, the invention pertains to a

process for treating sludge fromthe treatnent of nunicipal and industri al
wat er, especially with a view to produci ng energy, for exanple electricity.
2. Prior art 10Municipal or industrial wastewater contains a certain
proportion of soluble and particul ate organic pollution. The
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10 Municipal or industrial wastewater contains a certain proportion of soluble
and particulate organic pollution.

The particulate portion of the pollution can be partly removed by simple
decantation. The decantation of the water is accompanied by the formation of
sludge, known as “primary sludge” consisting of a mix of particles and water that

15  constitutes organic waste.

The soluble organic portion of the pollution, at least a major part of it, can
be treated by the application of biological treatment processes.

The biological treatment of water consists in placing the water to be
treated in contact with microorganisms which, in order to ensure their own

20 growth, consume the organic pollution dissolved in this water.

The biological treatment of water is accompanied by the formation of
shudge, known as “biological sludge™ or “secondary sludge”, constituting organic
wastes.

The mix of primary sludges and secondary sludges constitutes “mixed

25 sludges”. To treat these mixed sludges in order to break them down and make
them non-putrescible and inoffensive, various techniques have been proposed.

The digestion, or methanation, of organic wastes is a natural process for
breaking down organic wastes biologically by subjecting them to anaerobic

fermentation.



t hem non-putresci bl e and i noffensive, various techni ques have been

pr oposed. The di gestion, or nethapation, of organic wastes is a

nat ural process for breaking down organi c wastes biol ogically by subjecting
themto anaerobic fernmentation. 2 Digestion is particularly efficient
inthat it leads to the conmbi ned production of: gas (biogas) convertible
into energy or energies; di gestate which can be used for exanple
as a fertilizing agent (a digestate 5is a residue of the digestion of an
organi ¢ conmpound) and a relatively restricted quantity of | ow bi odegradabl e
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the di gelsot er in Olﬁadoei'gierttg O%Qrscg{n% tﬁifsfdirg\jvl?argi{, ’Ejhie%gcsl'lgliiq%g Thas been developed for
implementing a thermal hydrolysis of sludges prior to the implementation of a
digestion.
This technique is particularly advantageous inasmuch as thermal
hydrolysis enables the degradation, at least to a great extent, of the unreadily
15 fermentable (i.e. difficult to ferment) fraction of the sludge.
3. Drawbacks of the prior art
However, although thermal hydrolysis provides for an appreciable
improvement in the elimination of the unreadily fermentable fraction of the
sludge, the trade-off is that it entails a greater production of low-biodegradable or
20 non-biodegradable soluble compounds (with high COD or chemical oxygen
demand) than is the case in classic digestion. This dictates limits on the quantity
of sludges at entry into the digester in order to ensure efficient digestion.
Besides, the conditions needed for obtaining efficient thermal hydrolysis
entail high energy consumption.
25 The energy consumption is such that half of the biogas coming from the
digestion is used to feed a classic boiler in order to produce the steam needed for
hydrolysis. The rest of the biogas feeds a co-generation motor connected to an

alternator in order to produce electricity. It may also for example be used to

directly heat buildings.



Besi des, the conditions needed for obtaining efficient thermal hydrolysis
entail high energy consunption. 25The epergy consunption is such that half
of the biogas comng fromthe digestion is used to feed a classic boiler in
order to produce the steam needed for hydrolysis. The rest of the biogas
feeds a co-generation notor connected to an alternator in order to produce
electricity. It may also for exanple be used to directly heat buildings. 3
Thus, this technique, which of course enables the production of digestates
with a relatively small concentration of unreadily fernentable fractions
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treat nent process.
implementing the sludge-treatment process in itself.

4. Goals of the invention
It is an aim of the invention in particular to overcome these drawbacks of
15  the prior art,
More specifically, it is a goal of the invention, in at least one embodiment,
to provide a technique of this kind that requires low energy consumption.
In particular, the invention is aimed at procuring, in at least one
embodiment, a technique of this kind whose implementation leads to restricting
20 the consumption of biogas needed to achieve conditions of hydrolysis, and to
increasing the share of the biogas that can be used to produce excess energy that
can be used for purposes other than that of the implementation of the sludge
lreatment process.
It is another goal of the invention, in at least one embodiment, to provide a
25 technique for the treatment of sludge coming from the freatment of water, that
enables the unreadily fermentable fraction to be eliminated from it, at least to a
major extent.
In particular, it is a goal of the invention to implement a technique of this

kind, in at least one embodiment of the invention, enabling the production of



It is another goal of the invention, in at |east one enbodi nent, to provide
a 25 technique for the treatnent of slydge comng fromthe treatnent of
wat er, that enables the unreadily fernentable fraction to be elimnated
fromit, at least to a nmjor extent. In particular, it is a goal of
the invention to inplenent a technique of this kind, in at |east one

enbodi nent of the invention, enabling the production of 4 wastes
containing a unreadily fernmentable residual fraction that is reduced as
conmpared with the prior art techniques. . _The invention, in at |east
one enbodi newestes cemainingy anmradily i lgragndablairesidpad tiraction tthatgs tthdugsd asuct i on
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bel ow are achi evel ibyetn@aftter @halRoiMBE hRtkntion, BrAdest 68 emS6Miicat by the
non- putresci bl e sl udge and energy, 15said nethod conprising the follow ng
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obtai ned at the s ep ?lll?;’

5. Summary of the invention
These goals, as well as others that shall appear here below are achieved by
means of a method for producing essentially non-putrescible sludge and energy,
15 said method comprising the following steps:
(i) obtaining digested sludges by primary sludge digestion;
(i1) obtaining a first aqueous ecffluent and digested sludges at least parily
dehydrated by a first liquid-solid separation of the digested sludges obtained at the
step (1);
20 (111) obtaining digested sludges at least partially dehydrated and hydrolyzed by
thermal hydrolysis of the at least partially dehydrated, digested sludges obtained
at the step (i);
(iv) digestion of the at least partially dehydrated and hydrolyzed sludges obtained
at the step (iii);
25 said process further comprising:
- a step for recovering biogases formed during said digestion and said
primary digestion and
- a step for producing energy from said biogas comprising a sub-step for
producing energy needed to implement said thermal hydrolysis and a sub-

30 step for producing surplus energy,



25sai d process further conprising: a step for recovering biogases forned
during said digestion and said primary digestion and a step for
produci ng energy from said bi ogas conprising a sub-step for producing
energy needed to inplenent said thermal hydrolysis and a sub-30step for
produci ng surplus energy, 5 the entirety of said biogas being used to
produce electricity. It will be noted that, as understood in the
present invention, the term"thermal hydrolysis" shall be understood to
refer to a node of hydrolgsis that is expressly non-biological. 5Thus, the
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sludge, at least in major part, and to produce a 10 unréadily fernentable
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the size of the equipment placed downstream and reduces the energy consumption
needed to carry out the thermal hydrolysis.
The thermal hydrolysis is implemented only to treat the unreadily
20 fermentable fraction of the sludge., The result of this is that the energy needed to
implement thermal hydrolysis according to the invention is lower than that needed
for thermal hydrolysis in the prior art. Indeed, in the prior art, thermal hydrolysis
is carried out to treat all the sludges, i.e. both their fermentable part and their
unreadily fermentable part. This calls for a greater input of energy.
25 Thermal hydrolysis enables the degradation of the unreadily fermentable
digestate into an readily fermentable hydrolyzed digestate.
These fermentable sludges are then digested during the second digestion
which leads to the production of a digestate free, at least in major part, of a

fermentable fraction, the digestate however containing a very unreadily

30 fermentable portion which is also called a refractory or hard fraction.



30f ernment abl e portion which is also called a refractory or hard fraction.

6 Furthernore, since the thermal lgydrolysis is done only on the
unreadily fermentable fraction of the sludges, its inplenentation |eads to
the production of a smaller quantity of | ow bi odegradabl e or

non- bi odegr adabl e sol ubl e conpounds than in the prior art. 5A process
according to the invention enables the production of a major quantity of

bi ogas. In addition, the energy needed to carry out the hydrolysis is
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produce the energy needed to implement said step of hydrolysis and in order to
produce surplus energy.

20 The feeding of biogas to a co-generation system therefore makes it
possible firstly to produce the energy needed to attain especially the conditions of
pressure and temperature for hydrolysis and secondly to produce a major part of
surplus energy which can be used for purposes other than those of implementing
the sludge-treatment process in itself (electricity for example to power a plant or

25 else to be resold to a power supply company, heat (heated fluid (liquid or gas)) to
heat buildings etc.

According to another advantageous characteristic, said reconversion step
comprises a step for feeding biogas to a motor linked to electricity production

means and a step for recovering the heat released by said motor in order to attain

30 the conditions of temperature and pressure for said hydrolysis step.



5 thermal fluid needed to carry out thermal hydrolysis. Thus, according to
the invention, the entirely of the bioggs is used to produce electricity
unlike in prior art techniques where at | east 50% of the biogas is used to
produce electricity by the inplenenting of a co-generation notor, the

remai ning gas feeding a classic boiler to produce, in major part, the
thermal fluid used to obtain conditions of 10pressure and tenperature
needed to carry out hydrolysis. Preferably, a process according to
the invention conprises a step for obtaining a second aqueous effluent and
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and/ or said digestion are of a thernophilic anaerobic type. In
this case, theatitigast tlorslejses abloowdet scopeienlivbons are carried out at a

The implementation of this separation step enables the discharge of an
15 effluent containing the low-biodegradable or non-biodegradable organic matter
produced during digestion and dehydrated, digested sludges free of readily
fermentable organic matter.
Advantageously, said thermal hydrolysis is performed at a pressure of 1 to
20 bars, at a temperature of 50°C to 200°C, and preferably of 120°C to 180°C, for
20 aduration of 20 to 120 minutes.
Conditions of thermal hydrolysis chosen in these intervals enable the
efficient reduction of the unreadily fermentable portion of the sludges.
According to one valuable variant, said thermal hydrolysis is preferably
carried out at a pressure equal to the saturation vapour pressure, at a temperature
25 of 165°C, for a duration of 30 minutes.
These particular conditions of thermal hydrolysis enable optimal reduction
of the unreadily fermentable portion of the sludges.
According to one advantageous characteristic, said primary digestion
and/or said digestion are of a mesophilic anaerobic type.

30 In this case, the digestion operation or operations are carried out at a



Stenperature ranging from52 to 58C for 5 to 15 days. The
concentration of matter in suspension at§ entry into the primary digestion
operation ranges from25 to 65 grans of MS (Matter In Suspension)/1l of

sl udges. The concentration of matter in suspension at entry into
t he di gestion 10operation ranges from 100 to 150 grans of M S/ 1 of sludges.
According to one advant ageous characteristic, said step of liquid-solid
separation is preceded by a step for defibrating said sludges after prinmary
di gesti on. In one variant, the defibrating step can be perforned
bef ore t he ptdmpratuESdigies tioon3Stoeld’CThen déé 1 hdats on nmakes it possible
especially to: engble sludge treatnment considered by those skilled in the
art to be inpossi %10801‘\%%*0&%03}“ Ayaniggepy ghpsacterystigy aid PRIaLY Jleegion he
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the other organic fractions of the sludge. he invention al so covers
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sai d digestion neans ALIHALGALE Wakthr TRaASpendiont BT ehtiy NEoNehel Prifdatidges and
said inlet and said outlet of said hydrolysis nmeans communi cate W t'h said
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means positi oggdggt the outlet of said digestion neans and neans for

recovering b’ Foni ng fromsaid digestion neans. Agai n

according to the irRYeRht@MatisRid MAu&Sh HpIBAGS Ar@uSomRethedidetidP bi ogas
recovery neans which include a collector Iinked to nmeans for producing 9
[0 operation ranges from 100 to 150 grams of MIS/1 of sludges.

According to one advantageous characteristic, said step of liquid-solid
separation is preceded by a step for defibrating said sludges after primary
digestion.

In one variant, the defibrating step can be performed before the primary

15 digestion step.
The defibration makes it possible especially to:
- enable sludge treatment considered by those skilled in the art to be
impossible with prior art techniques;
- reduce the size of the digester placed upstream or downstream,
20 - increase the residence time of the other organic fractions of the sludge.

The invention also covers a sludge-treatment plant to implement a method
according to the invention, said plant comprising means of thermal hydrolysis
having an inlet and an outlet and means for digesting said sludges.

According to the invention, said digestion means communicate with means

25 for bringing in sludges and said inlet and said outlet of said hydrolysis means
communicate with said digestion means, said plant also comprising first liquid-
solid separation means positioned at the outlet of said digestion means and means
for recovering biogas coming from said digestion means.

Again according to the invention, said digestion means are connected to

30 biogas recovery means which include a collector linked to means for producing



steam and el ectricity conprising a co-generation notor linked to an

al ternator producing electricity, an exklaust |ine of which |leads into the
inlet of an air-water heat exchanger producing steam and a piping used to
convey steamto said thermal hydrol ysis nmeans. 5Such a plant enabl es the

i npl enenting of a process according to the invention, the principle of
which relies on the conbined inplenentation of a first digestion, a thernal
hydrol ysis and a second di gestion of the sl udges. The i npl ementati on
of separation neans enabl es the di scharge of an effluent containing

| ow bi odegr adgbieandr elagricity odegrisidgl ec-genpartion matardinked Go pmoaltereadordur i ng

t he di tion. Th ti.t f bi adabl.e. - bi ad dabl
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thus ul timat @by é)&ﬁﬂ{gw_ﬁr@dtfcﬁ%uffl%aﬁlh&lcﬂ‘elgﬂbhﬂg)/uééﬁ 100¥6Riep de@ihadalag or
non- bi odegradabl e organic matter produced during this hydrolysis. A plant

accor di ng t othehwal hyderlysiomennrcl udes a system of co-generation, said

Lobi ogas s ecover v oIBASyATIMMAAHLO b Bl 8 §O5ER0ET RLLALSYSYEM

The feeding of biogas 't 0- genérati‘on system e uction of

the ener gy nesdatbr, theapimiple @8 pidhadeliys drhtheohtbitdddnpl@henbitRaiSIfaefieNnd
tenperature for hydrolysis and to produce a substantial portion of surplus
energy (for &igssiineaithermplhydselisippnd secopd digegtionel/the slhégas. (hot fluid (air
and/ or water)) whi . T ar.p . gge. of

i npl enenting the gﬁ%dg@®?@%ﬁ¥%§n?§§%§%%gg%%ggigﬁﬁﬁ&pﬁ& g?gﬁgégﬁﬁy?lsaid
co- gener at i onffBigat ephiaitthg des-bBiodrghibey alri aon-hlidesradsilé dolghmigagmakecovery
means | eading into said nptor, said co-generation notor being linked to

el ectricty prduerst idgH Eedasdigationaviieg dneaiy elo law-hirseatadehle oreapn-

25r el eased by: . sal Lt f.er . I o : . The
entirety of %ng%rlg%%gg% %{)I(l)liro%egrg utrci IE%{'t([f}he %lﬁlé/egsrﬁ? ghgglggg}éﬁsgg{s&)f%eﬂ < t he

co- gener at i oredwodd thwhildmatady téndivedtol edeteticrquantity @ lodubibiearadabnsr such as
an alternator. The recaovery of the heat rel eased by the notor (for exanple

recovered frBA-PHEcERAIS pregaisaation grasics] durigdnishydsdysihg 1i qui d) enabl es
Lne, productt on of \30alld ek 20 i o R0 A SL G MARIRE, L
entiretyl®f bivgapicogasy nats@sinhonipitahucieh 8li@ebpbdrbtiorysicke in the prior
art technique in which at | east 50% of the biogas is used to produce
electricity by t nehs ﬁﬁ‘ﬁfi@%é?{t REG O BIOLCBGAGRH BY T sretiet BF PradieteRai ni ng
0025 220118 sl Mol cha A OME R G- B BT,
perform for hydrolysis and to produce a substantial portion of surplus energy (for example
in the form of electricity and/or heat (hot fluid (air and/or water)) which can be
20 used for purposes other than those of implementing the sludge-treatment process
per se.
Preferably, said co-generation system includes a co-generation motor, said
biogas recovery means leading into said motor, said co-generation motor being
linked to electricity production means and having means fo transfer the heat
25  released by said motor into water in order to produce sieam.
The entirety of the biogas formed during the digestion operations feeds the
co-generation motor which is linked to electricity production means such as an
alternator. The recovery of the heat released by the motor (for example recovered

from the exhaust gases and/or oil and/or cooling liquid) enables the production of

30 all the thermal fluid (for example steam) needed to perform thermal hydrolysis.



hydrol ysi s. According to an advant ageous characteristic, said

di gesti on neans conprise a digester havigg at | east one inlet and one
outlet, said outlet communicating with said inlet of said hydrolysis neans
and said inlet 10comunicating with said outlet of said hydrol ysis neans.
Accordi ng to anot her advantageous characteristic, said digestion nmeans
conprise a primary digester and a secondary digester, said primary and
secondary di gesters each having an inlet and an outlet, the inlet of said
primary digester comunicating with said nmeans for bringing in sludges, the
out | et of sailduprioverdyngl Bdilgeisventiono threuentaetyi ofgthe tidgas e used &t poidusai d

hydrol ysi s neans, .the .inlef of. sai econdary .di gester_.co ni.cating wth
the out Tt of RS HRHD tegripd drdetimrane inriich AEReT S0 o v pigeas 29 '

l'i qui d- sol i d 3&PRY Aolifdk ABANSILADS (RO NhpIGHERE!EP oMMBKS-ddneRASR infit6r, kiR at tai n
a dryness level equal to or greater than 12% Advantageously, a plant

accor di ng t o rethaningvsegasdrediogprolassis wdeotadpi@0iideq i thagwlpad sibpaheamabn means
positioned at, the qutlet.of said.secondary digester. Ih .

ool enent &t | ShopeHoBittsian AR St o reuficcoRtsree i & Befifbe of an
ef fl uent contgliiiyg. | ow bi odegradabl e or non- bi odegradabl e sol ubl e organic
matter produced during the digestion and dehydrated, digested sludges free
of fermentabl e or dendigingattoepn abavegealisngharectaripicef wid edigesignaoteans stic, a

ot 2ecor g, Weaverky o LicLides, Sshu bl g, Teane B Lhgned
di gest er andcs@hflinfdatifg SRRALAHI QletTANSaid hydrolyRisOMaM@r &N tsaidt NBlet
defibration neans are placed upstreamto said digester or primary digester.
11 The i kPl eremamicstingvitbiseid et @irsaid nrolpsinmemetkes it possibl e
especiall'y to: According to another advantageous characteristic, said digestion means
comprise a primaty digester and a secondary digester, said primary and secondary
digesters each having an inlet and an outlet, the inlet of said primary digester
communicating with said means for bringing in sludges, the outlet of said primary
15 digester communicating with the inlet of said hydrolysis means, the inlet of said
secondary digester communicating with the outlet of said hydrolysis means.
Preferably, said first Hquid-solid separation means are configured to make
it possible to attain a dryness level equal to or greater than 12%.
Advantageously, a plant according to the invention comprises second
20 liquid-solid separation means positioned at the outlet of said secondary digester.
The implementation of these second separation means enables the
discharge of an effluent containing low-biodegradable or non-biodegradable
soluble organic matter produced during the digestion and dehydrated, digested
sludges free of fermentable organic matter.
25 According to a preferred characteristic, a plant according to the invention
includes defibration means positioned between said digester and said separation
means or between said primary digester and said first separation means.

In one variant, the defibration means are placed upstream to said digester

or primary digester.



treat sludges considered by those skilled in the art to be inpossible to
treat by inplenenting the prior art techpique; 5-reduce the size of the
di gester placed upstream or downstream increase the residence tinme of the
ot her organic fractions of the sludge. Advant ageously, said
co-generation notor has an exhaust line leading into an air-water heat
exchanger with a steam di scharge outl et connected to said thernmal

hydrol ysis neans. 10This inplenmentation enables the sinple and efficient
production of the_steam needed to carry out the thermal analysis. 6. List
of figures GhpEpprieeghigtien OBMhéiafY)bnﬂtiarg swapt mekas if presibld esheaidiby |
appear nore &early fromthe follow ng description of preferred

enbodi ments, given by way of sinple 15illustratory and non-exhaustive

exanpl es and-fronuthehappeaseilctbdan thow, skdfedwhilehirt fol l@URpodsible t@ taaw ng of
a first enbodi ment of a plant according to the invention, Fi gure

2 is a draw ng of baigpleowatiemtbe arigeat tshnigupl ant according to the .
201 nventign; _Fi guFﬁ%@w%‘eh?g&e%fﬁ{&e%g%%?fb?%?rggﬁpﬁéegg}adlr%&ngge%gar content in

sl udges respective ore an gestion. ’7. Description

of an enbodi rent gcrdabethie Rysiddnic® fimé.of tiResthadasamé fibdteonp ol iR pldgeof the
i nvention 25The invention pertains to a process of sludge treatnent. As
understood in Advantageously, said co-generation motor has an exhaust line leading into

an air-water heat exchanger with a steam discharge outlet connected to said
thermal hydrolysis means.
10 This implementation enables the simple and efficient production of the
steam needed to carry out the thermal analysis.
6. List of figures
Other features and advantages of the invention shall appear more clearly
from the following description of preferred embodiments, given by way of simple
15 illustratory and non-exhaustive examples and from the appended drawings, of
which:
- Figure 1 is a drawing of a first embodiment of a plant according to the
invention;
- Figure 2 is a drawing of a second embodiment of a plant according to the
20 invention;
- Figures 3 and 4 are graphs representing the sugar content in sludges
respectively before and after the first digestion.
7. Description of an embodiment of the invention
7.1. Reminder of the principle of the invention
25 The 1nvention pertains o a process of sludge treatment. As understood in
the invention, the term “sludges” includes primary sludges, secondary studges and
especially mixed sludges.
The general principle of the invention relies on the combined
implementation of a first digestion, a thermal hydrolysis and a second digestion of

30 the sludges.



the invention, the term "sludges" includes primary sludges, secondary

sl udges and especially m xed sl udges. 12 The general principle of the
invention relies on the conbined inplenentation of a first digestion, a
t hermal hydrolysis and a second di gestion of 30the sludges. 12 The

first digestion enables the degradation, at least in major part, of the
readily fernmentable fraction of the sludge and the production of a

unreadily fermentabl e di gestate. The thermal hydrolysis is then
i npl emented only to treat, the unreadily 5 fernentable fraction of the
sl udges. On T dusiodigesdion enpples e draraslatign.t at leass ipraai dyRRt6Iofdhe i s

conducted in. r. teall the,sl S, | € .both. fernentabl e part
and the unreéd%dﬂg %%gﬁe&élﬁgbfll%hggr{}. thd HQ@gee a‘t’lﬁi1é}“‘96r goudlﬁltf;lt 1(5)1?%{ Hi nfef(tlﬁ}hat t he
ener gy needederim@niabiy dip@ndte.t he thermal 10 hydrol ysis according to the
invention is smaller than that needed to carry out the thermal hydrolysis

according to the pghpdheraial hydrolysis mhbepdmplapengidyenly terizast dke upgadily
degradati gn %mie epfl igfc%iéﬁto?thfceosmr%%f romthe primary digester which is
y the u y n

constituted b nreadi | er ‘abl e fraction of the sludges and the
production of a hyxrhkysetsl] gedt atior eansieshalngdeflydie adidntudied ef orlef abl e
sl udges. The_second digestion then enables the digestion of these

ferment abl e &9 tisRjed thgeludsrs. igr Satliche Brmeptablediagasd shemppadsly frenentabde  at

| east in nyj g)gu,tpart, of any fernentable fraction and contains only a snall
refractory non-fernmentable portion. 207.2. Exanple of a first enbodi nent of
a plant accordi ngThe rehqdt bhvigntis aat the energieh@iied ng ibpldm@uriBe therwRl pr esent
an enbodi gEnEh i?f a, sludge treatnent plant according to the invention.

As shown!Pn OHflsispseaiding @ ids inveplianhts Somist thaashef neded Wncamyaen thes
conprising a gp,g)@ L o ondary di gester 11. The
primary di geg%ygrn 1 1%2&%%5@%?%?1:% pgiHP%?jt let. The inlet is connected to
sl udge conveyi ng ffaamsal fhgdrdleadénnbldsnhs Heglgésionaflike tigeahedondag Siont ut ed by

a piping 12. The. outlet leads into the first |iquid-solid separation neans
13 and enabl &% Rimay hegsicgadich i cogstyetef hyrthe upisadify fermentable fraction of

the sludges and the production of a hydrolyzed digestate consisting of readily

15 fermentable sludges.

The second digestion then enables the digestion of these fermentable
sludges and the production of a digestate which is free, at least in major part, of
any fermentable fraction and contains only a small refractory non-fermentable
portion.

20 7.2. Example of a first embodiment of a plant according to the
invention.

Referring to Figure 1, we present an embodiment of a sludge treatment
plant according to the invention.

As shown in this figure 1, such a plant comprises digestion means

25 comprising a primary digester 10 and a secondary digester 11.

The primary digester 10 has an inlet and an outlet. The inlet is connected
to sludge conveying means for leading in sludges to be treated, constituted by a
piping 12. The outlet leads into the first liquid-solid separation means 13 and

enables a first digestate to be poured therein.



13 The first liquid-solid separation neans 13 include a centrifuge
used to obtain a dryness greater than ofzequal to 12% In one variant, any
ot her equival ent nmeans could be inplenmented for this purpose, for exanple
menbr anes. These first separation neans 13 have neans for discharging a
first effluent conprising a 5 piping 14 and nmeans to di scharge the first
dehydrat ed di gestate conprising a piping 15. This piping 15 |l eads into

t hermal hydrol ysis neans 16. The thermal hydrol ysis nmeans 16 i ncl ude
a reactor working under controlled conditions of pressure and tenperature
so as to attain tHéedondliquidmelid sepaationyimegnodd intlederal cenyrifuge yséd to The

thermal hydral ysis  neans i npl.enented be those descri bed. i he
i nt ernati onalolbélﬂ %ﬂ{yng%srﬁrfsagglttﬁgq]o%%wf %81Qto}ﬁ'g{nﬁﬁﬁﬁfé?arsﬁnﬂloﬁéﬁ?@&g’f%ngi | ed on
behal f of thendnesemti RPRhpIEABEted for thid PRrpobBErfaRlexAMAEAhYBbanBEaANRsd6 have
an outlet for discharging a hydrolyzed digestate which | eads into the

secondary di dgiesitseparation mpansdédue arepnglfagalbtcbarging hist afiluen! @muisthgan

outlet. The inl.et .i,s _connected . . 15 to th utl e f. t.he thernmal. hydrol ysis
means. 16, > Thaltth 1 oRER Bt st deo Rt hiiall RS SR st Hroans. 17
and enabl es phRgnhyslriyFgmhedisdestsah® th@nREhRAVISH nfdaas 86N The second

separation neans 17 are advantageously sinmlar to the first separation
means 13. They havée niarmalf bydrdlysishareghhgl ta insdeda efacioanewprkiz® wwlpri si ng

a piping 18 an ns_f.or discharging .dehydrated di gestate copprising a

o bi g S0, 20TRAZEa Blp bATORL AR SRR Shat b ABThE st iintal be

repl aced by wmayisgfoat tHehall lRRSIPEBL TIRS thehl 8 Erol ¢ n@émdﬂelﬁmwkan

oxi dat i on, In other variants, the first and second separati on nmeans

coul d bel025be#inse dessribed Bythpénternpiipnad pstent dpipliestiongbearing treriagnber WO-
el ect r o- osnot,i.C W, t 2 N ecessarily identical. The
Atlé(%iﬁfgggfinﬁfe on beﬂacﬂ%f 5)1% yr Iclé eagpg?an_{.

primary diges he "'secondar 1 are linked to biogas

recovery neans. THasethbinggabydr85o¥enitaieans hivc laHdgutbetCR)l| gi6éiakgid®. a The
collector 20 is connected to steam and el ectricity producing neans. 14
The st eam pr bydiehized digselae wWineh ledés atebe gesoadayibeesidtldr 21. This notor is

linked to an alt e&ﬂ@%&%llmg/%pgeisf%r ??Bg?&iein?gt ag(ﬁ 'ar\ll '()thetl fhei iR Iisdg)lhn;[:c e’ oduce

el ectricity.
15  to the outlet of the thermal hydrolysis means 16. The outlet leads into the second

liquid-solid separation means 17 and enables the hydrolyzed digestate to be
poured therein.
The second separation means 17 are advantageously similar to the first
separation means 13. They have means for discharging a second effluent
20 comprising a piping 18 and means for discharging dehydrated digestate
comprising a piping 19.
In one variant, these second separation means could be replaced by means
for the treatment of sludges, for example by wet oxidation.
In other variants, the first and second separation means could be
25 constituted by belt filiers, filtering membranes, electro-osmotic means etc without
being necessarily identical.
The primary digester 10 and the secondary digester 11 are linked to biogas
recovery means. These biogas recovery means include a collector 20. The

collector 20 is connected to steam and electricity producing means.



This nmotor has an exhaust line 22 which leads into the inlet of an
ai r-water 5heat exchanger 23. The heat exchanger 23 has two inlets: one
inlet through which the heat produced by the co-generator 21 arrives

t hrough the piping 22; one inlet that a water pipe 24 |eads into.
10It also has two outlets: one outlet 25 for the discharge of steany one
outlet 26 for the discharge of funes. The steam di scharge outlet 25

is connected through a piping 27 to the thermal hydrolysis nmeans 16. 15In
one variant, this installation conprises defibration means 28 positioned
bet ween the pri marlje dicgegireduction aredns vslude ago-genepation switdrd s épmmaetoon means

13. These def] ' 8 includ i.cal crusher. |
var i ant - the GRSt 3 O REHEO b iy S0P ey BEHEe ™ STy B Rans f or

mechani cal | y cdegicadi ng (.e. renoving the non-bi odegradabl e fibrous fraction
from the first 20 digestate comng fromthe first digester 10.

Def i br ati on means Thkisowpior bas dnosxbagkiling @@ which lsadsdnto the enldei @niabedaten t he
internati naIh %at nt algg i cati on nunmber US2007/0051677. In another variant,
the defibFation reans 28 coul d be positioned upstreamto the primry

digester. In one Yaghadtexcidng@XCNaRIRH iNeds! be provi ded between the
hydrol ysis 25 neans 16 and the secondary digester 11 so as to cool the

sl udge whi ch-exi t §n¢ mdeh thivazhyduel (hei keapprdycddnbo hgeto-gancetarad Inarrives

t emper ature condi ;i on ecessary for the secondary digestion. 7.3.Exanple
of a second enbodﬁﬂ§W§”§?p5%ng tallation according to the invention.

- one inlet that a water pipe 24 leads into.
10 It also has two outlets:
- one outlet 25 for the discharge of steam;
- one outlet 26 for the discharge of fumes.
The steam discharge outlet 25 is connected through a piping 27 to the
thermal hydrolysis means 16.

15 In one variant, this installation comprises defibration means 28 positioned
between the primary digester 10 and the first liquid-solid separation means 13,
These defibration means 28 include a mechanical crusher. In one variant, the
defibration mans 28 may include any other equivalent means for mechanically
degrading (.e. removing the non-biodegradable fibrous fraction from) the first

20  digestate coming from the first digester 10. Defibration means known to those
skilled in the art are described in the international patent application number
US2007/0051677. In another variant, the defibration means 28 could be
positioned upstream to the primary digester.

In one variant, an exchanger will be provided between the hydrolysis

25 means 16 and the secondary digester 11 so as to cool the sludge which exits from
the hydrolysis means in order to attain the temperature conditions necessary for
the secondary digestion.

7.3.  Example of a second embodiment of an installation according

to the invention,



15 Referring to Figure 2, we present a second enbodi nent of a sludge
treatnent plant according to the inventipn. As shown in Figure 2, such
a plant includes a single digester 30. This digester 30 has a first inlet
which is connected to a piping 31 for bringing in 5 sludge to be treated.
It also has an outlet for discharging a digestate that is connected to a

pi ping 32. The piping 32 leads into the liquid-solid separation neans 33.
The liquid solid separation neans 33 have a structure identical to that of
the liquid-solid separation neans inplenented in the first enbodi nent.
These 10 separ at Rowreans [3gurnadewaepmasent gr setiosd hembgfidigeninoe ff sludget  whi ch

i ncl ude a pipi 34 .and neans .for dischargi ng a dehydrated digestate which
i ncl ude a piﬁ?%émgngﬁ%Pgm'Fﬁﬁﬂgmygv?ggﬂs into thermal hydrol ysis neans 36.

The thernmal hydro¢ShswiEBaNSgd@ ArRickiablaad ifcludeha Oigle diysies JMLamss
i npl emented in the first enbodi ment. They have an outlet for discharging

15 hydr ol yzediggitged® dae anfiist inlits whishnie crosdedisd & pimping X 7fr drimgiecind i nl et

of the digester, 30. The, digester 30. s.connected to.biqgas,recovery

o ane: TrcobBlies e beaaudl v AR Ry gk SRR R SR R S NE Y

connect ed t ocorbRdftera p{pﬂ?g.@n%@&) andeglselitd it Iiguid%@mm%e iricg 35
at e .

comuni cates with a tre sl udge di scharge piping 4 e steam
producti on mE¥ABS 33cl ude a co-generation notor 39. This notor is connected

to an alternator i¢ch is pabl e.of drivi t he notor .i.n.order..to produce
lectricity o T SuldeRARER i mEhl DR E R e A0 RAE e Cas i o
the inlet of dani@lid-swel eéparddnerlnekeflangsed 4. thd MBsthaabodireMandese 41 has
two inlets: one inlet throu%h whi ch the heat produced by the co-generator

39 arrivés tBensiaglentHeansi pi Aaveoreann fompischargiae s olluent phisa weludeads i nto.
30It also haﬁipﬁﬁ'&) 38 L%\tnldeltn%éns for discharging a dehydrated digestate which include a
piping 35. This piping 35 leads into thermal hydrolysis means 36.

The thermal hydrolysis means 36 are similar to the hydrolysis means
implemented in the first embodiment. They have an outlet for discharging

15 hydrolyzed digestate which is connected by a piping 37 to a second inlet of the
digester 30,

The digester 30 is connected to biogas recovery means. These biogas
recovery means include a piping 38. This piping 38 is connected to means for
producing steam and electricity.

20 The piping 35 communicates with a treated sludge discharge piping 47.

The steam production means include a co-generation motor 39. This motor
is connected to an alternator which is capable of driving the motor in order to
produce electricity.

This motor has an exhaust line 40 which leads into the inlet of an air-water

25  heat exchanger 41.

The heat exchanger 41 has two inlets:

- one inlet through which the heat produced by the co-generator 39 arrives

through the piping 40;

- an inlet that a water pipe 42 leads into.

30 It also has two outlets:



16 an outlet 43 for discharging steam an outlet 44 for discharging funes.
The steam di scharge outlet 43 is connecigd through a piping 45 to the

t hermal hydrol ysis neans 36. 5In one variant, the plant according to this
second enbodi nent includes defibration neans 46 which are positioned

bet ween the digester 30 and the liquid-solid separation neans 33. These
defi bration neans 46 include a nechanical crusher or any other equival ent
means for mechanically degrading the digestate. In other variant, they
coul d be placed upstreamto the digester. 10l n one variant, an exchanger is
provi ded between theutsidps dbrydischarmemgeds, and the di gester 30 so as to cool
the sl udges which exiﬁ_hrgq&%ﬁ§_§¥drflé§is means in order to attain the
condi tions of ten%%?%{ﬁrg Pedddd @8 %t he secondary digestion. It is thus
possi bl e to recovehe Reanmaiseliarly o698 4G EdiResbd dB@Bgh 4. PipineXa ghedf a
first enbodi nent of a process according to the 15i nvention Ref erring

to Figure 1, thermpklsdrdppvticaesnit.i s presented of a process for treating

sl udges agcordi ng,tq_the.inventi.on. . lnt.his process, sl ud to be
Created ale convelba™ Nay Hirardaroserting 1 gt s TR ENdBF oS st op
of primary didg@shii@mehiy 40WEicBaROsHsIRMNed bbth@efl ticadip@fer30aidtihd Bqdigest i on
is about 10 days. In alternative enbodi ments, it could range from5 to 15
days. Duri ngselil serirgiost ingens 8helkese sdefibgationdmedisott onrcludee af meehenicabl e

I ; 2;{ ieg;n of %pu%h(%l ol{'degl?fsotﬁer}'deqhbv%fe%ft Heané fgrerggc%%}]ﬁgll)p Eeérgt%ng e gxag%sgtgt%. to be
In other variant, they could be placed upstream to the digester.

10 In one variant, an exchanger is provided between the hydrolysis means 36
and the digester 30 so as to cool the sludges which exit from the hydrolysis means
in order to attain the conditions of temperature necessary for the secondary
digestion. It is thus possible to recover hot water by cooling the sludges.

7.4. Example of a first embodiment of a process according to the

15 invention

Referring to Figure 1, a first embodiment is presented of a process for
treating sludges according to the invention.

In this process, sludges to be treated are conveyed in a primary digester 10
so that they undergo a step of primary digestion. In this embodiment, the duration

20 of this digestion is about 10 days. In alternative embodiments, it could range from
5to 15 days.

During this digestion, there is:
- a reduction of the fermentable fraction of the sludges and therefore a
reduction of the dry matter to be treated,;

25 - a biological hydrolysis of a part of the non-fermentable minerals (such as

nitrogen and phosphorous);

- an elimination of a large quantity of sugars contained in the sludges (this
aspect can clearly be seen in Figures 3 and 4 which illustrate the sugar
content of the sludges respectively before and after the implementation of

30 the first digestion);



25-a biol ogical hydrolysis of a part of the non-fernentable mnerals (such
as nitrogen and phosphorous); an elimmpation of a large quantity of sugars
contained in the sludges (this aspect can clearly be seen in Figures 3 and
4 which illustrate the sugar content of the sludges respectively
before and after the inplementation of 30the first digestion); 17 the
generation of |ow bio-degradabl e or non-bi odegradabl e sol ubl e organic
matter such as high COD natter and refractory nitrogen; the solubilization
of volatile fatty acids. At the end of this digestion process, the

ferment abl e fract therecoeratipe oflovndgiesiegBidnbls opaerbifidgexsdelle sgublsarganiee fir st

coneti tuted by tniuteniel i e b iR bR IR 0 1 S cosenti Y
first digestate i shexOnbaYRER 6f Vhetilbifststadidsgqui d-sol i d separation nmeans 13.

The activation of the separation means enables the inplenentation of a
liquid- 10solid séparendod this digepinreproresadbe fomeneblsrivagtien pbiestudgpe

B T Y
sl udge corregpends 100is bgelidlymBédstitutedMyele sal-Guah@BlcbitadrRauet itRg t he
percentage of humdity of the sludge from 100%
sludges.
This first digestate is conveyed to the first liquid-solid separation means
13. The activation of the separation means enables the implementation of a liquid-
10 solid separation step which leads to the production of the following:
- a first effluent which flows through the piping 14;
- a first dehydrated digestate having a dryness of over 12%.
The dryness of the sludge corresponds to its dry matter content calculated
by deducting the percentage of humidity of the sludge from 100%.

15 The first effluent is rich in low-biodegradable or non-biodegradable
soluble compounds formed during the primary digestion. These compounds may
be:

- minerals coming from the solubilization of nitrogen or phosphorous;
- compounds created by organic compounds such as high COD compounds

20 and organic nitrogen (indeed, in a classic form of digestion, between 20

and 50% of the nitrogen entering the digester exits from it in the form of
NH3) ;

- compounds containing volatile fatty acids formed during the primary
digestion.

25 Given ihe dryness attained during the liquid-solid separation, the
dehydrated digestate is more concentrated so that its subsequent treatment
requires the implementation of smaller-sized equipment and gives rise to a lower
consumption of energy. All this tends to reduce the cost of treatment of the

sludges.



15The first effluent is rich in | ow bi odegradabl e or non-bi odegradabl e

sol ubl e conpounds forned during the pripary digestion. These conpounds may
be: mnerals comng fromthe solubilization of nitrogen or phosphorous;
conpounds created by organi c conmpounds such as high COD conpounds 20and
organic nitrogen (indeed, in a classic formof digestion, between 20 and
50% of the nitrogen entering the digester exits fromit in the formof ;
conmpounds containing volatile fatty acids forned during the primry

di gestion. 25G ven the dryness attained during the liquid-solid separation,
t he dehydrated di dbstiatiedehydmied digsnints seredysb inthadhe ithemsl hydmlent

treatment requires . the inplenmentat] of. smal | er-si zed ui prent and gi ves
e toa | oS IAdn optF R Broveinaicgy i O hrEh R RS TeE HARTGE v oot o
treatment of sh@. $hel@asal hyli®lysis is dohBat i kdnFlerseRyirabad Fiseshahod S
conveyed into the thermal hydrolysis neans 16 in order to be subjected

therein to avspep pwésstiveforaBO myidniss.yhoi sthersembodimeain tEhaydrblesiravillhyadr ol ysi s
is done at a ttenperature of under sat urat i.on.vapoyibRr for 30
it es. P ORGP GRS Henicsl o arsrg uf sty MR I Fprcon o
of 1 to 20 bapse 120 igpey ature ranging from 120C to 180C, for 20 to 120

m nut es. Since the first dehydrated diges a e conprises essentially
t he non-fer ment abBecer Het ifiost dehydneed | didepdate t pranprescpreerseibiadyf thecmioon havi ng

been di geste relimparily wthin the prinmar i gester .10, the vol ume of
the hydrof ysreriaihl Ba o dhe, Jaflec, )% B fate a5 Bhal neti Bitih by
about * 40% as pegiiEALEY Wi tdaimely diBeINAr eloyaiismaBans liyubisaeRteass i n the
prior art technique. Furt hernore, onfy the non-fernmentable part
under goesUt hés redueadaly Ayt dlytei % padnimsholtemhe apewd(® af compsredsvitthat t he

quantity of A Bg%e%%gg)%gsig %eaqlaskiglpietmén%edailnﬁ?e gl*lijobrsag'tatre%};n%*!ﬂey reduced.

Furthermore, only the non-fermeniable part undergoes the thermal
hydrolysis treatment. The result of this is that the quantity of energy needed to
make it is also substantially reduced.

15 Furthermore, given the fact that the liquid-solid separation undergone by
the first digestate enables the discharge into the first effluent of the low
biodegradable or non-biodegradable products biologically solubilized during the
primary digestion, the quantity of these products that is treated during the thermal
hydrolysis is reduced.

20 The reduction of the quantity of sugars in the hydrolyzed sludges by means
of the first digestion step reduces the production of Maillard compounds,
contributing to the production of hard COD material in the thermal hydrolysis
step. Indeed, the Maillard reaction brings into play reduction sugars and proteins
at a temperature of over 120°C wvolving the formation infer alia of unrveadily

25  biodegradable soluble compounds .

Thus, although thermal hydrolysis leads to the production of low-
biodegradable or non-biodegradable soluble organic compounds, these
compounds are produced in relatively small quantities. The successful
implementation of a primary digestion, separation and thermal hydrolysis

30 therefore leads to the production of a smaller quantity of low-biodegradable or



15Furthernore, given the fact that the liquid-solid separation undergone by
the first digestate enables the discharge into the first effluent of the

| ow bi odegradabl e or non-bi odegradabl e products biologically solubilized
during the primary digestion, the quantity of these products that is
treated during the thermal hydrolysis is reduced. 20The reduction of the
quantity of sugars in the hydrol yzed sl udges by neans of the first

di gestion step reduces the production of Millard conpounds, contributing
to the production of hard COD material in the thermal hydrolysis step.

| ndeed, the Naibiaiedradebietiotubldoirgagse icompoyidaythrrdbett poduedgdrgnginie

L N

thermal hydr okysis tdcBigee.t © the production of | ow bi odegradable or
non- bi odegradabl e sol ubl e organi ¢ conpounds, these conpounds are produced
in relatively smalllhe dusinehydrated dipisstasumeds Srukntaple|byrtharthatnelrhydfolgsipr i mary

br oduct  of of CATEHAIT & GehE] U SSroB. SEbTol nApre 8rondgo d€ohd'®
non- bi odegr adabbe ik 20 QAN GafIROINdS BB IN A IEAHTGEds duys Ng t he

successive inplenentation of thermal hydrolysis and digestion according to

the prior art tecBhefuebiotkaratithle pr deth@degradabi spduhlecemperiyie pfadugett abl e

by the thernmal .hvdrolysis ..5 treatpent,. is conveyed to the secondary

i gester 11 THiGH HlsrPriiie il TrlEllsie B ROV Y s S e S EREEDEY 1
variants, thilg gheliglin® eGoithAiov astythédeosfodudts) wiiclasts the quantiP&f low-
Iom#blodegradab e or non- bi odegradabl e sol ubl e conmpounds produced duri ng

the primiPy @igglestaigne t@nton-biodpgpdatde sabdinsomppendsepioducadi gedeg dhe Thus,
the prelimngr | im nation of ese product s pch d.im -he guantity of
ow " 10 bi onle el R R, REE Hedurtiod “BkEbA L B ohilcs
during the hygesliogsi s, nakes it possible to further increase the efficiency
of the first digestion. ~ The second digestion |eads to the production
of a second di gestlat seqpmiichigestion jeadsto the nﬁ@sﬁ@tw@@f # segandidigestabd wWhivd,

fermentabl e L RGLTENANLEET ALDSEAILSAILY rdfoDhorEaAteRL e gy 2ct ory

part as well "as a sma uan y of 10w egradabl'e or ‘non-bi odegr adabl e
sol ubl e 0f gabigleg@iEE RelBactory part afRied] 88 XEMale glgntitP oY @yediddegitabsbls econd

separation nmeans_in order to undergo a step of liquid-solid separation 17
so as to prodggdiodegradable soluble organic compounds.
This mixture is conveyed to the second separation means in order to
undergo a step of liquid-solid separation 17 so as to produce:
- a second effluent which flows through the piping 18;
20 - a second dehydrated digestate.
The second digestate, which is free of any fermentable fraction, at least in
major part, can be re-utilized.
The digested sludges constituted by this second digestate can for example
be dehydrated and then discharged or sent to another treatment step such as a wet
25 oxidation step.
The processes of thermal hydrolysis have been implemented to improve
the dehydratability of the sludges by thermal pre-treatment. The thermal

hydrolysis of the digestate coming from the first digestion step also improves the

dehydratability of the sludge. The implementation of an additional digestion



a second effluent which flows through the piping 18, 20a second dehydrated
di gest at e. ' The second di gestate,ghich is free of any fernentable
fraction, at least in major part, can be re-utilized. The di gested
sl udges constituted by this second digestate can for exanple be dehydrated
and then di scharged or sent to another treatnment step such as a wet 25
oxi dati on step. The processes of thermal hydrolysis have been

i npl enented to i nprove the dehydratability of the sludges by thermal
pre-treatnment. The thermal hydrolysis of the digestate comng fromthe
first di gestimprogeephealchpdiamptliy es thendigemied, slndgesoelativsly d¢ thateof shaithye. The

i npl enmentatiqn ,of .an I tlona igestign . 20 inproves the dehydratability
of the digesfgﬁggﬂaﬁbggﬂ%e %ﬁf@@ﬁ?&§8%?%§@m%?npggc?é g*%%ﬁ%s by 1 to 2%
Thus, the |evel ofy,aghyRisds et hok BBH1PES ¢ tained: on raw sludges varies
from19%to 25 % on dlgested sl udges varies from21%to 30 % 5 -on

hydr ol yzed sludgesnigested sludgen 2o9s fromadl %40 30 % ; The second effluent is
rich in | pw bi odegradabl e or, non-bi.odegr e | ubl e organi c conpounds
Sur Png « A RLERbad by ERauf BILAAR gl

produced during t g e'first and second

ef fluents can al sqghbectiabiREntOls FifleYh @6waiodddtrdabler i Ach-PRUBIra@bla wat er
treatment plant whose inplenentation |eads to the 10 production of sl udges

treated by t Keluplesegusc emepraidnprodecadhbmingentdcerdarsiigegiathe unreadil y
bi odegr adabl e sol ybl e. co unds .ar r.oduced during.t he inpl n i on of
AR TR I R R R T

the process in s t e prior i que,

this recycli B@rdigs pint 01 4 &fhtdrMRatined plane WHosatigghlshadredtionr RAYE €6l .thef he
application of the first and second digestion steps is acconpanied by 15

the prodli@ti oreduetion elgsudess txated duvbe prosewsmeerrdinieets thaivenioesineibof t hese
bi ogases in %%%g&& Ob%éi%g;%ﬁé 1 e g 2oGghdilas) Hle S} TiuloBd or I8k “qaé’.r oduce
eded to ou 1lnydro yg A

the steam ne carr t he is Step a produce efectricity.
To this end, ihpenkhedas e$ tar froc@RVe el qiattifidescongRrel alth e pRé:04it 21. The

application of this nptor drives the alternator to which it is connected so
as to producé&cdnigagthigiregycling has a limited impact on the treated water produced.
The application of the first and second digestion steps is accompanied by
15  the production of biogases. A recovery step enables the collection of these
biogases in order to subject them to a conversion step in order to produce the
steam needed to carry out the hydrolysis step and produce electricity. To this end,
the biogases are conveved into the co-generation motor 21, The application of this
motor drives the alternator to which it is connected so as to produce electricity.
20 The exhaust gases from this motor are conveyed to the exchanger 23 within which
water circulates in order to produce steam. The steam thus produced is conveyed
to the thermal hydrolysis meansl6 through the piping 17 so as to enable the
performance of the step of thermal hydrolysis of the first dehydrated digestate.
The fumes produced in the exchanger 23 are discharged through the piping
25 26.
7.5. Example of a second embodiment of the process according to
the invention
Referring to Figure 2, a second embodiment of a sludge-treatment process

according to the invention is presented.



20 The exhaust gases fromthis notor are conveyed to the exchanger 23
within which water circulates in order $p produce steam The steamthus
produced is conveyed to the thermal hydrolysis nmeansl16 through the piping
17 so as to enable the performance of the step of thermal hydrolysis of the
first dehydrated digestate. The fumes produced in the exchanger 23 are

di scharged through the piping 2526. 7.5. Exanple of a second enbodi nent of
the process according to the invention Referring to Figure 2, a second
enbodi nent of a sl udge-treatnent process according to the invention is
presented. 21  Inthimpropsss. shedscetshe weaitprs conveyed inteadigstar 20 sotmbyed

into a digester 30 so that they.undergo ste f _prinmar igestion for
about 10 daydion At ey e Brtatr dakelor vRE Gowpiochiy PLAGE RGN < 1o
15 days. Dur ieiholifhicnts tHeNRpYeodiDREEd f0m 3 fersedays: 5a reduction of the
fermentabl e fraction of the sludges and therefore a reduction of the dry

matter to be trealaeingshippumeyi daestiondtheteyisi s of a part of the
non-ferneptable mnerals (sugh as_nitrogen. and phaosphorous); an.elimnation
of a Iargg qdanti?Jeg(K?Bdg?ﬁmd%H@QFWQGq%ﬁupﬂéﬁgﬁﬁ e yd; NEEAR e at i on
of | ow bi o- degr adgdauetidi oftaddBi QeeGadabbsedol ubl e organic matter such as
high COD matter and refractory nitrogen; the solubilization of volatile

fatty acids. - a bidpgieHdydrdyas of hipsridil des nywicrpenieblsaningtuds fseeient abl e
fraction of the s|lyd h been digested so that the digestate discharged
at exit fromthe 8#@%@?%‘?@@@?@”0“8)’

- an elimination of a large quantity of sugars contained in the sludges;

10 - the generation of low bio-degradable or non-biodegradable soluble organic

matter such as high COD matter and refractory nitrogen;
- the solubilization of volatile fatty acids..

At the end of this digestion process, the fermentable fraction of the sludges
has been digested so that the digestate discharged at exit from the digester 30 is

15  essentially constituted by the non-fermentable fraction of the sludges.

This digestate is then conveyed to the separation means 33 in order to be
subjected to a liquid-solid separation step. The implementation of these separation
means enables the production of:

- an effluent which flows through the piping 34;

20 - a dehydrated digestate.

The efftuent is rich in low-biodegradable or non-biodegradable soluble
organic compounds produced during the primary digestion. These compounds
may be:

- minerals coming from the solubilization of nitrogen or phosphorous;

25 - compounds created by organic compounds such as high COD compounds
or organic nitrogen (indeed, in classic digestion, between 20% and 50% of
the nitrogen entering the digester exits from it in the form of NH;) ;

- compounds containing volatile fatty acids formed during the primary

digestion.



15essentially constituted by the non-fernentable fraction of the sl udges.
This digestate is then conveyed to the ggparation neans 33 in order to be
subjected to a liquid-solid separation step. The inplenentation of these
separation nmeans enabl es the production of: an effluent which flows through
the pi ping 34; 20-a dehydrated digestate. The effluent is rich in

| ow- bi odegr adabl e or non- bi odegradabl e sol ubl e organi ¢ conpounds produced
during the primary digestion. These conpounds rmay be: mnerals com ng from
the solubilization of nitrogen or phosphorous; 25 -conpounds created by
organi ¢ conpounds Givah the iygessCamrisethpduhds ty brgdmeled nieppigtien (thadeed,

in classic digesti.on, .between 20% and 50% of t ni.trogen enterin he

i gester oxi (ERTHRTI ERMERE PO SBRoRPERFY. s, dfoln Lo ROREN: FFHE Dbl at i1 o
fatty acids fajuved tsiihplembheict biMBmyllsgedtd@bmerdand gives 1FeM8Notvie
dryness attained during the |iquid-solid segaratlon, t he dehydrat ed

di gest at e i schege cemmowipnad kthistendhirefics thapesé qliesntmentadithesiudgeaqui res

the inpl epgentation,of, snaller-sized equi pnen nd aives ri.se. to | oyer
ener gy coneumpt | onne AP EUEEAE S EHYERTE Rt AL PRt el ¢ ne
sl udges. 5 Therddehyss aitgetiel gRidiRtea sfpAMN@uRd hidbYsishadbheedm! The
hydrol ysis nmeans 36 in order to be subjected therein to a step of thermal

hydr ol ysi s uifamakbekedysivhe peteintagl athaygroespsirs ofd 05 Ef @ rsgidatn eapour

tenperature Qf 16 turation _vapour, pr.e re for - 1M es..In
alternative gﬁﬁéﬁ?%@h s?ﬁﬁﬁéiﬁ@8&%P§%ﬁ%mﬁkﬁﬁn%§gﬂ%ﬁgggwi%ng%ggéﬁggn?anging
from1l to 20ababessigre tRHERE! AbMr B1OL0 BAOCa tetpeflifze JTAROA0 1d P8@ 126k 70 nut es.
Since the dehydrated digestate conprises essentially the non-fernentable

fracti onl®f {hE&mimRss, the fernentable fraction having been prelininarily

digested within t i.ge 1e. VO . of the. | vsi. LS
reduced by about ggb%g tt%e égﬁdgﬁgd ﬁ%&?tatgf%oé?ﬁ 5338/); 8%8%@'?%8@}(?5%’)35%&?%1?%% wth
that of the habysh dfyskesslieais thepken@mited fravtiohehprinOrbead t preb@hikigue.

Furthernore, only the non-fernentable Fart of the initial sludge undergoes
t her mal hydr digpsed withinytheehigester R, the yglumeef thaibydiodysisaeansieraguedst Pt y of

energy needeg, g 3t Ly sﬁ%t aﬁcm_n%st&gg{[ AboSa0?h $9 %H@ﬁlteﬁ%fﬂ%ka)( J§huced.
Furthernore, “since thel'i quid so‘] I sggar ation°Gnder gone by t'he (gl gestate
15 hydrolysis means implemented in the prior art technique.

Furthermore, only the non-fermentable part of the initial sludge undergoes
thermal hydrolysis treatment. The result of this is that the quantity of energy
needed to carry out this treatment is also substantially reduced.

Furthermore, since the liquid-solid separation undergone by the digestate

20 enables the discharge into the effluent of the low-biodegradable or non-
biodegradable soluble compounds formed during the primary digestion, the
quantity of these products that is treated during the thermal hydrolysis is reduced.

The reduction of the quantity of sugar in the hydrolyzed sludge through the
first digestion step diminishes the production of Maillard compounds contributing

25 o the production of hard COD content in the thermal hydrolysis step. Indeed, the
Maillard reaction brings into play reduction sugars and proteins at a temperature
of over 120°C involving the formation, inter alia, of unreadily biodegradable
soluble compounds.

Thus, although the thermal hydrolysis leads to the production of low-

30 biodegradable or non-biodegradable soluble organic compounds, these



20 enabl es the discharge into the effluent of the | ow bi odegradabl e or

non- bi odegr adabl e sol ubl e conpounds forped during the primary digestion,
the quantity of these products that is treated during the thermal

hydrol ysis is reduced. The reduction of the quantity of sugar in the
hydrol yzed sl udge through the first digestion step di mnishes the
production of Millard conpounds contributing 25 to the production of hard
COD content in the thermal hydrolysis step. Indeed, the Maillard reaction
brings into play reduction sugars and protelns at a tenperature of over
120C i nvol vi sgmppendsommt Preducddntiar relptiyedy gnallinfeandities dihedsyecgaant e

Yo the pr odudtParenrphaf Pl gt aeRn wlf P RalRr R hetBio, o°°°

or gani ¢ conpdsdeso 1thhe@@du&ﬁ)nc@ffﬁoﬁﬂﬁi&raq@nﬁfWQﬂqed Bisddgeddablev st Yoshal |
quantities. The successive inplenentation of primary digestion, separation

and thermal Medesiagale stiublaf sreanice samppwndshdhasy dbiicprasticet dursmter

quantity of sgwe%ﬁ%dﬁ%igg%@%ﬁ%SBf H’l%ﬁ{l% 1%%@91&?19%9&%1 3 1!5'1?' ? 0%1%?% he

conpounds™ t hant rin UCCESSI enen i'on of
t her mal hydr@thM$&ﬂnﬁqd¢gestlon accordlng to the prlor art t echni que.

The dehydrated di %estate made fernmentable by the thermal hydrolysis
treatment, is recilpeulehydaterndigerdatei pade denmmtable fbi e thern lwﬁseérﬁlw th

fresh sl Udgetﬂe& ‘%E)l % f{?ﬂcu 8 lh ttheu(ﬂggst%%@ﬂ%m% it gﬁxe?lf wﬂh 9{?&’3%%1?\?%;% EOThe

di gestion that ace’is act the conbination o

di gestion of if mﬁﬁhtoshaKMEuI&IWg(ﬁam@&pdifg%&bmm of prelimnarily digested
and hydrol yzed sl udges, this conbination reducing the fernentable part of

the mxtiPe of s| hagedcesteon dagdseetikey plgeds dmdpdt dbrieagLingtiemel gridglict i on
of a mx of ¢f C&ﬁ?&l@&?%egﬂ]?@ldk 8 ahli §8secBhd ld?%e%% 1} Qe 55%191'1111 dlggsfte gadrent abl e

fraction and alns a frac ory unr ernen | e“part as wel |

as a smal | qhgadolytzyd elfudg@v\k}bs adeig hattabledudng ﬂﬁrfeﬂmh@mgf p:dabf the sitikuipd e
or gani ¢ conpouynds nust be noted that the portion of digestate

i ntroduced iR éﬂtdiges Wér‘@&%ﬁ%?ds shidges apd laasiopg te ﬁh%tpﬁ@#uc\%ewsf At ghtire
di gestate obblcletls LUl el i b il 08 rﬁémy@g%faeeﬁgaﬁé{"%ewg plysis

treatnent. ariants, the rate o réu at'ion state in the
hydrol ysis ﬁBﬁh&ﬁﬂpumﬂemhhyi@emwaém Pafd andvadD@%0 a small qlbaty oK 1o%-

di gestates i s, conv d to the separ n nmeans, 33 in order to nmake them
undergo a st Bb’d%ragi){lg% PHIYLPOdesa %%q?‘élﬂe SEARE ©EEREREduce, as descri bed

further above: anpgffidipenbiedthind hOwsn bRERHA e it oRicPd o 8k hydrolysis

means 1s 100%. In other words, the entire digestate obtained at the outlet of the
digester undergoes the hydrolysis treatment. In variants, the rate of recirculation
20 of the digestate in the hydrolysis means could vary between 30% and 300%.

This mix of digestates is conveyed to the separation means 33 in order to
make them undergo a step of liquid-solid separation so as to produce, as described
further above:

- an effluent which flows through the piping 34;
25 - a dehydrated digestate.

The method is accomplished by setting up at least one loop, i.e. carrying
out a digestion of preliminarily digested and hydrolyzed sludges.

A portion of the digestate obtained after treatment, i.e. after the setting up

of at Jeast one loop, is discharged through the piping 47 in order to be re-utilized.



25-a dehydrated di gestate. The nethod is acconplished by setting up
at least one loop, i.e. carrying out a gigestion of prelimmnarily digested
and hydrol yzed sl udges. A portion of the digestate obtained after
treatment, i.e. after the setting up of at |east one |oop, is discharged
through the piping 47 in order to be re-utilized. 24 Thi s digestate
may be for exanple dehydrated and then di scharged or sent to another
treatment step such as a wet oxidation step. The net hods of thernal
hydrol ysis have been inplenented to inprove the dehydratability of the

sl udges by t her mallhigrdigestade mapitbe fohexantide delly drajelt o1d/tbier diseha@geder gngest at e

comng from fd i tion.step al so,i.nproves the dehydratability of

t he sl udges. ttc?%%otfﬁé'r rlte%ﬁ%%ﬁgttepg%cho%s aa‘ﬁ&e%bqatulggﬁtgp' di gestion inproves the
dehydratabi | ity offht htiidgestiesmsl MAESSsiPhaddbde idMefentdnd ahpebveithd t hat

of raw sludges. Thus, the |level of dehydration that can be attained: on raw

sl udges vari dshydrgabiligopt e aBuigesiloy thepmadi pyetseasniens] Ty dsrpalriydsolysivat 21% t o
I Tl B T A O Y

effluent Ts rich ocregr e Or no I"odeg or gani c

conpounds prd glasitity B9 thdeludgeo RN inslegeshi®n of lah SREi@ab Aikeriseval ued
or recirculated to the head of a water_ treatnent gl ant whose 15

i npl enent at i EPIoEgt thet dehytratabils wé ttho digssted slydges DAV b ATeeas easapasell by t he
net hod accor (. 0 i nventd i t f J i  adabl e

sol ubl e corrpg\h{}:lg‘ls}&aorftéggrs %@é«gsgghg%}t}?e%@@ﬁ)g d?ﬁb#%lﬁgﬂﬁ ‘étt%\égl%egﬂ%g %cg met hod in

smal | quantiti es asr8esRdsedanes BohBYpEd ZI%art technique, this recycling
has a reduced inpact_on the treated water produced. 20The inpl enentation of
the firstQand secendisgpigdshpsss wrispfoms2lieto?Pani ed by the production of

bi ogases. A step ?ﬁg%}&g’g&??gﬁ@&waﬁgs ;rgﬁz%%i({o&%es to be collected in

order to subject ersion s h'the ai mof producing the

st eam needed t o p&ht ebifedidrbefiNdntolsyisdhSinsioapbiadéehrafabpy odhei-bigdeleddbld city.
To this end, the biogases are conveyed into the co-generation notor 39. The
25 appl i cati 6pluble qrinac somppulsinyedicedh durng drenseeandary diggsiem. il cansaléonnect ed
so as to proguc (o \ e, e ses, Lrom. Lt r
conveyed Pnt ggtﬁggkelgcgh(gngégw%fgg\?\j %%?}E@%%%%ﬁﬁmgtgéwgirﬂre%u %te t‘M?tFlV\glrogeer to
produce $feaimphenstieantiBus® gicogiwciadions of ahykRyedyliich tane tichrdnBy the

hydrol ysis neans 36 through the piping 45 so as tqQ,_enable the perfornmance
of the step meth%?%ardlwg? 6h¢§/é’ﬁ‘é€ﬂgfm-t hice jthe pnrpadidy irdsedable godbig e

compounds are produced during the implementation of the method in small
quantities as compared with the prior art technique, this recycling has a reduced
impact on the treated water produced.

20 The implementation of the first and second digestion steps is accompanied
by the production of biogases. A step of recovery enables these biogases to be
collected in order to subject them to a conversion step with the aim of producing
the steam needed to perform the hydrolysis step and of producing electricity. To
this end, the biogases are conveyed into the co-generation motor 39. The

25  application of this motor drives the alternator to which 1t is connected so as o
produce electricity. The exhaust gases from this motor are conveyed into the
exchanger 41 within which water circulates in order to produce steam. The steam
thus produced is conveyed to the thermal hydrolysis means 36 through the piping
45 so as to enable the performance of the step of thermal hydrolysis of the first

30 dehydrated digestate,



25 The funes produced in the exchanger 41 are discharged through the piping
44, 7.6. O her characteristics The operatsons of digestion inplenented in
the technique of the invention 5 are operations of anaerobic digestion.
Dependi ng on the characteristics of the sludge to be treated, the
operations of anaerobic digestion could be nesophilic or thernmophilic. The
tenperature at which a nesophilic digestion is perforned ranges from32 to
38C. The tenperature at which a thernophilic digestion is perfornmed ranges
from52 to 58C. The concentration at entry of a first digester 10

advant ageousl y r adgesunesairpdscegimfhs axeha@getharg difchanged Brough the pipénsi on
(MS) per Ii%gr of sludge. The concentration at entry of a second digester
advant ageousl 'y’ ranges from 100 grans to 150 grans of matter in suspension

(MS) per liter of7e!| udgrer Sh@uétdrib@ésh t hese operations of digestion be
inmplemented in different digesters, the characteristics of each of these
di gesti on oper at i dh8 operatiens ofi digestiendimplengnied iy 4 tgpfirdque of thamvgatipt anned
t hat one gr r .t he eratio £ di Lon il enen il of the
aer obi c tgpegpﬁ ﬁp‘%zétrl(%rgn?fg%ateﬁoeb l%ﬁfﬁ?gtﬂ?%n@e%,%%ﬁg@n éadgiga(l)%cle She® 8? Qﬁ%e

aer obi ¢ typesludge to bd fteatéd, ithbgaratidi ofehiedsic digekiién taNeBE naRosleRE bi bed
here above may include a step for subjecting the sludge, before its first

entry into atyrgesuite. Thadempergturgat twlich 20 mesprhibie géeesten iyrpetirangd r st
di tate, t o LQ I i . 46.
2 e LafeS B 38R T By B0 18 L00REBRAE, FEsRtn

bi odegr adabl g@eiftxng@ndhidsoiaem 2 1ol BSEI Thavaicakittorditgasityl ¢ ikt dikter from
the digester, this fraction may range from 30%to 60% of the organic matter
present 195 phvankgeaigesngeeirommsemmgde 6erigs af mager lﬁ(ﬂlS@PﬁlQ@&%HSby

ther mal hydr ' [ fon.of th LArallan » ossi bl e
especially tgégl(iﬂgﬁ%feﬂ%. gﬁé g(gggci@{i@&%??&tl %létri pﬁ%gggé’hgﬁ?%ﬁ@gé@%ﬁfa%%‘%‘ sly have
a dryness of ramee fiohah0BQlanaf foerS0dgfiratmarer id kaspdasivh RIS ppert lver of or e
makes it possible to: 30-treat sludge which those skilled in the art

consi dered t 8UB&c-i TGS bpthethfps AperpBorsne pigpsionabe mpleRrngden different
digesters, the characteristics of each of these digestion operations can be different.
15 In variants, it can be planned that one or more of the operations of digestion
implemented will be of the aerobic type. In variants, the digestions implemented

could be of the aerobic type.

In variants, the methods of the invention described here above may include
a step for subjecting the sludge, before its first entry into a digester (the first or the

20 sole digester) or the first digestate, to a step of defibration by using the defibrator
28 or 46.

The sludge comprises a fibrous fraction that is very unreadily
biodegradable in conditions of classic anaerobic digestion. At exit from the
digester, this fraction may range from 30% to 60% of the organic matter present

25  in the digestate. This fraction is almost not attacked by thermal hydrolysis. The
implementation of the defibration makes it possible especially to reduce the
viscosity of the sludges which advantageously have a dryness of more than 30%
after defibration.

The defibration therefore makes it possible to:

30 - treat sludge which those skilled in the art considered to be impossible with



reduce the size of the digester placed upstreamor downstream or increase
the residence tinme of the other organic2fractions of the sludge (indeed,
the for an identical digester size, defibration makes it possible to
5reduce the fibrous fraction and therefore the quantity of dry matter
entering the digester, which increases the residence tinme therein). In
one variant of the first and second enbodi nents, the first liquid-solid
separation could be inplenented between the thermal hydrolysis and the
second di gestion. 107,7.Energy gains In one technique of the prior
art, the biogas pHsdukeatdedniyet he di gestion that follows the therna

bi L 0 m
o boi ler in oer e aaaterRe et ool G MR o vei 6

15-the remai Ri ng bi agamsé thef @eldeiieQine 60th@eRBd airp@ic MALRInsWT (B siuge
associated with an alternator so as to produce electricity |iable to be
used for a pur poséngdeethetfonan ddpaticyrdigesterisins) defthretian wakesfit ppsitiethod. The
heat of the exhau f ti ! .
recoveredgin ordei&?ggggﬁiﬁ@%m%kggP%g%gggﬁé%ékggﬁgﬁ%g@gg§Bg$£fﬁ%ﬂ?ﬂ%rnal

20hydrol ysis. Thi sherdighsaeswhidR ishaises F rdidegasting eitkréig). pr oduce steam by the
i npl ementation of _a classic boiler to about 35 to 40% The heat

rel eased by the c& geharsatteh thofstt arcandoemrodivedncbeditioipiéneid the
et neeSed AR B! AT BTSSR, DS, LBE 19885 uoed 1o
an opti mal i djyeeticent ati on of the prior art techni que enables the use

10 7.7.  Energy gains

In one technique of the prior art, the biogas produced during the digestion
that follows the thermal hydrolysis is used as follows:
- at least 50% of the biogas produced is fed into a boiler in order to produce
the steam necessary for hydrolysis;

15 - the remaining biogas is fed into a co-generation motor which is associated

with an alternator so as to produce electricity liable to be used for a

purpose other than that of the implementation of the method.

The heat of the exhaust gases from the co-generation motor can be
recovered in order to produce a part of the steam needed for the thermal

20 hydrolysis. This reduces the share of biogas used to produce steam by the
implementation of a classic boiler to about 35 to 40%.

The heat released by the co-generation motor can also be recovered to pre-
heat the water needed to produce steam. This reduces the share of the biogas used
to produce this steam by implementing a classic boiler to 30 to 35%.

25 Thus, an optimal implementation of the prior art technique enables the use
of 65% to 70% of the biogas produced by the digestion to produce energy likely
to be used for purposes other than that of the implementation of the sludge
treatment method.

According to the invention, the digestate coming from the primary

30 digestion contains only 60% to 80% of the dry matter contained in the initial



of 65%to 70% of the biogas produced by the digestion to produce energy
likely to be used for purposes other than that of the inplenentation of the
sl udge treatnent nethod. According to the invention, the
digestate comng fromthe primary 30di gestion contains only 60%to 80% of
the dry matter contained in the initial 27 sludge. Furthernore, the

di gested sl udges have a viscosity |ower than that of raw sludge for equal
dry matter content. This nakes it easier to increase the dryness of the

di gestate obtained after the first |liquid-solid separation step. The result
of this is tHadeeHarGemmres the digesiedghwges havgtaedsenpity haverehamibar of xasi s

di [ ' ' i ably . Ller.th h db
her mal hyar NG O slFRT R el eRE0 R Pl P ERlorRLinRRs fodhgles B o ¥

requi rement s tfeOdigbtyals Obiiied afeLhRMRRAIUPBRId dePatahien GUpTThd ¥s@f ofliys Mat t er
to be hydrolyzed, the inplenentation of the invention reduces these thernal

requi r enent s ihhagdbe guamByeof sludges trepiedt e theomel hydrelyapprdcentingto e t he

i nvention.i ngreases. t he quantity, of i 0 formed.during the two
i gest | on® opSParTans BrHRBh i el S RS FeR SUHE A5l aren 1
and their resd gRNGRrttMBincd thd@cHhsl @84 8fctrents for hyfelysRedrdREdoridifl to
tenperature of the digestate feeding the hydrolysis neans is equal to about

35C or 55C dépeiitinity ondihestinsrio bhdiydicdesti ba ippbawstationoeh thihinveniian j s
derived is spphi tic or thermphilic. | tigately, the application of the
i nvention rgg%@@%“%’%tﬁ%aﬁ¢§3 H%Fgﬁfﬁygéggﬁﬁﬁggded for thermal hydrolysis

by about 40%to SEtptagmeaTPaE efphédifint HetHeemhaitimeiRfcatdiethpr qRhtiel bf Thi s
requi renent may therefore be entirely covered by the steam obtained from

t he heat 19 echingpetrrmed drinethetnakgesyes egcrafons iy upde g Yoderending ondemer at or .
Thus, al most Fc]sgaleloftsgﬁ & AR %ﬁ%?ﬁ%si‘a?ﬁéquné fﬁ%pﬁh%%&%ﬁs.o” 20 operations
le et &ct y a

can enabl e t pro 1ono ctrical energ can be used for

pur poses ot her thamthdiaborQlhd fagpsianmt of aRplijcaid Radial thdlgyddlydgechneat ment
nmet hod. A snall quantity of the biogas produced can however be used to
produce st eaif $Bl ©rahoni AyG pedST Ceddnsading on whether the diggifiopdirocdss fiope

requi renents ;S g . inthis way 25 in the first
enbodi nment , 't‘)dk}llgcr%l:lrt fsﬁdéglg?%{ég{l%s?gﬁlpggkl b lgé{@‘&gghydrol ysis reactor could be
heat ed by5bei ng mieateBt tiexhpplicanon behs apanaéd enluoEats, reghitdindied invat er
produced fromthe heat recovered either fromthe hydrol yzed sludges at exit

fromthe hydp§rdiesdedelor thprmal hydralysis by abest #01g 10 idgu & Sovepareewan|the of t he
motor of 30t %hHQIJQSPQ{e%r%r’aﬁQ Fl"hfsrlgmlipé?ﬁé}x;t rna%18therefore be entirely covered by

the steam obtained from the heat recovered from the exhaust gases of the motor of
the co-generator. Thus, almost all the biogas produced during the digestion
20 operations can enable the production of electrical energy that can be used for
purposes other than that of the simple application of the sludge treatment method.

A small quantity of the biogas produced can however be used to produce steam

for starting the treatment.

However, if the requirements in steam is not entirely covered in this way
25 in the first embodiment, then:

- the digestate fed into the hydrolysis reactor could be heated by being
mixed, at exit from the separation means, with hot water produced from
the heat recovered either from the hydrolyzed sludges at exit from the
hydrolysis reactor or from the cooling liquid and the oils of the motor of

30 the co-generator, or from both;



the sludges feeding the first digester could be heated by being m xed with
hot water produced fromthe recovery ofsfeat fromthe hydrol yzed sl udges at
exit fromthe hydrolysis reactor. Furthernore, the sludges fed into
t he second digester could be mixed wwith 5 water in order to obtain optinmum
dryness in order to inprove the performance of the second digestion

oper ati on. In the prior art, the MS concentration of sludge at entry
into the digester is limted to 100 to 130 g/l. Indeed, the nitrogen
present in the sludges gets converted into NH3 during the digestion, NH3

bei ng an i nhibi ti ty Swigss fedinzohe ity digestey icgdétheénateg byibsinghaixef ovith

necessary to restyict the S.concentration pf e slu s;at .epntry into
The i gester so alvtbeibpionSaSTHE A LY pPherh &5pT b aRLZEe Bl cor i ng
to the invention sudstshiid hdrsledyeRstothe quantity of nitrogen contained
in the sludge. Since the thernmal hydrolysis of the sludges tends to reduce
their viscosity tHerthvrgosedeesindgesifehing thetecwiddigesterapuldmer pixedevoth he 15
secondary.di gester can,be increased to values ranging from 110 to 160 g/l.
Theoe ol utige SRGTF o R P BB ROBARAR ebhel i e B1¥P R BEP b PR,
simlar concededdridodig@tiooPeration. | f however the steamrequirenent is not
entirely covered in this way in the second enbodi nent, then: 20-the

di gestate fed int & theerieyaichy MI§ corertistion ol wdgset katay sdo By digdsty it xed,
at the outlet. f. th p tin0 NS, . W, ho er pro fromthe
recovery of 183@82%%%QQ%ﬁrg%f@ﬁqu%%gbﬁgi33&§$ﬁdégsa%1?H§cd%#%§$ $?%n1the

hydrol ysi s reasftedted dfitofN@iMittiey gROlip@goh] N Geid@dint idRibtidgScohpdung fopt or  of
t he co-generator, or fromboth el ements; 25-the sl udges fed into the first
di gest er 1@oulhe Bigestivoat ddisoiierséirndensssad i resiripothedil @ copecpdigien of i t he
recovery of e L t.her ,on.th rolyzed. Sq: [ r t he
hydr ol ysi s ré@gg%r%é? mg*] lpﬁeth%o%ﬁgleﬁap%?qagi %f §§tclf§l [Zﬁg&gi ﬁhg&gﬁﬁt F}rggn@@or of

t he co-gener digektidr adcorindLtthe invABtiéd AlbYRanfialMetddocksfthé qimeithuof Migogen
essentially non-putrescibl e sludge and ener sai d pethod conprising the

fol | owi ng st épaained yin dhe aluichgSucedhe é@rmﬂh%@@l}@iﬁ pi thearlypdagsuigges to
f"eggtst :ngé | iﬁédule RLALNBG Al Mk AUERNSIRTS HENhuaRd A §R3! £ Shardges at
15  secondary digester can be increased to values ranging from 110 to 160 g/l. These
sludges could therefore be mixed with water in order to attain a similar
concentration of MIS.
If however the steam requirement is not entirely covered in this way in the
second embodiment, then:

200 - the digestate fed into the hydrolysis reactor could be heated by being
mixed, at the outlet from the separation means, with hot water produced
from the recovery of heat either from the hydrolyzed sludge at the outlet
from the hydrolysis reactor or from the cooling liquid and the oils of the
motor of the co-generator, or from both elements;

25 - the sludges fed into the first digester could be heated by being mixed with
hot water produced from the recovery of the heat, either on the hydrolyzed

sludges at exit from the hydrolysis reactor or on the cooling liquid and the

oils of the motor of the co-generator or from both.



dehydrated by a first liquid-solid separation of the digested sl udges
obtained at the step (i); (1i1) obtapdi ng di gested sl udges at | east
partially dehydrated and hydrol yzed by thermal hydrolysis of the at |east
partially dehydrated, digested sludges obtained 10at the step (ii); (iv)
digestion of the at l|east partially dehydrated and hydrol yzed sl udges
obtained at the step (iii); said process further conprising: a
step for recovering biogases forned during said digestion and said
15primary digestion and a step for producing energy from said bi ogas
conprising a sub-step for produci ng dilefBYSneeded to inpl ement said ther mal

hydr ol ysi d - f duci.. | th tiret f
Shi'd bl ogas Bei ng A 5 RsRsie Sty For-ByHeE0e we ko AL gru A t o
claim1l, changgiRrdoagflising thbasllominEappyises a step for obtaining a second

aqueous effluent and treated sludges by a second |iquid-solid separation of
the sludges obrhiaindes digesed dudgesy Priwary sludge digestiond according to any one

f the clains.1 or.2 characterized in that, said thermal h i
oerfor o at 00 sPeehs o 38T b8 Pl "Ha SiSichoshiBi. WakRl 6k ¢ o
180C, for a deiyalkiteMbeh 29 HoQidl@MdNepirh@sh of the difetBOdnasaULHing! ftehe! ai m 3,

characterized in that said thermal hydrolysis is carried out at a pressure
equal to thes®afiration vapour pressure, at a tenperature of 165C, for a

duret on of 3% IUHNAR e LR PRE R R B BRASHY ShBBhEL ™, &,
are of a nesaphinhl By RIS @Pitle 4fYIBSst partially dehydrated, digested sludges obtained

10 at the step (ii);

(iv) digestion of the at least partially dehydrated and hydrolyzed sludges obtained
at the step (iii);

said process further comprising:
- a step for recovering biogases formed during said digestion and said

15 primary digestion and
- a step for producing energy from said biogas comprising a sub-step for

producing energy needed to implement said thermal hydrolysis and a sub-
step for producing surplus energy,
the entirety of said biogas being used to produce electricity.

20 2. Method according to claim 1, characterized in that it comprises a step for
obtaining a second aqueous effluent and treated sludges by a second liquid-solid
separation of the sludges obtained at said step (iv).

3. Method according to any one of the claims 1 or 2, characterized in that
said thermal hydrolysis is performed at a pressure of 1 to 20 bars, at a temperature

25 0of 120°C to 180°C, for a duration of 20 to 120 minutes.

4. Method according to claim 3, characterized in that said thermal hydrolysis
is carried out at a pressure equal to the saturation vapour pressure, at a
temperature of 165°C, for a duration of 30 minutes.

S. Method according to any one of the claims 1 to 4, characterized in that

30 said primary digestion and/or said digestion are of a mesophilic anaerobic type.



30 6. Method according to any one of the clains 1 to 5, characterized in
that said primary digestion and/or sai d3gligestion are of a thernophilic
anaerobic type. 7. Method according to any one of the clainms 1 to 6,
characterized in that said primary digestion is preceded by a step for
defibrating said sludges. 5 8. Sludge-treatnent plant to inplenent a

nmet hod according any one of the clains 1 to 7, said plant conprising

t hermal hydrol ysis neans (16, 36) having an inlet and an outlet and neans
(10, 11,30) for digesting said sludges, characterized in that said

di gestion ne#ns ( tlquiLaC®OC)1n£®¢rﬁwnooat0é thoet @hlm%értg 5( Tharagieyizédom tei ngi ng
in sludges, said inlet.and sai gqrout 6, 36)

1
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it conprises7irstvdthétlhéboddhi & 98PN R BRANS 1 (133, cﬁéﬁ)acﬂ%ﬁﬁéd imogd at the
outlet of said digestion nmeans (10, 11, 30) and neans (20, 28) for

recovering bﬁ@éagmwhﬁmgstfmnﬁpwb@ddwqegm fm defbuating sad sludges30) , sai d

150 | actor 20, SHRPeTrARGa" Fihda dobRBRof SRR ERMe o e B £y

conpri sing acfa@ng%@rragm@@lmmﬁpﬁa théBhal myak«&?lm& ehedfls a6t 86 dviig & oduci ng
electricity, an exhaust line (22, of which [ eads |ntothe|nlet of an

ai r-wat er heatleesndrrarmydet %@HGWEXI%riddﬁ@l frydieeging %hidshaig@is pibaggciepized 4|5)
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di gester (30)hrifgvizng saldgk€asid pne alnalsgid angdt @ﬂ@alaqiylciﬁnys@ eletnoutd, 8%)
comuni cating wth said inlet of said hydrol ?/SI s nmeans (36) and said inlet

comuni ca&fi ngomitmmwslam“@thtsa@tdlgﬁﬂtlgzammﬂﬁo 4S0% neans (36) 10. Pl ant
according to clai g}l‘g)mcp r| Zcf’ar &PS&t h ut1$1 %'C?f%’aqgsa. aﬁg £ §?aa 25

primary digester a sec pr| 0) and

secondary ( 1ppsidbgrisdt@licSoRReC Bl aaviinestdi m@m(lmmd ) a0d bleghs (20[128)':{6} et of
said primary digester (10) conmmunicating with said nmeans (12) for bringing
in sludges, %V@mg@pg@fcogangjﬁpmwwg@ﬁt@éﬁ@m (o) L.c¥bnuni cating with the

inlet of sai galﬂacﬁée% %y eﬁgf ﬁaﬁ%(zgiﬁgectetdqg bl@%&g }:e%)r gax%e\?/ﬁ)@g%{%%% aqut er

(11) 30conmuni € ng W et of sai SI's ‘means

11. Pl ant5acecollétitag20 03 Hninkedeo platsior @l(ﬁluﬂﬁlg&tdaﬁl a;m elehdciac t@hpsnk i n t hat
said first liquid-solid separation neans (13) are configured to nmake it
possi bl e to Attapwmertignyness (P lagedito vy dtermgiaatrefudpmalesimity, ap. Pl ant

according to.ghalmid0Br 4dlor GRRRACIR hAAH. et HAh dil-weRTRELSESLEREPNT

(23, 41) producing steam and a piping (27, 45) used to convey steam to said
thermal hydrolysis means (16, 36).

20 9. Plant according to claim 8, characterized in said digestion means comprise
a digester (30) having at least one inlet and one outlet, said outlet communicating
with satd inlet of said hydrolysis means (36) and said inlet communicating with
said outlet of said hydrolysis means (36).

10.  Plant according to claim 8, characterized in that said digestion comprise a

25  prinary digester (10) and a secondary digester (11), said primary (10) and
secondary (11) digesters each having an inlet and an outlet, the inlet of said
primary digester (10) communicating with said means (12) for bringing in
sludges, the outlet of said primary digester (10) communicating with the inlet of
said hydrolysis means (16), the inlet of said secondary digester (11)

30 communicating with the outlet of said hydrolysis means (16).



5liquid-solid separation neans (17) positioned at the outlet of said
secondary digester (11). 13. Plant accerding to clains 11 or 12,
characterized in that it conprises defibration neans (28, 46) placed
upstreamto said digester (30) or primary digester (10).

11.  Plant according to any one of the claims 8 to 10, characterized in that said

first liquid-solid separation means (13) are configured to make it possible to attain

a dryness level equal to or greater than 12%.

12.  Plant according to claim 10 or 11, characterized in that it comprises second
5  lhquid-solid separation means {17) positioned at the outlet of said secondary

digester (11).

13.  Plant according to claims 11 or 12, characterized in that it comprises

defibration means (28, 46) placed upstream to said digester (30) or primary

digester (10).



