MATERIAL AND/OR FUEL PRODUCED FROM BI%I}/I#ASS Description [1] The invention relates to a
material and/or fuel which is produced from biomassS. The application also relates to an apparatus for the
treatment of solid-liquid mixtures, in particular of biomass, comprising at least one reactor for receiving
the solid-liquid mixture, a plant for the production of energy from biomass including at least one apparatus
for the treatment of the bMMEER IRl ABGUARS MR ld FIRGEPHEECARIRAIYEBYAMA S aboratory scale was
proposed by Professor Markus Antonietti of the Potsdamer Max-Planck-Institute for Colloids and
Interfaces in July 2006. In this method, biomass is converted in a laboratory autoclave at 10 bar and 180
degrees within half a day into a carbon-like matétfSF9PHE breliminary steps and water. [3] The use of wet
biomass for energy recovery by the production of a fuel that is as uniform as possible has been sought
after for a long time, but has been limited by a lack of efficiency of the energetic conversion including
combustion gnil low coplsiffesituenessdntis ustripiboordiaxidaiand pib@IcgdeRMOUSEgAS emissions

have essentially beepn made responsible for the climate change due to the.cqmbustion of fossil fuels or
energy carriers. [4] In @R@cﬁi@gﬁf E?Bf{oe? teoxglllrﬁ‘BPéa,r%luaggfc%efgre %Ergeflr%e(gftrsﬁ%ﬁi 1ocll%(?oggenous residues
was presented whichodwrgsrisesagicylindfibalmessctomipriving ht foad evastectmdahedikelig dubmitted to a

temperature pressurg iy dpivSIS RIRCESTl 18 BRIRdIR HARE éﬁé@ﬂr@rﬂ%&ﬁ%@%&[&&%@%@ heatable

casing surfaces. A flow is produced within the reactor by means of @ pump for ensuring mixing of the
suspension. [5] It is tFRSISHeRRR S FredeticapirtatisheBie¥stop a method by means of which fuels,
humus, carbgptcontainngratering@smvealhesvaillaih o oiMailieselike ralction progisetshyan be
manufactured econgmicall d.with high efficiency from a sglid-ljguid mixture, in particular, on an
inustial soale. 6] PR R AT LR by R s et e ARt ok €S e
developments are apparientsfroduiha0fieperitismalaidbidihss methoe tadcordatyigahe application

provides that the carpon-Gontaining,salidriguidmixtieand(es ths foed malsHizkara.Addiignally
processed prior to and/or
its preliminary steps and water.

[3] The use of wet biomass for energy recovery by the production of a fuel that is as
uniform as possible has been sought after for a long time, but has been limited by a
lack of efficiency of the energetic conversion including combustion and low cost-
effectiveness in its use. Carbon dioxide and other greenhouse gas emissions have
essentially been made responsible for the climate change due to the combustion of
fossil fuels or energy carriers.

[4] In DE 197 23 510 C1 for example, a device for the treatment of biogenous
residues was presented which comprises a cylindrical reactor in which food waste
and the like is submitted to a temperature pressure hydrolysis process. The reactor
is in the form of a loop reactor having heatable casing surfaces. A flow is produced
within the reactor by means of a pump for ensuring mixing of the suspension.

[5] It is the object of the present application to develop a method by means of
which fuels, humus, carbon-containing materials as well as Maillard or Maillard-
like reaction products can be manufactured economically and with high efficiency
from a solid-liquid mixture, in particular, on an industrial scale.

[6] The object is achieved by the subject of the independent claims. Further
developments are apparent from the dependent claims.

[7] A method according to the application provides that the carbon-containing solid-

liquid mixture and/or the feed material are additionally processed prior to and/or



during the treatment, and/or the reaction, intermedigfe secondary and/or end products are conditioned or
processed. By virtue of this purposeful pre-processﬁgg%r pre-treatment of the solid-liquid mixture and the
further processing of the solid liquid mixture during the treatment or the reaction process and/or the
reprocessing of the reaction, intermediate, secondary and/or end products, the yield of fuel, humus,
carbon-containing newenzisedrioreMaiidrer drevraitkara-likerrecsictio segpoduntarncaer bedsubstantially
increased in a cost-gffertiveRapMGiRlbrihe cRwsayhis.crerasticsuilization gbhiamass, only so

much carbon dioxide is set free into the atmosphere as was previously needed by the living plants for
their growth. The us& SfftERR Rerh Wit s thdsexse AU hadurhetiiaraistrnahts slitate friendly.
Furthermore, the produationxafrbdomisg, dichtisesp e akk ocnagricpibocal aitrctive ajgascioigxample, can

serve as a CO2-sink. Without.such measures anda/vitho%t an iracre%sed %Qer e ic elof non-fossil fuels
reaction, mtermediate SGCOtI’la ra /OI‘ cn oducts (] 2

and renewable raw materia S, Climate protection gré/t%nsuch asihose épec?’l n H%’Kyoto agreement,
will hardly be achieviewn{s] dArhbntientawtine deatsttHisaagipliddaidardor tMeillatizbiiorcaftisiomass for the

production of fuels, 16 RRPANIBR Qbsankany Mhiehd Inst Aripg.the CARNELSIoN process, is substantially
smaller than with other methods. Little or no carbon is lost in the course of an orderly conversion process.

The carbon 1685 is ovel"305FrEenP ihis SICHHESCRIFANT AN S Proteddsso aptispriiettvith the

conversion into biogrseehesint®tpeseanifiiravoad marhanizaitedeprocesdivanedaes 89 peiicent for a

composting process, fhetepy, carbon,is.released. as. capbon digxide oralso ae mefhane, which are each
regarded as greenhguse gases and being Rarmiul to the Chimate. This is not the casé with the method of

the application in Wkﬂ@ihla?tmﬁrigndim Bmhﬂmmmam_ﬂwm Qﬁ@@@sjs"/té‘téassd.e{lﬂ@]n_The method
according to the appjicalign MasRAILASBELAHICIRRrYBY LoPFaskiiewarhelgdprmentation only

has an estimated net efficiency with regard to the energy yield of three to five percent compared to the
energy stored in theBFigHE BIONTHESU PR HI5EEESTS GRFFE e titethBoriPstbBida AR AR 8RE application, no

or only very little CORisrs@t s dintanpiasic e agthaconersianpihmmasadigdiogas, about half of

the carbon released a§egoe%f Mvﬁf g}/@r,,b%nlé/h? \tegv substrates are suitable for the economical operation of
a biogas plant. [11] fif Sonitrast to most mefliods Known for converting biomass into a fuel, the heat

released duriE_?Q the prdlz(ébshﬂinhﬁthmimétthmm&ngmdhhetﬂpptieaMhiom$éoq§w for other steps or
procedures within the. plant pisela RNeOh iR M ERaleRAsERN (NG EREIGEHS Vilizatpn of biomass is its

high moisture content. In the method of the application however, the presence of water is a prerequisite
for the chemical conRfefSRSniprkedialysimakisahandy thrather methRsis LB focaiRondultidn scale for the
conversion of biomags taiaREgYoaderNnoteein sheioaqp!iTatiomntyn dolack afefficirran: waser energetic

usability and COSt_efgﬁl&%ﬁ% fermentation processes, about 50 percent with the conversion into biogas,
about 70 percent for a wood carbonization process, and over 90 percent for a
composting process. Thereby, carbon is released as carbon dioxide or also as
methane, which are each regarded as greenhouse gases and being harmful to the
climate. This is not the case with the method of the application in which almost no or
only minimal amounts of CO; is released.

[10] The method according to the application has a high degree of efficiency. By
contrast, the alcoholic fermentation only has an estimated net efficiency with regard
to the energy yield of three to five percent compared to the energy stored in the
original biomass or educts. During the method in accordance with the application,
no or only very little CO; is set free. In contrast, during the conversion of biomass
into biogas, about half of the carbon released as CO,. Moreover, only a few
substrates are suitable for the economical operation of a biogas plant.

[11] In contrast to most methods known for converting biomass into a fuel, the heat

released during the process with the method according to the application can be used



[12] When treating solid-liquid mixtures such as bio s for example at high temperatures and high
pressures, the reactors in which the treatment takeé?g\l ce, can have special characteristics. Thus, the
inner surface of the reactor can be corrosion-resistant or provided with an appropriate coating due to the

extreme conditions. Moreover, a device for the mixing of the solid-liquid mixture can be provided. [13] The
application relates tdoa etethisebsor threqsfuarsctivhinfhnpleaialsciin Oer ¢h dls niumealslena¢s fWiaillard and/or

Maillard-like reactionyRrausts fiem,casRAMEORIRINN G UL HoRid istirs nvhersimibe.salid-liquid
mixture is treated at a temperature of over 100 degrees centigrade and a pressure of over 5 bar for a
treatment period o 14 pplication, the

iod of 4PRESEH A" AOMC A4 {NHRIRTAFY QYALSE i BT GHHiRe dBjdle Biamédpplication, th
method is carried oufoiiivarsefroosk NGB BQRETMAUS MR rappliis noeansdhatiiheciieasment of the
solid-liquid mixture ialnot carried o%.in a disc;[ontinuous anner. tpat 5 iq.a patcgl mpdg, |tn particular

. . € conversion o1 b1omass 1Mte ener are limited ih théir a cation a 1aCK O . .

during the reaction process.rfdemperature and pressure ratios are manﬂgl ]kep? inthe operating region for
the optimizing reactioifigpae laswyenaradtionsamittyi 2inpctseadivatiing times. Feed material, catalysts,
process wateyand nonvepnvertedfessumateiialanckother mediasanderamavadisgcycled and returned

if necessary, and contraries, reaction, intermediate, secondary and/or end products can be removed from
the reaction space dGRRG IHESTLATMIREPREEESSESTIE SEAENE flrtHur hiRttia S 42kes Picexample the

conditioning and/or ¢leaningspéqibeesacwatticsWESIE Wwaleheotiiteicaiss tracsiotritdiebaediate, secondary
and/or end products can be carri?d out in grgllel ina continu?us 0 .de&al% d manner or in intervals. [15]
% e

In a further embodiniént of the o ?3&? ofthe ap[‘)xfll(t:% |I(13ﬁ1,) l?{?gfbarg\ﬁ%glgha eefcr)](pt)rg%?ure is adjusted to

above 160 degrees cemntigrasieMordetneete1i60 fanthSOixdegreds edntijradbmortivetweda 185 and 225
degrees, and/or that the;fggperature is controlled automatically. [16] In a further embodiment of the
object of the application, it is provided that the pressure is adjusted to above 7 bar, or between 10 and 34

bar, or betweldA10 and A7aBRHCaToR el2ses txp TB5 e ApithepERduqen o BASHME AR HRRent of the

object of the applicatigfuitisdpsovidied thaidioe Meatment dkeertion psodtideasba baves. or 3 to 60 hours, or 5
to 30 hours or 30 to 60 hours iq.g?rticcylar § to 12 hours pr 1% 501.24. ours. [1 ]tln a({ugther embodiment of
oli1d-11 the solid-ligui reated at a

: . . [18
the object of the appﬁ?élatl IOnSit s pro fided' that the treatment duration or conditions are chosen in

dependence on the typecvitthie Feed:nidfediaressdiontigredsolid-Higuisks mexetire @rddiar file desired reaction

product. [19] In a furﬁlgg{ngﬁ}%gm%@tapfeggplqg%t of the application, it is provided that at least one feed
material and/or the solid-li&wd mixture is pretreated, preferably by dewatering, comminution,

preincubatiort Mith auxiiehikaesraro s g Hhert sstan iy PP ahesrete bittAsthent can also be

the incubation in an @gich@nRiFRBIERLEGIVEEH IR eXamp| e Rl anpiinvaluehw bicinshelow 6, preferably

below 5, especially refelirgq. belpw. 4, Particularl}/. bdelovv. 3 8nd theretlxl)é f;:I)]refera ly under 2. The
. ﬁ‘tﬁO 1d:liguid mixtufe 1s not cartied out in a discontinuo %mer thatisin a.
necessary duration of the step decreases with'increasing comminution and with decreasing pH-value.

The incubation at arbatcidivadkl-watai cdar thkerplheecattamthe comifinykornure and pressure
ratios are mainly kept in the operating region for the optimizing reaction space
usage and for minimizing the dwelling times. Feed material, catalysts, process
water and non-converted feed material and other media can be removed, recycled
and returned if necessary, and contraries, reaction, intermediate, secondary and/or
end products can be removed from the reaction space during the running process.
These and further method steps, as for example the conditioning and/or cleaning of
process water, waste water, outlet air, reaction, intermediate, secondary and/or end
products can be carried out in parallel in a continuous or delayed manner or in
intervals.

[15] In a further embodiment of the object of the application, it is provided that the
temperature is adjusted to above 160 degrees centigrade, or between 160 and 300
degrees centigrade, or between 185 and 225 degrees, and/or that the temperature is

controlled automatically.



[21] In a further embodiment of the object of the ap%ifftion, it is provided that the feed material and/or the
solid-liquid mixture are comminuted prior, during and/or after the treatment, preferably chopped and/or
milled. The particle size of the comminuted solid-liquid mixture should thereby be preferably below 10 cm,
especially preferred below 1 cm, particularly below 2 mm [22] At least one catalyst with or without the

addition of watét and/omnarfethse ombsbintisoichin PucstioeticonplecaotitHiduiavidadtbadth at least one of
the feed materials beforg,andigrdwing 16 roalmentHe-Fa@hRt B ERYISHRERL [PART pne or also
several different components. Together they form a catalyst mixture. A component of the catalyst can for
example consist of RaliPedds By LEAPEEATEEEEId and particularly a proton acid can be used in a
preferable marmer. Thenustrefea diboditricarboylibreid fandagpaiall, itastareiacddandheitric acid has
proved to be particulary advantageaus, Citlo acidandiariaric acid e cystalin and ngp-toxic. Both
occur naturally in frui €C| fic acid in citrus Truits as for example(ferﬁons, tartaric acid in grapes). But it can
for example also be mvinangaricwsid, tprefdwabstyos itwidedirsn a particularly preferred embodiment of
the applicatignghe acjg M%%Mﬁ@@ﬁ%%&%ﬁ%?fﬁ%&ﬁ@%ﬁ{, Rt t%hﬂ?@e&%ﬁgne be used for
e

the production of the acid medium for the incubation step.. n addition, catalggt or the catalyst

mixture can compris&eaBr HaH M e BHRIDRIHERTCOfhPRTANEIGh PerticiRe HI&s Sdditionally.
Transition metals of ihgcGecananhgroupsitaidailiae WViad/M ehades vdbralktha peydadic table of the
elements as fop exampje iron, nickel, goball coppar zing. thodiym, palladium, platipum, silver, vanadium,
chromium, tungsten, molybdenum an Jor titanium afre used, ereBy iron°Has proven to be particularly
advantageous. Oxidessbbthdeea! meteis] fordexdraphdiddiqadinmkoxide p(rEE cpartdxite (Cu0), zinc
oxide (2nO) andior guiamisD. exleffalN) aif AlsaRAisulalyR(IEIEd CY MEtk gf the main groups
of the periodic table of the elements or their oxides, for example aluminum oxide (Al203) can also be used
as catalyst in an add%’[ﬁ@ﬁ@é’tgus marmer. [24] In addition or alternatively, biocatalysts can also be used
prior to the treaiment of the Sokd-ligeidneixitteaso asthe acabitiaienthecansaisdmeitbe solid-liquid
mixture to fuels, carboeg-.con inin mlatetrial _hLimus aqld. or I}/Iailléalrd Qor I\/lljrflillt?rldlikg reactions. Thereby,
enzymes, micro-orgclalmn|SIH1H§’(Ei?r)llr f)”ér icutar Bacteria’ %lﬁvél}gr llﬁnal vaédjé?a%f‘e elfs, &nimal cells and/or cell
extracts can for exawrspteibidyseiindbfios dnpidardnimpbilzed fend tHowbtokieradirenderéonditions during
the treatment of the #RUHUGUghRAIGH BPINRREAUANSIS CANIPRLSRTEUHAM RS BAERSSIRE of the

solid-liquid mixture, in particular the pretreatment, and/or the conditioning of the reaction and/or
secondary products de5Pfig PikEFe oG apidic bt ireapplicksaage Atprdfided that at
least one of the feed: sgaatesialsrand/or the solid-liquid mixture is mixed prior to and/or during the treatment,
preferably by stirring, mixing, suspending and/or agitating.. Thereby, one or more mixing apparatus(es)
can be used %Hmixingrj?rﬁﬁqugrﬁ%u%ﬁb(géng?n f%lécﬁ%ﬁ%é?cdl etPgr?P Hﬁ():(%/ﬁana[l)tﬁsapé?ﬁls%sgj tf[:liarlte eerably at least a
jet vacuum pump orfkgdidgetiadixal/op thapobid-diqodztexthiccordingionitedapplicdtiong aikiorg apparatuses
are preferred which make, dgithQlt NOYAbIE ARFSIN NP ISAFHANSRARS: (AP & fHither embodiment of

the object of the application, it is provided that the reaction products are dried after the treatment with a

drier or a combinatisiBréHsbif! Wi diatigashpridehsisty PearafeehbrbelovoHtsst drier, especially

preferred with a flonegndigbalfanedwfitidizes baddiiary ijwmaderther embodiment of the object of
the applicatioa j:]is proviqled that process water a cun'ﬁjlat d.in thfe course Pf the method of the
t

application is'ré ovedfs‘ﬁrfé‘?%tr%ff Ebtﬁll \é%tl‘ggstocr)ﬁvelta U[ozglr“;ita g%orntﬁev%%tﬁa?ﬁaLﬁﬁaéleaﬂg?gﬁ%n and/or cleaned
and returned to the seattiorncmikturddciihe thppalidtiguidmidusebid thquidaseparafidre 6ad for example be at

least one apparatus, ot mie( ‘B‘evf%@id/&?‘@&%%@ﬂ@ﬁg%ﬂgeiﬂf e Eﬁﬁﬁfsﬁ%a%scl!&?s%% JP&IRQ gpa combination

of different above-mentioned apparatuses, preferably with ceramicfilter elements and especially preferred
a rotational disk and?6placcentitigalsisaenspraptadnter [ pzeihRy Ruderer LABOETHERUST the object of the

application, it is provigggdhadk acayomaled wasieswatpldssaanadmeehanrically cehriigally and/or
biologically. acid and particularly a proton acid can be used in a preferable manner. The use of a
di- or tricarboxylic acid, and above all, tartaric acid and citric acid has proved to be
particularly advantageous. Citric acid and tartaric acid are crystalline and non-toxic.

Both occur naturally in fruit (citric acid in citrus fruits as for example lemons,

tartaric acid in grapes). But it can for example also be an inorganic acid, preferably



[29] In a further embodiment of the object of the ap%liﬁttion, it is provided that outlet air accumulated
during the treatment, processing and/or conditioninyg Is' cleaned or treated mechanically, chemically and/or
biologically. [30] The application also relates to a method, in particular a continuous or semi-continuous
process for the industrial production of different reaction, intermediate, secondary and/or end products.
The reaction, intermadfaris, aseband aaytonthen drprayciucts bedifonexahepiepbioatipnsehfuedslranging from
peat- or turf-, as welazfighil o bladnpRatiks: Helsdipumus Mallard. onMatliad ke fgaction products,

carbon-containing materials such as insulating materials, nano sponges, pellets, fibers, cables, active or
sorption coal, charc®X&sHSht e BeIHBHI BniplriPeaon products and materials, and in
particular alsgfged maltenédsitor, graphis o thsaphiigtaaitaiving oonlikespoadueiaanchearbon fibers and
feed materials for com‘Posite d fiber compaosite n&atqrialsa. E%%l I a{"urthx%r embodi pt of the object of
. . .. and/ar,meétal ¢ oun51Fa cular also additionally. Transitio mﬁtanO.e
the application, it is provide at the solia-idaid mixtdire consists at leas parr]tla y of biomass. The
principle of the hydretherdast genirorizdtiohVis, tHerdty andedlayoftibeqepoiicofplessine and heat, so as to

initially depolymerize gRd hyslralyze.weliomassunilsharleasing heat e, Eblﬁﬁiﬁﬁﬁi,dem and highly

economic method according to the application. The polymerization of the resulting monomers leads to the
development of carBUHiBERaMAY YEHCHUR SRECRIELS it S fa MbLFRU D&t Paaib A roducts are
produced in dependesige it ieactiaypesnditionspAflan aisharaitigasisio0dueatomebimus results

initially among others, and, during the further course reaction, fu ith.incregsi rbon content,
T R ity el )

which are suitable for e%lé’rgif pro dcti‘cf)ar%afg%'f)ﬁle applica i%%%?ggxpffrlg the produic f different

reaction, int_ermedia?elﬂéecﬁhmmm%@_lpfbdmglawmn@dm Dhﬁmeitht@ﬁ% af)rh@catipn, including
the production of fugls, fram,peatnAnskigaLeia Pireke codtlilie SHals: umus sitaliatph. or Maillard-like

reaction products, carbon-contalnlr(:g materials such as insulating materials, nano sponges, pellets, fibers,
cables, active or sorpHBHEERP* MRS e RENATHEd AR FARRY Lo THIEE R BABFBducts and
materials, anghin particiaddlsen feedrnalierins tocaraphiteaant grapbiepeRnidining @iméke groducts and
carbon fibers and feed matgrials for composite and fiber composite.materials. According to the
application, e mettBeH Ok KL S EReR A S5, T HBIZh 8 it S Y biomass, wherein
a fuel according to thextuetho tiolstiherhovarticnnispruderdsl, lama: shisdfoeMsiHérdrovaviddleshditioned for the
energy generation. The Congitioniigaan herelY AROSISHiahexeMPIRAL AR Lgtpmafpellets or

briquettes of dustlike or humus-like fuel. In an advantageous embodiment of this method it is then
provided to use the E§ifdltvFRSEHPlRetTOr eREr) EeEIAbACH Fa SR CHAY FAEBMMIBG BRI According to the

application, a methogltfes e/ genrenatinn<r @itierpné fotmsef-ane Wy dnudingheat erergynand/or
electrical current can tbtﬁ caligicf_\ﬁgo%, n[ﬁreferabl}/ %.comtfination of tho(?g whil usin% the fu«%l produced
c

according to the app(Tlca iGh. %rdmé‘%et’hoengpﬁﬂ%% I rslt,stfﬁ?e]?eeﬁl Combimatichs for the aeneration of
different forms of entgsobd-didfedenixterrewahieiererty peatietsiint] adirg dtheosblidniiguitl and gaseous

fuels from renewablg,raw, materials, @95&%@?'&0‘6’@&@? power, solar and/or wind energy and different
storage forms of the previously mentioned energy carriers and generation systems can further be used,

and using thd 3okl prodicedhesrahngitacti @ ppréiaroal fhuprrhisasipplitatiie fifktAdrdictates to a method

for the generation ofieresgy optefarabinihadpaydiar setermiandiengastikbingits wsed, including
those methods where Ctlhe fuel acilﬁordin to the %po%lcagion. is used, in combination \/éith storable types of
& Ay

energy by wind pow%l}, /itQ|r ARSI G af)reegtSLPrri% ha e c%llﬁi}l %r%lf%pr?g 't h /%ispatchable Wwind
Power _Systems (DWQ&)}I@SI %b@ﬁ@b&&t@émﬁh@g@ﬁ%&d@@@%&%ﬂs&ﬁéqﬂ&ﬂ@ﬁ@ br_ fuel produce_d
according to the apglicatian, fot e, densr il AnsdN I O PIRNASSJRAITNG ApRlieation also provides

an apparatus which enables an efficient treatment of solid-liquid mixtures on an industiial scale. [37] In a
further embodiment GTcthEngBjeet Bl ki sglo AU R pR\AGEe! thesotHng to the application,

mixing apparatuses are preferred which make do without movable parts in the
reaction space.

[26] In a further embodiment of the object of the application, it is provided that the
reaction products are dried after the treatment with a drier or a combination of
different drying methods, preferably a convection or contact drier, especially

preferred with a flow and/or belt and/or fluidized bed drier.



reactor consists of a cylindrical basic body and/or i%ﬁrmed in a pressure-resistant marmer. [38] In a
further embodiment of the object of the application, ig provided that the reactor comprises a
cone-shaped base, which forms an angle of at the most 45 degrees in reference to the reactor axis,
preferably smaller than 40 degrees, especially preferred smaller than 35 degrees with the reactor axis.
[39] In a furthér hdvantagebubarpibbeliment of trcohjsplichtivriplisatvidecbthaidtsetinher space of the
reactor, in particular JheRagger WalkRastsd Pisish Ak Depl ARSHeYGsiRppRisiant @nd water-repellant

material, for example coated metal, particularly noble metal or ceramic materials. The inner space of the
reactor, in particuIarrﬁ’i’éob%@rﬁffiﬂ?ﬁip’r%ﬂﬁﬁ?%ﬂ‘&eﬁ%ﬁ%@%ﬁa Wi iguids®3rmtiog Ay Lontact with the
reaction mixture aredsiieel o) pariiad yostifaerioaatechradioe epaichvwvith tcatidnigymaterial, which
prevents or reducessgagrig}%gr(: gne%cr)sei)gg oflg%renﬁqgg%s eoj:1 ther rea grorql ig}ig(_tl{lr o The coating material can
preferably comprise cBirosion-resistan , fvear-resistant andlor wa er-repellant materials, in particular
metallic or ceramic mextefiisissiandral vy shpreferssiynatsohnsthivher aickebimbiyoefehifercttitanium,
aluminum, niobium, and of iheiMateripissilco b lienniPRall ARG S h POIGRANShgarbon, and in
particular of titanium-aluminum compounds. It Is particularly provided that the coating material is applied
by means of a coatiftPRIEHBrhTErdramriosl itk deyecsanyibratbmentsyrs fiifhe spraying method as
for example tf»3high-velacitythxyusbiiviaymnethiget[¢O0hbapplivities enmbedinrateitthe object of the
application, it is prmgglced tl'fgtte (61lt Iaesatst one m Enltalg ne aaaarﬁ.gsé ra %‘?ﬁ!aiﬂ tgrcledi/nnglroﬁpell&%of the reactor.
This membrane part &an be per%ra ed with h6fes with distahces of tess Han 10 mmgi pre¥érably less than
6 mm, especl@fy prefelmedilebsthmhofimentlptitee wigenbedtie pertivstformied proeledthateratleit can also be
called membrane 5hﬁ?&&lﬁ%ﬁhﬂé’@&&ﬂﬁﬁ@%ﬁt@éﬂ?ﬁle@%&@éﬂ%r%ﬁ&%ﬁ & QYigd,in the reactor.
[41] In a further embodiment of the object of the application, It is provided that the diameter of the holes in
the membrane part EGERERRHN BB pRRCR ety AR 6 Rit#SH T 00 pm, especially preferred lower than

35 pm. [42] Inzaffurtherrapgpaicnest atdhelabjeshohdheappheationmrit ipravidedibahthe holes in the

membrane part are formed.in (e shape,pf & funnef. J3).In.a fyriher embodiment of thegoject of the
application, it is provfc’zllcla&1 that Bt1e48t One cavﬂy i€ HreSERt Petveer the per'»flora’ltleae membrane part and

the reactor secondary and/or end products. The reaction, intermediate, secondary and end
products can for example comprise fuels ranging from peat- or turf-, as well as
lignite to black coal-like fuels, humus, Maillard- or Maillard-like reaction products,
carbon-containing materials such as insulating materials, nano sponges, pellets,
fibers, cables, active or sorption coal, charcoal substitute material, highly
compacted carbon products and materials, and in particular also feed materials for
graphite and graphite-containing or —like products and carbon fibers and feed
materials for composite and fiber composite materials.

[31] In a further embodiment of the object of the application, it is provided that the
solid-liquid mixture consists at least partially of biomass. The principle of the
hydrothermal carbonization is thereby used by the supply of pressure and heat, so
as to initially depolymerize and hydrolyze wet biomass while releasing heat energy
in the efficient and highly economic method according to the application. The
polymerization of the resulting monomers leads to the development of carbon-
containing reaction products within a few hours. Desired reaction products are
produced in dependence on the reaction conditions. After a shorter reaction
duration, humus results initially among others, and, during the further course of the
reaction, fuels with increasing carbon content, which are suitable for energy

production.



wall. The membrane part can thereby be connects&zﬁ the reactor wall in such a marmer that the cavity is
divided into regions separated from one another. Wi 1such an embodiment, it is advantageous if at least
one region of the cavity is provided with an inlet opening and at least another region of the cavity is
provided with an outlet opening. The connection between the membrane part and the reactor wall can
take place fof@tamplelhy prmisaiomrilep hneadenvidipgdvaieretfydifisided axsiee.duitimindialve flow passages

are expanded or "pillowggs Y% iR Ais IR R DIGR:REaRSWEIDEJIUR HRRIMBEN PR A or sheet
plates through which tempering liquid or heat exchanﬁ.e medium can flow through the passageway in

between the inlet antORIEPSIRRA G e JGRBIRG: 48 e iruakliieAselu By this case, the
double wall of the resgitncantvis helusedasthpaidaxshanper-asihemsamedmas {44] i8 a further
embodiment of the obicet of the application, i iscbravided dhat at he.reacior walljs degigned in a
double-walled marmer, w e%é%y at 1gast ong C wf;P IS arfangedcbe Ween an irmer waﬁ(faf/er and and outer
wall layer. The two whdktaykrsbsfitsirentiofitedighly therpinjedcabompistéet throdenautierind such a manner
that the cavity is diviged itQiieQionR SEREIE fiPBr.RR-anAthapHAL IAstiRRg Epaign of the cavity can be

provided with an inlet opening and at least another region of the cavity with an outlet opening or coupling.
The connection betWESK BdMWaH0eR SRS tSrhammsial tdrecprees iy Paitainmarsifear welding,

whereby the non-weldgeltiareas outlining the flow passages are expanded or "pillowed" by the injection of

a high-pressyre-medium in between the parts or sheet plates, thrqugh which a tempering liquid or heat
poioonn 51wt en i e b s S R R e
as described in US-A@ﬂﬁm'@m%@ﬂwmigmééqm@dwbﬂ@m%ﬁhdmrﬁéwtoﬁ@mmé b%t_hj_?sed asa heat
exchanger at the Sam%ﬂ%‘?riﬁﬁ])&'ﬂéiuﬂa%i@%@f)g'E‘Pt%ﬂizé}fi_g%lﬁf?dﬁ)ﬁ%@ffépﬁlé’b%%m it is provided that

the reactor is a cascade, tube, cycle reactor, loop and/or a stirring reactor and/or preferably a membrane
and/or fluidized bed $8%EtGP AT Te£onEIeTERE ¥ BFSROTABTRAIRITHIRIfcPEAPFRIHGHPE Preferably have at
least one characterigtificanet prefesakly tambinationmal-civaraetehisticsiohapaseasabsdhsetycle reactor,
and preferably of a Ioto&.or aﬂsltigl?% Eﬁactor, 0 ﬁ% ecizﬁllgpreﬁrred (%f a}{:nembrane or fluidized bed
reactor. At least oneorealét{)nrecé)mbrlses?ré r[:?é%lg y p‘hsa efred at gggflotﬁee Membrane r|loe:§12r‘{lglrr11d/or at least a
device for the generatibpedicaleitgutatimgbfisfidiz&c-balchfaipethe ppg]itateiuathethorhiodiment of the object of
the application, it is prauidesh ak REIRAGOL i eAURPRIHINLAEIIRSINd I heRk frGhange system

which can be connected to at least one control unit. The tempering system can comprise at least a
screw-in heater in afUAFPAFAGE GaSIpdamhat et ibhse St anttbowing diting 1Badteh half tube coil

welded on to the reggianwalbcablenstta theappxehpngaduheiss @ platpsndiphatigasha membrane part or
a perforated base and/og.w?llgafirot. ;[lhe temﬁeringgsﬁsteng an also compr%i e dotuble w%lll or a double
tube construction of A& Teactor. 1 & further advan égeergrlljs Embdditent 6 eeéeﬁlp ication, all apparatuses
in the reactor which aredjovwrrithisoudhdoe mibeia ink ligintpthlegperdor diteld frremonawebarts; jet vacuum
pump or liquid jet mixers, AUTRRS ANGNAEALS GR0 REIRAH @HING G MRAHNG S YR 40LLae application
thereby also provides devices comprising an essentially non-mechanical assembly, that Is, no mechanical
and/or movable partfrBis 85 hsPrs¥ pELE b s AOsr Y REEHIBO SRATAT T tHETBj&2R of the application,

it is provided that theg@viar iséarmrd:as v xing ARRasals JRiMp I s Sislisigioagitating of the reactor

content. The J:?actor ca[qlalso be equl ]}%‘)hed with a mixinﬁioﬁti ring, agitating and/or cleaning apparatus. For
e ani

introducing kimetic energf ﬁ?rnohﬁ%teloreac o?rcrglr%?ﬁ? et Al tsﬁﬁlrrllger%tﬁ ﬁ]ifﬁ]eégé/ystems with or without

movable parts can t_h)@@bgblyethmd?[%]:ﬂﬂ_aesfwmhm@@ng@ﬂim@ne dn‘uhﬂl,dbjémiog_ﬂlesapplication, it is
provided that the m'ﬁ@&&@R%?xréjﬁlésﬁpcﬁo%go‘?gh‘{é'%QH@qﬁBSH@Ql&H?ﬁ&&Qﬁ SHAUZES (pfpxample at least

one jet vacuum pump or liquid jet mixer, at least one liquid pump and/or at least one nozzle.
storable types of energy by wind power, 1n particular of pressurized air and

especially preferred of the Dispatchable Wind Power Systems (DWPS).

[35] The application further relates to the use of the material or fuel produced
according to the application for the generation of energy from biomass.

[36] The application also provides an apparatus which enables an efficient treatment
of solid-liquid mixtures on an industrial scale.

[37] In a further embodiment of the object of the application, it is provided that the



[50] In a further embodiment of the object of the apg}('??tion, it is provided that the mixing apparatus, in
particular the apparatuses in the suction region, are’'designed in such a marmer that the turbulences and
shear loads occurring in this region comminute and de-agglomerate the solids. [51] In a further
embodiment of the object of the application, it is provided that the device is a comminution apparatus, in
particular for commirgaisg thessisliof esniensiic basirbadyomditichioomprisesratseagesistill and/or at least
a chopper. [52] In a fiyther embodiment of the object of the application, it is provided that the device is a
drying apparatus, which comprises at least one convection or contact drier, or a flow and/or belt drier.
[53] In a furthdfEmbodifielt GrsebyjErRed b spbfdRidhC rPRIGRIOMAY YRE &S the! Btocess water
conditioning takes plagsedlutngibs tovnnghpiedesse, ihechlemies ia thghk prataiabhya psocess water
conditioning plant, w icth%referfaepl C m@rises at least o ﬁ%?vsemgﬁg &Iger é)(rl\eerh drocyclone, one

. e%e 1N reICrence ereatctora 1S,. pre %4 S, .
centrifuge or an electrftal or magnetic separation device. rocess water conditioning serves thereby

essentially for the seppratin wEkotidssebertHanréacligreenixith ¢heThecipraeass water conditioning plant
comprises atlegst a ProCeRRARTRTVESRINRIE aRlarAlleashe i@ﬂiﬂi%{qtﬁ??ﬁﬁﬁé’&‘ﬂﬁ\ﬂ{@- In a

particularly advantageous embodiment of the application, it is provided that the gﬁ}paratus for the process
water conditioning cBIpr1BaS &f HaSFISHS JeRASIRNAF (hehtitaEa RIS yERE Siritak ke field
supported separatiotoglevice RsistaombiRaiianfdhasamaldriprocesspieitieaingtplant can thereby

consist of a combination of qiffergpt or tl’]we same .s%)e%rati nﬁpparatuses.([ The process conditioning
artlcutlelr 5 OoDIC Hﬁ al or ceramic ma erla% (5] llilnf.‘.l‘ S af:e t ﬁreac Or. f11’1 .
plant can also complr)lse at least one filter plant, in particular a rotational disk Tilter, préferably with a

ceramic disk. [55] Inmrtimber&_@rhmdirrmﬁ Wgth@,cﬁyjémwmhgw}dli@ﬁomﬂs i@pﬁ@gidw that the device is
a biological waste wggg{aggpgﬂ@g|Irégoglapﬁﬁ\§@ig%grg{g;apIk;r(ﬂamgﬁ@g@rﬁ%e@gg@@gng}ggeactor, preferably

a biomembrane reactor. The bioreactor can thereby comprise at least one loop reactor. [56] In a further
embodiment of the G9ed &‘ﬁtﬁhé%Bn&%iﬂﬁl%i?‘ﬁ%ﬁ&?@&%ﬁ&rﬂ?@%ﬁ%@a&ﬁ%ﬁwﬁgés at least one
nozzle for mixing the gasaeus anchdgeictiphasesr S Théntanfindherambedpertoiyheapjret of the

application, it is provided that the 1008, Iaciar COMPISes 8RS Ji.which 1hg.igw [1ng ffem top to bottom.
metallic or ceramic materials and alloys, preferably of chromium, nickel,
molybdenum, titanium, aluminum, niobium, and of the materials silicon, iron,
cobalt, tungsten, boron, and carbon, and in particular of titanium-aluminum
compounds. It is particularly provided that the coating material is applied by means
of a coating method, preferably by plating, especially preferred by a flame spraying
method as for example the high-velocity oxyfuel (HVOF) method.

[40] In a further embodiment of the object of the application, it is provided that at
least one membrane part is arranged in the inner space of the reactor. This
membrane part can be perforated with holes with distances of less than 10 mm,
preferably less than 6 mm, especially preferred less than 4 mm. If the membrane
part is formed as sheet metal, it can also be called membrane sheet metal due to the
holes. Several membrane parts can be provided in the reactor.

[41] In a further embodiment of the object of the application, it is provided that the
diameter of the holes in the membrane part is lower than 400 um, preferably lower
than 100 pum, especially preferred lower than 35 pum.

[42] In a further embodiment of the object of the application, it is provided that the
holes in the membrane part are formed in the shape of a funnel.

[43] In a further embodiment of the object of the application, it is provided that at

least one cavity is present between the perforated membrane part and the reactor



[58] In a further embodiment of the object of the apgéligftion, it is provided that the device is an air
cleaning apparatus, which preferably comprises at t one apparatus for cleaning the process and/or
outlet air, in particular an air filter. [59] The use of the apparatus according to the application for the
production of fuels, carbon-containing materials and utility materials, humus and/or Maillard or
Maillard-like reactiorvphodbetseitsinnpas carfhersbibes sroviviéd (60 Terstapphidationchlgo creates a plant

which enables an effigignt-generationOf emera it furhefBiamass:om Bk induririalgrale, wherein at
least one arrangement is provided for the energy generation. [}61] In an advantageous embodiment of the

object of the applicatitsh, 3¢ RRSUBER ih i ahe Yeihahletst e eHerR Jrfavalidh comprises a
combustion plant foptbeided hzatian iafeagelich el madiandiss, ipivhighibeafus sspiodidead in the
apparatus accordinqwtghtgeoqﬁ%ication folrhtreg}linﬁttlge tpe!%)mas can b% comb stec?tgérree%t(!y rand can be

O mng. € conn ween membprane an
used for the generation 5f com ugﬁ%n%ases and water vapor. The combugfion plant can be coupled to a

turbine and a generatoll, o thist Bisetfic cumalt Bantetdeme ratetedromldies gabestyemeldetéd in the
combustion plant anéjréﬁeoﬁfﬁfﬁﬁ%/ﬁ@%o@?é&%g%@@%ﬂ&ﬁ@é%@ﬂ&ge@’ he@pplicatignrmore than 43
: e

percent, preferably more than 46 percent, especially preferr ﬁfercent - 55 percent can be realized in
a combined gas-ste ARG PRICELE BPANEGR T BRGhObFReFTBIHH AN IR MYHESEPBSEMe efficiency.
In order to achieve qafiiRbiondrexeRiiRR, Mebintlbam JrSvaleantie Pisgsated inteethedhermal power

generation system quqihaa(lso% trﬁlgs to achieve Petter nvir. nmeq}glljx_sy%zqgg?@& nission levels. [62]

The plant comprisesl%? &astone reacte (gfctﬂg)f)]%hﬁsv% ich Fsdé%&ghed for tempera UréS°6f at least 100

degrees centigrade,tb}ﬁdogbleasﬂl@bﬂesw@otab@veﬁﬁ bsad Naﬁ@asamémm,aaﬂﬁq@hﬁn@mimﬁomass is used
in the plant fqqgperating it swiich isBiaducest accUding it e MRbed it ramrEites: aldgast the

following steps: the treatment of the biomass at a temperature of above 100 degrees centigrade and a
pressure of above 52 IbIValkis dEHEMddaRaterPisr yeled SbBmer nbFrsPHab RS BfG BitA® biomass
and/or conditioning aefrthgdepationn ikieimedialda gecoddatoandoilensdrodeeis wall layers

or sheet plates can thereby be connected to one another in such a manner that the
cavity is divided into regions separated from one another. At least one region of the
cavity can be provided with an inlet opening and at least another region of the
cavity with an outlet opening or coupling. The connection between both wall layers
can for example take place by punctiform or linear welding, whereby the non-
welded areas outlining the flow passages are expanded or “pillowed” by the
injection of a high-pressure medium in between the parts or sheet plates, through
which a tempering liquid or heat exchange medium can flow through the
passageway in between the inlet and outlet opening or coupling, as described in
US-A-4 700 445. In this case, the double wall of the reactor can thus be used as a
heat exchanger at the same time.

[45] In a further embodiment of the object of the invention it is provided that the
reactor is a cascade, tube, cycle reactor, loop and/or a stirring reactor and/or
preferably a membrane and/or fluidized bed reactor. At least one reactor or a
combination of different reactors preferably have at least one characteristic and
preferably combinations of characteristics of a cascade, tube, cycle reactor, and
preferably of a loop or a stirring reactor, or especially preferred of a membrane or
fluidized bed reactor. At least one reactor comprises especially preferred at least
one membrane part and/or at least a device for the generation of a circulating

fluidized bed layer.



[63] The arrangement for the energy generation c%fégnprise a pellet oven or a coal dust-fired power
plant, wherein a circulating pressurized fluidized b mbustion combined cycle (PFBC) or a coal-fired
combined cycle power such as the pressurized pulverized coal combustion (PPCC) can be provided. [64]
The arrangement for the energy generation can comprise a carbon fuel cell. [65] In a further embodiment

of the object b¥the applicativtheit éspedigatiofhhe thacappahattprietiniing rheyidishizassheomprises at
least one reactor for g secertignal M Rivmpss AN Alleashhde s iPhienRmagssing of the biomass

and/or conditioning of the reaction products and/or secondary products. [66] In a further embodiment of
the object of the apIRZAEEYIiti8 IFBYiART MREAHE Yo d B TBPS 1 & PAAR (G EY/BRIFEALIES End especially
advantageously a loafereactanrr sfisnngveaatosanaiondp) efably lraembbasaifitddjzed bed reactor.

At least one reactor preferably comprises.at least pne membrane part apd/or at least g device for the
qeneration of a cieu Aty dEe Heu e ADANE CARGE EALL T bALESr S HE LB B emperatures
of at least 100 degradsgicantigratieasindmatibrast agressunaiofatdsovs Gahdipr 671l Bavelhd reactors for the

reception and treatmgnh Qi 1he, IAMasS AR RIQIARILR WaieASCITIBICARRAUIBL QRN My rate of the

plant according to the application. These can be connected in series. [68] In a further embodiment of the
object of the applicatsi 18T daAEHTRH AR RIEFHR cadivain gfdhermiGatieh 84n be cormected to at

least one control unipgdieniempetiogesysienicancamphseaideastnsrrendinitgater, at least a heating
and cooling coil, at Iea%a hgllrfn'éutbe coil welded on to the reac}or \llgalelf and/or at Ieast%heat exchange
e

tube or a plate. The ?8%16%tﬁng srf}lstr(aé“rﬁt Baa%sﬂlestov%%lrlﬁ%ﬁélén 8 doubie Wall'ora-doubié ¥be construction of

the reactor. [69] In m@pm@m@@@m@apﬂmm it is provided that the device is formed as a
mixing apparpgis for mT’HQQpp’ﬂUﬂRQ’tEQ%%'QQ@ﬁMd&%@E&%ﬁ%ﬂisﬁ@%ﬁ%@%ﬁ%ﬁéo be equipped

with a mixing, sfirring agitating and/or cleaning apparatus. In a further embodiment of the application, it
can be provided thafiff@dusatasismblyiititutie magiarstladwpanicblariss hiiiuthg the solid
contents in the reacigyssyhich comprises at least a mill and/or at least a chopper.

[48] In a further embodiment of the object of the application, it is provided that the
device is formed as a mixing apparatus for mixing, stirring, agitating of the reactor
content. The reactor can also be equipped with a mixing, stirring, agitating and/or
cleaning apparatus. For introducing kinetic energy into the reactor content,
mechanical stirring and mixing systems with or without movable parts can thereby
be used

[49] In a further embodiment of the object of the application, it is provided that the
mixing apparatus is provided without movable parts and comprises for example at
least one jet vacuum pump or liquid jet mixer, at least one liquid pump and/or at
least one nozzle.

[50] In a further embodiment of the object of the application, it is provided that the
mixing apparatus, in particular the apparatuses in the suction region, are designed in
such a manner that the turbulences and shear loads occurring in this region
comminute and de-agglomerate the solids.

[51] In a further embodiment of the object of the application, it is provided that the
device is a comminution apparatus, in particular for comminuting the solid contents
in the reactor, which comprises at least a mill and/or at least a chopper.

[52] In a further embodiment of the object of the application, it is provided that the
device is a drying apparatus, which comprises at least one convection or contact

drier, or a flow and/or belt drier.



[70] In a further embodiment of the object of the apﬂi%tion, it can be provided that the device is formed
as a drying apparatus, which preferably comprises t/ east one convection or contact drier, preferably a
flow and/or belt drier. [71] In a further embodiment of the object of the application, it can be provided that
the process water conditioning takes place during the running process. The device can then be a process
water conditibhiihg plarit svhicher ambsshmsisefdhtebseas né thieamwligatiloay ahygrodstibaidhat centrifuge or an

electrical or magnetig sgRRLLIQAEENIREHITRG PIASS SRVaAlsfisRditianing sRRdherieRwassentially serve for
the separation of solids from the reaction mixture. The process water conditioning plant comprises at least
a process water res&RREIRERIY ANESETISHHcERAlifPREg A ARbH bisbiRe T YGRREF &hBodiment of the
object of the applicatiast, dh€aiveeqpeoidedibal thecappasabus fonttitagerocassiswaier ednditioning
comprises at least one Sﬁie vegefilé%r . cr?gégfyegqhg cri(gocs)é%%G? uOrrlli&itlaOrll’l %Iecglrjv%alt%ré%agnetic separation
device or a combinalion of these. ff'%e process c néﬁlonlng evice carthere y consist of a combination

of different or the sasserigdarftidhedeniceifes@rdciemn Wattaacomndinehirg Plamremssalstecomprise at
east one fiter plant {1, BAFHFEY ULLFGIATISASHS A9 s ith ieeloRel i dlies andlor with o

centrifugal membrane filter. [72] In a further embodiment of the object of the application it is provided that
the device is a biologRU4r BHISTERIBH WeEY eorBRiBHiY BrantdrastisaeH Bt asdSwhich preferably

comprises at least oggsalithliguid meprikatian;, adippeaciofopreigiablysavaioniendbiadageactor, a reverse
osmosis, microfiltration ultrafiltrlati(%n and/or vizhﬁt oxid?tii%n. The bioreactor tp%rt%? ej{)egaprises at least one
K e

loop reactor. [73] In %OP&I?fhng %tme&s)d‘fnmeesrll ¥ eeroﬁ?élcrtl og?h}éyaf)oﬁﬁfga({?g# it provi that the device is

an air cleaning al_ppaﬂmu@iwr?i@mlrpr@iedabigemmmtsé@&tdeaéﬂme_ dbvigedos Gtﬁdﬁﬁipgitl_ge process andj/or
outlet air, in particulag.apaif fillgs, | (4hS0e MRl RIA0E AELPLHIRg IR imapplicatian is particularly

advantageous for the generation of energy, in particular electric current. [75] The application also

provides a material &ARABIURREl which can be produced in an advantageous manner and which comprises

improved chgmagteristiahepropatediaitidaikpwnt naataals epiisels: b46] diReinbjetins solved according to

the application by a m%ter'ial or fuel Whiﬁllgki%lgrodu%ed onmigliomass arhqswhich comprises, compared to
er by

biomass, a carbon ff&C ]i%una\fvta’nr&twallso%?&; T ﬁﬁbpérvéen? sa<ed on'thie percentage mass fraction of
the elements[fdly mas$).atheherambadiardior fihelodsoordithg tprtherapplitationvadesn grisdsfuels of peat,

lignite to black coal-like; {els, fpmyS.Malaehs MﬂﬂiﬁBﬂiﬂ%%l%%‘%UHﬁlggf&é{%ﬁy AP HAROR-containing

materials such as insulating materials, nano sponges, pellets, fibers, cables, pure, purest and ultra pure
coal, or active or sorBHSIRRRIRINAS ol fa1eb ¥ v bisas s i aldh RioraHRT EdhipiEd¥ed carbon
products and materiadsaind 40 1paiticid asoplsedesd materials for graphite and graphite-containing or -like
Products and,garbon M et A e Tl [ FoDRaIte O oSl SOMR RS MR tRTial:
loop reactor comprises at least one nozzle for mixing the gaseous and liquid phases.
[57] In a further embodiment of the object of the application, it is provided that the
loop reactor comprises a tube in which the flow runs from top to bottom.
[58] In a further embodiment of the object of the application, it is provided that the
device is an air cleaning apparatus, which preferably comprises at least one
apparatus for cleaning the process and/or outlet air, in particular an air filter.
[59] The use of the apparatus according to the application for the production of fuels,
carbon-containing materials and utility materials, humus and/or Maillard or
Maillard-like reaction products of biomass can also be provided.
[60] The application also creates a plant which enables an efficient generation of
energy for a fuel of biomass on the industrial scale, wherein at least one
arrangement is provided for the energy generation.

[61] In an advantageous embodiment of the object of the application, it is provided

that the arrangement for the energy generation comprises a combustion plant for the



[77] The material and/or fuel according to the appli$ 48 can comprise a carbon fraction increased by 10
to 300 percent, also 50 to 300 percent, or also 100 0 percent, and in particular 200 to 300 percent,
compared to the biomass, based on the percentage mass fraction of the elements (dry mass). [78] The
material and/or fuel according to the application can alternatively comprise a carbon fraction increased by
5 to 200 percent, alstiligrtion s0aseliddiie! dlom bOness20 pdvick the dvadspaedoctdy B9 to 100 percent,

compared to the biogiassRazes-@RINS REIBENAGE MRS fiRGtiAR Bb iR SlemaNtsHBRvass). [79] The

material and/or fuel according to the application comprises a carbon fraction compared to the feed

material of 50 to 90 PEFERNENSISY GraBb B HereRTH R HISEBIYVBL8E 13 kYAt $8¥pectively based

on the percentage niasscfiastiaopthe elemenisp(edyinass)ingSitida gehierthat enhodisent of the object of

the application, the hydrogen fraction f&g}aom terial and/or fuglic%rggar %tto the1 tglitomg s is reduced by 1
als

to 300 percent, also 6 66np§r%%rﬁetr,§aen 0 2010 18 f)rgﬂe:en , res|E))Iélct|\S/é?;rl1 Based on the percentage

mass fraction of the wiesnesmst (dy theassingenpnhaadendherte thbepiiratipof tivsedbject3of the application, the
oxygen fraction of t%%@g@f@gg{}oﬁlmltﬁmz?@gem @g&qg@%r&@{@ﬂ@& ipragugrd By 1 to 300 percent,

also 5 to 200 percent, and also 15 fo 100 percent, respectively based on the percentage mass fraction of
the elements (dry mBSSFIES] P &RlitFL ehiBBARTE RSP IBBE T BIES A fPIB&HSRC I hitrogen fraction
of the material and/astitigtdst redhiaechiphdstpos6l0peftebhcpraferablydatidOcpasasit, especially

preferred 15 to 100 percent respedively hased o the pergeniage mass racton.of tne, slements (dry
mass). [83] The mat fiaf andror tuel aceor INg B he'a Sllcaflon can compPlse atfeast or more than 65

percent of the originssigel waloke alfahelfe calaciateeibittervviTqanticaldr thetabiabhassibaged on the dry

mass. levels.

[62] The plant comprises at least one reactor of the plant, which is designed for
temperatures of at least 100 degrees centigrade, and at least a pressure of above 5
bar. At the same time, a fuel from biomass is used in the plant for operating it,
which is produced according to a method which comprises at least the following
steps: the treatment of the biomass at a temperature of above 100 degrees
centigrade and a pressure of above 5 bar for a treatment duration of at least one
hour and processing of the biomass and/or conditioning of the reaction,
intermediate, secondary and/or end products.

[63] The arrangement for the energy generation can comprise a pellet oven or a coal
dust-fired power plant, wherein a circulating pressurized fluidized bed combustion
combined cycle (PFBC) or a coal-fired combined cycle power such as the
pressurized pulverized coal combustion (PPCC) can be provided.

[64] The arrangement for the energy generation can comprise a carbon fuel cell.

[65] In a further embodiment of the object of the application, it is provided that the
apparatus for treating the biomass comprises at least one reactor for the reception of
the biomass and at least a device for the processing of the biomass and/or
conditioning of the reaction products and/or secondary products.

[66] In a further embodiment of the object of the application, it is provided that the
reactor is a tube reactor, cycle reactor, and especially advantageously a loop reactor
or stirring reactor and/or preferably a membrane or fluidized bed reactor. At least
one reactor preferably comprises at least one membrane part and/or at least a device

for the generation of a circulating fluidized bed layer. At the same time, the reactor



[84] The material and/or fuel according to the appli(ﬁﬁfgn can have, due to its composition and structure
compared to the biomass or alternative fossil or bi s fuels, significantly more advantageous and
environmentally friendly combustion characteristics, for example due to reduced ash parts, lower chlorine,
nitrate, sulfur and heavy metal content, and lower emissions of dust or particulate matter, fine dust and
gaseous toxic substériastzied| i it elrad lsedfui00 xieksse{ 8] tiRed pnandralcasicdor fuel according to
the application can firthgralsquRpEsE @ higher reactivity and a lower initiation temperature of
combustion compared to the biomass or alternative solid fossil or biomass fuels. [86] When the material
and/or fuel a¢€kding tSTHEPHIFAHSP thFTSSRIMASRH T FRSTHS Of BARIBES FhRRREY With a lower
energy expenditure thamtcabiétfessipitiejohad figwe aeaparaplenfuet malug vricanppricannient. [87] A large

surface results with rixhsmall1 grticle g(i%eedcl)rf1 tsttggersnaterial and/or fuel according to the application, in

particular a particle size of about 2 hanometers to 50 micrometers, also below one micrometer, and also
below 200 ndfdmeter. Mhadurihte dabadidiontfabhactmdingthe thelappdicationcesinrthamdyeletied easily due

to the small particle‘ﬁiglea@%grigﬁﬁgrggtgﬂrmgh [BRlkEhe matedia) andiarJuel ageardinorte.the application
r -

contains Maillard or Maillard-like reaction products. [89] In one embodiment of the object of the
application, the mat&HAPH SYTGR ILIBMAES /¥ 5AStRIIEE At BFefifig A A elRBir/ieh comprsies at

least the following siepsinthéireatanen pilthebbicsmass Riatenperiatidter elabaviotQ0lgsgiees centigrade
and a pressure of abhove 5 Bglr{ fg{u%etrer%tnfentfy ?tion of at least one gour and trea@én‘lﬁgt of the biomass

r
and/or conditioning of the Fea lon, Inter edia e,esgrél ﬁ%nﬁﬁygﬁeél}ocra%ﬁ Op?gﬁrlggtssefQ (1 e temperature

can be adjusted to ovel Qﬁ@@)@gl@e@@mﬁ@mﬁep@l&@mﬁw@en 160 and 300 degrees centigrade, and also
between 185/ggd 225 ﬂ?QEﬁﬁﬁerTJﬂ%Q&ﬁﬁéWSf‘iﬁQaBﬁﬁ%%ﬁE‘?{ji5?%@13@65%&% daliohetween 10 and 34

bar, and also between 10 and 17 bar, 18 and 26 bar or 27 and 34 bar. The treatment duration is at least 2
hours, preferably 3 tBBEFhAtASTAIES BPRESGHETrS g1 HH 6 MstiE NG Pahecansros 18P hours or 13 to

24 hours. After the trertregabafing diesassyibe waacliankpg duaisfigidiied mitha igihgalso with a
con_vection or contact darlire{l,l \{v'tha fl W an /oibglllt, éor itcgt% Ifllulitdciazu(lagebedvtlzl(gi rup o a desired
residual moisture COFH%I’]?O]S 6{1%0 a?‘lanpercenf), also EL (0] f@ppercent, or alsoqﬁ to% percent.

device is a comminution apparatus, in particular for comminuting the solid contents

in the reactor, which comprises at least a mill and/or at least a chopper.

[70] In a further embodiment of the object of the application, it can be provided that
the device is formed as a drying apparatus, which preferably comprises at least one
convection or contact drier, preferably a flow and/or belt drier.

[71] In a further embodiment of the object of the application, it can be provided that
the process water conditioning takes place during the running process. The device
can then be a process water conditioning plant, which can comprise at least one
sieve, a filter, a hydrocyclone, a centrifuge or an electrical or magnetic separation
device. The process water conditioning can thereby essentially serve for the
separation of solids from the reaction mixture. The process water conditioning plant
comprises at least a process water reservoir and/or at least a solid-liquid separation
device. In a further embodiment of the object of the application, it can be provided
that the apparatus for the process water conditioning comprises at least one sieve,
filter, centrifuge, hydrocyclone unit, an electrical or magnetic separation device or a
combination of these. The process conditioning device can thereby consist of a
combination of different or the same separation devices. The process water
conditioning plant can also comprise at least one filter plant, in particular with

ceramic disks and also with a rotational disk filter and/or with a centrifugal



[91] The reaction, intermediate, secondary and enc{ef{z)fucts of the method described above comprise
fuels ranging from peat, and lignite to black coal-lik Is, humus, Maillard- or Maillard-like reaction
products, and carbon-containing materials such as insulating materials, nano sponges, pellets, fibers,
cables, active or sorption coal, charcoal substitute material, highly compacted carbon products and
materials and in partitum@raasélfeed materials for graphite and graphite-containing or -like products and

carbon fibersjand feedmaigrals {peaMPRSHER Jih&t sPMPesHE Matelialp 497k hg@pplication further
relates to the use of the material or fuel produced according to the apgllcatlon for the generation of energy

from biomass. [93] - 48137453 RBINFKe B St ARy T iRIES BReWA S YRR B fAIs which are
available in the longttess) wbiclopaestid Bneig)rsasrierssasnyedirislalilioeishatndnsalidoasrgamic substances
and products of biological. and plochemical processes and el conversian, prodyetsnyhich have &
sufficiently high cardon content 1or this method and which can also otherwise be processed in their
composition and property teeeeodamicdlhe bsabletee detidh, ¢ntepnites kiteasievsndarycasidrend products by
the method agagrding iq theveatieninekdipeiug) Jckﬁﬁ@@ﬂpfﬁ@%ﬂ@ésﬁ%xﬁ%@?ﬁ%mﬂée among

carbohydrates, sugar and starches, agricultural and forestry products, also specially cultivated energy
plants (fast growing #¥&tpas Aeelia iyt ah BRMP T TARPEST, Lt B6-FER8 grain straw, as
well as biogenous residiéhivasie mobsianats: antesarpmndaiyi raductss flants and plant residues of
different origi rass verges, landscape cultivation goods.and similar ricultural waste including straw,
Sugar cane JULbbs, wadll St e Aot S e B s e s o sugar
beets, decomposed hitayecpnts ahchotienfqddanleftdvers; grasstclippings, grain straw, beet leaf, sugar

cane leaves, [@@ﬁbon'c%@%gl%ﬁ&@f&) s wasiematarale N ing ol eanis WaRig.fighsheating value

fractions of house and industrial waste (residual waste), sludge, different types and classes of wood
including forest wood iRB&EFOamatschidduYRith e RN GBI ced asird S e eRiFeHe food industry
including kitchen anéhfaed wastecNuaste Megetables, waste grease and paper and pulp, textiles in
particular of ral fibers apd natural polymers and animal excrements including liquid manure, horse
ranure and bitliry orouBOE Cattvel AN A ST EACHEHE e it Bounted among
biomass. [94] As treptedestdofr thebieedsnaté nidlicinciopofthe sohd-id tddimiassre itiver sense of the

application are 1o beypdsrsian alligiusnces safieris:on.be aplit fadmisiuis hisherve for the

conversion of the solid-liquid mixtureinto the reaction products, in particular the ;lg)ply of energy for the
start-up and mainterfAieelRRETEIY Ekioh Thastisiiahwdamnt thecsradingdathsraprlistionliquid mixture at

a temperature of ovephpAsdegraesieatigiade anslaipeesskike RERYRIBUbAVIR}THE processing of the
biomass and/or of t sHIicél-l]i%uid mixtureiﬁ the s%nse of the aE)IPIicationj the Lreatme t.of the feed
111ard-11 1

. . T € reaction products, an rbon-conta’ aterials,sugh as,insulating. .
material, reaction and/orin ermeoﬁlatte p?o uc%s’ in dﬁ?erent steps ?)%f%re anda P A EAENical conversion

process. The processitgiebmprisepoaliestaptctor dibessesbiasdpmitupmesisaod effegisronddieoreaction
partners, including the prefreatmentandiet AfiesUeAmenk QRkASPIHEAIMERKA! influences or effects

are understood which influence the solid-liquid mixture for the start-up of the conversion reaction until the
end of the filling pro€8E¥5FiFbcrERRAIBIP AT AN Mo teier bt bt éhpIp et EBReigycitbdicular, a

preheating of the feeghphatesial aRphacosAmiREOR Wit praitys hatisbonarsethamitivadthirds of the
components of the reagtiorf rpixture,fa}rticl%gize of unctler 19 mm within or outside the reaction space is
regarded as pretreaﬁl’r?eeﬁ{? S T0r COMPOSILE Or 110€T COmMpOSItE materials.

[77] The material and/or fuel according to the application can comprise a carbon
fraction increased by 10 to 300 percent, also 50 to 300 percent, or also 100 to 300
percent, and in particular 200 to 300 percent, compared to the biomass, based on the
percentage mass fraction of the elements (dry mass).

[78] The material and/or fuel according to the application can alternatively comprise
a carbon fraction increased by 5 to 200 percent, also 10 to 150 percent, also 10 to
120 percent, and particularly 50 to 100 percent, compared to the biomass, based on
the percentage mass fraction of the elements (dry mass).

[79] The material and/or fuel according to the application comprises a carbon fraction



[97] Solid-liquid mixtures in the sense of the applici\g})_p are all suspensions, dispersions and other
dispersive systems, including liquid-containing solids, iﬂ particular biomass. The method according to the
invention finds use particularly for those solid-liquid mixtures which lead to an increase of the content of
the liquid phase or to a solvent and/or to the physical or chemical change of the solid which enable an
improved solid-liquidwapaicstionherfetshmgied alaaiod) watPPmerhertsdiid gartsddPing b, mswlatlem progress in a
physical or chemical,manpes. 1§ eedematerR o iBstanss s Sapis X redifbifspantaining or
non-liquid-containing solids which are used for the production of the solid-liquid mixture. [98]
Reconditioning or cSHaRERAY B reaction products and/or secondary products in the sense of the
application cogoprises all drffitieticeshot@itacts ar tigesectnedapylandior erthplegesisofitherconversion
reaction, by means gfuhieh these are roudht Ntp e desired or necessan form, (el The
semi-continuous or continuous method in the sense o }t)ﬁe apphca Ion is to be understood as the
production of reacticisditérdfébiatecs cuwhalery Giredl 80 dpeoiutsisperiiechilbaspiben dtation and/or industrial

scale, in which at leagt Qng LIHSHO R Q5 RSP HUQISHAIRO@PIR.0])the criteria cited below are fulfilled: [100]
1. The temperature, in particular in at least one pressure vessel, reactor or plant component across at

least two reablibn cycld® E8HHHARPACESHR/EC Rirg GG rERicatiNy TR YT ERaSR oM 60 to 70
degrees centigrade ardfateabyeithefiitingiasipermtfes afdtbapiocarssyater al 8ue bar absolute

pressure, so that a prolonged direct skin contact e.g. with hand on the vessel or container wall, which
2 crecty i comact KT g Fea iy bt o7 e o e e R 2e 88 Bible oin
redness is only posgiblecwiithe annstifing tmeahd)dnbubating Gubstsnices or additional apparatuses. 2. The

pressure, in pasticular i aieRAst ONBJRARRAVEE HE SRRl GAHOLYIRIA0HCATRABENT FontnHaly lies above

one bar absolute pressure or the environmental pressure across at least two reaction cycles. At least two
containers, at least &MettteHakand o telds rarucedMddiv doh rRstieHtaniraTrARlY thigt 20HBRSHBE, a pressure

equalization or the stgsaga9ipcertesses e giacea be tealiebased ey peRssing afdle feed materials,
solid-liquid mixturesfre?g'ltli%? se(iondargl d’nterm diate and/or end products or other reaction participants

is carried out in moré than on’éheégr?fgleﬁlér(ofyvrélsags [ within the plant. 4. The entire volume of the containers

or vessels in Which thisl pcqnaséFdQItéAoe@placeoahdgmmh andieatﬂn_icmeg@almiseswmiaorcomponents of
the plants, is at leasf,p004jiGres WHEIERY Bl!6AsHANR ANMNESGGANIBNIGHS @ ME 56 S Shall be moved not

only by hand but only with additional auxiliary means.
particular the biomass based on the dry mass.

[84] The material and/or fuel according to the application can have, due to its
composition and structure compared to the biomass or alternative fossil or biomass
fuels, significantly more advantageous and environmentally friendly combustion
characteristics, for example due to reduced ash parts, lower chlorine, nitrate, sulfur
and heavy metal content, and lower emissions of dust or particulate matter, fine
dust and gaseous toxic substances including nitrogen and sulfur oxides.

[85] The material and/or fuel according to the application can further also comprise a
higher reactivity and a lower initiation temperature of combustion compared to the
biomass or alternative solid fossil or biomass fuels.

[86] When the material and/or fuel according to the application turns sufficiently
porous, it can be comminuted with a lower energy expenditure than solid fossil
fuels having a comparable fuel value or carbon content.

[87] A large surface results with a small particle size of the material and/or fuel
according to the application, in particular a particle size of about 2 nanometers to 50
micrometers, also below one micrometer, and also below 200 nanometer. The

material and/or fuel according to the application can than be dried easily due to the



5. During a reaction cycle, a pretreated carbon-cont } ing solid-liquid mixture and/or different types of
feed material, biomasses or carbon compounds aréajz d, in particular of different composition and
consistency. 6. Different feed material of the solid-liquid mixtures, reaction, secondary, intermediate
and/or end products and/or other reaction participants, including catalysts and/or propellant or tempering
media as for examplenalhrertiplepaatiendarsgregesyiarster and/or gas such as process/synthetic gas are

supplied to ofgyithdrawy) fremdha reactionmidtERuliaagatalodn shiimeNarssd srarmer, continually,
discontinually or in intervals. 7. The processes under 6. take place while the temperature of the pressure

vessel, reactor or othEHHEAES FRpIRBMLEYbove 60 to 70 degrees centigrade or above the boiling
temperatureggfjthe process suaiediakons tardhaobitthpippiviaoar Whiledpiessurecdbat least one plant
component lies abmg;.\ one bar a SOl#;ep‘Fr%?SU e, 8. }po reﬁgﬂgq mlxtgsrg:{tlr':é ay(;,[s}\]teegomllthln a coherent

. . O SS 1S Pproauced accor M W mprsi owin . .
process, in particular er?ﬁln oﬁe Sing an n§ q’ﬁe Fee malterla Ol? € reacuon mixture §re set In motion

before and/or duringstéres réadtiommeptiel Bie thematsod adtionaitkinetewrertfif) degsesticular by at least one
stirring or mixing systgm.a[R SRMRIRRLAE of HIINGHRF XML RIRMRARMatelalwhich type, preferably

with cooperation of at least one non-mechanical stirring or mixing system, whereby, when using a single

system, this does ntEbARIEREFRAGHEAO ST ABNIRI BN BiRe S ke FrT e T estHit time also not
operated electricallysetonddie ambbeagr gy tmaspplied to or withdrawn from the feed material or the

reaction mixtg beforeygr during he cyele, In partieUlar it e e, of at least png. tempering system or a
combination ifferent systems or apparatuées, w erecoy, urlﬁg%e use of a smgﬁe sysriem, this is
preferably not a comifieroibAQladciteds ecotierndmdidratiogs nsnddfprisk2d wvalirsideheat transfer by a

heated casing contaipewhich 6aaheReraERIEd oY RdaNIand &A% JAP3A5oMaINes Is to be

understood as an object open or closed at the to havmg a cavity on its inside which particularly serves
for the purpose to S@ﬁ%ﬁ?@ fhay %I[%I]??r’ 18 and 26 bar or 27 and 34 bar. The treatment duration is at

least 2 hours, preferably 3 to 60 hours, also 5 to 30 hours or 31 to 60 hours, in
particular 6 to 12 hours or 13 to 24 hours. After the treatment of the biomass, the
reaction products are dried with a drier, also with a convection or contact drier, with
a flow and/or belt, and/or with a fluidized bed drier up to a desired residual
moisture content of 6 to 25 percent, also 10 to 20 percent, or also 12 to 15 percent.

[91] The reaction, intermediate, secondary and end products of the method described
above comprise fuels ranging from peat, and lignite to black coal-like fuels, humus,
Maillard- or Maillard-like reaction products, and carbon-containing materials such
as insulating materials, nano sponges, pellets, fibers, cables, active or sorption coal,
charcoal substitute material, highly compacted carbon products and materials and in
particular also feed materials for graphite and graphite-containing or —like products
and carbon fibers and feed materials for composite or fiber composite materials.

[92] The application further relates to the use of the material or fuel produced
according to the application for the generation of energy from biomass.

[93] - Biomass comprises, contrary to fossil fuels, renewable raw materials which are
available in the long term as domestic energy carriers, as well as all liquid and solid
organic substances and products of biological and biochemical processes and their
conversion products which have a sufficiently high carbon content for this method
and which can also otherwise be processed in their composition and property to
economically usable reaction, intermediate, secondary and end products by the

method according to the invention including fuels. The feed materials are for



from its environment. A container in which the conversion reaction, that is the treatment of the solid-liquid
mixture, and/or the processing of the solid-liquid mﬁl?l?rg Is carried out, for example a pressure vessel or a
reactor is formed by a reaction space or pressure container space closed to the outside. [102] As a
reactor is particularly described a container in which decisive reaction steps take place. As decisive
reaction steps are paxtouwlgriynang ezsioaiithiessepar widctarehetogrigréata rahifofgstexample in a
temperature and presgufieegidn wiiah hagtadleRiesenha @erosile Re.ablrdaLanvert at least 10 to

30 percent of the feed material into one of the mentioned reaction, intermediate, secondary or end
product. [103] ReactiB?§5aua 3 |5rakkiire Bbntath P &5 £8BS ArbedtEa by e bistence of spatial
regions also within aibganayeaction ahpesbkmaaniairetosdaseyiiwdKchlane prepant reaction
conditions which are mgasurgg.l%deviant from one anottper A devi?,[nt reaction, con itioq tt)1ereby comes
residues of different origin | grass verees, landscape 1vation goods and similar .
about through a constructive, mechanic , dépenderit dn tlow andlor phase, chemical, efectrical or
electrochemical or otaseulipralofisttuacloding eaappagatysnadedy for thaitcurposesgbel besfond an autoclave
for laboratory purpoges£RyiRRabWih-ALElsFtiGAlN RRIRIED SEENG, QL Miringrp¥siayyth a single shaft

with magnetic coupling and features a wall-side heat transfer of a compression-loaded smooth irmer side
of the outer reactor WAIF BT hsTlRAIlg 18 S FRASHBRIBATaFTR HiFith Rah!tE SBEXIERY with a few
hand grips. [104] Thrseactaboyclatycle rositaaationvistonnetindenstodideas ghe dwhsiéon of a single
conversion reaction which starts with.the. introduction of the starting products. into the reaction space and
the supply of energyhl I-h%ﬁatslgigv‘g\il o?r%ﬁéog a?EE%us(’)ef %ﬁelgo%%g?é%%{%egg %é‘f%‘?w %Sﬁec]ésigcg Sfrom the start
of the reaction procel§damtheyessistemdesssh thiewdediredudiagtionsp roehet timtibre peétsiondmixture without

after-treatment or coneiHRINgofNELINR COMPIEHANRIHNG S RRGIARRIGESR DRl SRRARIUSes which

transfer the energy to the reaction mixture mechanically or by means of ultrasound, depending on flow,
thermically or depen@Rfh"6iiteottivttrsiealss testesiatfedPrreiatd eHtrofeHEsEiadtetiEBltent by stirring
or agitation are amogohte-Atibeg Sidmixing pystasisaddaimaversenicatthe kgagtingumixture by
apparatuses such as pumps, liquid stream mixers or jet vacuum pumps, spray valves or.jet nozzles and
mechanical and ther R MR P CHEL AT SR A R LR TR actents are also
among these. [106] faqraers camglstotatigastiimgedpparstuses or devices for carrying out the method
according to ppplication AJeastiig BRTGIRRHSEF PSSy SHIRASIRNAQRNT PRaaésAgler, can be

cormected in such a marmer that a pressure equalization or the storage of compressed media can be
realized. An integral®sPE<ehtiaPRiiniinarptoPsnedsirad dhinisacsa stfecesmiinepidhen, in the case

of a failure of this cormprNantuibevaificiencyfof thecorethadns rertusiaditparicularitoviaw of its
cost-effectiveness b}/ a{lsl(gtleast t}/lvo or b]}/a]f'\ée’l f}'}ﬁ'e% tllea%st ten pﬁf%ﬁntta&p?] A coherent process is

a
present if apparatusc—:% olroaé’\r/?célgtsdfné p%tlln are corzr{'})r%gn(fyedlse@%}’. or€ than 200" ilograms of feed

material can be processéthincsudhiha plantipenweetom nethtiomethdtednematitre ®lpldntuslcommonly
used when apparatyges, ot deVisas AR COINREINdIAQNE.2BAHERA! hwlingconogstionssor spatially by

methods which allow an exchange of starting, intermediate, secondary and reaction products and also
other reaction partich$&nts or the common use of the same within a radius of 50 km [108] The start or the

initiation of theypactionrae pfibessPIBIANBRATASS iEnciar aEtaBizeRdlding ankiavemen @hat least one
target parameter of the react{ontgroce ure includir}thr{esaure or t]emg)erature, where the conversion
&'V

reaction of the hydro(i télﬁﬁ%]? CESHS A LA 1ARE p?a Wy %aper?locg OF aaﬁd{géél%t WERSLr. The end of

the react?on processﬁsmhh_mlactéffmdtb;eph(bafommldadﬂegbhiﬂ@elﬁllaialeawm'@mbth@m@m parameters of
the reaction procedtgg&g&gé%é%gg&oﬂlgtgp(gf f)p(?cégs%gtc{%] nA8&Ses or effects on the reaction

partners, including the pretreatment and/or after-treatment.

[96] As pretreatment all influences or effects are understood which influence the
solid-liquid mixture for the start-up of the conversion reaction until the end of the
filling process of the reaction space and the start of the supply of energy. In
particular, a preheating of the feed material and a comminution with mainly, that is,
more than two thirds of the components of the reaction mixture, particle size of

under 10 mm within or outside the reaction space is regarded as pretreatment.



[109] Reaction, intermediate or secondary producti o\??artners in the sense of the application are all
solid, liquid and gaseous substances which are or §{ € been under operation conditions (pressure higher
than 5 bar, temperature higher than 100 degrees) independently of their length of stay in the reaction
space. [110] Solid-liquid-mixtures in the sense of the application are all suspensions, dispersions and
other dispersi 8lystemsS ot liding miidresintdiniegsseifdse appénaicmardibrasnsidns.device according to
the application is in gagicylark UseddRr o RRIGHaul iminMreswhich gt uindshg reaction process,

to an increase of the content of the liquid phase or to solvent and/or to the physical or chemical change of

the solid which enat& it | Broved sHiumieing aepsaritfon Siedrysigion Fadseshivahirgtely d8fid parts. [111]
Suspensions and dispsesions-kgeid atix heieradenrad sosnliddigasc onikiueseA draterogaaeous (immiscible)

substance mixture o quid anda.solid s {6, 96 Undersiagd 5.8, suspensian, A sepension has at least
one solid phase andhat least one iquid phase. Co oYaaIadlspersmns, mi Il%s, vesicles, emulsions, gels
and aerosols as for exanepie ipairtssesolidsionslsefeats arelkangndg thes dishdrgbosysteimertshat is binary

mixtures of small pagiicles aoea-canfinualdispe prian meAiumnidi 2l MallawealikaEeagtien products in the

sense of the application are to be understood as compounds which are intermediate, secondary, end

products or reactionSHAHABFESAR MhAiARERS At S aniata B whRcHorithgpduag shifffar chemical,

physical or biologicakpia@patiasd Theladrancachgytat aslRnehpiddieis{AGE) which are generated by

rearrangemeIEﬁ (if the 'mgr&.Amadori pro%ucts are among_ these cogm:?undd? and Whéch further react to
C

the end prod of the Mall a'rttljp rea t?cr)r%? ('et'acl) Ve %e%‘%rygg 1on =B pr(g(%]c S ?&eé%}afﬁe AGEs can

form crosslinks with mﬁ@nq&@m@hwehﬁg@@ﬁlwarﬂmgemmﬁdSpdﬂWﬂGMGm.eﬁk}éswm‘ﬁ@ development
path, there are numegoys;differant ang ompIS s FHMS RELARBE R MR8 AR-(eamex Rgthy Olysine

(CML), furosine and pentosidine have been examined most intensely up to now. [113] Polytetr afluor
oethylene (PTFE)-likERipetahtes threlesitse mfsrstdad & substances and compounds of similar or

related or nopepglated atasses bexttgwiusastomninabsenetabahartacteiisticsté psytatiailuoroethylene as

for example reactioni ir%ertngss v%rxl Wfric(}ion coefficient very |0V\(11.I’ fractive index, high heat resistance,
. . e*m erstoo s%e r1%ro ction ot reaction, intermedia ﬁ.’fﬁ (']flda and en .

low adhesion durabi |°[y surface contaminations or smooth surface. T uels are substances which

serve for the energyppedaustion arel pihitktarencodvertediitiiol epdegin byhivleainsasf @iremical, electrical or

other methods. [115] Mat6Lia)s QUi MAeHale sre.sURRIANERSMRIGH aremmeggssed into a product by

further proce?ls(i)g?, treatment or conditioning or which go into an end product as work objects.

1. The temperature, in particular in at least one pressure vessel, reactor or plant
component across at least two reaction cycles continually lies above 40 to 90
degrees centigrade, preferably from 60 to 70 degrees centigrade and/or above the
boiling temperatures of the process water at one bar absolute pressure, so that a
prolonged direct skin contact e.g. with one hand on the vessel or container wall,
which is directly in contact with the reaction mixture of more than one minute
without increased visible skin redness is only possible with auxiliary means,
insulating substances or additional apparatuses.

2. The pressure, in particular in at least one pressure vessel, reactor or plant
component continually lies above one bar absolute pressure or the environmental
pressure across at least two reaction cycles. At least two containers, at least one
of these a reactor, are connected in such a manner that a transport, a pressure
equalization or the storage of compressed media can be realized.

3. The processing of the feed materials, solid-liquid mixtures, reaction,
secondary, intermediate and/or end products or other reaction participants is

carried out in more than one container or vessel within the plant.



[116] The object of the application is exemplified in, more detail in the following. [117] The process of the
material conversion of the feed material or of the b?tgz?ass in the method according to the invention can
roughly be divided into the following phases: [118] 1. Heating phase: The biomass is brought to a
temperature and pressure. The depolymerization phase is initiated by the supply of energy. In particular
with biomasses RavingTahighreaiomg dizte corfremirssweakingyenvtiorstiitafgesiremmiaesult during the

heating phase. Water isjtherahyvhlacer batvesnRolsacshaiidas ibibe celwalhiRuring the swelling
process, gelatinous, in the further course colloidal structures also form temporarily, which dissolve again

during the further couré@%éqgéﬁgpmﬁﬁ%tﬂ%%F?.Smyﬁféﬁfé(ﬁﬁ??lbﬁ%bl?%ere, the original

structural proteins are dissalvea owhish hingsutichlamiihthédaasalefipiantandigiocellulosic biomass, mainly

consist of polymgrizedﬁguctuargel ap{gteg:nglgellu}ot§gdtp gﬂ grllyclorﬁgiaigd Sll(grgril M non 1(larreand oligomere

carbon compounds form. 1He hlgﬁernthg pfoatgrﬁon Of resistant and crosslinked structural proteins, and the

smaller the surface of thelfaeatifferats tigictioé ievdreionelidveedes forctheonepolymmedizition phase.

Simultaneously, hydrolysis qg%g%m%ﬁigeggg%ﬁﬂjgmi%,Cghyygggllg}phemical compounds are broken
i )

down by reaction with water. The higher the proportion of carbohydrates, non-plant and non-structural
proteins and fat<: resp@dfﬁ?éq%’?‘?édlM@lﬂ%@tﬁ%ﬁ&%hq&fqi@ﬂ‘fﬁ%%ﬁidf’é‘%?@ﬁié?ﬁ%&%e faster this phase
progresses. Towards theegnddafithisdpiiasa, fid eadenergideleasedparaapestanct Rgdpstance similar to
raw oil is formed. 3. Po%&qegga}li% lprrlaseq'ag e Enr%norlrlllerrirzlg laargc%orrl%gé%olsessjggk?qncagrl%pnlgompounds
are newly structured an crosstinked, ﬂ%gﬂomera eS5or , W ich macrosé)oplcatﬁy reSémble'the original
rough structures of thepieeesseateriahdnrtaavhiobhiraedesst thatiretie gephesiarphddriaegard to the
superordinated structureaad JhershyRISethel rasisianrr,ARtlANess. he Bewionmed structures
which comprise a higher brittleness and porosity consist of small particles with a diameter of a few
hundred micrometers tePBHEAGMERSA IR SR RAIR iR HASintermediate and also in the end states. New
carbon compounds form which have similarity to those,of .natural coal. T}Jq consist, amongst others, of
Cifforent carbon Lompad S R R A e S ol B e S em ant the
hydrogen and oxygen fraetivns ehovhiehtretategomsire peieéhtaalOndegis s activer asfetheabieiments (dry
ma_ss) decrea_se. One %é@ﬁiﬁ@k@%ﬁ@m&%@}% &9@%{&%{%9@%&%@5@&@ Hhaece of
Maillard reaction products in the liquid and solid phase of the reaction products. 4. Stabilization phase:

While the depolarizaticHHHESHE SORIHFas LB HeRIBPORS B HES 4hoXR WERAARI AR AT the heat
energy release ig this Pf*i%%%gat &ﬁ’i i ecl%'E%Q%&%?ﬂ%fmdcs?%ﬁé‘g}é%QSEHIESBQ Lindhe;siakilization phase
St e

and finally comes to a stan characteristics of the reaction product such as degree of purity,
form, single plant.
9. The feed material or the reaction mixture are set in motion before and/or during

the reaction cycle by the introduction of kinetic energy, in particular by at least
one stirring or mixing system or a combination of stirring or mixing systems no
matter of which type, preferably with cooperation of at least one non-mechanical
stirring or mixing system, whereby, when using a single system, this does not
comprise a magnetic coupling with only one shaft and is at the same time also not

operated electrically.

10. Thermal energy is supplied to or withdrawn from the feed material or the reaction
mixture before or during the cycle, in particular with the use of at least one
tempering system or a combination of different systems or apparatuses, whereby,
during the use of a single system, this is preferably not a commercially available
oven and/or does not comprise a wall-side heat transfer by a heated casing
container which can be separated by a few hand grips.

[101] A container is to be understood as an object open or closed at the top having a



structure, density, mechanical resistance or streng él& F#;(frtlcle size, surface structure, composition,
combustion characteristics, fuel value and energy nt depend on the methods or reaction conditions,
that is, the parameters which are responsible for the control of the method according to the application,
that is, for the process procedure. The course of the reaction or the process procedure is influenced by
the following treatmenvity e alstinrdeoriitiopas teutaite sier eamnion ut itrress: (PLROMAGIMpodibn and

characteristics of th%s&u@%&&&%&m%&eémmyﬁﬁ%féﬁ@ﬁé%&%@gﬁ SlrgoMekgiytengontent, purity,
carbon, mineral and alkali content. 2. Relationship between the solid and I|qU|d&fhase or dry mass and

process water. 3. Témﬁg}%{ib?étlﬁr%‘ggu’él‘&ﬂ&ltﬁ@@am ShiRemtaseiragiaraditdid. catalysts: choice,
composition, concentriatioas paritdlewsize; erixhplea pressure vessel or a reactor is formed by a

reaction space or pressure container space closed to the outside.

[102] As a reactor is particularly described a container in which decisive reaction steps
take place. As decisive reaction steps are particularly understood the steps which run
to a great extent for example in a temperature and pressure region, which has to be
present on average to be able to convert at least 10 to 30 percent of the feed material
into one of the mentioned reaction, intermediate, secondary or end product.

[103] Reaction spaces or pressure container spaces are defined by the existence of
spatial regions also within only one reaction or pressure container space, in which
are present reaction conditions which are measurably deviant from one another. A
deviant reaction condition thereby comes about through a constructive, mechanical,
dependent on flow and/or phase, chemical, electrical or electrochemical or other
type of influence. The apparatus used for this purpose goes beyond an autoclave for
laboratory purposes equipped with an electrically operated stirring or mixing system
with a single shaft with magnetic coupling and features a wall-side heat transfer of a
compression-loaded smooth inner side of the outer reactor wall by an electrically
heated casing container which can be separated with a few hand grips.

[104] The reaction cycle, cycle or reaction is to be understood as the duration of a
single conversion reaction which starts with the introduction of the starting products
into the reaction space and the supply of energy which serves for the start-up of the
conversion reaction. A cycle lasts from the start of the reaction process to the
existence of the desired reaction product in the reaction mixture without after-
treatment or conditioning, or until the completion of the reaction process.

[105] Apparatuses which transfer the energy to the reaction mixture mechanically or by
means of ultrasound, depending on flow, thermically or depending on construction
and thereby effect a movement of the reactor content by stirring or agitation are
among the stirring or mixing systems. The movement of the reaction mixture by
apparatuses such as pumps, liquid stream mixers or jet vacuum pumps, spray valves
or jet nozzles and mechanical and thermal mixers or the direction of the reaction
mixture along pressure gradients are also among these.

[106] A plant consists of at least two apparatuses or devices for carrying out the



ratio and supply times. The reaction can be acceleéatez% manipulated or directed by the supply of
catalysts or catalyst mixtures at later times in the r é ion progress. The characteristics of the reaction
product can thereby be influenced. The particle size of the metallic catalyst forms an essential part for the
formation and structure of the reaction products. The reaction time is significantly determined by the
strength of the acid (pkkodaicrsydBigHie apmicehangtt draté tMpcadntpioysteniesial. titleastt aeergberature

adjustments, pH-valyg,concepiration atinfealeainibe ArpsassiatesEsiatgtial an chemical changes of
the reaction mixture for example by hydrolysis: amongst others increase of density and portgsny during

the conversion reactiéfegr. B GPRRSES M P Rh BFi s A HECRItoF B PialfYRRBem e

polymerization, the piw glaihésreagtinaprosiuctodtaMethodmndthsaanesin viniehdhaikeactor content is

mixed or agitated and the ener i ransferﬁ into the .same, as well as flow velocigf nd shear forces
.. . com(?(gnen 1C1eNCy O (] r_netho 1S esttrlc cd In particu Bllf n Vlea’ 1S COSt-
and mixing intervals and times. rocess water: concentration of alkall salts, acids, elements such as

chlorine, sulfur and ﬂf@etig@hussah&{ shsistencniinénaisairchydingashespleesants and nitrate compounds.
Cleaning methgep of the RrRsessp RIS Q‘Hﬂé@rﬁ‘ﬁ‘ﬂaﬂﬁ&éﬁ@eﬁ@ BORING, PLESRSd DofnRBggNtration of
in

contraries as for example sand or substances which hinder, slow down, delay the reaction progress or
lead to undesired setSARRI DS AYR BlogratpitatrsAgnaterial can be processed in such a plant per

week in relation to the dry matter. A plant is commonly used when apparatuses or
devices are connected to one another or by line connections or spatially by methods
which allow an exchange of starting, intermediate, secondary and reaction products
and also other reaction participants or the common use of the same within a radius
of 50 km.

[108] The start or the initiation of the reaction or of the reaction process is
characterized by the achievement of at least one target parameter of the reaction
procedure including pressure or temperature, where the conversion reaction of the
hydrothermal carbonization can take place over a period of at least one hour. The
end of the reaction process is characterized by the continual leaving of at least one
of the target parameters of the reaction procedure prior to the emptying of the
reaction space.

[109] Reaction, intermediate or secondary products or partners in the sense of the
application are all solid, liquid and gaseous substances which are or have been under
operation conditions (pressure higher than 5 bar, temperature higher than 100
degrees) independently of their length of stay in the reaction space.

[110] Solid-liquid-mixtures in the sense of the application are all suspensions,
dispersions and other disperse systems, including liquid-containing solids, in
particular biomass. The device according to the application is in particular used for
those solid-liquid mixtures which lead, during the reaction process, to an increase of
the content of the liquid phase or to solvent and/or to the physical or chemical
change of the solid which enable an improved solid-liquid separation or changed
ratios with higher solid parts.

[111] Suspensions and dispersions are both heterogeneous solid-liquid mixtures. A
heterogeneous (immiscible) substance mixture of a liquid and a solid is to be

understood as a suspension. A suspension has at least one solid phase and at least



11. Type of the execution including the intensity a ation of the method steps mentioned here. 12.
Choice, combination, cooperation and control of t pering and mixing systems. 13. Choice,
combination, performance and efficiency of the process water conditioning and guidance including
consideration of the necessary adjustment to variable reaction volumes by the process water and
substance supply orondthdvaivadiasa Lolpidehdisprsthod Blegicsansdetherollowingef122j 1.Provision of

feed material includingigass: &smajeial GAIRKHSA BN WRLSH . URMIRRI dcFansfer of the

feed material into a transport system and/or container. 4. Transfer of the feed material into the container
suitable for the resp%%bﬁﬁr@égé’iﬂﬁeé Pfr%‘&ﬂh@?ff%{?pand a continual dispersion medium.

[112] Maillard-like reaction products in the sense of the application are to be
understood as compounds which are intermediate, secondary, end products or
reaction partners of Maillard reaction products and which can possess similar
chemical, physical or biological properties. The advanced glycation end products
(AGE) which are generated by rearrangement of the primary Amadori products are
among these compounds and which further react to the end products of the Maillard
reaction, the advanced glycation end products (AGE). The AGEs can form
crosslinks with other proteins through rearrangement and polymerization. Due to the
development path, there are numerous different and complex forms of AGEs,
whereby Ne-(carboxymethyl)lysine (CML), furosine and pentosidine have been
examined most intensely up to now.

[113] Polytetrafluoroethylene (PTFE)-like substances are to be understood as
substances and compounds of similar or related or non-related classes having at least
one or several characteristics of polytetrafluoroethylene as for example reaction
inertness, very low friction coefficient, very low refractive index, high heat
resistance, low adhesion durability of surface contaminations or smooth surface.

[114] Fuels are substances which serve for the energy production and which are
converted into energy by means of chemical, electrical or other methods.

[115] Materials or utility materials are substances which are processed into a product
by further processing, treatment or conditioning or which go into an end product as
work objects.

[116] The object of the application is exemplified in more detail in the following.

[117] The process of the material conversion of the feed material or of the biomass in
the method according to the invention can roughly be divided into the following
phases:

[118] 1. Heating phase: The biomass is brought to a temperature and pressure. The
depolymerization phase is initiated by the supply of energy. In particular with
biomasses having a high carbohydrate content, swelling reactions initially already
result during the heating phase. Water is thereby placed between polysaccharides in
the cell wall. During the swelling process, gelatinous, in the further course colloidal

structures also form temporarily, which dissolve again during the further course of



5. Dewatering and/or drying of the feed material 6. minution of the feed material and possibly of the
catalysts 7. Removal of metal and contraries 8. In tlon with catalyst, in particular with acid 9.
Admixture of one or several further catalysts 10. Preheating of the biomass 11. Compaction, for example
while introducing into the reactor 12 Introduction into the pressure container or reaction space 13. Heating
14. Process water c8reditipplicsneiair diesening

2. Depolymerization phase: Here, the original structural proteins are
dissolved, which, in particular in the case of plant or lignocellulosic
biomass, mainly consist of polymerized structural proteins cellulose,
hemicellulose and lignin. Monomer and oligomere carbon compounds form.
The higher the protortion of resistant and crosslinked structural proteins, and
the smaller the surface of the feed material, the more time is needed for the
depolymerization phase. Simultaneously, hydrolysis results, that is, a
chemical reaction-, in which chemical compounds are broken down by
reaction with water. The higher the proportion of carbohydrates, non-plant
and non-structural proteins and fats, respectively the lower the proportion of
ligno-cellulosic biomass, the faster this phase progresses. Towards the end
of this phase, the heat energy release increases and a substance similar to
raw oil is formed.

3. Polymerization phase: The monomerized and non-crosslinked carbon
compounds are newly structured and crosslinked. Agglomerates form,
which macroscopically resemble the original rough structures of the feed
material, but which have lost the inner cohesion with regard to the
superordinated structure and thereby also their resistance and firmness. The
newly formed structures which comprise a higher brittleness and porosity
consist of small particles with a diameter of a few hundred micrometers to
5 nanometers and smaller in the intermediate and also in the end states.
New carbon compounds form which have similarity to those of natural
coal. They consist, amongst others, of different carbon compounds and
terpene derivatives, the carbon content of which increases, and the
hydrogen and oxygen fractions of which relating to the percentual mass
fraction of the elements (dry mass) decrease. One of the distinguishing
features compared to the fossil fuels is the presence of Maillard reaction
products in the liquid and solid phase of the reaction products.

4, Stabilization phase: While the depolarization and the polymerization
phase progress in an exothermal manner, the heat energy release in this
phase decreases considerably and the reaction runs out in the
stabilization phase and finally comes to a standstill.

[119] The characteristics of the reaction product such as degree of purity, form,



15. Removal of the reaction product from the reacrtfj%?as ace 16. Separation of reaction, intermediate,
secondary and/or end products from the reaction rfiiXture 17. Drying of the desired reaction product 18.
Comminution of the desired reaction product 19. Cooling of the desired reaction product 20. Conditioning
21. Energy recovery, in particular through thermal recycling or heat exchange. [123] The feed material
and the reaction, intefmrédiatéensdromndelrgniabifor st peoduensthreapiolcesze duradiffdresivsteps before

and after the chemica),GORHRSSI PSRRI PR (B REES $IRY GRS -1 Th IRk A SHRRIARGE §QRVersion in the
industrial or technical measure. Thus, processing is to be understood as more than a manual disassembly

or a manual commirfi&iSF RAgs QTPsar Ersereddiansy idtio thedamyretein e Bithiss e smardh e reconditioning
of the reaction produktsame/psithe setantanofiagustidappieciiethadaccoiditgtocdie invention goes

beyond an electricaljlﬁé o%?rat stirrin& oHnixing s%lste with a sin Iedshaft with magr%et'yﬁ coupling and

. ocequre. € cqurse of the reattl OT the process procedure 1s, 1n CC C
features a wall-side heat tranisfer ola compression-loade smoptl?w INner side of the outer reactor wall by
an electrically heatetbBawing containeerchosanmieiceparatacriwithmenfisivivared grips. It also comprises

the criteria mgnfioned for the skirring, GHLIXIRERYSIQMR RRUGTHEMRRING RGHdngNtioned under point 9
and 10 for the semi-continuous or continuous method. [124] The biomass can usually already be

comminuted before the storagd A sat Rt RIS e/t SN IS COHRAErBIBHD FBERYS, in particular before
and/or after the filling into the reactian.spatealildeteamminution particularly takes place in a mechanical

marmer preferably by cha{fing EQE ttﬁ)ag}ilcu{)aertl\x e%r%%rgeﬁ Pb% means %faan ap aratus for milling for example
of a grinder or a roller mill. Differen chat di il y

1qu1 T . .
affing ana/or mill types are seaeo?ep ding on the feed material
and the desired particle size. Thespantigieosisevinfiiences the reaction progress. Thus, the smaller the
particle size, the larger is the surface of the feed material. The larger the surface of the reaction partners,

the faster is the chemical convefSBET e BEEHTERS Gddhsr i teRdmi ofdbesfALE 5h thus be under 10

cm, also under 1 cm, and4lso AmdBKR: choice, composition, concentrations, particle size, mixture

ratio and supply times. The reaction can be accelerated, manipulated or
directed by the supply of catalysts or catalyst mixtures at later times in
the reaction progress. The characteristics of the reaction product can
thereby be influenced. The particle size of the metallic catalyst forms an
essential part for the formation and structure of the reaction products.
The reaction time is significantly determined by the strength of the acid
(pKs value).

5. Heat exchange or tempering systems and time of temperature
adjustments, pH-value, concentration ratios, also in the process water.

6.  Material or chemical changes of the reaction mixture for example
by hydrolysis: amongst others increase of density and porosity
during the conversion reaction.

7. Duration of the polymerization, as the faster the progress of the
polymerization, the purer the reaction product.

8. Method and manner in which the reactor content is mixed or agitated
and the energy is transferred into the same, as well as flow velocity
and shear forces and mixing intervals and times.

9.  Process water: concentration of alkali salts, acids, elements such as
chlorine, sulfur and their salts and metals and minerals including

phosphorous and nitrate compounds. Cleaning methods of the process



mm. The energy, time and material effort during th%‘t:?%mminution process is thereby dependent on the
process procedure and in particular on the configufati ﬂ\ of the feed material, particle size and length of
stay. [125] The incubation in an acid environment or medium with a pH-value which is below 6, also below
5, and also below 4, particularly below 3, and thereby also under 2, is part of the pretreatment. The
necessary time of this step decretesdsnmiglrideretsisintheommamiorssind with decreasing pH-value. The

incubation at an acidic pHryalug R R BXITRIRHAE RaGRAHRH D6 FOBITIBUIRRs AR IN particular
metallic, inorganic or sand-like substances and other contraries are separated from the biomass. Methods

and processes are used withintHdScHpY 891k drahe FAGH MR GIALS 15Adte ryWRid Waste which are
established for example in biogasoptariribidék Argatalyahiati. or without addition of water and/or in an
agueous solution can be %dedrafge&lgl% Q{eec-lilrtlicut%ggigniriln [’ngir%firgsiwaglwm'ra ihe gfatalyst can consist of at
least one or also several different’ components. ese‘%o&e er then’form a ca?arflyst mixture. A component
of the catalyst can for examplettonsigodftensaoihtiPhesd fesetion procedure is influenced to a great extent
by the choice, composition; cor¢gRitatinRyRAFHEIE AT N @He-and SRBiIMES: the catalysts.
The factors depending on the catalysts therefore have a large influence on the ?ormlng, design and
characteristics of the end prod & th& H&fticle size of the metallic catalyst forms an essential part for the
formation and structure ofithe endio, ieastianiproguabrihbsceeaadtiandismneyisfaispertesmined by the
strength of the acid (pKs valuez.O Ifdi];%r cleﬁ(aarlngle .ngticlgas lnallg()rn%q n ten r(%l ror&%te%rg referably 200 to
1000 nanometers, and particularﬁl pre efréd 1%1 0 199 Nanometers are use , the pro%a ility of the
formation of uniformly formed fiderstikenhtnostrbbtoresiin indresssdy. hersesdlertdreuphrticle size, the
more precise and uniform the fiherlike, WP@HMH‘%&?W carbon compounds can be defined.
However, the carbohydrate content, the particle size and the degree of uniformity of the particle size all
play a role fofithg diredtiotheaf ikehtelattisrcprograssoidswire: production of defined nanostructures. The
reaction can be accelerated and directed by means of the timing of the supply of catalysts or catalyst
mixtures. Thélid#toductionl of aluatasat ebfeed sentsaial deqliidingdiemaneBS SLimA Ak sEaREHN process
depending on the desired end pkg@d&dr INorganic acids are also used as acids, preferably mineral acids,
particularly preferred strong acids, that is, acids having a pKs as low as possible. The acids and their
reaction products which afe usedtessertte non-poisonous and have a minimum corrosive effect. They
are furthermore not to be detectable in the reaction product and material components of the acids are to
be purified or disposed as’easy @apisyible fedifogiermtiatovhictnip eisty ieadEd fopdiagiditive, fulfills
most of the requirements gnd ig{hereferenRactigwarlyiauiiabie. Rilierrntaeidr tanRisespecambined.
Alternatively or additionally, carboxylic acids and in particular proton acids are used. The use of a di- or
tricarboxylic acid, and above af"5rtaMe SCitF4M it acid has proved to be particularly advantageous.
Citric acid and tartaric acig'areﬁgm[glﬂ%eamrqﬁpﬂ XiEmBothseu naturally in fruit (citric acid in citrus

fruits as for example lemons, tartaric acid in grapes). The acid which Is used as catalyst component can
at the same time be used for the,pradieiian efthe acichedixm f05iBs hcubatan step. The concentration
of the acid is, amongst others, dependent on the pKs-value and is approximately 0.1 to 3 percent, 0.6 to 2
percent and particularly preferneehfd-aitorhfeenceit daasad«n the volume. A pre-incubation of the feed
material with acid reduces the reaction time. The longer the preincubation, the stronger the acid and the
higher its concentration, tle shiargrative: regictianlyisnén pdréaddalysh acithe catalyst mixture can comprise,
in addition to others, one or more metals. Preferably, transition metals such as iron, nickel, cobalt, iron,
copper, chromium, tungstén, nfslgbgenueh arctitasiversbiwtheedialitsseby iron has been proven to be
particularly advantageous. The addition of the catalyst can take place before the introduction into the
reactor, but also at other ththestdehfanmelhethiomapifferent catalyst mixtures or compositions can
furthermore be added to the reaction mixture at different times. [128]. The biomass is thoroughly mixed

with the catalyst or the catdlysCBRATEORFHR EXEAS Yl HRariciBg MirdPGeAYRE biomass, a reaction
mixture. The mixing process alfernatively takes ?e%gu%igg&gn@%gt%cg&?Sggg@paction of the reaction
mixture can take place in one or several steps outside or within a reactor. A high compaction is
advantageous, which agai[rg'mq@égﬁ@gbetter usage of the reaction space. The measure of the compaction
depends on the transferability into a reactor, from the desired reaction product and from the process
procedure. The reaction mixtung-&aesfeaexasmpigoalisg hel intraduaad into a reactor after the pretreatment.



[129] A preheating can for example occur before t%e‘é}'(?t?;oduction of reaction components into the
pressure container space. All reaction partners ca reheated. Among the feed material, all, but in
particular the biomass, can be heated to approximately 60 - 90 degrees centigrade. The preheating takes
place for example by the supply of heat energy and in particular by addition of process water close to
boiling, a preheated bioma8s skeperdiohthr wastpneneduat Bipouhorradian apsiute pressure or by the

supply of water or process gteajg, o QRS RERHEAGIBHFRINR S ALBNSIgY far e Rxchanger
processes can alternatively or additionally be used for this. [130] The reaction time is, depending on the

desired reaction product, betwdEH P 8BS breferably between three and 40 hours, particularly

preferred between five ang718 B%%%.]O'ﬁ%% %Q&ggge imgni X %gtidered as finished or the reaction as
terminated, when no noteworthy enthalpy is released anymore. A minimal pretreatment and/or the

omission of individual prefygatpgpl,SieRS CENIMGISRSE IBR FeRGHAMLMe to over 60 hours. The reaction

time particularly depends on the composition and the characteristics of the respective feed material. The

larger the surface, the smadler the particiasiksirtheaemNlgi-dagdignin or cellulose proportion and the larger
the carbohydrate proportion, the faster the heat energy is released in the depolymerization phase and the

faster the stabilization phase i<xediithedngnd the reaction or retention time is reduced. The shorter the
conversion time of the respective feed material, the greater the delay can be for example the introduction
into an already running reattioknargyee@aetyr irpstiorkr teactbthtimelisceystrechidvad with relative large
proportions of fat and non-veggg&lgg%gg‘on-crosslinked, for example animal or bacterial proteins. The
expiration of the heat ener%y release during the reaction process is an indicator for the end of the

conversion pfdtéks. [1819 et sidirittanthd apsphitationtidtpiaiataes drypnd IcoHRIGHNES centigrade can

be achieved. But temipgyiaiiscesdipiveaant 8ejor2eadagrers: aaniigianel auaadianiagesysriand in

particular to 215 degrees centigerade apd par icularly (Preferred tq 225 denges c%nti |iade. [132] According
. . 1rocessSIng s se&m or ubstance ¢ HHCI‘ 10n 1n the 1 dléS al or tec Iill(%
to the application, a ‘pressure Is built up under exclusion of air, which s fof exaniple between 7 and 90

bar. A pressure bemmid M,mmeasis@is\taptagﬂbm@m llnetwéem al&%amdlz&ztsammmcmlso between
26 and 34 bar. [133] Figre; Lshans a3 semas angidinasestion ofa Jeagton agcorging to the

application with further components of a plant according to the application. [134] Figure 2 shows a section

of a wall region of th@s&xersttARe abRdatidiraBEsteitg e/ figlicesqcondary products in the

method according to the invention goes beyond an electrically operated stirring or
mixing system with a single shaft with magnetic coupling and features a wall-side
heat transfer of a compression-loaded smooth inner side of the outer reactor wall by
an electrically heated casing container which can be separated with a few hand grips.
It also comprises the criteria mentioned for the stirring or mixing system and/or
tempering system mentioned under point 9 and 10 for the semi-continuous or
continuous method.

[124] The biomass can usually already be comminuted before the storage, and
particularly before the actual conversion process, in particular before and/or after the
filling into the reaction space. The comminution particularly takes place in a
mechanical manner preferably by chaffing and particularly preferred by means of an
apparatus for milling for example of a grinder or a roller mill. Different chaffing
and/or mill types are used depending on the feed material and the desired particle
size. The particle size influences the reaction progress. Thus, the smaller the particle
size, the larger is the surface of the feed material. The larger the surface of the
reaction partners, the faster is the chemical conversion. The particle size of the

comminuted biomass can thus be under 10 ¢cm, also under 1 cm, and also under 2



[135] The apparatus according to the application c§2)9rises a reactor which can be developed differently
in dependence on the processes progressing theréi tflne used amount and the type of the solids and/or
of the desired reaction product. At least one of the reactors according to the application can for example
be a cascade, tube, circuit, loop, membrane, fluidized bed and/or a stirring vessel or a stirring vessel
reactor or comprise ingivitlagheterdeneristiasater i lcdfnbideniontof eifferanitionaracessistibsrofthese
reactors. The fluidizgd,beekaf Shentsactetdsprelrrabha i sulating: JhedeasiRnatcarding.trdhe application

or a combination of the different reactors can be used for different treatment times and processing steps
within a plant. Furth81fsR!; PREifletizsPed iepalyetitied as a pressure vessel due to the necessary
pressure. Theidepign dfihi@ressure vessel éatimodependsadithe phocess-piocedhid angtiom the mixing
technique used. [136]In a furthe eméj di t of the object of the invention, the reactor is formed as a
type of s membrn T T PG e e AT A00 B L 4ER  18acrdy combines the
advantageous charavtiétiesroétaiffarenrit hheminasaamadleldiretidhattsastowtifpasrdasitiis context, a
fluidized bed is to be yRHGIEIRAGABRRAARIGE LpA-cAlRCTRNREIANL PATHEIRSiaNvisRrought into a

fluidized state by an upwardly directed flow of a fluid. The term 'fluidized" in this context suggests that the
(former) ballasting neAl EBMIFTRE AiTRYRRSCTHS SRIEMSHES e g. those of water). A solid-liquid mixture
is present on[tixgjinsidengfatftievieasiatificcokdingitothamipplicatismnifefinetgradostoepadiculate
ballasting of the solid is agitated if,it is passed through by the gas or the liquid - the so-called fluid
mecium from bottotS RS 108 TR A en e R A S A ISR SR to e e
particles so that theyresananfitfitn. bitreaneoabsmanenersly wipch depeatbsbadtfie esspebtive reaction
conditions. Due to thﬁo@&’!tﬁﬂ%z the particles of the solid phase can easily be -partially but also
continually- removed from the reaction space when the reaction is completed. Fresh solid material can
correspondingiy/be refiftedtahg Vel B IRIPR REYA TR AA RIS AP I YRSHS FRIKIN LAY SGitated at least

in such a marmer thad@ sttt na yriuidizedihen s Jasnaessdiine. fltied elnsityaindéiisistatatiranevertheless

lower than the sinking velocity of th ticles. By combining individual adjacent ticles, their stream
earane is rioher T8 B LA B o Tl R L R o rmation of a
suspension layer withiaterefihedmpeiaoe ol the casidcity af fitvee fhuit streastodmbecidcidased by the

application of higherrpjgﬁﬁ%%ggquqsm@gﬁ{%qoog gat@glgﬁitv@wpgﬁg{&agggﬁ&ﬂ{&gischarged from the

base zone by the higher fluid stream, and the upper layer boundary dissolves. A certain proportion of the
solid still falls back iREHHEBEHEL DYHEG e MUTHE EHinaRd ARpks 4as oA &a the Bis:called free space

above the dense zomgtwhaspeHingdiciises:asE tiRSusSpeNSIaR-ie theulativelyavidaiegre, while the

solid maoves downwayds in clusters. at & high welociy at e glge of fne feacior: By fhe pogitigning of the
at least four liquid stréeam mixers, Which are distributed onthe diameter in marmer as even-as possible

and with vertical distanoesmessewenlyas fpossitiemanchadditiordimiXehs, evhiohralgwinplodiethe surfaces
immediately above “i‘ﬁe@@&%ﬂ‘%%'eﬁ@QﬁEﬁdé{%%ﬁﬂ{éH%@Qﬂe%@ﬂ&l?&?ﬁﬁ@%?da(ﬁgé%ﬁfe?%’}gla”es s

suppressed, so that a relatively homogenous agitation of the particles takes place.
example, particles smaller than ten micrometers, preferably 200 to 1000 nanometers,

and particularly preferred 10 to 199 nanometers are used, the probability of the
formation of uniformly formed fiber-like nanostructures is increased. The smaller the
particle size, the more precise and uniform the fiber-like structures of the new carbon
compounds can be defined. However, the carbohydrate content, the particle size and
the degree of uniformity of the particle size all play a role for the direction of the
reaction progress for the production of defined nanostructures. The reaction can be
accelerated and directed by means of the timing of the supply of catalysts or catalyst
mixtures. The introduction of a catalyst can also be useful at later times during the
reaction process depending on the desired end product. Inorganic acids are also used
as acids, preferably mineral acids, particularly preferred strong acids, that is, acids

having a pKs as low as possible. The acids and their reaction products which are used



[137]The following advantages can be achieved w%g (LF,F reactor according to the invention when used
appropriately, in particular when using membrane s, amongst others: [138]1. The turbulences
produced by the accelerated propellant and fluid streams lead to high relative velocity between the
continual fluids and the disperse solid phase 2. frequent particle-particle impact and also particle-wall
impact 3. intensive rigiindoheneppaptickssnd hecelarane e spexsiandecoflimy reabtidremivure with the

fluid 5 minimizing of deROGiLe &£ RlIGH AQSING piiAleXAMmPIE AR P dRacantsdusing the reaction

process. [139]The reactor according to the application can have one or more_ of the following
to be purified or disposed as easy as possible. Sulfuric acid which is also used as a

food additive, fulfills most of the requirements and is therefore particularly suitable.
Different acids can also be combined. Alternatively or additionally, carboxylic acids
and in particular proton acids are used. The use of a di- or tricarboxylic acid, and
above all, tartaric acid and citric acid has proved to be particularly advantageous.
Citric acid and tartaric acid are crystalline and non-toxic. Both occur naturally in fruit
(citric acid in citrus fruits as for example lemons, tartaric acid in grapes). The acid
which is used as catalyst component can at the same time be used for the production
of the acid medium for the incubation step. The concentration of the acid is, amongst
others, dependent on the pKs-value and is approximately 0.1 to 3 percent, 0.6 to 2
percent and particularly preferred 0.3 to 1 percent based on the volume. A pre-
incubation of the feed material with acid reduces the reaction time. The longer the
preincubation, the stronger the acid and the higher its concentration, the shorter the
reaction time. The catalyst or the catalyst mixture can comprise, in addition to others,
one or more metals. Preferably, transition metals such as iron, nickel, cobalt, iron,
copper, chromium, tungsten, molybdenum or titanium are used, whereby iron has
been proven to be particularly advantageous. The addition of the catalyst can take
place before the introduction into the reactor, but also at other times during the
method. Different catalyst mixtures or compositions can furthermore be added to the
reaction mixture at different times.

[128] The biomass is thoroughly mixed with the catalyst or the catalyst mixture. The
catalyst then forms, together with the biomass, a reaction mixture. The mixing
process alternatively takes place within a reactor. The compaction of the reaction
mixture can take place in one or several steps outside or within a reactor. A high
compaction is advantageous, which again means a better usage of the reaction space.
The measure of the compaction depends on the transferability into a reactor, from the
desired reaction product and from the process procedure. The reaction mixture can
for example also be introduced into a reactor after the pretreatment.

[129] A preheating can for example occur before the introduction of reaction
components into the pressure container space. All reaction partners can be preheated.
Among the feed material, all, but in particular the biomass, can be heated to

approximately 60 — 90 degrees centigrade. The preheating takes place for example by



characteristics. [140]The reactor can comprise at | ? ne pressure container and at least one apparatus
for the solid-liquid separation and is then also calk—gél rﬁembrane reactor. The reactor can have at least
one coarse and/or a fine filtration or a combination of both apparatuses, which can also be combined into
a filtration apparatus. At least one of the pressure vessels can have a stirring and/or mixing system, which
can thereby be calletistipply vekélerssmtondiheastionlof kil addidtionigpactss whtthelopessure vessels or

reactors can have appiihpe gidad HRH9Q CHIG MG RIS ALPatA % AAheBRIGERGIRES, and also of 50

to 500 cubic meters. The sum of all containers of a plant including the reaction spaces of the pressure

vessels or reactors, HGPPETS ANGIRSHREE SHAGT BERRLETE SCHBIARMENGE BRR! [ BY0B Etibic meters, also
10,000 to 70,000 cubiexireters,fame lziseabHQ6rterales 0 cuhienmpiaysoaagenniiy bakd feed material
and the biomass, th§ water content of the biomass can be up to 95 percent or more of the total weight.

The integration of a doé\}vaiéring process which precedes the conversion reaction can be useful for this
reason. Due td3he higHmaodsttien tomtentdaprhding lowpatskaddveiginmoprotiey béoreassas teHd

transferability is limitgd, $Q,hath¢ aitiakaolid LIARABIRRIA Hﬁﬁil’:ﬁﬁa?ﬂpé}é@%@ ARRE ARPIRXimately
re

between 5 and 30 percent. The yield of the reaction product can thereby be in the region of a single figure
percentage related th3 AR FOtANFIEREIAT SRl CIRiARECIES ArighskefuBhErcontativan frde reaction

space volume is necessahy. dodrgerieachitnSPAGRIYINMEesEan. emadlize gbycanaeciagseveral

pressure vessels or %—:-actors. By corr. edcti them, for examgle in the sense ?.f a cascade, and/or the
. . ... the omission ndividua retre&tme t steps can 1ncrease the reaction time to OVéd‘
combination of different reactor types, a more advantageous retention time distribution and therefore

higher operational cé@aoitssc_ﬂmb®¢éaﬂiz@@bmiqghrand¢pprés/emtbgnqmbmim_pré@@%s progress. At the
same time, the differgniLequiremaniz lHedifRENhIRacicRPhasesid Raiah SR camde

accommodated. A more favorable heat exchange can for example take place in a tube reactor, a better
mixing and remixingP i Stiardiresadi s ihgiisny: Risetbroms PioRsHRR RABWAS BfERERntire volume of the

reactor into several pigssiyRavepaisiihe abifiytdothamspentingiviclialspliaintteomponents including the

pressure vessel is ir’g roved. BX the onne%ti n of se erql pressure Ylessels or r%act rs, the realization of
. goll%merlz tion 8 ase an tt e. st{ar e %:fil 1hzta 101 phase 1S reache ay t é;[ )
a continuous or semi-continuous process Is facilitated. At least one‘pressure vessel tor the reception of

the compressed processgas ferrnechdmoontaiheddntheshodetdhs cemnvbrsiusgthantitintegrated into the
plant. [141]The solid RQHIAN.GRE R IBGEEARE g AHENERa PG Ry CORHANR SRRAAKABN

into an already running reaction in the reactor. A shorter reaction time is also
achieved with relative large proportions of fat and non-vegetable, non-crosslinked,
for example animal or bacterial proteins. The expiration of the heat energy release
during the reaction process is an indicator for the end of the conversion process.

[131] According to the application, temperatures of up to 300 degrees centigrade can be
achieved. But temperatures between 185 to 205 degrees centigrade are advantageous,
and in particular to 215 degrees centigrade and particularly preferred to 225 degrees
centigrade.

[132] According to the application, a pressure is built up under exclusion of air, which is
for example between 7 and 90 bar. A pressure between 11 and 18 bar is
advantageous, also between 18 and 26 bar, and also between 26 and 34 bar.

[133] Figure 1 shows a schematic longitudinal section of a reactor according to the
application with further components of a plant according to the application.

[134] Figure 2 shows a section of a wall region of the reactor of the application
according to figure 1.

[135] The apparatus according to the application comprises a reactor which can be

developed differently in dependence on the processes progressing therein, the used



or withdrawal of single reactants as for example wgée/%ﬁiuring the process progress. The solid content can
increase from for example originally 15 percent to 0 30 percent, preferably to 31 to 45 and particularly
preferred from 46 to 70 percent, depending on the reaction procedure or treatment conditions. The
volume per reactor can simultaneously decrease as the reaction progresses. At the same time, feed

material which can encowhanddbicfipresichn tedididud dsof thadashiRghiepasivareiidnell ddieasitynat a given
reactor volume can BeRCRISYEH: LGRINERSIRR %fq“}i%‘éﬁf)ﬂ' dRpctoRinpteres Whishearglor example
efl

separated by valves, further enables a selectiv ing or refilling of individual pressure vessels with fresh
feed material, react&#is'tr @aPaKyStEYEP thBYASE SeMACr ol iHg e thioRIghPUE MEREsiEnsfer of the
reaction mixture froresui@ pressipicsyasieldamibranexdrgssentialtyiaiesaiptacedataparating conditions. The
reactor and all surfaes. and.components.f the RpPALALS.IN.cPRtARt with ihe regetarts including the
mountings and tube TIRES CONsISt of heat-resistant and corrosion-resistant materia S, and indeed
preferably of stainlesgataéhgohhparadite tocdrdingitlityeawplestbed hedowiforithe hedbifarsetparts. The
wall thickness of the Leagiokis fesignest Eﬁff&@é%ﬁ%ﬁéﬂ?ﬁﬁ%%@éﬂ&@s@% Repleraily fgnipressures

between 20 to 30 bar and particularly preferred for pressures of 30 to 40 bar, and for temperatures
between 160 and 230" 4RGRYS ABRGFAEPIRFEFIRYCILD B O EEYFE4EEhtitriadBe AfitFI5aRicularly
preferred to 300 degiresufentigragznldTentepapeiaiwessdNfpaitivylaidivatlegstarepoessite vessel,
reactor or plant comg)lg)cpgnthltées.apo%gcﬁ\}lile%st tv(\{o reaction cycles continually above 40 to 90 degrees
Celsius, preferably from 86 0 70 ﬂ%greesqlclerl%ﬁegr'ade and/or above the boiling temperatures of the
process wateld¢bone bar abstietempbedsuret &olthabjagprdltheged dilettiskinactmtadbengdwith one hand

with the container ofyesselalnWiiehhiSrifaeLY dBCeRRE LWt IR feARRaN MXIHROs fRLe than one

minute without increased visible skin redness is only possible with auxiliary means, insulating substances
or additional apparatRe” emPjrehihreduiaiageest diRGrrs e St Rt BrMSMpALe a vertical
cylindrical basic bodjiuilihe dMppachasegan. be fosmedeas afloiasahesicrltbasentitiicodppear part,

preferably the upper. hgellfgtl%n% 1pa(r;tol ul Srlﬁére;??ed in the ppper two thirds, it gan.comprise a conical form

. . ba ecflo 0 artllches W 1shbr0u ‘bm da
with a slowly growing diameter towar Bottoli. fné Eone-8 ap ase can comprise an angle to the
reactor axis of 45 degrepsapitefdrathd stoallgratAail 40hd egne 83idrdd) artibleohy prefmgedssmaller than 35

degrees. The transitjon af.far exaMARGAM 1S Walia tbakaseraioneR1 g loY0ges Q minimize

disruption of the flow. The placement of the nozzle for the supply of the reaction mixture can be variable
and is for example ifV#)uppeh vt StEEEysiRTEIEt pheictito P ke pradeurecoadisg tothe supply can
take place via a valvgyirdiigh ouklefinezzimwihicbasianpropimately o thacanite afldbe ipase or the cone
base. The components a(?glthe ﬂ%ﬁ es of trrl%lgelactor can be cagr(pﬁgltggn ?ch lyynqlgljrlél]a The lid can be

mounted. With a pre‘f%srseenUa]fol}1 qeu“rgﬁss?ream1 u|1>(<1e_r§ <8 ?é VaCcuhy pumps an uqf)}te%nﬁf)ozzles, the

ratio of the diameterttp.theeHbighhedinthdapp exitiateighat eheztoctwagtoveleitp tthhdethbut also at one to
four to one to five, apdlalsQ af ARG, e 191808 PRI HATHA MEMRIANGIEARIOL SN apparatus which

allows the combination of at least one chemical reaction with a membrane method or a solid-liquid
separation. Thereby!BeffpFdeadianscardiianhiaycidbsanadentiihe Byfistgies Eandivvilizys. Both
processes can be acgRRRIBAeasinUBReMNsHHtRABIPIEMALEIRGRIR reaction space when

the reaction is completed. Fresh solid material can correspondingly be refilled. The
velocity of the fluid stream is adjusted so that the solid is agitated at least in such a
manner that a stationary fluidized bed is formed. The fluid velocity in this state is
nevertheless lower than the sinking velocity of the particles. By combining individual
adjacent particles, their stream resistance is higher than the stream resistance of a
single particle. This can lead to the formation of a suspension layer with a defined
surface. The velocity of the fluid stream can be increased by the application of higher
pressures to the membrane parts. Relatively many particles are discharged from the
base zone by the higher fluid stream, and the upper layer boundary dissolves. A
certain proportion of the solid still falls back into the base zone in the fluidized bed.



plant. During the chemical reaction, at least one cogngf,gent of the reaction mixture is converted. By the
use of a membrane reactor, reaction, intermediate; g condary and end products can selectively be
removed from the reaction mixture, educts can be added in a controlled marmer, or the contact of the
educts can be intensified. Reaction, intermediate, secondary and end products, and in particular water is
removed continually/optisamtéer{ensddomthbearsalitibiianirasrcabadidtindtnscreas evbethéhielsadidghput can

thereby be achieved, g remavakpl ARsEAURMESIdN suRsiaRcehANhINARItigYaY of dissolved oxygen
can also be of advantage for the reaction progress and for the reduction of corrosions. The solid-liquid

separation is facilitatVBYAFs BHERSIEE XRAHEE SIAHE 3 Hip L BRdeeriQraBeeRS HIEng the
density, in particularodiitng hstpolymaridatiomphases, Wigtkhy adigpherdsalithconaamniration can be
achieved In the reaction mixture, the reacion ixte s fransferred.into . qop reagtor iy dependence on
the solid content and the staté of the conversion process. The reaction MIXtUre Hows ’tﬁereby through a
radial inner cylinder aésttionrs bixiakysinvhiflrsd Winechidn thaduataedhyiimz dechneboppbsitasiregtibn. The inner

tube can for example,& PFRY IR JIeaL RYEHAROS, CISTBERIEWARR KSNGBARIQAPLLAGIAN, SO as to

accelerate the heat exchange and to thus enable larger reactor diameters. The inner tube is also called
insertion or guide tuFdeaY drRMrSREP YT 1RHGAY thpaarilis RS Mefriction and the deflection losses of
the loop flow[T37ip increasesvitihgdedreasing diatreiaizwadwihile:thedengiboi@matostenchanged. If a
diameter is chosen tﬁa’éi%go Laerlgegetcpg I%)E ig?\iv can ¢ iIéa se. Tge (iirilam%'%g r%Et:he irslsertion tube can
thereby be approxima¥e?y a qvﬂar er up {3 2Rhird, At tHe most halt of the diameter c?flff\é reactor. The guide
tube can be positionadondth etldistance of approximately a third, preferably of a fourth from the reactor
base. [144] Reggictive relationships Al RESSo% IRy BRSO MIMR G DR AGId efyironment, the

presence of corrosive substances such as chlorine, high temperatures and pressures, the surfaces which
come into contact with the reagtfbi? H%W@WWS&W&?@G}%‘Hﬁiﬁﬁé‘}%lrg%iisr%r!@él?ec@%?&n. Thereby,
wear can appear in particular @uapgdeng-term operation through localized corrosion. Either firmly
installed membrane parts . or a.fluid- erme t_)ler%:alrtr.id e are U ed intd? _enﬂence on the diameter for
minimizing corrosion. [14  Membra aﬁ%frtespc?orll%lesim aﬁ’e‘? oratedPélements, Blrlg?érably metal sheets
which enable the transpord.in pémicwaniofrgasebepudtiidpsids through the element. The fluid and
gas-permeable cartridge also congiatsafneriaraied sranthseasallic GRrRoRgAtSihrough which the
purified propellant, solvent or water can flow into the reactor space. If a membrane part or a
fluid-permeable cartridge fs uSEBTEEHERNARPY s primarily depends on the diameter of the respective
reaction vessel and the toleragiags kel ingicoprocessing: Watealarl andhadamaangdhe corrosion load.
Plastics, metals, in particular har(%l metals, ceramic materials and polytetrafluoroethylene and preferably
stainless steel and particularl;r/ef)?é?élrpé%c%ﬁsé alloys used for stainless steel mentioned for the membrane
parts are condiditred adlpossitbe sratetiasothe opping substahees o camercmbterigioWing coating usually
goes beyond a simplg remgiahle cartridge of polytetrafluoroethylene which it is for example used with
autoclaves on the laboratory scale. Chemical, mechanical, thermal and thermo-mechanical methods are
used for appllifig) the cHERiFGCtPhEAPERBREP G HEAIRRICTHE Cerpiainsiatt Rl sidBEthe adhesive agent
are thereby present ipagaseotitedissolugddepaid feund salvanisodhflamenspisyng methods as for
example the high velocit roigl){éfuel HVOEF) metrlgadst%rge preferabyolg%efgjﬁe%fechni%ue for applying the

coating is pIating. react reactor can have at coarse an tration Or a
combination of both apparatuses, which can also be combined into a filtration
apparatus. At least one of the pressure vessels can have a stirring and/or mixing
system, which can thereby be called stirring vessel reactor. The sum of all reaction
spaces of the pressure vessels or reactors can have a volume of 0.5 to 10,000 cubic
meters, also of 5 to 2,000 cubic meters, and also of 50 to 500 cubic meters. The
sum of all containers of a plant including the reaction spaces of the pressure
vessels or reactors, hoppers and storage spaces can have a volume of 0.5 to 10,000

cubic meters, also 10,000 to 70,000 cubic meters, and also 50,000 to 500,000

cubic meters. Depending on the feed material and the biomass, the water content



[146] Alternatively or additionally to the plating, the_inper space of one or several containers of the plant
can be equipped with a cartridge. The irmer wall 01?’ 1eactor can particularly be lined with membrane
parts. The cartridge has predominantly a cylindrical form and can bear on a grid, that is, a net-like
structure. [147] Alternatively, a stainless steel casing, comparable to a heat exchanger plate system, is
deposited either on tHéhglieressgrebsmittespsteaitayme ottt tettiveiphitHdcargideieorThe steel plates
are connected by pusiclifeiQiiingacaelding phemrbhihe nsweldedisheas auilipinorthe flow passages

are expanded or "pillowed" by the injection of a high-pressure medium in between the parts or sheet
plates, through whictiia iifFe g oflifhérraar ke ramge AddisHe Wi debusissl thrstigh the
passageway. Differesibmeeta aanthefehbipassechitiuglhthaseicavitiesid phgsetnediahean also serve as
heat carriers, which can be amang sufficiently processed process water, fresh water or water vapor or
thermal of 1148 50 SIS ARBE e PP A S e Lo Crab TS S et towards
the reactor space, appaiianpedutcusddroyywhichs presswia diffekchgaasesreriizes Pasdible arises
between the cavity apehtheheALIQI-SRA%E: FetsaibIg resswg differenges.inyheLavitycan be prevented or

minimized by holes which are drilled into the stainless steel casing by means of a laser. The diameter and
the form of the holeSRASFESIBH TGRS HE AT RIS Far L BT e &FHidEED T he distances of the
holes can also be aparhbameaseanptbauasvarEl @sdossiBy soniltatiag title as peasile medium
reaches the reaction,space, [149] The ores jn the casing. and in ihe cartridgs haye a distance of at least
10 to 20 cm, also of at Sast 60°ci and also at least 150 cm. The medium reacitds the inner reactor space
through the bores inatheifagepuetttotigptics disintieosavityhsetiveenghe rpactomaladhipasdthe cartridge by
the overpressure preseqt ontheGARINE GRSHIbHIOW BASSAUSA AR AR FRIRL LK The: Gampection of

individual punctiform or linear welding circuits by a laser seam, so that an even distribution of the
tempering medium i§Bhdlifebiffrerbreddnsgcts O ihedtiasiicas iehphas e AL KiERsSring system
exceeds the inner pRsHHecebifitotRacion Rvtiritotabrrseal becpaes easingeeitligecaktridge abuts the
inner side of the pressure ve§sbel directly. Ittternatively, it can abut a p(tarforated glrid or webs. The
cartridge comprisespréléﬂfgr OPe S HitR & diAmeter OFABOUT B8 T D Microme (Sasrs.(ﬁg&]r When plated
metal sheets are usechctm. iBnéredasiigorandh¢happlisdyinvaddittire teatterante-soyamigpsiskad: plating and/or

after occurrence of Sjg50teRiA SRS REGEC A MEina etadandaelsiADly by laser

welding. Cavities as above with the outer casing of the cartridge are generate the use of the inner
casing at the same g ThEPiREFEARTBeITABNS WREKR e sEeHt Piersts Memiclao R Y aE-3him, or also of 2

to 2.5 mm Pressure lagsasarefmivntalancoasenadaitionally provenizech&yithel numast @nrd size of the inlet
and outlet nozzles. [151] The calitg)c%l%eor the. merpég‘rane arts &)f steel or é)falrticucl%rrly stainless steel

. ... Pressure vesse ception o € £0 IESSCd Process gas 1orme .
espeC|aIIy austeniti s%ee S an espemafley ﬁ)re?erre O]‘:SIEl efsstwa\?)lng Increasing chromium and

molybdenum conterdsntfitied grthapsaéiors ama® oscdlsoddupiextsioets @INamgmes amongst othgrs 1.4571
(1.4404), 1.4438, 1.4539. L 443Rrdoft 487 bd iftdeRed -4 lk MOie denandingreaghipr,conditions are

chosen, copper riickel alloys, high molybdenum containing nickel alloys as e.g. 2.4610, and titanium are
to be used for example? e Pﬁﬁkﬂ@i%‘e%%‘ﬂﬁé%ﬁﬁﬁﬂﬁéﬂ@ YetspAeinhaeerPeetharmer that the

cartridge can be expasgdo andiffaientiabaressine atibreferakinpland prticulrpyt iaferred of 6 bar.
1521 There b s lgion ol saidale B secmeiaion it e I Ly pericuaty n e

percent, depending on the reaction procedure or treatment conditions. The volume

per reactor can simultaneously decrease as the reaction progresses. At the same

time, feed material which can be converted faster can be added so that a higher

operational capacity at a given reactor volume can be achieved. A connection of

several reactors in series which are for example separated by valves, further

enables a selective filling or refilling of individual pressure vessels with fresh feed

material, reactants or catalysts for the purpose of increasing the throughput. The

transfer of the reaction mixture from one pressure vessel to the next essentially

takes place at operating conditions. The reactor and all surfaces and components



These prevent a smooth heat exchange and deteri@ the contact of the educts within a reaction
mixture which hinders the control of the reaction. efore, the membrane parts used at these parts
were processed specially, in particular in the base or wall region, but at least in the cone region and
preferably in the lower third, particularly in the regions where deposits and caking can result. The
processing of these Phétakpprsetss ks toracatiohe xeasipiés bycidiggheoneswinasreglitebedistances,
preferably with distapges.gf s0deh L0-PmAISH O EHAEEH LM AP AR NNIRS iffdau [153] The holes in

the membrane parts or in the cartridge are drilled into the element or into the component by means of

laser and have diamStEF&BRREEHMS $iFRd mritatrieis aubt Be dissihoror i @otficrometers, and
also between 50 andh2britegaraierse Wag ihidksesy e referribly fudwrinsbapasesathat the diameter of the
holes has at least double the si t the autlet compared tq the inl y.this, a fanshaped flow is
mchicved which enab oSt SoiEaSEH e A Ier S P e hotel K HEBEASTIN 10 the reactor
axis and/or vertical tor¢frarsdiffagactouive gelfarat danembicrienperssuidebetreor bgbled ait sufficiently
processed process W@éperesfgm\%@Eg@mﬁ@r@g@@@@@@@g&gié@g@ggﬁ&?grggjpa.?l om the cavity to the

irmer space of the pressure vessel by means of an overpressure. The holes can thereby act as nozzles.
The above liquids sé&HFdHe Ehrairfe a8 igeh g PREARE A iPAFOPENEIT 2 PFBYLES water or fresh
water has to be progessae:suticicrtytéo hgplahbledaha gassedibvoudhaieholes inbecheat exchange
system. The standards valid for feed water and vessel.water are aimed at for. conditioning. [154] A
cavity sealed from tﬁgr}%?l%a?lgpa‘gggeo e{\;t]%sré}ge roerelss%lsg% %sétl\)/{/%fgrﬁekfﬁ'e rr%rg(ﬁégov\]grﬁg%rgetsne membrane parts
which serves for thecguigzatseuad/ sohbemeshwbed mgrtevateratmgor! Taewverpregsureoot the process water
exiting from the bore 5 AMAKSAGN SAGHOR:R DAl SRENRHAIAMEI (eacinb MIKkP s prevented. The
strength of the membrane parts or the cartridge wall is designed in such a marmer that the wall strength
fulfills the demands BItF 3RSt ECatfeY@Hc ¥ S IBR VT thd ISARA S BUbEr 10O TR Embrane parts or
the cavities which thegniorenhaithihepigssutieovesselisadheabl e thvidaekintoapnesswnch for example
comprise a concentric1 aﬁurfal(fle in rgégncstoirﬁg arﬁirrl1 tSh %sesrglggggl.ﬁ'g Qaelse are tcglearacterized by different
pressure stages. The di él?‘en%rﬁressur’e sflage materafize for examp?é’%ro‘lﬁgﬁ valves or separate
pumping systéi?s. Depbsitsane eakirgnigyagizvigplicdwoedsedimestatisrisdary tindrebly be counteracted.
Comparable effects gyg aahievar by Rristed diamsiars of theholesitconsisienbppssure. The

diameters can for example be larger in the regions with strong sedimentations. [155] Alternatively to the

coating or the use oPH&dIRSAAPSUbSIAPRGE S48y ADRATHE B IYIEIIRT eHd T hfeepate iikrticular the base
or the cone of the pressey@passet@nchMauings e BtherpastsiimeRptachMl it teaction mixture can
be surface-treated. This is pa ticu(lﬂfrl achieved by a redecttioElof th(% surf.accia Jg)tdghness. Alternatively or
additionally to the sur S8 treafhent dbrasive’ réﬁ&fla%l%ﬁr?nﬁ methods are 8mploy%r§e§ﬂer the usual
pretreatment, also etecfrotiemichtiabrasio degrethods] priadstudn pdittabt asidteofhareial in an electrolyte
specially adjusted with redaqe 416 BRI Bl &Ll PHIRAHD G Aherical,congaaio igaction,

approximately 5 to 34 percent of the energy contained in the feed material is released as heat. This

energy is used for ofRBRfsbCBEERFAAIHERE PRGNt WithriessBersRidhtheeprlsdes&hgia apparatuses

for the heat exchanggpjihehaatcrudenexarnpie be usedifomarsieatineieiRivnassordire reaction
spaces within the process Qr thehplant. Ollljtgid? ﬁhe process orlt lant, the en%‘rﬁgé{ can be used for
heating rooms, macﬁfﬁ§§a8ryé§ tpreo%%)sesf RSy 81‘?18?53%38858&5. HY Q}Vecgllldt Bt gctee?‘rﬁapering system,
not only the necessaryaﬂmieﬁergyﬂfﬂmhmm_tm@jdh@ ahmmidahtedy_\iratsioanpmdebs kiralbbe added, but also
the heat energy relegsed 'BQ@%}?&Q&R%HH&B&%%?{%Qﬁ%@ik?@f%‘f@&@?@ﬂ cogvelepment of

uncontrolled hot spots and thereby the runaway of the reactor can therewith be counteracted. At least

one, and preferably WR{&er e dmein&aorroriatfaYaktaarasemtigl sysiniq sty WK are driven in a

mechanical, electricat R chemicphmarmeruin;addiiass ohakiarpativelyitadher RseReasiuater systems
mentioned below, the te[)raggrin ,sysﬁm of the reactor consists for %ﬁam le of %)double wall construction,
|

a screw-in radiator, FERRREPRIE EEOMNG I PR LifBOGURES - iRtH 1R Fedttst BFRSIFRTHE coils welded to
the outer wall. Alterrfatevehd elsadditierialfivcaheat ©xthanger plate system can be used depending on the
construction g fhe chosen,atetial B RAFSHIAIRL AR AJRSHMA MG BielPrRlypsed as heat
energy carrier or tempering medium for tempering systems which are ?Iown through and closed to the
irmer space of the r@etdiC IS T RsEGOMIBiAafIAL BB its Pl O trespld-Had Eematitonthe respective
tempering system remtssiy opoiH 8 RIQERSSPEeER U IRans pasd extlashnlergndnar B omposition of the
feed material. All process water systems outside and within the reactor can be used for the tempering
process. This can take place on the one hand by external, that is, heat exchange processes outside the
reactor, and on the other hand by the introduction of tempered process water as a thinning, tempering,



suction medium or propellant for mixers, pumps ar[)g@r nozzles as aspired material for the liquid jet or jet
vacuum pumps. A mixing of process and fresh wa &n also serve for an optimized reactor tempering.
The process procedure can thereby additionally be optimized, by for example decreasing the
concentration of certain inorganic substances. The introduction can advantageously be a tempering
medium, in particulaBdh injeseisey ceniseresdwasdpicd reoytiagqndicass weterhatsotagions which are critical
with regard to the teppgr A, e temRgr s inAddiianally conolies ViadhgRiasess procedure. In

addition to the combination of feed material, pH-value sample preparation and catalysts, the time-delayed
introduction of feed MREFAISIACALTEIENBIIRS Lo RFETRIBN CrAEEASHRS i EHMESiintial element of the

temperature control sEto81knirng dhe podgeesswidhetnaihadethevistositthedension atidurggnitude and
other characteristics 8f tpe fe%d nagtgr.ial or the [e&action mixtH]re ch ng hege %:han%es can be attributed
cauc n 0€ a cr, or CAucCts .can

e
. . C na contro manner. ¢ cantac ft K .
to chemical reactions ané satructura clllanges o% ﬁ1e ca?bdn-contalnlng ?ee(f maferla, w?nch can also bhe

attributed to the depwiigmdiizhifeacding, iatemedinte, podpnsiariz anidpndfptied eiadud atariaticThereby, different
requirements are magde. PfRG VKNG NIRCARSINiAGRENIR MR ARLRE RIGERRSRIO%eG g A Mixing and/or

flow distribution which is as even and homogeneous as possible, depends on the state of the process, the
feed material, the soREEROSMFHERTERR thR thetihrdmesiis Vet dR aremagd efortseeaction product. An

agitation or suspensig@fiiakesipiase Sontint ghytioilter midanty deythe aumaseeeffheat exchange,

intensifying of the eduet contact and.or the purbose of ihe better isiearatian of fr expmple layers with
a high content of lignin or cellulose which are still crosslinked, even distribution of the reactants and

mainly of the catalydiqwiktgreranehve fitngfasé diey tbadn@@xtm@ﬁ@s@dmeﬁm are dissolved at the
same time, loosenedy, 3¢ ;LR MPKIUR AARIHOMEFHEINUMAHRR HLOUPRASIGS, The reaction

progress is thereby influenced in an altogether positive manner. That is, the more thorough and the more
even the mixing pro®8eisrd Ngiebpabighe selitaonrprsrinsen bnerhiey FHdPdNSdRISERous the reaction
product. At least onendttsey et réidddn padicsHatraneRmdinakaN &) reactor in dependence on

the solid content and the state of the conversion process. The reaction mixture
flows thereby through a radial inner cylinder section axially in a first direction and
axially in a second opposite direction. The inner tube can for example be provided
with heat exchanger elements when using a loop reactor, so as to accelerate the
heat exchange and to thus enable larger reactor diameters. The inner tube is also
called insertion or guide tube. The diameter of the guide tube influences the
friction and the deflection losses of the loop flow. This increases with decreasing
diameters and while the length remains unchanged. If a diameter is chosen that is
too large, the loop flow can collapse. The diameter of the insertion tube can
thereby be approximately a quarter up to a third, at the most half of the diameter
of the reactor. The guide tube can be positioned with a distance of approximately
a third, preferably of a fourth from the reactor base.

[144] Reductive relationships are present in the reaction mixture. Due to the acid
environment, the presence of corrosive substances such as chlorine, high
temperatures and pressures, the surfaces which come into contact with the reaction
mixture under operating conditions, are at risk of corrosion. Thereby, wear can
appear in particular during long-term operation through localized corrosion. Either
firmly installed membrane parts or a fluid-permeable cartridge are used in
dependence on the diameter for minimizing corrosion.

[145] Membrane parts consist of perforated elements, preferably metal sheets which



different mixing systems with and/or without mova%:g Z@rts in the reaction space can be used. One or
more or a combination of different agitators can be é as mixers with moved parts in the reaction
space. The agitator is equipped with at least one and preferably with two or several shafts, so that further
agitators are driven via the same motor and reactor inlet. The relative low energy requirement compared
to the energy supplyeortis thetrasivgt tinratidcalaaaheantageddiqnds thegightibh odgmratndhThe essential

disadvantage, in addjtipniQ the pighsortcisihgsscenibiity fodatineAndsiheighgr maintenance
compared to mixing systems without moved parts in the reaction space. [159]Jet vacuum pumps or liquid
jet mixers, pumps aSQTRPSS Hheovehsrye %?@}Eff%?é?ﬁguaﬂtréﬁ? UG HEAHINE B, moved parts
and therefore requirehtassciapteaiaandituicldghayate MsCatreRMbe: asrridad sysiems, as they are
suitable for introducirr%g%léirt\gtéfs 6] %rc?%hntrol tr(li% reactor \ﬂg Caa%{&@recl)la&lt vrvehich gan. eaalcstoogerve as a heating
or cooling means, so to's pend an hdm genize % & reéactor content: FUNher advantages of liquid jet
systems are among theil smbhsizlerapsindalidistor baevcss it hatstioam hadofiovenéihtions and avoidance
of sealing systems. §iiraMMRAKBERAMIEATSA havedReHsed.for cAmvRHigRAkRGation systems, are

superfluous. Therefore, no stream breaker-conditional stream dead zones are present during the use of
these systems. At tHePSAFHatoracekanig A oAt iRG Y stivisyIs ar/cb BerHErEN PiFE ERarBer of air intake

is reduced. The liquiglijgissistemsseandoestes fhondiched BMnNmMsaasaproGesswidtesdaservoirs. They

can be controlled indggeﬂd%g&{rfggrgr%gae .anolt1 er Iacré(él grifggrrr?er%t amoul tsrgf ¢ 1eII%n& alnd/or tempering
means can pass thrgugsﬁ. E’ropel’lants T %emperlng means are pre%era y adtied Hlimost continually

and/or in intervals fagarebsympensioplarmdnhvrhbbgertizdgion. pohdgiasitionityy bhthetiguidijet systems and in
particular of jet vacugim. s QEJIAKE JELENXEIS ISR ABER AR Hiald faEnatehRERfiRY(d stream results

for example in the form of a vertical loop stream. With reactors havig:}g a diameter-height ratio of 1:2, a
loop stream can alsd'BEYRI A S PR S AFRHCAT RR RGO FHHAE SRR BSHBR P HBIGNES further loops
which run transver_sellm_gaiihe)%eraiqﬂiea,iqiéidaj@bmﬁgeéﬁgpajﬁmtaﬁaumdgmpgeatr@r@r@ém@bly positioned in
the top half, espeC|aIIIy In t[he éjlgger th'Egés\élegc'ieotr)%oqi]g B{SP%’L?QJ Iﬁ%t s irected doan\ﬁ;}r s almost parallel

to the reactor axis. §ee\3/e?lalni’iq o} Té)flsmlxers Or jet vacuum pumps are cONNEBtE i SEnes with larger or

higher reactors, in particutanfroimtee dimmetEcieight fatioloY O3, tietitod atheyctaetdpusected in series at
different heights, so t@%ﬁ&ﬁ&%ﬁ&{gI{gg@g&@){gﬁﬁgﬁglerates the accelerated stream. With larger

diameters, in particular more than one meter, several liquid jet mixers or jet pumps are positioned on a

longitudinal X suchiiemaivabr thaddisiensibplidatiating sfieiggionacs affeetioerF YR dene direction. If

more than two liquidcjgirimxersrakdelmet Bt pyiTps ErathisedraidreTheightrthenmeer of the liquid jet

mixers, the accelerated stream of.wpiqh ﬂ,% ireé:te. downwards to tlil reactgr bﬁtse, respectively the
reialctor. aan Part.lcu ar 8 ined with membrane Parts. .Ee cargl ® a[s) .
same. One or several liquid jet miXers or jet vacuum pumps are positioned just above the base region or

the cone, so that thestdeanmnastirectbadtandéntiadlydavebthe wallzoiltiebase ret-the cone. One or several
liquid jet mixers or jet yagum pumps are positioned immediately next to the outlet nozzle in the centre of
the base region or the cone, so that the stream is directed tan%entially over the wall of the base or the

cone. [160]ThEblids detegaiorieratiByeiathss Gfite ormfehltd anh bt e hagaolaier the

system, is deposited either on the outer or inner stainless steel layers of the reactor
or the cartridge. The steel plates are connected by punctiform or linear welding,
whereby the non-welded areas outlining the flow passages are expanded or
“pillowed” by the injection of a high-pressure medium in between the parts or
sheet plates, through which a tempering liquid or heat exchange medium can be
passed through the passageway. Different media can then be passed through these
cavities. These media can also serve as heat carriers, which can be among
sufficiently processed process water, fresh water or water vapor or thermal oil.
[148] So as to minimize the pressure load of the stainless steel casing which is turned
towards the reactor space, apparatuses are used by which a pressure difference as

small as possible arises between the cavity and the reactor space. Possible



liquid jet systems or jet vacuum pumps. By the ad%;gz}wﬂal use of comminution apparatuses in the region of
maximum turbulence and shear load, in particular iIntake or suction and exit openings, the formation of
clumps and agglomerates is counteracted in a targetted manner. At positions, where the intake or suction
openings tend to blockages, they can be supplied with their own process water supply, whereby the
process water only meesdsresiibtetgecaen diragaely fon trpisuepeder Sisyazdilterdelatiwhisthbranes are for

example used for the.CQATRA HFEAIMENTRE FQABEIHE PRI IS fasistanfRiariisa!hnimppediately without
or with essentially low reserve volumes compared to the process water treatment of propellant and

tempering means. AlRSPRELRE) IRt SRESPLRUCIRRVH MG S EPHRMRE YRS §aT e $ockage and
deposits are kept freehwitidtineds onthciicipeaniistreaapair cvihand/afodter eguipped potkielenechanism for
the short-term flow rseov%raﬁ%ls. fi:t% targe gos%tfg}n%ﬁmr%s,reaggezszgggf Jlg%rg%tggg, manometers and valves serve
which react to blockages for examp‘fesby pressure changes in the Suctiori region. A mixed reaction mixture
supply for thd idtion Stbesboresurticneapen imgsoththeariideehindadigenat tfletkasfel Bitw2@eposits can be
realized by a d'V'de%B[%R,%ﬂﬁ% flreadn SHRRW 00 Rakk isseuckesh ingiiqaHy Jfomsthe fgastor, another part

is filtered coarsely and sucked from the upper reactor part. The propellant stream supply is controlled and
switched via valves, "§¥ tzPArE HRIN4RR I SRVE othe ahfipler titleR Y5 SrafinBe OB RS 6ERur or the level of
treated purified wateh¢eaghasitonvalevels catlfddeNo zatas cprchrdsees aitlargeieasiagations. in the irmer
space of the vessel.ﬁmonags%hgggrgr% e%gé Iartllyedceggegggncgfri% {91 S.Qr zoqﬁgrin w 1iggladeposits and
caking is to be preven?évdp continueus press&'re difference i presenli ngﬂcllqwlanjet systrems compared
to the irmer pressureveltihg seastobse Asctoprayventhatbackfiowisfithe aeatthortempgung into the mixers,
pumps and nozzles. A gegeleratinpan sandstil asraiaralgs %}ﬁ_cﬁ‘?@&%&%ﬂl%ﬁg'ﬂa}ﬁﬁéﬁﬂ?” process of the

solid reaction products which accumulate thereby increasinglém the lower reactor part. [162] During the
chemical conversiorrYEBERSEEIHEHHHE BITEEEMPEAT TSN YR (he RIENS B BHEFTEaTRSr and the

mountings and partsihicineane ibigschntactwitk tiehigaectioneibstordirdegleaningfradess can be carried
out after transferringcgkﬁegetagt%r fc%){:lr&txeintr f{f%‘% ag‘gn)sth]?lg pressyre C\{)engsrclaslevsvirtho Jr s§eesntiladilyé1 decreasing the
operating temperature. R'mdVable ard™a controfinie high pressure nozz an for é@’(ample be used as
cleaning apparatus. dittectppdiaius 2atobe inteoduged.into the inner space by a hand hole, a sluice or a
valve. The cleping praggaiptiscacigdieut underdirachyisualicantiobonhyineanagfgne or several

cameras. The cleaning apparatus can be controlled remotely. The pressure and the temperature of the
propellant are adjustedhe@tRatthEmudehpatmanded ity PSSR a chrRgBPINIFuR 823¥REging the lining
materials or coatingss &nnice&Byitiansiaie; pastien atlypseitaldls Brither switase. ceaniawf the jet media:
Dry ice pellets as jet means are accelerated tp 300 m/s with pressurized air and jmpact the dirt layer with
2 Pigh Kinetic enetoy PTFey HIdTE0y Codt b e ALSHE e A Ael SAPRb TR ioomes brite. At
the same time, the dnsice pdiketsnayapordie andsudoerilysexteccery od 7601 thes,which. blasts the dirt
layer from the surfage, The elahosaieRcosditienndsardisRasatahAiclernag:DRriughisyinnecessary by

the use of a dry ice jet. Environmentally harmful organic solvents and halogenated carbohydrates become

superfluous. A furth&MBEeEsILntGaRTRGe fad s 19) it tlpy dee PEIFfOBEfg dissolved in air: A division

and an externgs gleaningof planscoMmponents-aftenassomesos ypeidluaus sudeysise et is preferably used
as a dive snorkel system, Iﬁ is intfroduced jnto the reaﬁtor via a ha?d h?%% at a central position and is
ice

docked to a holding %sygfé%%aﬁllsctﬁn\l}\}ggtﬁe()lgﬁfb eesaeﬁlr%\)fé)ﬁgﬁ%r.rﬁ% | aﬁ?eﬂ% 578 Ufrected towards the
locations to be clearmbdbyumeadsrofydbdetatmngspreyiighdevices [4,63]d fguidsordgpssstsimedium as for
example water, reconsfiionGd Ol HFRLECRIACESS RISl 2 025 35 195 RXaMPIS Walkpvapor can serve as
propellant for the jet vacuum pump or liquid jet mixers. The process water is sieved, filtered and freed
from contraries at orliffirhedidtd) aftérarselexpngsrn wistiheesritieniinae thesrihai ik and nozzles

are not blocked and i, WaahahseaciantHRenRIHNR FRIIPANSALEAN D0 AU NtRAHISMinimized The

temperature of the propellant is adjusted with the help of a heat exchanger, so that its introduction serves
for the contol of the S5 HER (BhTpRILGrd PG LB ER R e e TE B 54488t Hough outeide o
the reactor(s) at a siimilarepriegsberarasigdttin bhexgacton] s)diffthe tehppesing fudcharicodtilye process water
is foregone, it is pas§ggdtgggm%ﬁlie%%ﬁgg Jeagtion spaces at similar temperatures as inside the same.

As an alternative to process water, water, water vapor or water from other processes can be used

as propellant] Wéating dhesotibbmeselécievyirridnatesmalsciasaiatin gid Biroeled fater depend on the
mixture of the feed patatiabanld thePreaass.pr ecasretnchiding:the calahsindterals previously bound
to the biomass are dissolved by the procedural disintegration. Numerous elements including chlorine,
sulfur, nitrate and their salts and metals, in particular heavy metals and minerals and alkalis as for
example potassium or sodium and their salts pass into the aqueous phase in a certain part during the
chemical conversion process. One part is again bound in the solid phase. The remaining part remains in
the liquid phase. The parts of the materials which go into the liquid phase, are also dependent on the



[165] A process water fraction of 10 to 35 percent, fézﬂ from 35 to 60 percent, or also from 60 to 85
percent is recycled in dependence on the moisture ?ent of the feed material and the process

procedure including the solid-liquid ratio. An almost complete return of the process water, that is, a circuit
closure or restriction of the process water circuit is only possible in a limited manner with the aim to save
fresh water and to reldgeenissonzsseonshdicootuphengeomdrieiaditan tee Wrataccefrthdatdivrisof organic carbon

compounds, an enrighingnt QfinergaRicOdgHAls A HASSHIBIS £ il Alkuc kAl RRlofiRe, phosphorous
or their compounds results. Inorganic contraries concentrations accelerate the corrosion. Lime deposits

disrupt the flow in thE\FEREART BHE 46 YdhssiorrHoUFERGRCEtER e itlpe RlivaeLid oz zles. The
requirements and caskobthexdesigm afithe kesctothacoaasa:iberabyrSetiatesnaan lpregipitate. The
duration of the accumll%l tion.or seiltu¥1 ﬂgr}ed%%?r\}%s on the matedric%lk?omﬁggsitiolgl ﬂut:he feed material and

i arly 1 ere deposits an CSUlL. . .
the process procedure. 78 Qﬁl1e Themicarconversion process usuaﬁ/ asts several hours. During this

time, complex chemica¢protesthsscansielctheriwitkenateridbrhsaels balkdsiplagdaldsivhtihave to be
pon&dere;d for the 0%%&%@&{%&5%%%%&%&,Q'&ﬁﬁf&ﬁ@)&ﬂﬁ?a%@?ﬁ%&sﬁ%nsupp“ed in
intervals in the first two to three process phases. Depending on the desired reaction product, reaction
products are for exafPRWItAEFAHR I Wards the end of the last two process phases. Propellant or
tempering meas as forexample a@asnwales puitparticularcproidgssiwatareansikomproeass! synthesis gas
and catalysts are withdrawn or supplied during the running, process. Reactants In particular
secondary products (grlé%%tm%%ra&v%ﬁ%dﬁ}a%?ﬁ?ﬁ? éasc%ﬁ%‘geh%ﬁhéagﬁgrrﬁ%gﬁ“fﬁé%lc?%nﬁgﬁ mixing and also
the flow. [167] Differextrometivodslsahebecasétfondl?é depositiors.ofnthelsobichwateriadsdid in particular the
reaction products in the seRIONIIYES -5 At aHitl SSRAsaN ServRS dRhibe sepgration of the liquid

phase, whereby a concentration of the solids is achieved. Different sifting processes (coarse sifting, fine

sifting), filtration probeksdesdrart vt esiirsiebirceniarsgaPrdd B miRlsh 8¥fkisegclone can be
combined with one angihgeddidhasseparaidonefitbebrRids. pamsdo Kedueadhe elorkafd filtration or the

siing during the progess, ane o severa) ralion of Sting piocesses e gartied aut ithin the scope of
the pretreatment. [1 rom these two methods, at least one coarse or one fine Tiltration or a

combination of thesediwaedtimoddran take Hkatel Bymbednediiffefitbtionaretd pdesdss particular micro
and/or ultrafiltration methogd.gr @&%PM@P&S&H?B& qmﬁ%ﬁ%%glggim%\;gwoorganic carbon
b h (1 -I. -

compounds can be removed from the process water. The solid-liquid separation is preferably carried out
at operating conditiohé 138 Weeay e e oIV BB ahiplavsapeshiter A8 klestsexample used

on a laboratory scaléaefdty ebicaRb e urethsmelnps depentdmhasanrgshotbareapethe chemical

composition, particle size di%tributi n, d nsitg/, Q}articlefform firmpess gnd solubility and includes the use
. means, an gro ant. Process. water or,Ires w?ter a]s to eproc(:ﬁf . .
of electrical currents and loads, different densities and centrifugal forces and different particle sizes.

[169]The dynamic, stefficiardbuarhs pressurempa dterilectilthationssamibadstthechamgpayticular the cross flow
fitration including avalable MiGLQ WA ARl AP A0 ISP IRE ARIPRITMALNd are among the

apparatuses used. Preferably
conditioning.

[154] A cavity sealed from the inner space of the reactor is left between the reactor
wall and the membrane parts which serves for the guidance of solvents, water or
water vapor. The overpressure of the process water exiting from the bores is
always high enough so that a penetration of reaction mixture is prevented. The
strength of the membrane parts or the cartridge wall is designed in such a manner
that the wall strength fulfills the demands of the pressure differences between the
inner and outer side. The membrane parts or the cavities which they form with the
pressure vessel wall can be divided into zones which for example comprise a
concentric surface in the cone or in the base region. These are characterized by
different pressure stages. The different pressure stages materialize for example

through valves or separate pumping systems. Deposits and caking by gravity-



apparatuses are used where the underlying methog unction principle of hydrocyclones, centrifuges,
electrical or magnetic separation devices and/or fil g??o methods is used. The preferred filtration
methods are particularly among those which can be used with the reaction conditions of the hydrothermal
carbonization. For the solid-liquid separation, in particular at operating conditions, rotation disk filters or
centrifugal membrariediite¢sesiapreferatotynibertbY he grafisrrstednarenidrobiichifistreiponsible for the

formation of the porggicangists-@futeialiangdn Baitculaeof kR @misenl prdenn efithe pore-forming
material is preferably disk-shaped. Depending on the filtration method used and materials introduced,

there is not always pH8EEHIraBRISEFIBRAITA BT SreNsiFRe B e fitdioan RSy AMount in the filtrate.

This particulgrygpplies leritae wse toftiecanigroetierials Jondbiei filte ketemrpiSod hwidiigeous phase is

iniroduced into a progessuater teservolr na fitered or upfitered manner, M charadertics of the

solids to be separatea, an(c)infhere%y thB°choic gﬁ &' methods chosen forii epseparation depend on the

process procedure amd wauhienghand otbrispissah thatdesingl theactisioprodvee. cPhddyntiercthe process has

progressed and the highar g 9’%5‘&%195&'9%Jﬁ%&?@y@?é@d@&oﬁb@f?ﬁékﬁﬁﬁc@r& Lysout the separation
a

process. The separation preferably takes place near the operating conditions. The solid amount in the
filtrate usually sinks PHSPEIHitTAM 10iHEABY S IDe R CAFAHBFaASE SR RRAMS BY B%e use of an
ultrafiltration methochasfiehieaavenprugdhiras: adasu-firtne ar seuesdl-appaiaivsesfaidhe solid-liquid
separation are integggt%% 'Qtort e proc 1§§bfr%rsitheo Irinm{'al al'g%g glfe sar d tggdegg her Or%[t% rieﬁhwith a high
density or a high Welg% which bécome separaqﬁlle in the Course of the treatment of the biomass. The use
of the principle of thecgadttiftiyainfdeciel separation of solids is particularly advantageous for the cleaning of

the process waigr whiah,is4sed a3 RIOPEUANLIS, e, 1D HiAleckBYBRS s MiXRIS AR RoZZles. [170]

Process water is withdrawn for reconditioning or treatment during the ﬁ)@rocess at one or several locations
from the upper half, PreerspReirsthitikedpisbmatirnl paitletistis Praterius weravthe'tho&F quarter of the
reactor. Reconditiongde@piieaiad Riackss waietishenecoiothedvaiepaicetitvaf the plant for recycling.
At least one and preferably sever Iéo}gocess water Bs rvoirs can be use for avery individual reactor or
. pparatuses 1 ﬁ‘l () telxchan e.i ¢ heat can I‘ﬁ%(amﬁ)ae ¢, us or .
for several combinedMEaLIOrS. Different cleaning s eps precede the individual process water reservoirs.
The volume of indivipkght@img derhmoasprotesewwtter sreservoihis dipproximsatelie3date. 85 percent of the
total volume of all regglgis mgﬁé&gg.oﬂa% BIRGesR \g@;%& rESEIY QI gq%gﬂ?gdrg%lgﬁe temperature and
b h d 3

pressure load of the reactors, so that pressure reduction degree and heat exchange apparatuses are not
compellingly necessaAFRSRIcEIYWate PRk iR sninesratelY it erdd PA1B ESPRATIBE the described

plant. Different treatgyerhohsecanditioniogmethadsrreyeeassaly depeneingaotothetisa of the
reconditioned process wateL. IRiE)ferSCrl\t e h?nital,hchtemical arﬂod bi‘?lo%ctgl metttgods. and apparatuses are
used for this individLPerlﬂﬁecs)srslnacor%%mg fon. A&Fobic Shd anzerobic igh per‘f‘oerxrﬂaﬁggl%io reactors, bio
membrane reactors reassienchidl dadiachimgte. Sleembihods. of we@bovBerheritionedmiethods and
apparatuses integralgd a1, GROARGIES DI NeRIGCESSHEAIRR A TeWhshalk desrapra g content of organic
compounds in the circuit water considerably, but the measure of the return of the process water has to be
made dependent ondKEPESHEEMIRAEY BFCORRTEQUREEAeSEt ITHIeR BESHEESSfHICBIYY disintegrated and
high alkali metal or \inekakenaiesincoRceRiralions-agitar exainleacaleius. Bars ienke able to return a
part of the process Wfiter as heig[h ﬁ‘? eBossible, a 1particularlg/ effective combination of different methods and
a 1]0 (S

apparatuses is to be ﬁ%rélat.lrf 5%%5%%@ 1P IRLSRELHSAT akiev%‘ls%?/vtg?l eé’l%%?ﬁﬁtgerfls a filter,
pre_fer_abl_y a microfi_ltﬁi‘chmcbmmemaﬂytafou@raﬁb@rpémdcmah: belld:oqgat_umt_libwiﬂ'stkmynilethods fo_r the
solid-liquid separatiqn descrbad aboYSo e é}&ﬁa&% thrr&Ei]‘ilci§8"ﬂﬁd'ﬁllé'%&&8@5@‘1191@1&{%0 which the

filter(s) are built, is preferably a rotation disK filter and especially a centrifugal membrane filter. For the

biological cleaning ofateysioed iy the oriitey datdltcEatasbarandsiisonzlby wbrehesehsmest Riatisfies the
complex requiremengdssferh clRsYNGAIHRAIMEB ¥n iRy SXXMBIRNAIN APRIFLS iRatBRasteel construction
marmer is to be useg referably, for example W; h (}r#or ance bioyeactor in the biomembrane method,
preferably an aerobit BrECCLR AR AARHBHI CALEGIET S lbdFectel FHEloGh Kdbior should have an
effective nozzle for nexpgitigersdiidraiod thauictippageenis whidesigloAdtehnaiptedyidelagditionally to the
aerobic method, a regctor for the anaerabic process water treatment or also reverse electrodialysis
(electrodialysis reversal) canpbe used, particularly for the nitrate recovery, distillation, vaporization and/or
ion exchangd MéthodsTasguebivetisapqaironTacledst @drostidl paketsTerstive hBwesipggarding the
storage and the trangpesihebdhes $R)id tanskiba dasian .ot the phamtubidinganehaapveying plant. The
intensity of the odor exposure decreases with the duration of the storage time. The building or the storage
and transport spaces, in particular for the fuels, are to be designed air or odor tight, so that the loaded air
cannot escape. Accesses to the building are sealed by sluices. One or several chemical and/or biological
air cleaning plants are installed, so the the odor exposure will be reduced to a minimum for employees,
suppliers and residents.



[173] The cooling of the reaction product, in particy] rj)elow the boiling temperature at one bar absolute
pressure usually takes place outside the reaction é% él also in an apparatus for relaxation. The heat
energy released thereby can be made available for other processes via heat exchanger processes. [174]
One or several comminution steps take place before, during or after this process. For this mills or
pressing methods akeppefeiiabyf teiefimaFiite Ak praetio w tthestoitiopkadeafrdmithe teaction mixture
usually takes place in fhe.fitst SieRM BreRbANiceliARd: i dhe Brcend siepin thermabseparation devices.

[176] A static thickener is used for reducing the water content under the action of gravity with or without
mechanical rotating RpPerERRs BT AH LSRR ERAMIPRE PSEonER thREREISF a throughput
thickener. The contrahaf thetsuppbdamaust eapdedpadesby adasinchi@iigeetipertigyice enables to
dispense the thickerls%gtir(r)}i%ugguevgrnl Odg grﬂ ?chin Eoe%ev%ral Smag/tg)irnrclagzz é‘ghaaa%O{rg(fpondingly high
volume. The thickener can afso be | edjra ed directly info the 8?y|ng apparatsus.p,&n advantageous design
of the cone constructiatenableashit posdibieothat Yheudryivgnapparatkis g Eheaggetladitdsty with the mixture.
External installations,can bg fareaqne with 3 refesPRAANAaMUSHR el thespcass agnitudes. The

mixture to be thickened can altern_atlvelf/ be introduced under pressure to an arched sieve surface or a
curved screen. The FARHIGHGCadHioRMPEFPRiged Ly I9arranMe drstfesthedtgh the sieve slots. The
thickened mixture iscoqmbingsh af heeenchofdhecsiibeancse andifeddactha daying appliance. A
hydrocyclone offers a furLtiheer adv%nta%eeous.separﬁflon method, in.which solid and Ilgwgtearlre separated by

centrifugal a(:(:eleratéllcc)l?]f.1 ?H?gke%% mixture in the under 10(:\}1\}?§b ulﬁlﬂ)‘ilcetzlél‘%oetrﬁgegﬁylng apparatus and

the processed or cIavﬁre@b’ﬁt?didrtwavewm%mmmkﬁm@rmm rAg@(mmgus and an optimized
supply to the drying apparatits 63 R ?sdaﬁ%itﬁ?éﬁﬁﬁﬂéﬁgt%’ﬁgd@qw@ﬂr%é%5%?6@&191%\"Ces and

interposed dosing apparatuses. This is particularly important with the use of a shear centrifuge for drying.
Shear centrifuges hdV@XiHRJhiOPerspiBhiaruaret] setirmnis &liniadyr serRisRamArRgahdashing of

granular solids. [17 7daldmpie) @l diiieglengtidds aie selarakly misedaian depnigidncaddition to mechanical

apparatus which often has to b conne%:ted ahead of tpq dr in%ff%r ener%etic reasons. The amounts
. . conversion characteristics 1s e}%ltes ential € emklrt € te':&n ra{ure control. . .
supplied to the drying procedure have a weight above one Kilogram. A continuous operation is preferred

to a charge oﬁiéﬁétion. Dhengrilingrpgocess W%Fpldcélbyime@_m @ﬁi&i@%@d@@@@@@ral driers or by a
combination of differgpt aRRAIALUSES; for REPARNAR AN UL IR A\ RAHE CHORAriRLS for example used

for drying the reaction and secondary products. The goods to be dried thereby come into contact with hot
drying gas. It is hereByeaeribragabrisdiatrmiceaagtenn aadstipstaratssngss Aribeusually has to be
cleaned with dust sepasaiaisatding @ as dsnpassiblyraikagdito Baadmoiatdre aiter condensing. A fluidized
bed drier can for ex?jr:enﬁllerggrigsggna%é:ﬁ?\ﬁgt O T oy Mogzle tower ar flgy driers can also be
used depending on p¥esen ordesiréd par IC1B S1ZES K Contuous process’is a var?’t’ageous, where
one or more tray, drdiffeperturneirciriertanes usalt. 1.8 Mikrenpaccestaciarediscasadhessentially only the

contact surface is aﬁH@&%ﬁ%&é@&@%ﬁ@Hg@«é Belt M@&fﬂ)‘dﬁbp_gﬁim%s ggéﬁ\%d:ylinder, roller or belt

drier and preferably a vacuum drum filter or drier is used. For achieving lower moisture contents, a disk
drier can alternative RPBIOSERff6RIRPBEN &P e O i als tHhmpersghp e Ta5€ Bifigdlorocess can take

place by means of agholgRseavenmedivirsiorQuacnNaaiyatiempeiatwesdeivesn 61 and 95 degrees
centigrade, preferabl% etween 65 and 90 deC?nrees %Enti rade and f [ther. referred b(iatween 70 and 85

degrees centigrade. SiHaté l,ta(%{?enrﬂregiseo WS PYEHRR %?ncd)?}g% %Jfé)rliﬁ f) SR rREwater vapor having a
temperature of 130 tbei80pdegrébsat extigradeiigcuséraaubealtlinttbentine rmdbd fyéenguapoparatuses. [179]

A combined mechanjsalthermal et sast ks UssehoT e SeRARANION QoK of tignin or

cellulose which are still crosslinked, even distribution of the reactants and mainly
of the catalyst mixture and venting of the reaction mixture. The sedimentations are
dissolved at the same time, loosened, and a thrombusus and agglomerate
formation is counteracted. The reaction progress is thereby influenced in an
altogether positive manner. That is, the more thorough and the more even the
mixing procedure, the faster the reaction procedure, and the more homogenous the

reaction product. At least one or several, and in particular a combination of



drying. The advantage of a mechanical-thermal pr%ﬁ? compared to the conventional methods is a
significantly lower residual moisture of the product, reby an improved conveyability or transportability
of the product is achieved, especially with fine particle or nanosystems. It is a further advantage that a
partial washout of contaminations from the reaction product takes place by means of the condensating
steam. The use of stb&prcasraifurgrieptanyingtetsionidiffeart or potemisisresbitscrramisraesase of the

performance for centrifugesMokiPg thardBralineBIRRNG of NErREChaRIRIR efihe vandmechanical
displacement by a condensation front cooperates with the mass force and pr.actlcgllf%leads to a complete

depletion of the coaf8E CAPTHAAP QYRS SIRART HrEea iR HerHifoPRIL O B RANRNEIAHBAG the methods
using this mechanisreast digem s atufatetyariverbeatedesibdimitos athasditieragicedgpsassure removal
instead of pressuriz%g air. A %ﬁeag?n@r&s)%%rae it#ga%ggros?g ntriﬁgg\gl Flehumidification 5 Lgsed especially

ven via S e € 10W ener cquir cn
preferred. In a method space, he process of the combined steam pressure ahd 8en‘fmugal

dehumidification trassfepsrédddiiie distsersepsblier of themeactiomproduet frofagthel sigspension into a dry,
pure, free flowing engprodiciactoraing dQ.ihe arplication:, [ﬂasalghf[f%ﬁ {sgldupiHagistirg,content of the

reaction products accordin%to the application is advantageously about 6 to 25 percent, also 10 to 20
percent or also 12 t6“F8BEPEN 1B 1ol e MBI TS I8 HIRUBRATES 'q BIFSPRAEIH fter the
conversion reaction.vAimangotbe st iaowinpiepston, intermediate, secondary and/or end products

resultin dep(irll%%rrlr::ljeso the feed matena&:1 1§§L Fuels ran Ing Jram at-like, over “(%u I(ﬁ-llke to black

n
. €1 vacuu, U S or { mixers no s are among liquud jet .
coal-like fuel I\/falﬁarcﬁlc?r VRPardike reaction IE)roclj)uc S, carbon-con alrﬁng Mmaterials such as

insulating materials, stistnosgbng esygbiidisiciibers aozablescdptine aod shepstion soalrckascoal substitute

material, highly compagied.carbply ReArGISand.malglaly ‘I’H?Qiﬁ? RATUENIAL alsp feadmgierial for graphite

and graphite-containing or -like products and carbon fibers and feed material for composite or fiber
composite materials{IBSPHIHAS ST SHSERY P Hf Ecaeal-Hider RERsian BRieherf Fe products
according to the appligadiona They have advanags WS € hasagiaristicshyvigbneantmaiatyobe ascribed to
the reduction of mineraj[ m. rials compared o .thedfe d qaterial. Pure cpal is r'q?inlg to be understood the
. ontent. Further adva ta%eﬁ 0 11%11 ASYSYSISIS arc amon t cipsmallst

combustible part of {ite Coal an purest coal is also to be understoo active coal or charcoal. The
mineral content of ulirmimalalisturbance of the stream and flow relations and avoidance of sealing

systems. Stream breakers, which often have to be used for conventional agitation

systems, are superfluous. Therefore, no stream breaker-conditional stream dead

zones are present during the use of these systems. At the same time, floating

(floating of solids) is avoided, whereby the danger of air intake is reduced. The

liquid jet systems can be fed from a common or several process water reservoirs.

They can be controlled independently from one another and different amounts of

propellant and/or tempering means can pass through. Propellants and/or tempering

means are preferably added almost continually and/or in intervals for the

suspension and homogenization. The positioning of the liquid jet systems and in

particular of jet vacuum pumps or liquid jet mixers is chosen so that a formation

of a liquid stream results for example in the form of a vertical loop stream. With

reactors having a diameter-height ratio of 1:2, a loop stream can also be formed in

the shape of an eight, or with corresponding heights, further loops which run

transversely to the vertical. Liquid jet mixers or jet vacuum pumps are preferably

positioned in the top half, especially in the upper third, whereby the propellant jet

is directed downwards almost parallel to the reactor axis. Several liquid jet mixers

or jet vacuum pumps are connected in series with larger or higher reactors, in

particular from a diameter-height ratio of 1:3, that is, they are connected in series



coal is for example under 0.1 percent by weight. [184] Figure 1 shows an apparatus 1 with a reactor 2.
The reactor 2 consists of a cylindrical basic body 37 Il1Jding a reaction space. The reaction space 4
serves for the reception of a solid-liquid mixture, for example biomass. The reactor 2 comprises a filler 5
for the solid-liquid mixture and an outlet branch 6, from which intermediate, secondary or end products
can be removed frort thBareaichiightpae¢hat Aigeprstivede Homiies woraprselsatdeiice for mixing the

solid-liquid mixture. Jhe Mg s mSWinGARPAIANS4 IthheRmBodinants Brvndigre, with which the
solid-liquid mixture can be mixed during the treatment and/or processing. The reactor 2 further comprises

a cylindrical guide oPSHEBHIUHE LR GLIGERIBIPE SFRRASRBAGR divratednal fetidritsture in the
reaction space 4. Thenigactiohzt additigralytgenmpicasthcianefietiali tabmiding @ppafatus in the form of
a jet vacuum pump or liguid jet mixer 9. The reactor 2 is further equipped with a filter aratus with
bich aoli campam e B B G B e B e e 1.1
process or industriainwater eahbbawidndrawrefrohe tvecterattibrirepacd Whaeldifeld toted reservoir 12. The
industrial water can githe! HaSURRIGA IR Gt MAEHIRIPHID R A tes ok idyEtMiygfSeand thereby the

solid-liquid mixture in the reaction space 4 via the line 13, or can be introduced as clean water into a
further reservoir 15 VRS TiARIFIRECHAT BHPRSAE RATHOP TSP MR ESH Br i it SePfvater can either

be returned to reactes thmightheréing ik Gliescidpligehinithe waste walter wadine dr th¢lBa¢ Figure 2 shows a

section of the wall region o the [gacter 2 according (o figure 1. The feactor wall 20,5 femed in a
double-walled marmer, where y hE'felictor wal 20 coRsiStd o Bn outer wa ayer and an irmer wall

layer 22. The inner weik kaytbe 0@l proxlidiediwitnrdaremdthbzase paiePd dtethenedyetof the reaction space 4,
which can for example.be R peLiesats, gﬁgtaqiys&%@tﬂgg@amgmgg&% metal sheet, but also a heat

exchanger plate. The membrane part 23 can either be fitted into the reactor or mounted to the inner wall
layer 22, for éX&thple wWriealidsHe-erglompae By arests i dhmapienchand rethedr fppderhthistance from

one another, so thatiru@ayiysydasPsererbheiveemihase thyaddrlbiayess oActhatimakiold can for example
be present in the ca\géaZﬁ as is t&Jlsed for efam le for trb 1transfer gl%]he t n.erﬁé/ in he%gransfer plants.
a :

) e
The thermal oil is he nd introduced in on{%én&lén\}ifyr ﬂersl%egg(%o eatfhe'ih erP%%l%%e of the reactor.
This takes place in antissed sictait alithexadymniage thé thenatalinoif cormpared tgalvateraisstirereby its

significantly_higher bolingRRiRt, SQAMRkate MRS, Al (A AI0G.can-Re seaghsd: A further cavity 25

is between the membrane part 23 and the inner wall layer 22. This further cavity 25 serves for the
reception of clean weRENAEY EKh T kAR Yt bRe fseRlisd WitB el 8)2t8ih “HiBhe membrane part

23 is a membrane mappisheriresainasfocaied heasBxebangs Wateatthe pressug thighe cavity 25 has to

be at least slightly above thes ressure in the reaction space 4, so that no.co eponents of the reaction
. H)ul@ose. eb 1 tetrs ﬁ%l me rancs are Lor exam :%.use fort coarste .
mixture can reach the cavity 25."Dueto the extreme reaction conditions in the reaction space 4, the inner

wall layer 22, but maredynibies. fiberdoraseepairt @8 sonsistandfmaacocrdlsionredistantniaderial or are at least
coated with such a magedal, (1861 Figwe 3shamnanmsmRasenatc.crhodingnser a plant. [187]

The combustion of the fuels or réaction products generated in the apparatus can, in dependence on the
type of the fuels, tak&NekEtareEmRpIBENsenet MifTRribS pdNekees sei U AsABET stors, preferably
with an automatic fugfigatpRlanger of blockage and deposits are kept free with their own propellant

stream circuit and/or are equipped with a mechanism for the short-term flow
reversal. For the control of these nozzles, flowmeters, manometers and valves
serve which react to blockages for example by pressure changes in the suction
region. A mixed reaction mixture supply for the suction slots or suction openings
of the mixers in danger of blockage and deposits can be realized by a divided
propellant stream supply: one part is sucked in directly from the reactor, another
part is filtered coarsely and sucked from the upper reactor part. The propellant
stream supply is controlled and switched via valves, so that propellant is saved for
example when operating problems occur or the level of treated purified water

reaches low levels.



[188] The arrangement for the production of energxgg?qafor example comprise a combustion plant. The
form and size of the combustion disk in pellet fuma re adjusted to the ash content. As the ash
content is lower with the use of the apparatus according to the invention, smaller combustion disk
diameters are sufficient. For the prevention of caking at the combustion disk, the combustion plant or
pellet furnacd ddordinjaerterecaippivatibit isreefadbloettiwisHmthxumstrpdecayipbe akrsselor removing the ash
from the combustionsglisk[189] RupRe e SnergyspaRslion Hiommdustikeiurindhepiant according to

the application for the combustion of dust comprises a coal power plant or a coal dust combustion with at
least one steam turbifE 8% S RSSYENTSH O HRY Powesr Pt e se MeVigrhigR Efidihcies, the
combustion processjtakgscplacenaidiehparatinies peRigh @sHeasstblesofaworpréhain £00 degrees
centigrade, or more %Qak 6\5}3\/0 plt% rees igg%iig{gr%qht%qgein a 61§lrJSrtheI§1 eggm%azgg ghg embodiment more than
700 degrees centigradpe. Urther ef?lmency Increase In tﬁlexhlg’rﬂlenqperature region can for example be
used by the use of Medderappowerspladititbetnatiogie Siosdepasit andohinadaters teess efithine process with
an efficiency as hlgrga%dr;smﬂ%epm&@m@#&@mﬁw@ﬁ%ggq%ggﬁ NgherdhanAR-Raseent, or higher
than 46 percent, or in a further example of the embodiment 49 percent - 55 percent. [190] The integrated
gasification combiné#¢ycle (IGCC) with integrated coal gasification is suitable for combustion of fuel
produced by the2methaueh e egplisiaticdanbelRis@rividizedihedicambestion dacheiguas, particularly the
circulating pressurizqd flidized bed compystion, combined cyele (RERC), and cspaciglly gombination
power plants with coal fired Combine CyCle power SUdh a8'the pressurized pulverized coal combustion
(PPCC). [191] The dbmisesiionnprdorss shooldgravesss e yaeiotrpteaiperansferafzthe000 degrees
centigrade, preferably,z .. 20RHegSea GaAiAdR. @ngﬂﬁw@wa{ﬁﬁgr&&@égﬁqgegrees centigrade.

The flue gas cleanup at high temperature is designed in such a marmer that the particle content and the
content of corrosive SRSFEHREIETRFaMIEu P saRh Aty eBtd ehimbighmsoaradesdaadt & corrosive flue

gases is reduced to sushpRrbexteatihatdhiadlug gas camémppediatalnie eddamegagsdurbine, using the

low temperature plaﬁgl]ar (S:hacra]g:ter'sétlil OIethaesH;lfce ?gvH]I\%)eZIIA ep?]er:ggg corrggggltlf l:grp llrg i.n. with d< 3
micrometers, alkali contert V0,01 mg/m3 I.h. can be realized %y? e pr%\]/alsmn of a separator for liquid slag

contained in the flueogasméthinetie siaht adodrdiby tethe dpplicationcil 98herdsirither way for the
production of currenglgglggggg%{a 3 &%Séélﬁiﬁlﬁ%ﬂ@liﬁeﬁﬁflﬁﬁerﬂg t%ggmggn@lgjquﬂmg«r%;pon fuel cell has

two distinct advantages compared to the hydrogen fuel cell: On the one hand, the charging state of
carbon is twice the & aRIAPHKNbLIE #EEen hsidehest Prelsclraringassylifseebifedfter the reaction

have the same size {fidhrcaseehthe carhgnmibelalbiiddiffereny indbmieass.nf the hydrogen fuel cell.
This means that the entro;P in the Firfc.t case a mosf does no chan?ge .tth, the entire heating value can
i i

be entirely converte§it'é é%tgr]ilétaa 1e6n8ﬁ§y? THE Fatedt UHITZ Ao of the carb o fier celt i therefore
theoretically up to 6Mnparcentdiigheattdan Y00mthevithdregemn fedhcealhdltnpacthalterideto achieve the
necessary particle dengiiasforihecahen. it Rlahacsording 1o ie.anpicagianfisrs the possivity to
produce a coal-like fuel with agartlcle size in the nanometer region for the carbon fuefl cell.

shrinks and becomes brittle. At the same time, the dry ice pellets evaporate and

suddenly extend up to 700 times which blasts the dirt layer from the surface. The

elaborate reconditioning or disposal of a cleaning medium is unnecessary by the

use of a dry ice jet. Environmentally harmful organic solvents and halogenated

carbohydrates become superfluous. A further decisive advantage results by the dry

ice pellets being dissolved in air: A division and an external cleaning of plant

components often becomes superfluous. A dry ice jet is preferably used as a dive

snorkel system. It is introduced into the reactor via a hand hole at a central

position and is docked to a holding system which was positioned previously. The

dry ice pellets are directed towards the locations to be cleaned by means of a

rotating spraying device.

[163] A liquid or gaseous medium as for example water, reconditioned or treated



[194] Synergies with other energy generation method ,?:an be created by the common use of apparatuses
for energy generation, in particular of turbines, suc 352 steam, gas or wind turbines as they are for
example used in wind towers. The Dispatchable Wind Power System (DWPS) is among the renewable
energies where a common use of turbines and in particular of steam or gas turbines is useful.
Compressed air is tiiepetsy decomprassediin explme wathaanoe ca hisveampiassent 4 ibehen additionally

introduced into a turJ@fn%uﬁmiE&@ar&q id e neiliciengy inseasenchy e trpauetionpf compressed air
into a turbine running already by mare than 20 to 200 percent, or 40 to 170 percent, and in a further

example of the embBaRHERMLPBERFS B pEPEsHafalys AL RestibRany dit teats-sadhgyBehich is generated
in the apparatus acaafgdrg gontipe aaplicationdyshblodilizadianief tharfolsapradutee guinpparticular in the

form of heat and/or electrical gnen hcanoggt%ngig%m {Iﬁ?zl(lﬁ%ﬂg%g t%le\f)lgr% urLlo9 Leremotﬁagpd near heating

componen 30! cr rope
network [197] processn?g and trea meanproce ses o erral water inc udPng process water,
reaction, intermediate adstsddat) dndkdp eha hsed drdisngarpsrticailas offbieiapstrops dontining materials,

humus and/or Maillarg a6 Mailiartdiee e REOHHCH R RiRMass dAG L HiRg.Gopnution, drying,

dehydration, conditioning, cleaning and/or drying, processes for the remaoval of metal and contraries, in
particular metallic m&¥eH&RsO s HSIE M MHDA S SMulAtBifs YEp&TSTEPaN IREEBSteTs)-irring or mixing

systems, pumps, heaiingmpepnhfigicviaier wanntcbeal axchRanggbiy acassaseCompastion, transport and
conveying processes Rrocess Watter water ?nd aste water condjtionir{ﬁ or treal&rpggt and air cleaning or

. . Q0 e reaction’ sgaces at sumilar tempgra uras as insid ? Sat]ﬁle. .
treatment, solid-liquid separation processes, cooling ana conditioning for further processing and energy

recovery; [198] indudteiahbpetatitiessforatee, it votion wWatoceasingr aridetréatehtrof metals and in
particular of alumin%ﬂ,cfégg@ %ﬁ%sf&%i’ﬂbe&ﬁi&?i?e%ﬁ‘ﬂ@%PE%Bﬁﬁ%iﬁga&?er production, horticultural

operations with and without greenhouses and meat processing; [1 9]hoperations for the production and
processing of fidhure dR8 RIS RrRESHINRe PRSFERMG TR oD he Bkt s BRdfoduction plants of
the chemical industrnaterpasidutar jectieppsocucion Rt praceasingsofpiedustisafigisigomponents and

other materials In g3geous ANd 1 Torm g dIng, Y e AT 9RT A0S A Rumerous
elements including chlorine, sulfur, nitrate and their salts and metals, in particular
heavy metals and minerals and alkalis as for example potassium or sodium and
their salts pass into the aqueous phase in a certain part during the chemical
conversion process. One part is again bound in the solid phase. The remaining part
remains in the liquid phase. The parts of the materials which go into the liquid
phase, are also dependent on the concentration difference, that is, the
concentration already present in the liquid phase. A saturation up to the
precipitation of certain materials takes place with increasing concentrations.
Inorganic materials and compounds, for example sulfate and chloride, can thus
precipitate as salts and thereby influence the process procedure and the reactor
components unfavorably. The part of organic carbon compounds in the liquid
phase can be above 50g per liter. The chemical oxygen demand (COD) value of
the process water is already in the higher 5 digit region (mg O2/1) without
recycling and thereby significantly exceeds the legal introduction boundary
values. The chemical oxygen demand (COD) is to be generally understood as the
amount of oxygen that is necessary to chemically oxidize all organic contents of a
defined material amount.

[165] A process water fraction of 10 to 35 percent, also from 35 to 60 percent, or also

from 60 to 85 percent is recycled in dependence on the moisture content of the



[201] water cleaning and desalinization plants, in p rt%::ular using reverse osmosis; or [202] oil mills,
refineries, plants for ethanol production. [203] For f’h 1eat and energy exchange and for using synergy
potentials, the utilization of the fuels and/or reaction products generated by the plant according to the
invention can be operated together with different power plant and energy generation processes. For this,
the following are pardfited aiersalieaidthe [zoalss Doeddirednodiag thantdidalauisrahenhirdnetégrated
gasification combineg cygle dator v alsadlvidizefhed combudicniechrighesParticularly the

combined process with circulating pressurized fluidized bed combustion combined cycle (PFBC) and
especially combinatiRSFWE FISHES RIS AOFEUCBMBIREE SR8 SWBARITAS HHE pressurized
pulverized coal comhusiiaatéPiia ) r{2Q%] th@aaspoweaeplanis: [208)in fidaltkells with different fuels
including methanol, coal, ofl ANd 98520 £ o BICrAsS RAEh RIBNEH ST 8PSl S0lar Aauwer plants.
such as sulfate, nitrate, calcium, chlorine, phosphorous or their compounds results.
Inorganic contraries concentrations accelerate the corrosion. Lime deposits disrupt
the flow in the reactor and also damage mountings such as pumps, valves and
nozzles. The requirements and cost of the design of the reactor increase thereby.
Sulfates can precipitate. The duration of the accumulation or saturation depends
on the material composition of the feed material and the process procedure.
[166] The chemical conversion process usually lasts several hours. During this time,
complex chemical processes connected with material changes take place which
have to be considered for the optimization of the process procedure. Different
types of biomass are supplied in intervals in the first two to three process phases.
Depending on the desired reaction product, reaction products are for example
withdrawn towards the end of the last two process phases. Propellant or tempering
means as for example a gas, water, in particular process water and/or process/
synthesis gas and catalysts are withdrawn or supplied during the running process.
Reactants and in particular secondary products are removed, which disturb the
course of the chemical reaction, the mixing and also the flow.
[167] Different methods can be used for the deposition of the solid materials and in
particular the reaction products in the reaction mixture. The solid-liquid separation
serves for the separation of the liquid phase, whereby a concentration of the solids
is achieved. Different sifting processes (coarse sifting, fine sifting), filtration
processes and/or the deposition by centrifugal force by means of a cyclone can be
combined with one another for the separation of the solids. So as to reduce the
effort of a filtration or the sifting during the process, one or several filtration or
sifting processes are carried out within the scope of the pretreatment.
[168] From these two methods, at least one coarse or one fine filtration or a
combination of these two methods can take place. By means of the filtration
methods, in particular micro and/or ultrafiltration method or a combination of
both, one third to two thirds of the total organic carbon compounds can be

removed from the process water. The solid-liquid separation is preferably carried



[209] Figure 3 shows a plant for the generation of e y with an apparatus 1 for treating the biomass and
an arrangement 2 for energy generation. The appaf’f%?i 1 comprises two reactors 3, 4 connected in
series, which have a cylindrical basic body each which includes a reaction space 5 and represents a type
of pressure vessel. The reaction space 5 serves for the reception of the feed material including the
biomass. The apparattist Pifeiaies coriisasiednmsitiutiors dppmdtbsoseinf thauftsnapst dilétropper 6 and a

mill 7. The biomass s firstsuRpligatatie cRoRREN S INE FRALRE GOSPIINLAnKKAW 8), and is then fed
into the mill 7 for further comminution. The biomass prepared in such a manner is then mixed intensively

in a mixing apparatu&BCHERFAGNRE YRR SRR 5 FIPROGIMPIOTHEAR LS UsHIBKEbe added (arrow
10). The biomass is dbsyitgufplicd teihireactomSsudylimeansnofils periing aapacatus 11 via the line
12, and is further treated in their reactign spaces.5 under pressure, for ex 7 bar, and at a high
tormperature. for exaH 8 B AR50 Lo et T A AR LRI e reaction
spaces 5 is thereby gimsured by the tempering system 13. The tempering system 13 can for example
comprise a dﬁ‘é@? for ﬁ%@yﬂa%ﬁlﬂ'%ﬂ@k%d?trﬁ,%@&%@e'@ﬁ@ Qéﬂfetﬁﬁrﬁ%}%%ﬁés‘% f¥mgans of the pump

14 heat exchangers. The feeding of the biomass into the successively arranged reactors 3,4 is controlled
by the valve deviceP3%C1B" {59 B1OAHEP tHel friamiBrt dn gy bisHREdcite WedetbR PrYatiets are withdrawn
from the reactors 3, shand cypplindsio acsappiatiahoap Py appar2Qssvhicid. Jeprrabes the solid reaction
products from the liquid components., The liquid ¢ onents are supplied to a.waste water conditioning
plant 21 and are clecg%éa ségr%ealrﬁ an c}-:-?1"\}/1|erroer(1%fimleeun %?If ct Hbeaﬁfﬁéé) rn%%?ﬁlgrrl. pfﬁlglé\tﬁlogoist, solid reaction
products are introduydehinytdoacdryimndidpgrar atersrz3lvianhenctlasertiortide divacePaad@are dried there to the
desired residual moigfe GORtRRLaTRG dHefEEACHORPIAALES Hanssvally soakats) ofsipilar fuels. The

fuels are temporarily stored in a fuel store 24 arranged between the ap%i}ratus 1 and the arrangement 2.

[211] The arrangem&iP2 ¥oicherB Rerg GuHB a6 A SARES e 8P AYHRTPFEREBO, which serves for the

combustion of the fugls@ipdiiced byoeans it apparaium partibellieabpaergy efieaembustion is

used in the combustiontplalat %(Hto heat W%tg or produce fﬁter vapor{jn e tubf %&é and to drive the
turbine 32 with the v&%‘iaero\r/laﬁ%r éeeﬁcséf)étcee in STich & marmer. 1he rota %ﬁaP’eur%%rgy of the turbine 32 is
supplied to the generator8d madrisl cdnde rsedsimasibledtrichd émagipbyittis paraiatpcasisfof example be fed
to an electricity netwql (g AdhcThedue aan 9aneaied Auring.hesambystign nihe combustion plant

30 is treated in a cleaning method 35, which comprises for example a flue gas desulphurization and a flue

gas NO,, removal déViceraplrdigithanssdPensguinmes thefbpatiraimethod Beh 1194 2] Organic and

also inorganic materigis ale@lsRrernavehigpibeieegropaiatal duing thacausse ot thremethod or the
chemical conversion aﬁ ocess}ﬁnd are thugenfll%de ay. |Iable.ar]drlmgre easil accesilble. The improved

o the so a%aount Hi't rate. his particula \a lies fo the use of ceramic .
accessibility is in part due'to the dissolution of previously inaccessible or chemically bound materials that

have partially gone imaetidsdquibeustphaseciiiheltiegqeects phichthisoboyrsidepgmdsen the reaction or
reatment conditions, j.Addiion,tm 0 RiaRIc.ifRaliet And AN asRAeG MASpRIS,igoroanic materials

such alkalis, metals, salts and acids including humic acid-like materials, calcium, magnesium, chlorine,

iron, aluminum, phoéphorersaisataaditimicRptitifioktoiien BRdeterhesh FYUReIEcaE Y80 among the
materials which are gepeayed Bk vaitable RBeLBarR 6ASHY ReaRSSHIR: (1B Thsrsplidarbonaceous

components of the reac(:ltiotn ,P%og%%%, w ich are H{esent as ateéli Is}? /orhfu Is atftert e conversion
reaction, have the defBV\Vfﬁg characters @§°§ﬁ§8n6§?@%§?§%ﬂ f hé cSrrﬁpeo ?ﬁ(s)lr?'c?fft & materials and/or
fuels can be controlleddoytipeodeactibnepsacedsite .ciitg aonbesipativoopiodisddlial seetials cannot readily
be varied selectively, and jprlagrndsnibaelaiermataialneBand doneNah ifarqn material groups

and parameters can be changed in the same direction. For example, during a reduction of the sulfur
content, the chlorineldricasyad ks proportionally to the pore size and can increase significantly

by the use of an ultrafiltration method and be over two thirds to four fifth. One or
several apparatuses for the solid-liquid separation are integrated into the process
for the elimination of sand and other contraries with a high density or a high
weight which become separable in the course of the treatment of the biomass. The
use of the principle of the centrifugal force separation of solids is particularly

advantageous for the cleaning of the process water which is used as propellant jet



also reduced at the same time. [215] In different mgéx

ggurements by means of elemental analysis, the
carbon fraction for grass, cut hedges (thuja) and s 1)eet was over 50 to 63 percent of the percentage

mass fraction of the elements (dry mass) and was thereby approximately 20 to 60 percent above the
mass fraction of the feed material. The oxygen fraction was reduced up to half, and the nitrogen fraction
about a quarter, andnpdunwdeegeiackpenon wasretdosdalgsto about a quarter. [216] The carbon fraction

of the materiglg@nd/or SRl iSINEFeaRaHRYIOP B0 BRIEER RIS RR:IR AR PRICERI.QL also 100 to 300
percent, in particular by 200 to 300 percent, compared to the biomass. [217] The carbon fraction of the

materials and/or fuef$ ROSRERSASEY I85PE s 56’(’5“6%‘?%? BrtbarsinARl fEorshpwedihispecially preferred
10 to 120 percent, ippadicaiarpByf&darbdotipaippitqcatepel ad teatier etagsidadBjrThe carbon fraction

of the materials and/or [u lis usu%I&Ily bEtWF?{l‘eéQOt% eQS E[T)ercent alﬁ& 65(3] ggt %Qr %%g/%%tr%%%also 55 to 80

treated process 1S 1€ water circuit o .
percent. The carbon fraction can, In epen&ence on the reaction procé3 ure an ed material, also

achieve higher puritjeait greemdbrofend prrtelmrdocs Whke leyeinode sdrdstisndfortney enaterial and/or fuel
is reduced by 1 to 3QQREIEAMAISCoP 43 2ARARELGEBInQ RIRPR0 Bk PEEGRAL GepaPared to the

biomass. [220] The oxygen fraction of the material and/or fuel is reduced by 1 to 300 percent, also 5 to

200 percent, or alsoPI°tde1Hp iBeiERt! RETfsaretcid thevRisy Thateriumg o5 1dividualiPbgen fraction of the

material and/or fuel i®faauicpebhiyshwiae3EsaeeR s it BOLK pessatcontalsthd il 100 percent,
compared to the feed inaterifa [r222 The §ulfur ft@ction of the material and/(Pr fuel 3an e a fraction of that
VO € S sum (%ro t

S b 180 hatRent HeS 5 10 206 percaht “or By 00 $ 600 percent, or

I
of the biomass and is rléla;lejceal
also 400 to over 1800nuwretnt, wdmysasedt toathel fbedenatatesrisd. that pressure reduction degree

and heat exchange apparatuses are not compellingly necessary. A process water
cleaning is integrated into the water circuit of the described plant. Different
treatment or reconditioning methods are necessary depending on the use of the
reconditioned process water. Different mechanical, chemical and biological
methods and apparatuses are used for this individually or in combination. Aerobic
and anaerobic high performance bio reactors, bio membrane reactors, anaerobic
and animate slurry methods. The above-mentioned methods and apparatuses
integrated or connected into the process water circuit shall decrease the content of
organic compounds in the circuit water considerably, but the measure of the return
of the process water has to be made dependent on the concentrations of organic
substances which are not sufficiently disintegrated and high alkali metal or
mineral material concentrations as for example calcium. So as to be able to return
a part of the process water as high as possible, a particularly effective combination
of different methods and apparatuses is to be used.

[171] The apparatus for the mechanical waste water cleaning is a filter, preferably a
microfilter and especially an ultrafilter, and can be congruent with the methods for
the solid-liquid separation described above. The apparatus for the solid-liquid
separation, into which the filter(s) are built, is preferably a rotation disk filter and
especially a centrifugal membrane filter. For the biological cleaning of the process
or waste water, an apparatus is used which soonest satisfies the complex
requirements for cleaning or treatment. For example, an apparatus in the steel
construction manner is to be used preferably, for example a high performance

bioreactor in the biomembrane method, preferably an aerobic process water



[223] The ash fraction of the material and/or fuel %%c} f(ﬁ)a fraction of the biomass and is reduced by 1 to
100 percent, also 101 to 1000 percent, or also 10 ver 3000 percent, compared to the feed material.
[224] The particulate matter of the material and/or fuel can be a fraction of the biomass and is reduced by
1 to 200 percent, also 201 to 1500 percent, or also 1501 to 2000 percent, compared to the feed material.
[225] A reduction of tisetrfine esbpatty andopfreaeters i leridopardctansbofibhdusepafieditving the combustion

to a multiple of for eﬁg@g@opgﬁggg@p%ﬁpmﬁgg Rekeent tanbecnakiedRwig figh fraction of process

water A thinning of the mentioned fractions of substances, but also of numerous other materials occurs by
the increase of the FSBEPHBIYIP Hibaselinateh oA Crraier &b ARIFF WM PIRTEY WAKE feed material and
which are removed duesingiheretmersion deactidnl aigl ke eigsoivedelaalldhesaiddhat these materials

are washed out, so tha% &rll flra{%t]ii%;u of the soluble rg%t[(lal ir%ds can grragpgglél% Cpe reducefg roportional to the

supplied process water'im the so ?o lgtréaee. T%Cé)é/f]é’Ven véﬁé%navé‘ ays{ compgﬁlé)rrlltei)éce But or

sub-optimal reactiomutiatisiond gstevaibad higher carbon fraction can still be achieved, which is more than
5 to 10 percepyeyer theang gfdie feedmaterialiRHaRBHRGHOMOlBR L M BRIGERLLAN be obtained

with an appropriate treatment of the biomass and the process procedure. With an appropriate process

procedure, favorabl@ & aigtend thmdssign gl tniehtibigandsansy mgdlid: Lifoon values of 78
percent and more camalsioy b dechigraspdesealues ean fiedehyi ket ampaiagetotsarks fossil fuels.

[227] After the end qgutlrll mcogfvggsig)rg r%aact('iondntsh% r(gzs;lrgcorsl ﬁ{lactir?igu?grt e meafger'al r %néje/or fuel has indeed
increased, but the energy %onfentS orthe tuel VaRie can havedecredsed up to 36 percent. For heat is

released during the d@a’gﬁghaiagﬂp@aﬁ@xmémﬁd&hr@a@ﬁ)m kathet p@@@@eﬁ@h@_fgfem@%t least 65 percent
of the original fuel vl plthe dMIBPESR IS RRIIRZRH CRRRDY IS 6aRiRRIRg Piomass such as

grain, sweet corn or sugar Is used as feed material, the fuel value of the material and/or of the fuel is
about 65 to 85 percEHRURZRIAHb e stellrshRe BretHis afthEtRRTEFR V21 b6 SgYseddent, compared to the

feed material. The lesmgaikoldydraiRisconippnes indhesieadsmaterial, the lower is the energy release
during the co&@i&on tﬁgctlon.. Thlgjlnvolves a higher fuel \{allfgrgiétheélee ctipn product at the same time,

compared to eed ma?ecr(l)ghn[éﬁ h?ﬁ%a%thoélr g/oc%%térh{)éfl ofthe reg)&/ion pP(l)énlﬁﬁegg’ﬁreaﬁtclﬁ%g on the

biomass used can b#& desbritdcdg fpilows imanlbxekmsiplacematandr the reaction space, also in

an apparatus for relaxation. The heat energy released thereby can be made
available for other processes via heat exchanger processes.

[174] One or several comminution steps take place before, during or after this
process. For this mills or pressing methods are preferably used.

[175] The separation of the solid phase from the reaction mixture usually takes place
in the first step in mechanical and in the second step in thermal separation devices.

[176] A static thickener is used for reducing the water content under the action of
gravity with or without mechanical rotating apparatus or a raking machine, for
example a stationary thickener or a throughput thickener. The control of the
supply amount can be made by a dosing device. The device enables to dispense
the thickened mixture evenly dosed and to several machines with a
correspondingly high volume. The thickener can also be integrated directly into
the drying apparatus. An advantageous design of the cone construction makes it
possible that the drying apparatus is charged directly with the mixture. External
installations can be foregone with a corresponding adjustment of the process
magnitudes. The mixture to be thickened can alternatively be introduced under
pressure to an arched sieve surface or a curved screen. The resulting centrifugal

force presses a part of the liquid through the sieve slots. The thickened mixture is



[230] If lignocellulosic biomass such as cut greens o S? rvest waste is used as feed material, the fuel
value of the material and/or of the fuel is about 70 f’@r/ (?percent, and also 75 to 85 percent, compared to
the feed material. [231] If biomass with a low carbohydrate, cellulose or lignin fraction as for example
clearing or sewage sludge is used as feed material, the fuel value of the material and/or of the fuel is
about 80 to 95 percenmbinedaish M irdthpeifteonrscompiak the thuifgednhaesid). [232] Pure, purest or

ultra pure coal can b g#3egk10:R YRLS4IRMEF %@#&%@@%ﬁh@aﬁ%&ﬁﬁfﬂ&%ﬁ%ﬁ%@lﬁﬂ%ﬂq material for

further processing in the chemical industry or as fuel for a carbon fuel cell. [233] Numerous materials
were dissolved from YR PRELEIRY g EHBeAd ettt s isken bW gBR &S the aqueous phase

and are now presentiiddif®PprocesplivdtethSeamenglappneradasdi tie prophosphofhisieduidbut also nitrate
can be recovered frqrgvterg erﬁc((lar%g vgl%%%rinTﬁeeggeg n v‘;h Q; 0b : rlleo%cg as fgrtéli%%izr V\S{uma}tetr(i)als or materials
for other processes. fA oraer cYen re a na‘iural cycleitis ol? mFeresatnt a? nﬁ’lneraﬁ corrilpp%nents can be
isolated particularly fhordryims ligpidephiase koctiratrahbsecard againdadiretedtbidkenwgrfsewssor the natural
development of b'OfQﬁéﬁtéBcﬂp&H&ngsJﬁéX&%@ﬁb{Q@ &h%ﬁ?@bﬁﬁ’&t%@kﬂfﬁ%‘ﬁ%%@éfgturn'”9

nutrients which were contained in this biomass to the surfaces from which biomass was previously
extracted for the prothRlET pHIEELer foung CHRTp RN MRSV NEMaR CRFESIN D IHSTIABE and structures
form by depolymerizationiabd rewespohimieyizatan phocagsgsraniarikidar, agglomerates form which can

be comminutﬁd(ﬁith a lqwer energy Q&lﬂto Hg%n mro§etr own s Iipl dfo%]sil.fuecla. E)%rttyer, a brownish or
blackish colotation result§ in deperdence on the fee material, prlgbagoﬂl/ %y 1ftormation of Maillard reaction

products. [235] The oeplsitycof mgﬂytﬁeedliﬂaqéwalham@p MH%@hpaiboﬁdldﬁ_}étaer the reaction. The
density continually '%ﬁé?iéﬁ%éﬁ%kﬁg"ﬁﬁ@ IEBGHQR PRIy AN fe FehEI d ARRRIYRgERParable to black

coal in dependence on the feed material and the reaction procedure. While the density of most feed
material is at 200 to BOYIYIHSLofHIo CceUHAUIN P 8BH W ARLE Tl IR fyFRFT 8R QRFEHISH) of the reaction

product can reach atpyar9R@ pot28QkeipRcoOb¢asianadydlsasvaldes @k ddbrtaslasy kg/m3, under the

assumption that the ai, between (e paricies, of ine feaction produgts s eliminated or pressed out. [236]
By virtue of the smalf parhcalte Size“of the raddttion pro uct ae\arger Sorface fesufid compared to the feed

material. This makedtkeigfyirganiphethedtmdmuistureatintentdeasiedinanradtivtaatbeally occurring
carbon compounds Wiy & CRPRARRE G RARLCAM BN G 13 86 SHARCESORiURKIaS at the same time to

a lower ignition temperature. _
disadvantageous that the used gas has to be discharged and usually has to be

cleaned with dust separators. The gas is possibly returned to the moisture after
condensing. A fluidized bed drier can for example be used as convection drier.
Spray, nozzle tower or flow driers can also be used depending on the present or
desired particle size. A continuous process is advantageous, where one or more
tray, drum or tunnel drier are used.

[178] When a contact drier is used, essentially only the contact surface is available
for the heat transfer. A belt, vacuum belt, drum, screw, cylinder, roller or belt drier
and preferably a vacuum drum filter or drier is used. For achieving lower moisture
contents, a disk drier can alternatively or additionally be used, depending on the
throughput. The drying process can take place by means of a hot gaseous medium
as for example air at temperatures between 61 and 95 degrees centigrade,
preferably between 65 and 90 degrees centigrade and further preferred between 70
and 85 degrees centigrade. Alternatively, overheated water vapor and particularly
preferred water vapor having a temperature of 130 to 180 degrees centigrade is
used above all in the thermal drying apparatuses.

[179] A combined mechanical-thermal method can be used for the separation or for



[237] The differential characteristics of the reaction rgéiucts are the presence of Maillard or Maillard-like
reaction products and the liquid and solid phase. T‘h%/ trong and intensive odor formation varies with the
feed material. The odor formation is basically cormected to the formation of Maillard reaction products.
[238] - Improved electrical conductivity compared to other naturally occurring carbon compounds with a
comparable carbon domtenthiRddjentmgefofie bkebkrderitliRenierdzaofemeassdjgldtiie components than

conventional or fossy fielswith thensame £apaniRstiottaddhad AWRLasBfarmaiaRby combustion,

lower content of nitrogen, sulfur, nitrate, heavy metals and reactive, that is, lower self-ignition
temperatures than vﬁ?@%%@ﬁf@%%ﬂnﬁfé@%}ﬁh% SRR Yth dhsarodustis AhEAsy- Advantageous
and less damaging egpapasitiaitiofitbeflelgasembyy conmblistiartihaa aavapapahlatdopsaitifuel having a
similarly high carbonwf?{&l%tlil?gfL%ﬁ%lnﬁi\rlltag%etsh&r) nymerous advcalgtﬁgggsrqsueltbfrom the ahove-mentioned

a

. € réaction pro C cans ..
characteristics of the new reaction product and its enwronnl?en (fy andpcﬁmal}énflrlend?y characteristics

compared to convertiodeifueig sEhe tidatnsenf prathed dsuribee defficie delannidiboriomical for the purpose
of an industrial prodygtion.gtmaterials Al fuelk Fom higrass:cempasd kg sanyentional methods

for energy recovery from biomass. With the material conversion of the biomass, practically no carbon has
to be lost. Usually mfEREMe8 5erERAMGF AR LA AR CS AR S MHHE e TSR I Passes into the solid
components of the reactiasapoadist; wbirfaaawie tiseshforaoergy peadieany. [Ehe femainder of the carbon

compounds goes into theleI%gLAiCd Q}asefBUQQQ theac?lnversi?ergnr ction in the Fﬁ ctor, .E)rf%gtically hardly
of carbo

CcO on, 0 S¢,capillary sys cam pressure ration 1
any noteworthy amOUI'I'I]%g n dioxide or o herr) gré%r%ouse gases are re easedl?

example among the methods using this mechanism. It uses saturated or overheated
steam for a gas difference pressure removal instead of pressurized air. A steam
pressure superposed centrifugal dehumidification is used especially preferred. In a
method space, the process of the combined steam pressure and centrifugal
dehumidification transfers the fine disperse solid of the reaction product from the
suspension into a dry, pure, free flowing end product according to the application.

[180] The residual moisture content of the reaction products according to the
application is advantageously about 6 to 25 percent, also 10 to 20 percent or also
12 to 15 percent.

[181] The reaction mixture is present as a suspension after the conversion reaction.
Among others, the following reaction, intermediate, secondary and/or end
products result in dependence on the feed material:

[182] Fuels ranging from peat-like, over lignite-like to black coal-like fuels, humus,
Maillard- or Maillard-like reaction products, carbon-containing materials such as
insulating materials, nano sponges, pellets, fibers, cables, active or sorption coal,
charcoal substitute material, highly compacted carbon products and materials and
in particular also feed material for graphite and graphite-containing or —like
products and carbon fibers and feed material for composite or fiber composite
materials.

[183] Pure, purest and ultra pure coal-like materials belong to the products according
to the application. They have advantageous characteristics, which can mainly be
ascribed to the reduction of mineral materials compared to the feed material. Pure
coal is mainly to be understood the combustible part of the coal and purest coal is

also to be understood as active coal or charcoal. The mineral content of ultra pure



[244] About 1 -4 percent of the carbon of the feed mﬁial can go into the liquid phase. The fraction
thereby depends on the process procedure, in partictular on the carbon content of the feed material and
on the liquid-solid ratio of the reaction mixture. [245] Carbon-containing nanomaterials and structures are
formed by the reaction procedure, in particular by the choice and composition of the feed material and
catalysts. These maseridisipaetiaiylhavdenSdfpereteblanaritsurface characteristics. Among these are for

example nanprgpongeswiich RN PE LSRG AsWAITHhIEREIYGI'S PhiNSIANING BIRIGLIAIS, [246] The so-called
Maillard reaction durlnﬁawuh heating processes such as baking, frying, rpastlng?,cgrllllng and deep-frying
of proteins or albumfHISTEALPEEILENY It AR RSB SR 18 TRpETatlifes35UaR 1R BTfihg the course of
the so-ga_lled MailIard;m&cﬁéeéptr@ddﬂa)é@hlmv%cbrﬂmﬂxﬁ@mﬁﬁrm@a@{oﬁmgradl@mmm, th_e
melanoidines, result ffom carholyciates and amino, Reids,n. adgition, . a pluraliygf iayoting agents.
Particularly many and dark melanoidines are form by’fugﬁ ?fempera ures as theey occur during baking

and roasting, but thenteegtidiatis asudicr eleradadodydiighe bp resoyrdSTathdye tiseetbly fonen a substantial
part of the food in prpdugts.sueh aRiRieachFREee JRAL BRI AL AP BKESiANd Mmakes fafexample up to

30 percent of coffee. [247] The feed educts of the Maillard reaction form a Schiff base in a first
non-enzymatic reacti6WCT Hid SHE RS 3IaEd WithfrPRRAGIRSY BRI aHE igthebeRsible, as the Schiff
base is a very instablgigampauis tuFé eaamomiiedldinen d et firbased epebeproiessityg armnéhe glucose
concentration, as the prod cays within minutes, when glucose js remaoved from the reaction or the
concentration is Iowéergecé(.) %l%ﬁg aéé)félpélcs:ﬁsiﬁ qé%%ﬁr\ﬁ%url ransters tgtl)?tfﬁe \r%g(r:g %‘t‘é%seoﬁmadori product.
This process is considetrabsishsiBoven it sakditliguidssirdweriilthe rehetitmadertpidduetsteicumulate. The

primary Amadori progigis,|g E%H%?i§&em‘?1l‘ﬁ?&%§’c£'1’mi‘ﬁhé phifihe andepradigtz.of the Maillard

reaction, the advanced glycaftion end products (AGE%. The AGEs can form crosslinks with other proteins
through rearrangemEMUSALPHEW RTdif4dids "R Yo the aesiigpmdrhpatAvipRsvdrR &/ BRfTmany different
and complex forms appaks,witheraky Micatbmppmeib b isine:(GMhd rfacasing ard pentosidine have

been examined mostg)ien%ﬁrérs%%) urgttcs) og}/la%ﬁngMﬁllapcgsrsMrajll lEgjt-rliae re ezrjlrcgitl)lr]:igroducts are formed in
high concentrations during t ﬁy fothérmal carboniZation. in the sollld\zlamongs others solid) and in the
liquid phase (e.g. procédsawatao)n the reasreretatvd wihidéd concessinatiohs dhehedwdicdtor substance CML,

which are usually bepyeen,( dind Hérgfli%{)l‘i"@@t&@ié‘ + GG %9&5963{1?4@&1&?{8 MsHally present in the

liquid phase, that is, in the process water, than in the solid phase of the reaction product. The

concentrations or cORBEHY StfotP it ety o thersatiipngoiacrate Abalies tHettsAdSsition of the feed

material and the proggssaraticen Antioxidantangdchemeipievant e ieaateristigstee assigned to
CML. It is therefore gﬂ e assumed gﬁaﬁ colmgarable oy similar chaﬁa teristics gan als bg found with other
. . rther reservoir 13, the, cle { erC% to.reactqr

intermediate, secon car

ary or reaction products St %ﬁeéltﬁy&%tﬁﬁé?rrhgﬁ %rneltilé?%n, including the Maillard or
Maillard-like reactiorvipribdliois]6 or supplied to the waste water via line 17.

[185] Figure 2 shows a section of the wall region of the reactor 2 according to figure
1. The reactor wall 20 is formed in a double-walled manner, whereby the reactor
wall 20 consists of an outer wall layer 21 and an inner wall layer 22. The inner
wall layer 22 is provided with a membrane part 23 at the edge of the reaction
space 4, which can for example be a perforated metal sheet or a membrane metal
sheet, but also a heat exchanger plate. The membrane part 23 can either be fitted
into the reactor or mounted to the inner wall layer 22, for example welded. The
outer wall layer 21 and the inner wall layer 22 have a distance from one another,
so that a cavity 24 is present between these two wall layers. A thermal oil can for
example be present in the cavity 24, as is used for example for the transfer of heat
energy in heat transfer plants. The thermal oil is heated and introduced into the
cavity 24, so as to heat the inner space of the reactor. This takes place in a closed

circuit. The advantage of thermal oil compared to water is thereby its significantly



[249] Insulation and cleaning of the Maillard or Mag -like reaction products take place amongst others
by means of filtration, ultrafiltration and/or chromat ? h|c methods, in particular by means column
chromatography. [250] The humus which is produced in the method according to the invention by means
of hydrothermal carbonization, results by a comparably shorter dwelling time compared to reaction
products having a higjberfoeilinalpeinit ssthally stitbewsitprisefibPE onam by ¢aetedial (amongst others

lignin and cellulose) gfiihe isgd, Materialy EheRiIgRAME S ATe AR RIRIEN deRAysmerized. The humus
produced according to the application has a carbon fraction of at least 30 to 45£ercent and a heating

value of at least 15 tOMuWiBAL 25N e Bes Soi HadetF P Rl h i Prodt dBEXRB8Ifling to the
method of the applicatiobecaadpariialiypeave sipnilar €hiss actetstiesras Paivmhbubiuscandapartially also turf

or peat: [252] o It pr ects the %[%rom er S|on r as the water can olate evenly and deeply,
[253] o reduces the ?alt}osmnal?y V\?nrwage g%] %gll}we?/tvl%r RS and o ﬁﬁer use gg(;:lr]ou%db or%anlsms [255] o

reduces the ground mﬁpé@ﬂwehﬂvm@fsmﬂﬁm mﬁhqm@mwwhhe thahtercfagehensupiplies the plants
with nutrients, wherepy it relgaggsthemseRlPwly hakthe pants grr.dralvitthgm. [257] o enables the

ground to store the water in a sponge-like manner and limits the evaporation to a minimum,
conditions in the reaction space 4, the inner wall layer 22, but mainly the

membrane part 23 consists of a corrosion-resistant material or are at least coated
with such a material.

[186] Figure 3 shows an exemplary schematic embodiment of a plant.

[187] The combustion of the fuels or reaction products generated in the apparatus
can, in dependence on the type of the fuels, take place for example in pellet
furnaces, pellet vessels or annex combustors, preferably with an automatic fuel
supply.

[188] The arrangement for the production of energy can for example comprise a
combustion plant. The form and size of the combustion disk in pellet furnaces are
adjusted to the ash content. As the ash content is lower with the use of the
apparatus according to the invention, smaller combustion disk diameters are
sufficient. For the prevention of caking at the combustion disk, the combustion
plant or pellet furnace according to the application is equipped with an automatic
apparatus for removing the ash from the combustion disk.

[189] During the energy generation from dust-like fuels, the plant according to the
application for the combustion of dust comprises a coal power plant or a coal dust
combustion with at least one steam turbine or a supercritical coal-fired power
plant. For achieving high efficiencies, the combustion process takes place at
temperatures as high as possible of more than 600 degrees centigrade, or more
than 650 degrees centigrade, and in a further example of the embodiment more
than 700 degrees centigrade. Further efficiency increase in the high temperature
region can for example be used by the use of modern power plant technologies, so
that a combined gas steam turbine process with an efficiency as high as possible
can be realized for current production higher than 43 percent, or higher than 46
percent, or in a further example of the embodiment 49 percent — 55 percent.

[190] The integrated gasification combined cycle (IGCC) with integrated coal



[258] o controls the chemical changing processes 51%}2 ground by adding lime and organic manure, [259]
o releases organic acids, with which a highly alkali ound is neutralized, to release minerals, and [260]
stores ammonia and other nitrogen compounds in a changeable and usable form. [261] Several positive
characteristics are present unlike humus or turf, which has formed naturally over a long periods of time:

[262] The water bingisdiegijpacitywtahlbéoimsabedipeonSidepeisiycoy kii¢hproetdied pfdtedure and exceeds
that of natural humug,gr;tuibsignifigantlyidi-caBalsonhs @iulinigfhereaf: 6], Hae above

characteristics for the reaction products of the method of the application are valid for the combustion
characteristics. [264€s8RiRe Risterriaed e L Red Avabrstioa rRmiRet g% SPER{288%rocess procedure,
in particular by the capeealratontdifasanceybepluasmwitiecsalitrancblighiid phasepyitbinvibie reaction
mixture. This is desire duringltpz%&ltiliﬁation of trlleoirwn m#%gﬁp(fgg{ carbon sink or fertlizer Unlike this,

. . d L
during the processmagS ot admixture of hamus (b%dcuce according to the application to products, where an

enrichment ofi@dttain rMateriaibistivotrdesiveshdw dbiditior]ugrsenmichnremoitminetal IMaterials and alkalis
and other substanceg, which arg-getrimentaifor f%@ﬂ@%‘é% biilizatian. dssayveidady i he humus produced

according to the application is a uniform humus and fuel, the characteristics of which can be calculated
and controlled via th¥ €8fidositid N siearerfesatisatisriahadncres ChanBr MENRINEHHE frocess

procedure. Humus piregkicddoaeardingntetiieanp baaiion carkieid daueedond tiisorosiie The method
according to the applic{atigps is thereby con ideraglxoft%ster than othe knowrhproduction methods of

humus, which usualg}at tepials, n e%%rt(lﬁu far sadiun an ssium compounds, as well'as corrosive
flue gases is reduced to such an extent that the flue gas can immediately be fed to
a gas turbine, using the low temperature plasma characteristics of the flue gas.

[192] A particle content < 3mg/m’ i.n. with d< 3 micrometers, alkali content V0,01
mg/m’ i.n. can be realized by the provision of a separator for liquid slag contained
in the flue gas within the plant according to the application.

[193] A further way for the production of current or energy from dust-like fuels is the
use of a carbon fuel cell. A carbon fuel cell has two distinct advantages compared
to the hydrogen fuel cell: On the one hand, the charging state of carbon is twice
the size than that of a hydrogen molecule. The gas volumes before and after the
reaction have the same size in the case of the carbon fuel cell, but different in the
case of the hydrogen fuel cell. This means that the entropy in the first case almost
does not change, thus, the entire heating value can be entirely converted into
electrical energy. The rate of utilization of the carbon fuel cell is therefore
theoretically up to 60 percent higher than with the hydrogen fuel cell. It is a
challenge to achieve the necessary particle densities for the carbon. The plant
according to the application offers the possibility to produce a coal-like fuel with a
particle size in the nanometer region for the carbon fuel cell.

[194] Synergies with other energy generation methods can be created by the common
use of apparatuses for energy generation, in particular of turbines, such as steam,
gas or wind turbines as they are for example used in wind towers. The
Dispatchable Wind Power System (DWPS) is among the renewable energies
where a common use of turbines and in particular of steam or gas turbines is
useful. Compressed air is thereby decompressed in a plenum chamber. This

compressed air is then additionally introduced into a turbine running already. The



[265] The materials and/or fuels produced accordir%%z the method of the application including turf or peat
or turf-like or peat-like materials have the following i]acteristics: [266] By the use of the method
according to the application, turf- to black coal-like fuel results from biomass. [267] The fuel value
depends on the process procedure, in particular the reaction duration. The fuel value increases with the
reaction duration or ¢flecawellingsse by theingadustiqRe8Fompsessasiatiientsonipdiaitentiag) conventional or

fossil fuels with the %g&g}p@j;%é‘r@ggg@.tpﬁ)@] dheeneamyield g:gt_(’:gga IS Qﬂlﬁge%._The lower the
carbohydrate content, the higher the energygleﬁ)d. [270] 90 - 95 %: lignins or bacterial biomass. [271]
¢

The fuels are more EREIRIE Hriberrmho iRl SxIPdRifidhRgRsBEratures than comparable fossil fuel with a
comparable gagspn fragticadiotteeptotal amendity which is generated in the apparatus according to

the application by the utilization of the fuels produced, in particular in the form of
heat and/or electrical energy, can be one of the following devices:

[196] - remote and near heating network

[197] - processing and treatment processes of feed material, water including process
water, reaction, intermediate, secondary and/or end products, in particular of fuels,
carbon-containing materials, humus and/or Maillard or Maillard-like reaction
products of biomass including comminution, drying, dehydration, conditioning,
cleaning and/or drying, processes for the removal of metal and contraries, in
particular metallic materials, for example by means of cyclonic separators,
incubators, stirring or mixing systems, pumps, heating, supply of water vapor,
heat exchanger processes, compaction, transport and conveying processes, process
water, water and waste water conditioning or treatment and air cleaning or
treatment, solid-liquid separation processes, cooling and conditioning for further
processing and energy recovery;

[198] - industrial operations for the production, processing and treatment of metals
and in particular of aluminum, ferro silicon, food, in particular milk processing,
beer production, horticultural operations with and without greenhouses and meat
processing;

[199] - operations for the production and processing of manure and manure means,
tire recycling plants;

[200] - operations and production plants of the chemical industry, in particular for the
production and processing of products of air components and other materials in

gaseous and liquid form including oxygen, nitrogen and argon;

[201] - water cleaning and desalinization plants, in particular using reverse osmosis;
or

[202] - oil mills, refineries, plants for ethanol production.

[203] For the heat and energy exchange and for using synergy potentials, the

utilization of the fuels and/or reaction products generated by the plant according to
the invention can be operated together with different power plant and energy

generation processes. For this, the following are particularly suitable:



[272] Fossil fuels such as lignite or black coal hav%izﬂeed similar heating values compared to fuels
which are produced by means of the method accotdiing'to the application, but they are distinctly different
to fuels with regard to the composition and characteristics. [273] The different types and species of fossil
coal have very different chemical compositions and characteristics, depending on the point of origin and
mining area, E94hat evept)iscdinooes ntanigniquragaivdro trnisigReittd etralisetienistoberadres. The heating
value of fossil Lausi%&w@r@@m@ais@ﬁqwz@repaecmgdsﬁlk&hﬁ?&w HRQMRPHRbOUL 56 percent,

sulfur content about 0.7 percent, and the ash content about 4.5 percent. The water, sulfur, and ash
content of the fuel of SHXBRAPERSESTATHY Ty HatingpiestisredEuigirshRsd Grmbugtietuel value usually is
clearly above 20.00QdedbkgrdRipel «ikmpty afdespiclatiysitmtanvdigniieseanbegenewtediiagdependently of
the water content. Inccl%}r% t, mare weargu%gubl th(?earlprg)zuegt %EVC‘%{ng 1e Qobebgﬁ%erated from the same
amount of fuel accoré)lng 16 the ap%fica ion. [3237t T ihe matenal and/or uef[réccoréllng to the application
are strong verifiable @8&€ontrations of Maillard reaction products compared to fossil coal.

Nc(carboxy 1) lysing. Hasgstablished itself as indicator. This compound is detectable in the
liquid and also in the solid phase of the reaction products. Concentrations of 0.2 to over 1 5 mmol/mol
lysine were m&Xdured, vherety Highdifissrs Wdbdnslediagraghantle agliaipidsethan in the solid phase.
The distributimopf the consaniatiavsdapends on the feed material, the reaction conditions, and the
process proc% e. [ZZSJOé;terwrg}niﬂgtsfossiI coal is present in clumps or, depending on the mining depth,
in relatively hig compressé’g aggﬁome‘rates, which have to be comminuted with a high energy effort.
Further, it hag2t¥be driedund shillesiatolenfifie lhgritaantooad Custdn vohlamillpa@ompdeed to this, materials
and/or fuels after thqrgﬂglé){htpe RRCESS,H e RIS small MQ9§&W%Q._$59 %Qﬁ%ﬂy less than 1

millimeter to less than 30 nanometer and can be dried more easily due to their large surface. With this,
the energy effort for CEMBRIERMY ARG BaktitePaneriyhy sFee ¥ ch ¥Rt mpared to solid

fossil coal. [276] Theoa9reHstigiBhGhaliaiietistics of heduelmire: plepariicipieroppecadvantageous, not only

compared to fossil t)(pes otr oal, but also cgm&gregt most of thetcHrrtenH availabl f&lels of renewable
. ssel. %e Itea {10ns ace Is ei Q ?l}le r?Cﬁ%‘uono the fee aterial mclu 11%5 .
raw materials. At least one, but often severalor all of the 16 wing parameters are more favorable with

fuels, in particular comperadsto The fppdatnatefiathor mmmwmmﬂmpmsmiwsiheduced ash parts,
less chlorine, nitrategiliyr, REgyeMSIAIS A0H 'PWRE SITISRICRSRL gﬁiﬁhiéﬁ‘% dhstiRpggasgpus toxic

substances including nitrogen and sulfur oxides. This is also valid for the compacted forms of fuels such

as briquettes and pefleyPT IPMMBHAIROMRe fidiarytieddBinBEstdhclafiEhsistics depends on the

feed material or the gixthigebtheHerd Maigialakn euphecassnerecadueied hemsatalyst mixture and on

the composition of th%ﬁ)r%cess water9[271§gr ll:)eed rﬁ}ate[;inaltv}‘/lit? hi rparts Cif fat nc% energy content lead to
fuels with higher heé‘lltlnj( bglﬁ%%%r?—%? e’xve‘impﬁes,’ %ﬁn%} heaﬁro%%ggir?g% Iﬁlgr |ccﬁ%|3f)sl stitable sludges,

heating values of upateo34 a®ddriay ddn. Bbeawhiesssds then supplied to the reactors 3, 4 by
means of the pumping apparatus 11 via the line 12, and is further treated in their
reaction spaces 5 under pressure, for example 7 bar, and at a high temperature, for
example at least 160 °C. The adjustment of the necessary temperature in the
reaction spaces 5 is thereby ensured by the tempering system 13. The tempering
system 13 can for example comprise a device for heating a fluid, which is
supplied into or at the reactors 3, 4 by means of the pump 14 heat exchangers. The
feeding of the biomass into the successively arranged reactors 3, 4 is controlled by
the valve devices 15, 16.

[210] After the treatment of the biomass, the reaction products are withdrawn from
the reactors 3, 4 and supplied to a separation apparatus 20, which separates the
solid reaction products from the liquid components. The liquid components are
supplied to a waste water conditioning plant 21 and are cleaned there in an

environmentally compatible manner. The still moist, solid reaction products are



[279] The ash content after the combustion of theéﬁzﬂ\\:ith a fuel value of 30 - 33 MJ/kg is reduced by up
to 75 percent and more compared to the feed matéti ith a fuel value of 17 -20 MJ/kg. [280] The sulfur
content following combustion of the fuel with a fuel value of 30 - 33 MJ/kg is reduced by up to 50 percent
and more compared to the feed material with a fuel value of 17 - 20 MJ/kg. [281] The fine particulate
matter and gas emigsioritieadinovedvoragaretiivs dicviedi nebatian [R8RE Fhendenduistion result is

determined by the epfitety, afaltRR@GIRES HKEGLQ AR AT %@%&%i@&_%ﬁ%@&@ﬂ&giﬁging-dependent fuel
quality and combustion technique. [283] . The fuel is a fuel with relatively uniform properties, the

characteristics of wHSHERSBERSIQuISREL A SRS 015 SHRPOGHBOERIEH BPHE F8EF material and the

catalysts, as well astherpigedssrasetdutpatd]s Inaadditariagdiecdifferences in the combustion
characteristi f?ll eady,fqgntioned etrtlwtezs% are. %99iti0”&!e%ﬁgrecr(‘,“rﬁ’“r%@?ragge%%tiﬁg tolgo§§' fuels such as
black coal, Iig?u or peat. w&iﬁre, pures and oitra pure-ﬂke aterials anlSOSDeH)%g o the products
according to the apphibiticarvEhéy Heveabvstragbdudustapartecistios metisliche apedraipbe ascribed to
the reduction of mingrahmatarials SPHRRA eohiB R [6e dsraatefial. SR GaabisRiMbh e understood as

the combustible fraction of the coal, and purest coal is also to be understood as active coal. The mineral
content of ultra pure & 9& PHRWKEMHRE VRIS IR WO AL pertorripsdBs RS daudtibior briquettes from
particles and dust frendeagiwrdkostedts ofdhe melodrascordibgaieibgpppiieatitindsmpettes, dust):

supplied to the generator 33 and is converted into electrical energy by this, which
can for example be fed to an electricity network (arrow 34). The flue gas
generated during the combustion in the combustion plant 30 is treated in a
cleaning method 35, which comprises for example a flue gas desulphurization and
a flue gas NOy removal device, before it is discharged into the open air via a
chimney 36.

[212] Organic and also inorganic materials are also removed from the feed material
during the course of the method or the chemical conversion process and are thus
made available and more easily accessible. The improved accessibility is in part
due to the dissolution of previously inaccessible or chemically bound materials
that have partially gone into the aqueous phase. The degree to which this occurs
depends on the reaction or treatment conditions. In addition to the organic
dissolved and non-dissolved materials, inorganic materials such alkalis, metals,
salts and acids including humic acid-like materials, calcium, magnesium, chlorine,
iron, aluminum, phosphorous, potassium, sodium, nitrogen and their compounds
are also among the materials which are removed or available and more easily
accessible.

[213] The solid carbonaceous components of the reaction product, which are present
as materials and/or fuels after the conversion reaction, have the following
characteristics amongst others:

[214] The composition of the materials and/or fuels can be controlled by the reaction
procedure. The concentration of individual materials cannot readily be varied
selectively and independently of other materials offhand. However, different
material groups and parameters can be changed in the same direction. For

example, during a reduction of the sulfur content, the chlorine and ash content is



[287] In addition to the high resistance and densit)éé%;

;)riquettes, a fast ignition and a good combustion
behavior are the most important criteria for briquettes. [1288] By a strong cross profiling with a depth of

about one to two centimeters with inclination angles between 30 to 70 degrees, the ignition behavior
improves by an improved air flow in the combustion chamber and offers a larger specific surface, which
leads to better comialsstivnduseds brigeretdnje89] An optimal mixing ratio of milling dust to cellulose or

lignin-containings COMPANERHS SR ARIRIRE.AGEORINRIR e RRRMCAURRISUPRALIS FhenSiabily and

combustion behavior. [290] The ratio of dust or fuel particles with heating values of 25 - 30 MJ/kg to
chipped wood or woSd #iiisS¥ Sedgssihuiid 3t WEU D A8 8 5TetR IS0 RE &A1 ththe water content of
the chipped wood opéroataghipsssandheieiyhbelanaund & pascenid hhae hadisies can thereby not be

larger than 2 mm, also smaller th 1&?”’ and also,smaller.than 1 42 %Th ratio of dust or fuel
parcles with heatng VATOEL U 920 L NS 1 R e g ieb  CETe ST, 7228, The
water content of the @higpeldapisodros wdowEhipto bal, tnsrdigynlieo gao fhackiv0 Perdertuartee, particles can

thereby not be largey than. ZymaLAlsacMAlLE tham da2mouesalsqpigierably smaller than 1 mm. [292]
Corresponding to the above ratios, dust with turf oré%eat containing equivalent amounts of cellulose and

lignin are prokd$ded toBiGaRaLT39en of ths BrisEal cad Hdbebeinsewsed@aldie 19 briquettes with an

equivalent cellulose gnékligaisoEanienno [EGddnthe slust aneb callulesenandphgiiakaaitaoung additional
material or turf or pe?&Oproduce‘?P%the m%ﬁg%(fj of the application are mixed intensively together or alone,
W

for example in an impac?et% nrtm ?ﬁr%ldé?nm onidur discharge sieve.

[217] The carbon fraction of the materials and/or fuels is increased by 5 to 200
percent, preferably 10 to 150 percent, especially preferred 10 to 120 percent, in
particular by 50 to 100 percent, compared to the biomass.

[218] The carbon fraction of the materials and/or fuel is usually between 40 to 95
percent, also 50 to 90 percent, or also 55 to 80 percent. The carbon fraction can, in
dependence on the reaction procedure and on the feed material, also achieve
higher purity degrees of over 98 percent.

[219] The hydrogen fraction of the material and/or fuel is reduced by 1 to 300
percent, also 5 to 200 percent, or also 20 to 100 percent, compared to the biomass.

[220] The oxygen fraction of the material and/or fuel is reduced by 1 to 300 percent,
also 5 to 200 percent, or also 15 to 100 percent, compared to the feed material.

[221] The nitrogen fraction of the material and/or fuel is reduced by 1 to 300 percent,
also 5 to 200 percent, or also 15 to 100 percent, compared to the feed material.

[222] The sulfur fraction of the material and/or fuel can be a fraction of that of the
biomass and is reduced by 1 to 300 percent, also 5 to 200 percent, or by 200 to
600 percent, or also 400 to over 1800 percent, compared to the feed material.

[223] The ash fraction of the material and/or fuel can be a fraction of the biomass and
is reduced by 1 to 100 percent, also 101 to 1000 percent, or also 1000 to over
3000 percent, compared to the feed material.

[224] The particulate matter of the material and/or fuel can be a fraction of the
biomass and is reduced by 1 to 200 percent, also 201 to 1500 percent, or also 1501
to 2000 percent, compared to the feed material.

[225] A reduction of the mineral parts and of the ash and particulate fine dust part

during the combustion to a multiple of for example considerably above 300



[295] The forming pressure is above 100 MPa, alsézﬁove 120 MPa and also above 140 MPa. [296] The
pressing operation takes place at a temperature o oximately 80 degrees centigrade and should not
exceed 90 degrees centigrade. [297] The size is about 250 x 60 x 50 mm [298] The bulk density of the
briquettes is about 0.95 - 1.15 g/m3. [299] Production of pellets from reaction products of the method
(pellets) according todiseninsrarittomal8oDbyRdrighdrprdeluctipreesipeiéts Bythimaassobtithe method (pellets)

according to the applicatigndhadmsthosaidas et rellelinenwth sHbseersntAd8 BRErats drying is
preferred. This method is suitable to produce pellets from fuels having different heating values with

relatively low energysrBFEc18d ths FEePRBiAb AR TS SAE mvbishasra B MitorBHBY &ion systems
can be achieved witthp&lletsd4i302] addheldetlinedemnissidurgiancaccis tosisimalctomindsiion sites are

thereby [303] The prerafisiie I3, 1% PIEENIRIRN QR NG el I A Sroall [ou wRiGh 19.38.gven as possible.
of the soluble materials can practically be reduced proportional to the supplied
process water in the solid phase.

[226] Even when a catalyst component is left out or sub-optimal reaction conditions
prevail, a higher carbon fraction can still be achieved, which is more than 5 to 10
percent over the one of the feed material. A carbon fraction of 55 to 77 percent
can be obtained with an appropriate treatment of the biomass and the process
procedure. With an appropriate process procedure, favorable feed material,
including adjustment of the catalyst mixture, carbon values of 78 percent and
more can also be achieved. These values can thereby be compared to that of fossil
fuels.

[227] After the end of the conversion reaction, the carbon fraction of the material or
and/or fuel has indeed increased, but the energy content or the fuel value can have
decreased up to 36 percent. For heat is released during the reaction, as it is an
exothermal reaction. In the reverse, altogether at least 65 percent of the original
fuel value of the dry biomass is kept.

[228] If carbohydrate-containing biomass such as grain, sweet corn or sugar is used
as feed material, the fuel value of the material and/or of the fuel is about 65 to 85
percent, or, in another example of the embodiment, 70 to 80 percent, compared to
the feed material. The less carbohydrate is contained in the feed material, the
lower is the energy release during the conversion reaction. This involves a higher
fuel value of the reaction product at the same time, compared to the feed material.

[229] The energy contents of the reaction product depending on the biomass used can
be described as follows in an exemplary manner:

[230] If lignocellulosic biomass such as cut greens or harvest waste is used as feed
material, the fuel value of the material and/or of the fuel is about 70 to 90 percent,
and also 75 to 85 percent, compared to the feed material.

[231] If biomass with a low carbohydrate, cellulose or lignin fraction as for example
clearing or sewage sludge is used as feed material, the fuel value of the material

and/or of the fuel is about 80 to 95 percent, and also 85 to 90 percent, compared to



[304] The pellets have a diameter of 3 -7 mm, andégﬁferably from 4 - 6 mm The length is between 5 and
45 cm. They have a high resistance or flatness, pr cle little dust during handling, have a high water
resistance and can be dosed well. [305] The pellets are continually supplied to the fully automated pellet
ovens or vessels and are combusted there in a controlled manner. [306] A high thermal efficiency with
minimal contaminantherf¢ksengaeriemissions can be achieved by an even combustion which is as complete

as possible. [387] At heglingMaluss RIS MAUKS AN AISQ ARONMA ALK NQAMIHG faterials and

combustion accelerators are used, in particular wallpaper paste, grassland, straw and other lignocellulosic
biomass. [308] The {AHBIGf At AthirieamAgHAIRESIShoEProgs A toedhippisal WEBHS I wood chips or
lignocellulosic biomassiisl #:8ilciDoalarlaie85:15 and also preferably at 89:11.

[233] Numerous materials were dissolved from the solid phase during the reaction
procedure and have gone into the aqueous phase and are now present in the
process water. Several minerals such as phosphorous, sulfur, but also nitrate can
be recovered from the process water. These can then be used as fertilizer, raw
materials or materials for other processes. In order to ensure a natural cycle it is of
interest that mineral components can be isolated particularly from the liquid phase
so that these can again be returned to surfaces for the natural development of
biomass. An approximately closed cycle can thereby be maintained, by returning
nutrients which were contained in this biomass to the surfaces from which
biomass was previously extracted for the production process.

[234] Completely new chemical carbon compounds and structures form by
depolymerization and new polymerization processes. In particular, agglomerates
form which can be comminuted with a lower energy input than most known solid
fossil fuels. Further, a brownish or blackish coloration results in dependence on
the feed material, probably by formation of Maillard reaction products.

[235] The density of many feed materials lower than water prior to the start of the
reaction. The density continually increases during the reaction procedure and
reaches a density comparable to black coal in dependence on the feed material and
the reaction procedure. While the density of most feed material is at 200 to 600
kg/m®, and occasionally to 800 kg/m’ (dry weight), the density of the reaction
product can reach above 900 to 1200 kg/m’, occasionally also values of 1250 to
1350 kg/m3, under the assumption that the air between the particles of the reaction
products is eliminated or pressed out.

[236] By virtue of the small particle size of the reaction product, a larger surface
results compared to the feed material. This makes the drying with the same
moisture content easier than with naturally occurring carbon compounds with a
comparable carbon content. The large surface contributes at the same time to a
lower ignition temperature.

[237] The differential characteristics of the reaction products are the presence of

Maillard or Maillard-like reaction products and the liquid and solid phase. The



[309] Also, the ratio of dust with heating values O;%é- 5 MJ/kg to chipped wood or wood chips or
lignocellulosic biomass is at 87:13, also at 90:10, 7a so at 93:7. [310] A part of about up to 30 percent
of the lignocellulosic biomass can for example be replaced by wallpaper paste. [311] The water content
of the chipped wood or wood chips or other lignocellulosic biomass can thereby be about 12 -14 percent.
[312] The particles sapntherrébyansivbedardemtifzom Xamen vaiBohsrivatlenalsainl 1 haedprand also smaller than

1 mm. [313] Correspopding iQ $h&ARPVEIRs MUst RiHelRHtIeTNIRMLT Haauyvalent cellulose

and lignin content will be processed to pellets. [314] Turf or humus according to the method of the
application cafrlso be provaseLaleiBiaalirRBENty GathParr L ARIER LEILIOSE B lignin content. [315]
The dust and cellulosgb@nebligimdoniginiogngadibnakboatesaor turf or peat are mixed intensively

together or aia for example in an impact tab mill with a 2 mm Conidur discharge sieve. [316] The
pressing pre sgi IS abo?/%}%g(bgl{ﬂﬁ}(afoagli?cﬁ( gt%é?/fg 120 MPa and also above 140 MPa. [317] The press

temperature i€4hproximbtedy Sotde grewsmsaititigradersdtsinelitd festibiededi 90 tegrees centigrade
carbon fraction.

[241] — Lower ash formation by combustion, lower content of nitrogen, sulfur,
nitrate, heavy metals and reactive, that is, lower self-ignition temperatures than
with comparable fossil fuels with a similarly high carbon fraction.

[242] — Advantageous and less damaging composition of the flue gases by
combustion than comparable fossil fuel having a similarly high carbon fraction.

[243] Altogether, numerous advantages result from the above-mentioned
characteristics of the new reaction product and its environmentally and climate
friendly characteristics compared to conventional fuels. The treatment method is
more efficient and economical for the purpose of an industrial production of
materials and/or fuels from biomass compared to the conventional methods for
energy recovery from biomass. With the material conversion of the biomass,
practically no carbon has to be lost. Usually more than 95 percent of the carbon
contained in the feed material passes into the solid components of the reaction
product, which can be used for energy recovery. The remainder of the carbon
compounds goes into the liquid phase. During the conversion reaction in the
reactor, practically hardly any noteworthy amounts of carbon dioxide or other
greenhouse gases are released.

[244] About 1 — 4 percent of the carbon of the feed material can go into the liquid
phase. The fraction thereby depends on the process procedure, in particular on the
carbon content of the feed material and on the liquid-solid ratio of the reaction
mixture.

[245] Carbon-containing nanomaterials and structures are formed by the reaction
procedure, in particular by the choice and composition of the feed material and
catalysts. These materials partially have useful material and surface
characteristics. Among these are for example nano-sponges which can be used as
water reservoirs or insulating materials.

[246] The so-called Maillard reaction during with heating processes such as baking,



[318] The most important adjustments to the pelleé?q In, particular compared to pellets of fossil fuels, result
from the improved combustion characteristics and ﬂw the region of the sinter behavior of the coal ash,
the ash disposal method (usually lower ash content) and the size of the combustion disk. [319] Energy
can be produced in a particularly advantageous embodiment of the application by using the fuels
produced by meansfofitige raretingdzaiddas dinhdrs rHey ayspticeretninshie bomipassiendof the fuels produced

according to the applicaligniiakes RIReg Sepspding-anche canditipning imdiferantappasatuses. [320] In

pellet form, the fuel is usually combusted in pellet ovens, pellet vessels or extension combustors, also
with automatic fuel ST MEGIATAETRTER) A0AIRBR QBN SATERME BAs uslars! Bel48EE: For improving
the combustion charaeteskiicsdicesniatigtiaomplants aekordingdtentie agplicatioditcande adjusted to the

changed combustion characteyjstics in the fo{fp ing r ions:%wB djystment of the form and size of the
Combustion disk acOAHATY O e SaRECeRGt A e e e B el B i
diameters can be ussdhghithniecetureabditarasomidustiehakdpindroantiegnticheppantatnssfor removing the

ash from the combusfign disk-is.adyiseshiPpRICYRAINGEIGLaKNGRf HhgcamAYBEAR digk. The caking is

usually smaller than with fuel pellets of naturally occurrln% types of coal, in particular lignite. [323] The
combustion of the ddQbIMARIMEESHIME F e Spififoditih Taked frapBafFated anled Power plant with at

least one steam turhirempiepeh®Evprecbigbfelittiencies, the combustion process takes place at

temperature Apive6 degrees centigrade, preferabl ove §50 rees centigrade, and especially
above 700 dzgre s cen @%%dd:.e@&ti]o%?t ea}ﬁe): |Cﬁ%%%)¥ﬁ§%la%g§hfrf? ﬁ]%%%ﬁct%%%%nrature region can for
example be achieveehbynhigcuesadmibeientep talies plotvebimoliogiesysty thatraaodisbined gas steam

turbine process with, ffiCieNCy GiRdes #5HA1gRas,PRSHIRIB B A% a6 . hBEEHiGiRNCY of current

production can be higher than 43 percent, also higher than 46 percent, or also 49 percent to 55 percent.
[325] The integrated%ééﬁl@éﬁéﬁpeaﬁ%ﬁﬁﬁ@‘ﬂ@&@%ué@@@)@&%ﬁ&f@é@b@ EsArgdusiCaemdi is suitable for

combustion of fuel pragiicednietheinethadef ithermpRriicatinnhbriairg tuidizedhad spmbustion
techniques, particularly th mbi ocess with circulati essurized fluidized bed combustion
combined cycie (PRSS B BEgBRN S o RaR OH Gl s & IS & E5 e cycle power
such as the pressuriz@dystlVbrizedccsaiscomblestidn PR, as it is less reversible, the

Amadori products accumulate. The primary Amadori products rearrange
themselves and further react to the end products of the Maillard reaction, the
advanced glycation end products (AGE). The AGEs can form crosslinks with
other proteins through rearrangement and polymerization. Due to the development
path, there are very many different and complex forms of AGEs, whereby Ne-
(carboxymethyl) lysine (CML), furosine and pentosidine have been examined
most intensely up to now.

[248] Maillard or Maillard-like reaction products are formed in high concentrations
during the hydrothermal carbonization. In the solid (amongst others solid) and in
the liquid phase (e.g. process water), there are relatively high concentrations of the
indicator substance CML, which are usually between 0.3 — 2 mmol/ mol lysine.
Higher concentrations are usually present in the liquid phase, that is, in the
process water, than in the solid phase of the reaction product. The concentrations
or concentration ratios depend on the solid-liquid ratio and on the composition of
the feed material and the process procedure. Antioxidant and chemo-preventive
characteristics are assigned to CML. It is therefore to be assumed that comparable
or similar characteristics can also be found with other intermediate, secondary or

reaction products of the hydrothermal carbonization, including the Maillard or



[326] The combustion process comprises a gas erétiyt mperature of > 1.000 degrees centigrade, also >
1.200 degrees centigrade, and also > 1.400 degre Z ntigrade. [327] The high temperature gas
cleaning is designed in such a manner that the particle content and the content of corrosively acting
materials, in particular sodium and potassium compounds, as well as corrosive gases is reduced to such
an extent that the fludagder&dikamneastioianedyusts fed to a gas turbine, preferably using the low temperature
plasma charasigfjistics Qfihei flvengar3Z8L rAnPaKtigle-epiant /f SIRMNG hp&hds Bipicrometers,

alkali content V0.01 mg/m3 i.n. is realized by a separator for !g]gt(igd slag contained in the flue gas. [329] A
further way for the pPGUGRHRANSY ShFERYOREms Ry HEHoR Al bl oI b ainstrBR the application,
in particular of dust, isthaisse piraco@benHeel callufa3oi-Syneggipisycan be produced with other energy

carriers and/ j‘uere r eneration methods .by,.the common use of gpparatuses for energy
Generation, in-5uhiculat BTN aatscs Ly RIS fo AR fon, 331] The
Dispatchable Wind Pwwer ShstenthtDuyR8ibenzriong theliehesabiwapegibsriwhérelingommon use of

turbines and in partig%gg%ﬁggm%%ﬂ%mﬁ% i§ag§%fglhlgﬁgpﬁ{§§,§ﬁng§lgm@rgﬁy decompressed in

a plenum chamber. This compressed air is then introduced additionally into a turbine which is already in
operation. [332] If cEPAIESSAtHiCTE Rt agRREr i RIDEMINGTarbIE. the SRSt fiftreases by more
than 20 to 200 perceavdd atlady. 4hivibpolpaceent andalglcyyalpolerPedcEnt. humus

produced according to the application has a carbon fraction of at least 30 to 45
percent and a heating value of at least 15 to 24 MJ/kg, and can be burnt well.
[251] The humus produced according to the method of the application can partially

have similar characteristics as natural humus and partially also turf or peat:

[252] o It protects the ground from erosion by rain, as the water can percolate
evenly and deeply,

[253] o reduces the erosion by wind,

[254] o feeds rain worms and other useful ground organisms,

[255] o reduces the ground temperature in the summer and increases it in the
winter,

[256] o supplies the plants with nutrients, whereby it releases them so slowly that

the plants can deal with them,

[257] o enables the ground to store the water in a sponge-like manner and limits
the evaporation to a minimum,

[258] o controls the chemical changing processes in the ground by adding lime
and organic manure,

[259] o releases organic acids, with which a highly alkaline ground is neutralized,
to release minerals, and

[260] e stores ammonia and other nitrogen compounds in a changeable and
usable form.

[261] Several positive characteristics are present unlike humus or turf, which has
formed naturally over a long periods of time:

[262] e The water binding capacity can be increased considerably by the process
procedure and exceeds that of natural humus or turf significantly. It can also be a

multiple thereof.



Claims 1.Material and/or fuel, produced from biomgézﬁvhich has a higher carbon fraction compared to
the feed material by 1 to 300 percent based on the entage mass part of the elements (dry mass), the
material and/or fuel being produced from a method that comprises at least the following steps: a)
treatment of the biomass at a temperature of above 100 degrees centigrade and a pressure of above 5
bar for a treatAfit duratioh Dicaabierssehoverisoniiss Brwlithgratigngradiets diiegndtbodedthrent of the

biomass by a filtration ARRasatkevand o BIOcsssing & thaRigmass and/or conditioning of the reaction,
intermediate, secondary and/or end products, characterized in that the processing comprises dewatering,

comminution[#fitling afh@7BiIbRARAMEPARE TREERAS IR ARIIEHIR G cBhIBHEEEHRIRE e or effects on the
secondary and/or enfopeadicis. parivtatleriey ardiaickieltoaardingnic olainach, thbssddtatized in that it

comprises a large surfa nd a.sm article size, in particular a particle size gf 2 nangmeters to 50
lII ﬁase Wi 1nat g (% tu e%c{ qm

micrometers, below onhe microme er, or below 208 nariometars. o Cone e utifization'o
the humus as CO,/ carbon sink or fertlizer. Unlike this, during the processing of
admixture of humus produced according to the application to products, where an
enrichment of certain materials is not desired. In addition, an enrichment of
mineral materials and alkalis and other substances, which are detrimental for the
product utilization, is avoided. The humus produced according to the application
is a uniform humus and fuel, the characteristics of which can be calculated and
controlled via the composition of the feed material and the catalysts, as well as the
process procedure. Humus produced according to the application can be produced
within hours. The method according to the application is thereby considerably
faster than other known production methods of humus, which usually take weeks
or months.

[265] The materials and/or fuels produced according to the method of the application

including turf or peat or turf-like or peat-like materials have the following

characteristics:

[266] e By the use of the method according to the application, turf- to black coal-

like fuel results from biomass.

[267] - The fuel value depends on the process procedure, in particular the reaction
duration. The fuel value increases with the reaction duration or the dwelling time in

the reactor.

[268] e Less volatile components than conventional or fossil fuels with the same

carbon fraction.

[269] e The energy yield up to coal is 0.7 — 0.95. The lower the carbohydrate content, the
higher the energy yield.

[270] @ 90 - 95 %: lignins or bacterial biomass.

[271] e The fuels are more reactive and have lower self-ignition temperatures than

comparable fossil fuel with a comparable carbon fraction of the total amount.



3.Material and/or fuel according to claim 1 or 2, ch terized in that it comprises a carbon part of 50 to
90 percent, of 55 to 80 percent, or of over 98 percerit.'4.Material and/or fuel according to any of the
preceding claims, characterized in that the temperature is adjusted to over 160 degrees centigrade,
between 160 and 300 degrees centigrade, or between 185 and 225 degrees. 5.Material and/or fuel

according to B2 of th&qssddudingyehadprisgnateanaitinsk zodl inatisandaed pravko hedtngdyakiesd to at least 7 bar,
preferably between i}@@?eé'@o%éls%%ﬁ%ﬂ: }oand d6,aat.Redmee mih AN cR B rorRetween 26 and 34
or fu

bar. 6. Material and el according to any of the receding claims, characterized in that the treatment
duration is at least 22RBif&5t8 " AbATS I5HBcdy Hogrentdp trko iburss! {8 15 HINPESHIO2 to 24 hours.

7. Material and/or fugldaeeasdiagstesany of the preceding claims, characterized in that the reaction
products are dried with a drier, a convection or contact drier, with a flow and/or belt, and/or with a fluidized
bed drier aftd2il3¢ treafheatifferent types and species of fossil coal have very different chemical

compositions and characteristics, depending on the point of origin and mining area,
so that every type of coal has unique and unmistakable characteristic features. The
heating value of fossil Lausitz raw brown coal is for example 8.700 kJ/kg, the water
content about 56 percent, sulfur content about 0.7 percent, and the ash content about
4.5 percent. The water, sulfur, and ash content of the fuel or material according to the
application are all lower, while the fuel value usually is clearly above 20.000 kJ/kg.
One kilowatt of fossil Lausitz raw lignite can be generated independently of the
water content. In contrast, more than double the amount of current can be generated

from the same amount of fuel according to the application.

[274] e In the material and/or fuel according to the application are strong verifiable
concentrations of Maillard reaction products compared to fossil coal. Ne-
(carboxymethyl) lysine (CML) has established itself as indicator. This compound is
detectable in the liquid and also in the solid phase of the reaction products.
Concentrations of 0.2 to over 1.5 mmol/mol lysine were measured, whereby higher
parts were measured in the liquid phase than in the solid phase. The distribution of
the concentrations depends on the feed material, the reaction conditions, and the

process procedure.

[275] e After mining, fossil coal is present in clumps or, depending on the mining depth, in
relatively highly compressed agglomerates, which have to be comminuted with a
high energy effort. Further, it has to be dried and milled to a fine lignite or coal dust
in coal mills. Compared to this, materials and/or fuels after the end of the process are
present as small particles with a size of usually less than 1 millimeter to less than 30
nanometer and can be dried more easily due to their large surface. With this, the
energy effort for conditioning and in particular drying of fuels is considerably lower

compared to solid fossil coal.

[276] e The combustion characteristics of the fuel are in particular more advantageous, not

only compared to fossil types of coal, but also compared to most of the currently



8. Use of the material and/or fuel according to one&wwe claims 1 to 7 for the generation of energy from
0

biomass. 9. Method of producing a material from b e?ss, comprising steps of a) treatment of the

biomass at a temperature of above 100 degrees centigrade and a pressure of above 5 bar for a treatment
duration of at least two hours; b) removing of process water from the biomass by a filtration apparatus;
and c) processing ofthdablefiatsoa iy ddnthionigyialtiid lesateion biritefienetiete] seebrdths and/or end

products, characterizagin{03h S RRCES S GNDRIBRER HPHIEIE I BarGe P EMHRRIbXiRg and/or

preheating and that the conditioning comprises influences or effects on the secondary and/or end
products. feed material or alternative fossil or biomass fuels: reduced ash parts, less chlorine,

nitrate, sulfur, heavy metals and lower emissions of dust, fine dust and gaseous toxic
substances including nitrogen and sulfur oxides. This is also valid for the compacted

forms of fuels such as briquettes and pellets.

[277] e The quality of the fuel and the combustion characteristics depends on the
feed material or the mixture of the feed material, on the process procedure, on the

catalyst mixture and on the composition of the process water

[278] e Feed material with high parts of fat and energy content lead to fuels with
higher heating values. For example, during the processing of particularly suitable

sludges, heating values of up to 34 — 36 MJ/kg can be achieved.

[279] e The ash content after the combustion of the fuel with a fuel value of 30 — 33
MlJ/kg is reduced by up to 75 percent and more compared to the feed material with a

fuel value of 17 — 20 MJ/kg.

[280] e The sulfur content following combustion of the fuel with a fuel value of 30
—33 MJ/kg is reduced by up to 50 percent and more compared to the feed material
with a fuel value of 17 — 20 MJ/kg.

[281] e The fine particulate matter and gas emissions are lower compared to the

feed material.

[282] e The combustion result is determined by the entirety of all parameters linked
to the process procedure, conditioning-dependent fuel quality and combustion

technique.

[283] e The fuel is a fuel with relatively uniform properties, the characteristics of
which can be calculated and controlled via the composition of the feed material and

the catalysts, as well as the process procedure

[284] e In addition to the differences in the combustion characteristics already
mentioned, these are additional differential characteristics to fossil fuels such as

black coal, lignite or peat.

[285] Pure, purest and ultra pure-like materials also belong to the products according

to the application. They have advantageous characteristics, which can mainly be



[286]

[287]

[288]

[289]

[290]

[291]

[292]

[293]

[294]
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ascribed to the reduction of mineral materials compared to the feed material. Pure
coal is mainly to be understood as the combustible fraction of the coal, and purest
coal is also to be understood as active coal. The mineral content of ultra pure coal is

for example under 0.1 weight percent.

The production of briquettes from particles and dust from reaction products of

the method according to the application (briquettes, dust):

e In addition to the high resistance and density of briquettes, a fast ignition

and a good combustion behavior are the most important criteria for briquettes.

e By a strong cross profiling with a depth of about one to two centimeters
with inclination angles between 30 to 70 degrees, the ignition behavior improves by
an improved air flow in the combustion chamber and offers a larger specific surface,

which leads to better combustion of the briquette.

e An optimal mixing ratio of milling dust to cellulose or lignin-containing
components generated according to the application supports the stability and

combustion behavior.

e The ratio of dust or fuel particles with heating values of 25 — 30 MJ/kg to
chipped wood or wood chips is at 53:47, also at 58:42, or also preferably at 64:36.
The water content of the chipped wood or wood chips can thereby be around 10
percent. The particles can thereby not be larger than 2 mm, also smaller than 1.5 mm,

and also smaller than 1 mm.

e The ratio of dust or fuel particles with heating values of 22 — 25 MJ/kg to
straw is at 61:39, also at 66:44, or also at 72:28. The water content of the chipped
wood or wood chips can thereby be around 10 percent. The particles can thereby not

be larger than 2 mm, also smaller than 1.5 mm or also preferably smaller than 1 mm.

Corresponding to the above ratios, dust with turf or peat containing equivalent

amounts of cellulose and lignin are processed to briquettes.

e Turf or peat can also be processed alone into briquettes with an equivalent

cellulose and lignin content.

The dust and cellulose- and lignin-containing additional material or turf or
peat produced by the method of the application are mixed intensively together or

alone, for example in an impact tab mill with a 2mm Conidur discharge sieve.
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[295] e The forming pressure is above 100 MPa, also above 120 MPa and also
above 140 MPa.

[296] e The pressing operation takes place at a temperature of approximately 80

degrees centigrade and should not exceed 90 degrees centigrade.
[297] e The size is about 250 x 60 x 50 mm.
[298] e The bulk density of the briquettes is about 0.95 — 1.15 g/m”.

[299] Production of pellets from reaction products of the method (pellets) according to the

invention:

[300] e For the production of pellets by means of the method (pellets) according to
the application, the method of the wet pelleting with subsequent agglomerate drying
is preferred. This method is suitable to produce pellets from fuels having different

heating values with relatively low energy effort.

[301] e Good combustion results in standard automatic combustion systems can be

achieved with pellets.

[302] e The defined emission standards for small combustion sites are thereby
fulfilled.
[303] e The prerequisite is the presentation of the fuel in a small form which is as

even as possible.

[304] e The pellets have a diameter of 3 — 7 mm, and preferably from 4 — 6 mm. The
length is between 5 and 45 cm. They have a high resistance or firmness, produce

little dust during handling, have a high water resistance and can be dosed well.

[305] e The pellets are continually supplied to the fully automated pellet ovens or

vessels and are combusted there in a controlled manner.

[306] e A high thermal efficiency with minimal contaminant or flue gas emissions

can be achieved by an even combustion which is as complete as possible.

[307] e At heating values above 25 MJ/kg and also above 27 MJ/kg, bonding
materials and combustion accelerators are used, in particular wallpaper paste,

grassland, straw and other lignocellulosic biomass.

[308] e The ratio of dust with heating values of 25 — 30 MJ/kg to chipped wood or



[309]

[310]

[311]

[312]

[313]

[314]

[315]

[316]

[317]

[318]

[319]
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wood chips or lignocellulosic biomass is at 81:19, also at 85:15 and also preferably at

89:11.

® Also, the ratio of dust with heating values of 22 — 25 MJ/kg to chipped
wood or wood chips or lignocellulosic biomass is at 87:13, also at 90:10, and also at

93:7.

e A part of about up to 30 percent of the lignocellulosic biomass can for

example be replaced by wallpaper paste.

e The water content of the chipped wood or wood chips or other

lignocellulosic biomass can thereby be about 12 —14 percent.

e The particles can thereby not be larger than 2 mm, also smaller than 1.5 mm

and also smaller than 1 mm.

e Corresponding to the above ratios, dust or fuel particles with turf with

equivalent cellulose and lignin content will be processed to pellets.

e Turf or humus according to the method of the application can also be

processed alone into pellets with an equivalent cellulose and lignin content.

e The dust and cellulose- and lignin-containing additional material or turf or
peat are mixed intensively together or alone, for example in an impact tab mill with a

2 mm Conidur discharge sieve.

e The pressing pressure is above 100 MPa, also above 120 MPa and also

above 140 MPa.

e The press temperature is approximately 80 degrees centigrade and should

not exceed 90 degrees centigrade.

e The most important adjustments to the pellets, in particular compared to
pellets of fossil fuels, result from the improved combustion characteristics and are in
the region of the sinter behavior of the coal ash, the ash disposal method (usually

lower ash content) and the size of the combustion disk.

Energy can be produced in a particularly advantageous embodiment of the
application by using the fuels produced by means of the method according to the
application. The combustion of the fuels produced according to the application takes

place depending on the conditioning in different apparatuses.



[320]

[321]

[322]

[323]

[324]

[325]
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o In pellet form, the fuel is usually combusted in pellet ovens, pellet vessels or
extension combustors, also with automatic fuel supply. Commercially available
combustion plants can usually be used. For improving the combustion characteristics,
combustion plants according to the application can be adjusted to the changed

combustion characteristics in the following regions:

e Adjustment of the form and size of the combustion disk according to the ash
content. With lesser ash content, smaller combustion disk diameters can be used

which lead to a better combustion.

e An automatic apparatus for removing the ash from the combustion disk is
advised for preventing the caking of the combustion disk. The caking is usually
smaller than with fuel pellets of naturally occurring types of coal, in particular

lignite.

e The combustion of the dust or fuel according to the application takes place
in a coal-fired power plant with at least one steam turbine. For achieving high
efficiencies, the combustion process takes place at temperatures above 600 degrees
centigrade, preferably above 650 degrees centigrade, and especially above 700

degrees centigrade.

e Further efficiency increases in the high temperature region can for example
be achieved by the use of modern power plant technologies, so that a combined gas
steam turbine process with efficiency grades as high as possible can be realized. The
efficiency of current production can be higher than 43 percent, also higher than 46

percent, or also 49 percent to 55 percent.

The integrated gasification combined cycle (IGCC) with integrated coal
gasification is suitable for combustion of fuel produced by the method of the
application, but also fluidized bed combustion techniques, particularly the combined
process with circulating pressurized fluidized bed combustion combined cycle
(PFBC) and especially combination power plants with coal fired combined cycle

power such as the pressurized pulverized coal combustion (PPCC).

e The combustion process comprises a gas entry temperature of > 1.000
degrees centigrade, also > 1.200 degrees centigrade, and also > 1.400 degrees

centigrade.
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The high temperature gas cleaning is designed in such a manner that the
particle content and the content of corrosively acting materials, in particular sodium
and potassium compounds, as well as corrosive gases is reduced to such an extent
that the flue gas can immediately be fed to a gas turbine, preferably using the low

temperature plasma characteristics of the flue gas.

e A particle content of < 3mg/m” i.n. at d< 3 micrometers, alkali content

V0.01 mg/m’ i.n. is realized by a separator for liquid slag contained in the flue gas.

e A further way for the production of current or energy from fuels, according

to the method of the application, in particular of dust, is the use of a carbon fuel cell.

e Synergies can be produced with other energy carriers and/or other energy
generation methods by the common use of apparatuses for energy generation, in

particular of turbines, preferably a steam or gas turbine for energy generation.

e The Dispatchable Wind Power System (DWPS) is among the renewable
energies where a common use of turbines and in particular of steam or gas turbines is
useful. Compressed air is thereby decompressed in a plenum chamber. This
compressed air is then introduced additionally into a turbine which is already in

operation.

e [f compressed air is introduced into a running turbine, the efficiency
increases by more than 20 to 200 percent, also by 40 to 170 percent, and also by 60
to 150 percent.
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Claims

Material and/or fuel, produced from biomass, which has a higher carbon fraction

compared to the feed material by 1 to 300 percent based on the percentage mass part

of the elements (dry mass), the material and/or fuel being produced from a method

that comprises at least the following steps:

a) treatment of the biomass at a temperature of above 100 degrees centigrade and
a pressure of above 5 bar for a treatment duration of at least two hours;

b) withdrawing water during the treatment of the biomass by a filtration
apparatus; and

c) processing of the biomass and/or conditioning of the reaction, intermediate,
secondary and/or end products,

characterized in that the processing comprises dewatering, comminution, mixing

and/or preheating and that the conditioning comprises influences or effects on the

secondary and/or end products.

Material and/or fuel according to claim 1, characterized in that it comprises a large
surface and a small particle size, in particular a particle size of 2 nanometers to 50

micrometers, below one micrometer, or below 200 nanometers.

Material and/or fuel according to claim 1 or 2, characterized in that it comprises a

carbon part of 50 to 90 percent, of 55 to 80 percent, or of over 98 percent.

Material and/or fuel according to any of the preceding claims, characterized in that the
temperature is adjusted to over 160 degrees centigrade, between 160 and 300 degrees

centigrade, or between 185 and 225 degrees.

Material and/or fuel according to any of the preceding claims, characterized in that the
pressure is adjusted to at least 7 bar, preferably between 10 and 34 bar, between 10

and 17 bar, between 17 and 26 bar, or between 26 and 34 bar.
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Material and/or fuel according to any of the preceding claims, characterized in that the
treatment duration is at least 2 hours, 3 to 60 hours, 5 to 30 hours, 30 to 60 hours, 6 to

12 hours or 12 to 24 hours.

Material and/or fuel according to any of the preceding claims, characterized in that the
reaction products are dried with a drier, a convection or contact drier, with a flow

and/or belt, and/or with a fluidized bed drier after the treatment.

Use of the material and/or fuel according to one of the claims 1 to 7 for the generation

of energy from biomass.

Method of producing a material from biomass, comprising steps of

a) treatment of the biomass at a temperature of above 100 degrees centigrade and
a pressure of above 5 bar for a treatment duration of at least two hours;

b) removing of process water from the biomass by a filtration apparatus; and

c) processing of the biomass and/or conditioning of the reaction, intermediate,
secondary and/or end products,

characterized in that the processing comprises dewatering, comminution, mixing

and/or preheating and that the conditioning comprises influences or effects on the

secondary and/or end products.





