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ogw Phad qdad Prooes fer e Preduction of Blogas frons Ldoneswy Repewstle resonroes

Bescription
BE8EE The present loventon soxesm & Blogwe plat, speifivally & Mlomasy powsr plent for the
production of Mogas acoonding & e generie postion of clainn 1, and 3 procesy Ror G production of

o

dngas fom st

IR I Dloges plants, stavw 18 vivtially nover usad 23 & formsnintion subeizate ot prosenty # 8 wsed
ooly indirectly m Mogay plants v amall amonniy ss Biter contuinad by solid mansre, Specificaily, fe
remscns whinh will b axplatoed in the Rellowiog, there B & lechuical Bas againg e e of sorw s &
Formentatin substoats

¢

() wat fenmenuition plagis we cuorsatby i speration iy Sermgny, svappased o aaly

IR Oy 3
about 30 plagty Sy the solid Rrmentation {dry formentstion} of soewable raw materials. In wet
fermentation plants, the use of stnow v out of e guestion beeaose the wat foonentation msorial mast
be ctrondated with paddie wheoly oy propetiony, sad the straw wonld beoone wound sraund She paddies
oF propeiiors do thiz provess. For this rouson, saw-containmng solid mumure b hardly over waed i w
Senmentation plasia; athey, ,e\gmsi nraneee 36 pomanily prelired. IV fhe stoew s chopped i order o
sircumvent this mechans soblony, the shopped strawe foate and therefore does not mix with the wat
forneniation sahstrate, dMoreavey, i s procesg, i genendly phigs the outlets o overflows of the wat
formansier. Toy these reasong, the use of strosv as 8 Rormentation substute for wot feementation plants §

currently out ol Hhe guestion.

{0 Exiating blomass power plants o bogas plants Hir e production of Bogasy acoerdiogy v e

anlid fepmentation procows s tepivally seadl agrlowitaral plante witk two fe sy, e, Ascording
o the oody recently published Final Report "Monitoring of the Bifeet of the Revised Ronvwable Brergy

Aot {REAY on thy Devalogrvent of Bleotiiony Generation oo Blomasy™ wldeh was conunissicasd by

ornan Federad Mindstey for the Brvirosuvend, Nataee Conssevation, Boilding and Nuslear Sefety
{BMUG, dey foomentaiion hav oot vt neached @ maskeiable lovel, In thivrepont, the plases ouemntly 9
aperaiion are voon more av demonsindtion plante {vee pe 32, Figs, 53 o sald Finad Reporth. In prinoiple,
ookl be possthie to uee strow av g Rementation sebetrate i such solid formentation plants. However,

shis v ot done ot pressat, beoaes 1% conanoady assomed the the gae viskd of steaw v oo fow,

FO8E5T Conventicaatly, kuows solid Srveniatin pricesssy primanly ute organio wastes, sotid ougls
and pig manure, and dried chicken maoure viead of sitaw. The other mads materiads waed are slighdly
Henifled renvwable vaw maieiale sonh 88 o Sondly heroned grant, grany s, grasn whole plae
sHiags snd vorn whinds plowt silags, oy well as oy potatnes annd hestokips,

X

§OR06] Sy the currangly krown blogas plands aitog sl kossoiation ave typdoally b ratal avogs, saclias
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o favows, and only baes  relativaly ow theoughpay the sead for foroenintion s usasdly met fon the
Farmer's own inventory aod pomnbly that of weighboring ooy Forsolid fementation plasdy that ave
Favgor than oonventional soes, however, the procwrenend of suitable fermendation subsirates in sufficient

sencante aasd ander scoomical conditions constitieg a problom,

OO EP-OZRSID0 A desoribyy aonerole fopentatier in which Mghly helvmgeosons s wads &
avad &y pul sraterial, ovosistiog Ry sxample of ligavesBuosecontaining subytances soch a8 pageyr and
cardboant, it alse eheding novwebiodepradable sobetances sonb o plostion (o, bags, kevives, foddis,
sfey, metal ohdocty fhndves, Forky, hettesiey; sindehield wiper satons, shuninar Solls, stol), wosd,

coramios and plass, Howovor, use of stras o a fermontation substrate s notmentinasd

53

FUBOET DELIORRIT AT desonbhey 8 devige for S ivproved pra-trostnent of coganic wastos, in pusticular

for the tmprovad hdeobsis of Mlodegradable arpands sty fractionsdn onder © subsiaaially redece the

vohume and owss ol orgupde subabwees, The mapose of using Jeviveg Hir wasly aatosat 8 not
optintizaiion of the bloga o mathiane vield, bat redugtion of e volmne of wadts o be deposiied I

this case g8 wall, mae of the fonneniation substrate shiaw i3 st wientioned,

{E0A% LIN200S/DITHINE Al dovrbey 2 Mogwy plaot operxting scomeding o the procems of wit
fomestatinn which sssentially congbte of 1 chopper, 3 Sining tonk spclrsan fogy e Brnuntation
seantor, 3 formenibon reastor, 3 Bt sepanatie, o sconad separsior and @ downstrenm hydealyas uadt
A fypioat fermentation. subnitres sich gy organit Wik, Setvage shadge, som peasy, naprocesved
straw, g plaat stlage, soen silage, haad sxgs%msi:isz\rai fertilizers (fecry, wing, Hotdd mamery, straw-

eontaining solid manure) sog used ¢ wpat materialy

R WORHHBIATET AT denertbes a process and 2 phad & g prodection of Togay o snxanic
sraterial This oxettially comprives & standand or geatn sl {or optionally, ady s shaple mill B e
erashing of blomess pelletel & mixiag ek with ag aplivtor, 3 frmentation saacky sl s seitston
ounps an & condred et Qv Mind of Momen, @ well e slasphiorbouse waste and Hauid nivnare, sy
be used a¢ inpat maderial. Without poing indo the vavions speeifie characteristios of the fnput msdoriady,
Blongs s wnd i this applivaton s cadenvood W pefer o all plants which ase the nataval prosess of
photrsnthens 1o preduse phaot mass, sk as elage, wraw, goain, chalf repesend, sugar bevts, turadpy,
g, sundiowers, sabbage, potstods, solasks, peas, besus, lentile, fag lophee, pastove plasty sl s
atfinifa, grass sad clover, lawn chppiogg madsde govenery, bay s wee baves. Liged nenure sl

shvighierhouse waste can slse Beoused as cosubsteatex,

ORI The presexnt oveation is baged on the wdese of @ blogse plast, in panticalr 2 biomass power plaat,
snd x procesy for the prodastion of Mogas, wdich sobe the problesy of pocusing aod prossssing seitable
Hrrmentaton substoxtoy to suafficient aneniy i pastionlar S Torger plagis operating on an ndesidyd

seade mder contansesd conditiony,
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{8812} These ideas are achicved by means of the biogas plant baving the characionishies of claim 1 and

by means of the process having the characteustics of clatin 22, Advaniageons Improvements are given

in the dependent claima,

8013 According to the wvention, the biogas plamt i provided with deviess for the mechanical and
thernal comminution and optionally for the chensiesl comminution of strww. Contrary & the conmmoaly-
held view, comuminution of saw in this plant cant alse be achieved with a conviderable gagvield. This
makes blogay prodoction, i pactisular Blogas productivn by the solid fermentation provesy; ancessible

for a new class of repewable raw materials, ax straw 18 available in large amounts and is mexpensive.
Straw can be used oy odupplonet o conventional fresh smass such a6 slage frony plast clippings, silage
from whole grain plants, ete, and can thus supply even muverous large aud very large blomass power
plants, with for exsople 30 or more fermenters and a respective clectrical output of over 5,000 kW,

under eovntaical cunditions.

{6814] Proforably, the devics for the thevmal conwuinution of straw comprises a device for saturated
st treatment. The deviee for sstumited stoam restment prefensbly comprises & pressure container aud
means which are suitable for producing stcam in the pressure container at  prossure of 20 1o 30 bar and
g temperature of 180°C 10 2350°C, Satwrated steam freaiment takes place at the deseribed pressurey and
emperatures awd typically lasts 5 to 15 miouies, The function of the sabwraied slean treatiuent will be

described using wheat steaw as an example.

[ 18] Whest siraw Is composed of approcimaiely 40% oellulose, 33% srabinoxylan (heminelivlosel,
and 2% hgnig, with all three msin componends having & degsely-packed structure. The mgior obstacle

to the blochemical gtilization of cathdose and hemioslivloss is Hignin, which is indigestible for micrabes
and blocks the path of bacteria to eeliclose and bewioeliulose. fn saturaied sten weatment, the Hgndia
sractures e nuaserated or mejted, bt they are not separsted 10 aay essential degree from the stalks dus
ty the relatively short duration of trestment. After saturated stean freatment, e By again solidifies.
he solidifleation: of the ligndn, however, foose dropletdibie storctures form, leaving sufficisnt spages
through which first aguecus wriganic aoids and thes bastera can reach the cellidose and atabinonylam,

breaking them down by means of the known four-glep fermentation progess

18016} Therefore, in the saturated stosm treatment described bere, the Hgrin i3 primarily aliered fn g
nuicroseopis structore, bot ot separated by dissolution Hom the straw stalks, In-particular, the siractuee
of the straw stalks as such romains iptact. This differs from thermal pressuee hydrolysis, whick fs carried
out nader basically siilar cowditions, hat for longer perfods, and i wihich trie hydrolysis takes place,
fe. dissolation of previcusly sohd or dry substsnces in water. In theral pressuce hydrobysis, the

structurs of the straw stalles is broken dow, resulting g syoup-lke suspeusion.

{86171 In an advantageous improvemem, the device for the coninution of wraw comprises a container
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for the sosking theveof for zaturated steamt reatisent, Hir exawple in water. When the soaked straw is
subjocted to saturated stemm teatiweunf, the abseibed water cvaporates suddendy, causing the

Hasocelhdose straciires 10 be niptured and making the cethdose mure readily accessibly to the bactenia.

{6818] In an advantageous embadimest, a device for the mechanical comminution of straw is provided
by meang of witich the stea® can B¢ mechanically broken down prioe fe the satiirated stearn treatieny

‘

for exanple shopping. Thig Buther cordribintes fowand sepamtion of the Hgiin strestoces and

faoilstates subse&;ts-:\.xst fermentatipn,

188189 According fo the invention, i addition to the thermal breakdowsy, which is preferably carrfed owt
hy saturated steam treatmient, the straw is also mechanically conmminuted by grinding, prefersbly 1o a
banumer mill, This form of conminuiion mechanically destroys the lguin stractures. Howsver, goinding
alone 8 ot expedient in use of the solid formentation provess, bevause @ pasty pulp wonld form which

wonld clog the feomentation mass aod pravent percolation.

16928 Ta this disclsnss, the sleaw miay bepresent 1w bale formy, which 4o particelar highly facilitates the
tansport and baodiiog thereof, 8y desoribed o greater detall below, As the strastiee of e g straw stalks
cemrains tast duaug satieated stesm eatmeny, sivaw bales alse retain thetr form durding satheated steam
reatmerd and can b simply and casily trausported after such trealmgut. Moreover, o particulay
advanitage of baley v that they can be favered into the bottom of 3 garage-type fermenter, causing the
filling kool of the Tormentsr B rive. I general, the filliag level of the fermenter is limited because from
& vertaird dovel of the substrate in the formserder on, e preseure at the boitom thereof bettnes so Xgh
that the sebsirate 8 oo stongly condessed to albow percolitte to sesp theough, Straw bale layers,
Bowever, whish are invetted at thie bottom of & formented, &g far o prefiure-stable than conventional
fermentatipn substrale, Bven at high pressure, the strew bale layer romaine permesbie to percolate, so
that the uenad filling level in the fermenter Can be increased up to the straw bade layer. The formenters
eaw therefors be comtrusted Mpher than usual at the level of the straw bale layer, s keeping
fermenter-specific techuical conts {doors, gas techuology, semsors, valves and openings, ‘perociate
nozezies, outlets, pipdng. pumps, ete.} constant and increasing the officiensy of the biogas plant #¢ a

whole.

{BE21] In ordey 1 Increase the efficiency of o softening phase andfor saturated steam treatment of straw
bales, means for perforation of the bales may be provided. These meanys for perforation are suitable for
perforating a bale from two sides in such s manner that the holes created by perforation of ane side and
those created by perforation of the other side are separated by material bridges. This type of perforation
of the bale raakes both scaking of the bale and subseguent saturated stosnt freatment more efficion.

{9623} The device fur ssturated stoum treatirent may have at least one spike o8 which 2 straw bale can
be placed, with the spike having an oer cavity into which steam can be supplied and somprising

phurglity of openings through which the steam cap exit the eavity. Dy this manner, the hot, high-pressure
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steam nsed during the saturated steam ireatient san be fed through the spikewito the bale, thus allowsg
the saturated steam atmosphere to veach the roatertal inside the bale av well to g sufficient degres, Iy 2
sinmpler version, fn which the saturated sigim attuosphiere (s fod nfe the pressiwe containgr tan chviows
manner, the problem sxay voour that the alr present in the bale is compressed v an gy ssction of the
tale, but doss not thoroughly mix with ke steany rapidly enough, causing the caturated stearn reatment

1o be carried out lesy effectively 1o this toner section of the bale.

§8023} H loose straw 18 aaed, 2 sthanvponmeable continer for the storage thereof 1y preferably provided
fn the prossure conisiner, Moreover, means for transporting the stcam-permeable contatngr into xod ot

of the pressure containgr, sucl aveails ara vollér coniveyer, ate preferably pravided,

{034} In 2 partlcularly advantageous improvement of the plant aceording to the bhwention, the prossure
contadner has an upper opening throngh which i can be charged with loose siraw and a lower apening
through which the louse straw can fall ot of the steam-permeable container. As explained in further
detail below by means of an exemplary embodiment, such & configurating makes Ut possible to carry aud
satneated stoaoy treatment oo 3 Mvivially sontiouous™ basis, with the locse siraw being added baichwdse

o the contatner and e prossure container then belog closed for saturated steary reatruent, aler which
the treated loose antenial s deopped from the container theough the lower opendng, snd & subsaguent

Batch is Hoally dropped frough the apper opeaiug info the contaliier.

(B825] fo an sthamtageoey mprovenend, the device for sufiwated sieant fréatment oy comprise 4
plurality of pressace containess which are sonuected to oue ancther by sondudts, In (s manner, 3
pherality of presexes comsainers can be supplind by 2 single steam source;, for example & single steam

wservniy, which sarkedly ncreases efficiency, partionlerly 1w larger power plantx,

§0826] T an advastageous tnprovement, the device fir the comminuting of straw gomprised a container
for the scaking themof Iy water-ive solution, 3 water-aid solution, percolate, or Bquid meenwe, This
scaking sonutitntes an exaraphe of the aforsrasntioned chramdeal commingtion. In particudar, s sosking
can be carried out afier the saiurated steam treatment, This sosking causes {weakly acrable) pre-
hydrolysis to be initiated which takes place before iniroduction into the fermrenter, For tds purposs, the
soaked straw tv preferably heated to 30 to 30°C after sosking sd before introdustion buo the fermentas,
This besting can be comblued with trassporting of the straw from the comminution device t© the

¥

fermenter, as desoribed in further detall below. This pre-hydrolysis causes the subsequent anacrabic

hacterial fermeniation in the fermender to be further acorlerated.

80271 It shonld be noted that the structure of the biogas plant and the process for the production of
blopas by wmeant of the senmimstion prosess deseribed here do not reguire that additional yeasts, fungl
or enzymes be added. Indead, only the Lgneous material is subjected o autchydralysis und bacterial
fhydrolysis. The use of bacteris instesd of yeasts, fungt or suzymes ¢ considerably more eoonomical,

hesaese the chernieal and bioshemical processes take place more rapidly in Bacterial bydroivels than o
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syt hydrolyade I sddittor, iy allows ¢ cornderable sodbction i the sost of abtaling aed

hasdiing seynes andior acids ctnpared tewisthode regolving extorsal input thersol

R3S An fvportant ivprsvenent of the foveston Hee i the maneer i wiich the sddiondd procesy
stap of siraw comminution s Intepsaied Ity e operation of e blogas plande The dovice &t
sommensuoy of stare 1w copuondeally advantagaons, paetiveleely 8 e theonghputed the plat or the
By poawer plaot is high. Ondhe contony; Bowevee, verrently known bionass prrwer plagds for sedid
frernnsdation are nreally very srall and Botited 10 rongd gesaes They are sqipped with teo o 8y smalier
formaders wid rouch an effective slectiical ontput of oudy Hito TUG RW. This la siivibuishie tn o
Tand 1 the fact that dey Sormeniniion 18 gonondly considerad 88 sob vl mnkensondy, but alve e

sovnduated mindmu romusenstion of the REA & energy fopst frose renswable resoures plands, which

PV

¢

soors P owhen the Hmitof 880 kW e ancecded. Other fiotors spoaking agubist de

wataliation of farger bogss plaste wasiog dry fooventation are that the reguined supply of frmentation

%

subyioity el b teennnd for w0 advende awonlig o Iy o ad at de

ppecwony, tepivaily Bomeey, wisteto rely o ronewable rew raaterials that they van prodoce thamsadee,

B3N] However, by trea of the Bopas pland sovending by ide lnvention and the process secosding to
tha Troventian, whish «How e ase of stopw, the soppdy of Tormenativs suboiiats can absy e snteed
vl Tovgerplante, forexanpde Socense moch-farger smonuty of draw e gensratad Sy oroy faoming
e e carently rogadvad, and booneae # s abve b barspernd i @ relitbvely sconomical sanasy
s Totger divtnes weiig sorvespondiog egesale) seolnalogy Carthe other hind, e mvasies
angd cperating conty B g device R somuminution of strawe ary &l the more advantigeons the gronter e

shroaphpnt of the boge plat B There i g contentbased comection botween the poseiiy of
commrimion of ataw and e size of the blogas plant in dhat the devies & comminationof attve playe
an ewsential vle I ensorisy the supply of larger Moy phaty s well with frmentation substos, aad
o the ther Hand, by theatee of the blogas plant mad thewseof insxpensive suhstrate-tupe siraw whish
maks esstment 0 e device Bor sonmdnntion o partiondsr and e luvge Blomas poser plant aga

whitle scondatsal,

{O038] With & poovicnsdy vokacwn size of Boges plante having $Hr oveuple 18 0 30 logs garagetype

e,

Rrmontery, operation of the Yopas plant, aod in pactioudar oenponting the frmestation suhevate o
e digostate, oaat by officienily owded oot & frlher olfect B % ot the sbovedosstibed

commoution of stexw By the operativasd process of the Mogsaphaot

ORI o s sdvantsgoons pryvenent, e devicsy forthe soonbntivn of draw s socomnnedaied in

D

aodehoney aad bading ares of the blogas plast. The defivery snd Toading aven profiorably o

R ”) fas X

TR
sattomary oonveyaies eehaokogy: which is sutiable for somvrvioy freed wsss feon the delivery and
foncding arct o e Rvmenter forscowt, Som here sophaslity of garageetyps formonton conbe monsssed,
Whike the frosh masn and thy dgestate are transporiad weing @ wheel loader In convsational Blogas

plasta aeconilng to Bis improvement. Mativoxy sorverose evhnclogy B proaided by mcan of
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which even large amounts of frash msss cun efficiendy be rangporiad to the feropater forsoouet w order
to be fed fron there wito the ferrmenters, This stationary conveyance fechnology alse makes # posatble o
encinge the sntire Mogas plagt, sllowing smission of odors it the environment o be prevented sad

malking it possible (6 operate the biogas plan residential aress as well

{84321 When the biogas plamt is completely enciteed, 1o 3 certatn exient, the delivery and loading area
sonstititeg an piterface between the suclosed inosr arsa awnd the oater hreg, and 1 therefore arranged ta
an owey section of the plant. T condrast, for bgstical reasnny, the frmenter forecout 1 arranged
centrafly wm e pland. The stationary convevance technology allows the fresh mass or the frmentation
substrate to be brought from the delivery and foading area o the fermenter forecount without vequiving
the use of ransport vehivles, which would emit exhaust inside the enclosure ares and would aiso
incresse operating cusis. Preferably, the delivery and leading ares is under slight negative pressie, so
that sven during delivery of fresh mass and loadiog of digestate, only 2 litth av peostialss to the

oateide, thos minbmzing endssion of adors i the envivonsent,

{8033} Preforably, thete i 2t least oo onclosad delivery bunker for fresh mass o the delivery and
foading area. Moreover, fiest conveying weans are prafevably provided which are suitable for conveying
fresh roass from at least one delivery bunker for fresh mass to a fresh massy busnker. These fus
sonveying means may for skample comprise serew sonvevors, clevaton sad corveyer beliy og which
thy fresh mass is conveyed to the frosh mass bunber frow the vartous delivery bunkers, Thig has the
advantage thial the frosh mass is glready thoroughly mixed, because tis comveyed from various delivery
bunkers anto oo and the same pile, so subsequent thomegh miing of the fresh masy i sither
unnecessary of does not Bave & be conducted s tptensively. This descrbed fresh mass is composed not
ety of the straw © be sormminted, bot abyw of additonal fresh mass such as that ased i previcusly

known biogas plants using solid formentation,

{88341 Momover, the delivery and loading area prefevably comprives a second cunveying ieans, i
particular 3 pusher blade, which is suftable for conveying fresh mass towards the fermenter forecourt | In
iy cane, the fresh mass bunker hag a double function: on G one hand, § serves a8 o banspartation
route Fom thy delivery anss w the fornosnter forscourt, and on the otier, H serves as an inmteri storage

umit for fresh mass. I is important that the fosh mace first brought into the fresh reass bunder i3 also the

roughly of the same age and therefore pre-hydrolyred o the same degres. This provides wniform

subsivate consistency, which is advantageous for the subsequent fermentation.

{BE35] In an advantageous lnprovenent, the delivery and loading ares alio comprises an uniloading site
for siraw, partivulagly for straw in bale form. At the unloading site, 2 crane is proferably provided that is

aujiable for gripping and conveving bale material,
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838l Morspver, v meniioned sbove, the deviesy R conppinution of siraw e provided o e

delivery and bhaMag seea, which i o oog of the types descrthed above,

SOB37] Preferably, trird comeying means, i pankoler miler comveren o ahudle convevars, e dlse
provided, sdidoh e soltabde Sy conveyving individial bades arpachages of badey along  bake chaanel v

the fermenter forsenust,

D838 In the discluaury, @ distinetion iy alse sade betwesn bose el materind and balyomateriad, The
Bale runtenial by also rangparind by the thisd conveviog moans sad the bade shanad Gy s highly officient
maoner e e periphory o e fomcoter Koo, which mades § pondble fo arbiove gh
sheoughpnt 8 very oweoperating onsl Preferably; sooonvatier fo aoanged @ the sad of te bale chanaed
searthe Rerrsenter Rrenoust, whivhde sudtable S renoving paokages of hudes Sronrthe haloohaamed and
sraafirring them e whesl bosder or Sk tock 8y @ peckage. A explatned din Surther dotad] below
S mssn of w exemplary enbudbent, @ hosr of bale sl shoold profershiy e Sasrtad 8t B
Sotiony of caoh fenpenter, This can be carried gl m-§ particularly ofSinissd and fapid amer W alresdy
sudtuble packages of bales: & sxamplepackapes of sight bados, oo by tranufoirsd o the wheet kndevw

Forke R fnsek and thes offloadad fnke the ferpronior s v

838 Proborably the delivery bunber, froah masy busker andior bale chanme! onn by heated, sad
v T

preforsbhy by meany of waste heat prodused by ane or a phaality of jas ongloey Prshesting of the Bash

maes compensates for fomparattes Jovey from e old mudenisl ponoring duning relealing of the

farmentsfon pferial, This scovlondor sase of the Mogas frmed aBer refranhing of e foonsataiion

;_‘,,
%

muterind. Moreover, this alse makes 3t possitle © carvy ot the shovesdeserbed wesnkly serabiv pre-
hdradvsin, which redaces the tme reguired for complote formentation of the Hrmontation masy aod

incroases plant sfivienoy {aubstrnte theoughput sod thus profitabiiity,

{B838] B ve advanisgoons improvsent, » sipestaie bunker iy provided which can he aovessay fom the

formmentnr forevoiet for the ntroductiorend digestate: The diseatate basder prefinably contdes sttionary
gouveying means which me suiiehle fov transporting digestate 2;&;*{.:\&@%;. the digestete baaker, In s
advantageous fnprnement, thess Mutoney COMCIRG MO AT MWW convevor which are arvangsd
at the cods of the digosiute uaker. The Jgesinte husdicr fo proforably divssionsd i aeh & manny

thiat it oxe hold atheast o two-dey aoroeeg of the digesiate cxpecind o by produead,

{B841] The digesate bunker seswrding to the afbromestionsd Soprovernent of the investion hay a
theeefold Ramcton. Fiesy, 1 sorvey ¢ aiy hueelny storsge vy for digostate, and seoond, & provideg &
wansporting device for digestate from the centrel formenier Reeoount B the periphery. The digestuis
bunkey i of sufficiont size o provide ptevle storsge of the Sipestaie & at loast b davs, s thas it doss

not havs fo be pieied up oo the wenkewds, when track detving & restvicted. Finally, post-ferprontation

takes place in fhe digostate banker ay g thisd Rction, sed it 1s Hoesfes comected wy the Blogas syaten
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In this manner, additional biogas is obiained from the digestate which would be lost if 8 shapler design

were used.

49421 A bulk trongh for digesiate i proforably avcanged at the inlet sxd of the digestate bunker. Tn this
manner; the digestates can be poured directly front the fermenter forecourt mto the bufl trough; they we

then axtomatically ransporied to the periphery.

{8431 Preferably, a devies for dehydestion of the digestate is provided at the outler ond of the gestate
busker, The digenate comiaing nutrienl and bacteriarich porcolate which can be supplisd via ring Rae
o the porcolate ciroulation tanks desoribed below it neededl 1 such peroolate Iy reguived, i i pressed
from the digestate in the dehydration device and supplisd via the ring line o the percolate ciroulation
tantke. (nberwisg, the debydeation devies can be dispoassd with aad the wetier digestate ransparing off

a5 18,

16844} Addiionally or aliernatively, & drying system for the drving of digestate may be provided which
preferably wses the waste heat of & gay spark-ipnition cngine for drying the digestate. Morsover, &
gasification systewm s preferably provided which s sudtable for producing wood gas or lean gas from
dried digesiate accovding to the wood gasification method, in patticular based on carbondzation ov
pyrolysis. This fean gas can then be added to the hiogas produced by formenistion. The sebsequent
gasificntion of the digestate makes it possible to produce roughly another 20% of the volums of blogas
as woond/lean gas, thus subsizotially increasing the sfficiency of the raw maiedial in producing gas. In
particular, there fs a technival connestion between the use of straw with predigestion and subseguont

wood gasification, (i the one hand, gasification of the digestate makes it possible 1o inoresse the gas

&

vield #f this should turn owmt 3o be less than the biclogically possible yield dus to compla
comminution of the straw. In addition, lHgneous subsisnces, as the name indicates, ars paxtivulachy
suitable for wood gasification. In this manner, the use of straw ax a formendation substrate and the

subsequent wood gasification of digesinte conplement each other in an fdesl munmer,

{0457 While the above improvements of the dovention wofer (o plants for solid fermentation, the

mvention is not Bmited thereto.

[B846] According o the rmvention, the staw iy broken down by both thermal conuinution and
mechameal prindiop, cousing the fgrdn stroctires o be broken down sy welll Por example,
mvestigations by the inventor have indicated that contrary 1o the widespread view in expert sircles, if
ground straw were fod o 2 wet feosentation plant, this would give rise tv a considerabls norease in
pas yiekd, Bpecifically, the fal Hgoin struchures are also destroved by this grinding. The esthalvse and
arabinoxyian can then be dissolved by the aqueous organic acids contained 1o the Bonsntation twss,
which ars alse contained in the Hgeid manwe typlcally prosent fn wet fermentation planty, and o

cven greater extent it pure wet renewsble resource plants, which operate without figuid manuee. This
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crovidey the dosccobie wmedhano-producioy bacionla with scoesy o biomass previonely conzdessd
i { &

unsuakie,

3047 T profurrad ornbodiment of the tovention, chesdval oosudratikae of the strpy 10 Mogas plasis
for whd foroendation may ale be oagted et o Sy cans the sheaw I mixed with sother Sk
suateried, preforably solid mumieg, days bolbee batng placed @ the Romenter. The wren prosent in the

3

wlid sapere cwn Ben byt bogln 1o sepaate the Hgnin and make the oofinlose sad ansbdmoxyisn
svatiable Re hydrolesdds, B v imporiast here that additiona] o sepanialy pravided o renpwable
resoteees xon chemmically broaken Sewn by the wes wontuined s the soltd mmaraes In oy oase, mixingof
the foose sraw with the ol nasire wonld fypsically he oxried oot 3ae time balies belng pleosd I
the fermentey, with & period of a2 fow days boing prefoered. $0 g very siimple awbodiment of thy
fvention, lovers of solid minsvre nad Moverny ol sty s be gltermstedy pifed up e Sometier without
reguiringrany advanes periad, aod Jovers of other, st igidy Hgoifted seopwable raw seaterids can sdas
be optionady decladed, This allows theiren From e gpper solid manurs laver § penstiate fopathery with
the percolate into the straw layer and a8 leaad partly sopurste the gt Hgadn straptares, i also possihle
o nny foose st with the Jgesate, aand optionally ather renewable rew puatedale In iy cwee, e
acidic peroodate ut Tewst partly breaky dows e Sut Hpmin siruchires and conves the swterind i generate
Bowe shhough not with the yield ohiainshie uaing Se other above-destribad Comminaiion Bocasssy,

o particudar setorated slaan treatment,

8481 Frefonbly, the necidation msisaad mmitsg e the forenter together with e Soh naw w
thoroughly milfed and pressed out before mixing by means of a mechanival pross such a8 8 sorew prosy,
allowing fhe paterial to be nechandostly hroken down at loast @ some extont and optionsily providing
aveass i bound sutvionts Ry spserabic bacterial Romentation. The screw presssan besonfigured s ag
10 by mobile, for exsasple sevatged on g ow oader sothat st can be driven froon the Brendar Reencant

o the rapective Ronenton

{849 In an advantageons embodiment, v devinefor hermsd prossure lonbrobeds fvprrvided o theoat
Treakdewwn by mosay of which Siemsterind can be subjovted to thervl prossure Rydrobysds sither bafore
ar after going feoweh the wolid fonsoiation plant, Bt befors romonal of the digeainte. Thesasd
pressuse hydrobyss takes plaos soder sondiions sl 10 those of the chove-deseribed saturated sivam
frestend, but for g bager duvation, Rewxople 8 to 18 ey &y thermal prosses fndrabvsds, e

Bt iy oomploteli sopaaniod e hnd w ayeapadiRe susponsdng i Somad. Mooy, mueiivdeaiivia takes

'f}

rgcr, which weans the splitting sp of polymary 0 moromery 88 8 sosult of the pwesical lnfhsses of
3

e {nto the Brnmaistion mosess o sold

wider and heats Themyngp-ike sispension swn ther be (o
companies which renuuiiohere sccond-goneration Kele Tom thiv materiad. In this csse, e lipninconten
ts absn ntitivad, ay well axadditionsl napulived orguds matter. This fs not possible fo asnerotic hasterial
fermemigiion,

IBOSH] By ordor to provide betier saderstanding of the prasont bvvention, i the folloedng wa il refer o
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an sxemplary smbodiment presented in the drawings, which will be described using specialized
termainology. However, 3t should be noted that this Jdoex not Hmdt the stope of the invention, as such
changes and fDwther modifications of e biogas plant and the process shown, @ well sy Buther
apphications of the invention disclosed in said drawings, ars considered to be part of the ordinary current
or future koowledge of the person skilled in the an. The figures show exenplary embodiments of the
inyention, specificaliy:

Flg. 1 = elevation of & blomass power plantaceardingy to ancimprovement of the invention seen from
the west,

T

Fig. 2 anelevation of the Momass power plant of Fig. 1 seen fram thenorily

fiad

v
G2

=)

an clevation of the biontass power plant of Fig. 1 scen fom the south,

Fig. 4 anclevation of the biomass powsy plant of Fig. | seen from the east,

Fig. 5 across-sechional view of the biomass power plant of Fig. 1 seen from the wast,
Fig. & 2 plan view of e grosnd Roor of the hucanass poee plareof Fig 3,

Fig. 7 ao enlarged ssction of the plan view of Fig. 6 which sboows a0 sleetnionty and heat production

Fig. 8 aunenlarged seotion of the plan view of Fig. & which shows a delivery and loading acea,

Fig. 8 aplan visw of the upper floors of the hiomass power plant of Fig. 1,

Fig. 10 a2 schematic dlagrane of bwo visws of 3 porforated stoaer bals,

Fig. 11 s schematic sross-sectional view of a devics fur saturated sieam treatment,

a schenahie omss-sectional view of anciher device for saturated steam treatment intended for
Invose Hgusous saterial,

Fig. 13 @ schematic cross-sectionsl view of a device for sawurated steam treaiment intonded for
saturated sioam teeatment of materialin bale Hinm,

Fig. 14 2 scheoalio cross-sectional view of 2 device & osabueaied sicana frestmend cooprising @

placality of preseurs containges,

j#0351] In the Pollowing, & blomass power plaat (BMEPR) 10 b dexeribed in detall @ an exemplary
erabodiment of 3 hiogas pland acoording o an fnprovement. of the invention. Figs. 1 to 4 show four
extsrral visws of the BMPP 14, and Fig 3 shows & cross-sgction thereof Fig. 6 shows o plag view of
the ground floor of the BMPP 10 Fig. 7 shows an salarged partial section of the elevation of Fig 10 1s
which an clevtricity and heat production system of the BMPP is shown. Fig. 8 ¢hews anather parital
section of the glevation of Fig, § {n which & delivery and boading area v shown in an enlarged view. Fig.

¢ shows « plag view of the ppper Soor of the BMPP 18

BOS] With seferenee 10 the plan view of Fig. 6, the BMPP 10 15 divided info 2 basg section 12 and an
expangion section 14, The hasic seotion 12 comprises 18 garage-type fermenters which are avmunged in
1w rows, with a3 northern and southom row being shown in the view of Fig. 5. Between the two rows of
fermentars 16 s « Sousnter Heecourt 18 oty which the doors 20 of the fermenters 16 open. If should
be noted that for the sake of clarity, not all of the fermenters 16 and fermenter doore 20 ave indicated by

refetence nos, in the fletres.
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FO831 Mureowsr, the basly soction 12 senprisesan slenttiody ol hestproduction system 22 showan
codarged vivw 1o Fig 7 angd doseribed in greter deinil below, The basic contiy 12 alse onavpniges a

delivery and forling arcs 34 shown Bradiarged visw i Fig $aod sl desorilad i focther dotanl Badow

[RBS3] As can be soon i Fige 1o 4, the ontire baste seution 13 fs onplosed by 2 hadl sirectare which i
pavticulay inchidoy & fermentes forscourt (FF) Tall scotion 36 and o dodivery wad fonding aret hall seation
28, o> can bovloarde soon tnpantiouhr i Figa. L 4 and 3. The sntiee hall sonstmotion o aiclisuns of the
hanie sections 13 3s vortilnied by meany of a e conizal sxhaust syt 8o that there ds shyvays olight

negaiive prossory inchile the hall sonstrociion with suipact 1 stmosphicnie pressues

{BE88] The sxprnsion seotian B sssontially sorprises T additican! Roysoters 18 and an stensdonof
the FF hall seetiony 36 Theoxpansion seotion 4 e el 1o previde up to 11 slditiond formentars 1§
whet needed. Thiy mesny that the BMPP 105 S budlt without the sxpransion ssotton 14 sad pagiingo
socrtion, Dosing operstion, 3 then desnmingd whsther thenatiddy 18 roentenn 16 of the baaie
ssotione 12 prodice cnvngh Mogasto shppiy the foud gas enpives (oot shown), which ar¢ intendsd &
he BMEBEP 10, with gasandey 0l lowd. I thiw Is novihe onse the sorvosponding samber of fonmenters
16 can by added in the expsnsion weotion 14, which ey thoreBors be somllsr than shown fn Fig 8. dn
siherwords, the BMPP 10 has 2 wodulsr conBigurstion, which is sdvantageons & achisoving so optinal
figal conBigursiion, boomse e oxagt blogsy vickld depowdy on multiple feolors bwheding the

sonsiniency of the foeh mass wvailchis, aad conot be ometioally pradivied it procision

{aUSe! The novthern snd southery fonnenier vows ave consectad by o weedmival Bridge 30 which ow be

sevn i particulr i Figs 5, & and B The techoival Yridge 30 spaus the FY I8 o8 a lovel which mmkex
possible e whee! Toaders, o of witdeoh se shown by way ofex i:s‘:‘;}i v Figs 50t slebee under i sven

“

with thedr lowding shovehy Rlly extorfed without bolug sbie o tonch wid damage Sie teohioad beides,

{BEST] Wit refipvane o Fig 8, the spper fove of the BMPP 1D somprices thege Bln gas storage adis
32 i the basts seotion 13 and by faether e pan tinengy pudls 327 i the oxparsicn seption 140 The filw
gan siorige uniie 3T var be sleacly scex fu the cross-sectionad views of Figa. § and 15, Thev take ug the

bioges produced by the formeniess 18 o018 1 4 manner desoribad in fucther dotall balow

{0088 Morsover, iy apper fleor comprizes five patncdate oireslaton wnks (FUTY M & the bayie
geotivn 12 and four POTH 34 40 e cxpousia secion B, »duch van alke be clearly scenin e ovess-
senthnnd views of Fig. & Back POT 34 & arnaped above thete foroentaey 16 and secetvey povosiate

frown theny which s collsoted @t the batiom of the Srnemen aid pusapad fnte the BOT 340 The tere
“porocdaie” refire o the Houwld compasst of the Ropestation sudenal, which & uaisr o liguid

fontiieer,

FOUSY dMoreovey, e apper Hooe has soxbany ovoling sees 31, 3 souhern ecinioal ses W ad a
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sovthnen fechaiest aren 38 wiich am conngoted 10 e another By e tochaiva! beidge 3 iexe{w{ss‘,

..9’

soof Hahie 48 e srranged i the FE hadb soctioe 26 and i the delivery and boading srea hall weotia 3

RONEE Mow that we have provided a rough overciswof S companeny of the BMPP 18, & indivihaal
sections and somponas sod thedr modeof oparation will be deaoribed fu dotat helosw,
§, Fermenter forsvewst
86T The fersienter frcocart {FFY 18 B aorsngad i the conter of the BMPP 10 8 senves s s
franeportion soute for ol srasy tordhie saipentiey Rornrenieny 38 10 o for dlpostas scbitanes from
ha formenters 18, I8 Inaddition 8 SQTVE a8 & mining surivos on which e contonts of & Sonenter arg
spresdd, aBler which roughly » fifth 0 ¢ wd iy ooved w8 pervolate, sad 10 vompenaats Hir e
samoval sl fortheows g%st oy due o gusification, roughiy s thivd (8 supplenented with fresh oass and
arinad with the old Romentation msss Thiy woul onn be camied o9 oo the FF IS o a large whed
Teader, s schonmatically showen o Fige 5 T the niddle of the PP 15 Dere v a didovgy chand
onvided with 3 grating feio which the silage offlneot and released porcolase fowe &t the vl of e

chuical bodgy 3L S dediogge channd B 3 oolledting clivte {ad dveatdy win whinl the fgad

produned & trtnnponted Srough 4 portedats dog Mg (ot shown o of e B
L Boltvery and leading svea

FORETY The delivery wod bading area 38 & lten v Fig ¥ in sn doloped planodiow Inthe soapiney
awhodiment abowy, with respeot o delivary, a disthwetion i oede botween Toose sk mass sad
stepotoral fresh masy oy frech bade voateriad ot onbodiment shows Foue delivery bunkers 42 for e
fonse frask moasy ave provided, which are coclosed by the delivery and Toading seva badl seotion 28, A
vk can back info the snolosed delivery busker sod dusp o puah off the Fesh mass kad o e

deliery bunkers 42, As th

b

v 1 whight segntive prossrs thronghout the delivery and louding aren 24,

vivsuslly no noxfous odors exvape Bom the enclosurs, Favh delivery bunber 47 han a Hoor tat i tapeesd
conically downward amd ¥ provided at My bwesl posat with e @ g phaality of double sorew

conveyorn (ot showay whish tunspont the freah mass horlsvotally 10 & cup slovator inot shownd, whivh
transporty e Doalnasy onto soomevor belt34 or diveotly 1o s oonvavor bel I a dower pusition,

HBE3T From the scanvevor belt 44, the Sach owass & deopped into o fredh man burdiee 48, A¢ the Honk

sy Iy sonveyad in four or more different bunkers on the sane conveyer el 48 snd dunped onte e

samne pile 1 the Gosh me bunker 48, the fesh mav iy sdonatioslly thovoughly mired

86841 The Treah masy bunlicr 48 i an slongated roony et connets the delivery and fosding seea R4
with the freonie forscoirt 1888 vun be seurois paricaler i Big & The esh maws baaker 48 Ban g
Hoor hester by meauerof winch the Sosk vros by alvcady hoaed we g tsmm‘-mmz‘a of 429, so thae e
forprentation mass tdde @ formenter 18, 18, which iy supplomcoted by he Boskomasy ¢ wot vonded by
said Teomenter, o that the fermerdation procsss roaterhy guickly sfier slomere of the fermrenter 18 andfar

X,

weahdy corabio prsdncdrolveds van already ke plase; whick reducey formonation Hime and facreas

both the efficieney (througdput of forrasniation substrate) and profitability of the plann
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J08X The Bed mase bunker 48 b 3 donlde Rmetion. On the one hond, 8 serves ag an intexiny o

D
3

&z

aifer storsgs wolt for foose frosh mass. On the othey hand, 11 sorves a8 2 iransposintion mouie bebvasn
e delivary and bosding srea 24, Le e ponphery of the BMPP 18, ad 'the contrally Tocuied fromentey
tovesount 1R, For baasportation, 8 pasher Blade tr slider {not shown) i wrnmpad i the Bosd mses
bunker 48 whioh slides fresh masy nowdy added Som above owends the formenier Swwvowt 18, Th
alider is e rotumad B 8 starllng positiest dn seder to make wom for new Sk osass, Thiv alidiag
ssechanism makes # possible fo push the freshomasy oat of the fresd masy bunder 48 on heoside b
fermenter Sorevcaet TE ae well, moughly fa the same onler toowhink § was meoried 8t the dnlet o the
Frosh bonker, Thiv mesns St S Faal mase witch reschoy e Somenter foracour IR 18 sheays soughly
of e same age wd therelore of 8 constant cousistency, which iy advaniageos By subseguent
Remenvtion

FR6] Movaover, thy Jelivery and bading ares 28 comprises 3 ssvtiony for the Selivery aud tovenpost of
stractiant or-hale ostoriad, &y particalsr for straw. Thiv seotlon for the delivery wad transport of bads
matenial comprineg 2 npply arss 48, 3 bale defivery assy . x comminutinn sreg 32 snd s intevim
siorage wrt 88 In the Sllowing: this sccion of e dullvory and loadiog amens 24 &y dowedbed with
reforvnne 1o straw ax 2 highly Henifiad atmectural sxaterial in hale foom, Dot it 8s iecbe wndenstond that s
seotion can alse be ueed for the delivery, provessing and further transpart of other simetueal sxterial fn

bade forn

FEBET] & orane fuod vhova) v srranged o vl B suctox renemer Gt can pivk up arad set doven balss
gy oach of e rovme AR o 8. The steaw baley are dedivered o the siraw dobivery rocae 30 and

transportad by the coane (ot showa &y the tnterta stovage vl 34, Befure the woaw Seoonveyed to the
fersneeter Soreoouet 1R, 3 &6 provreated in the communution ser 32, L, comningied, Commineton of
the v fs apceomary bevaise i ohiphlye HanBed and the Tactenie fathe fornenter 18 can only soaed
the notrenty conlosed in Bgndn with preot dfficalty beowise of de Ypnin-crorastad sofhdoss. I the
comminating aren 32, the straw awy be commmatad in difforent ways doponding o the confipnsstivn of

the BMPP 10 For exompds, the o can be chismivally brodien down by sosldng # i 3 contaliey of

wader, 8 eder-ye schetion or & wateraeid soletivn This sonlong partislly. desolves the gy, which
was hegely a‘imtk?.‘%{% by the collnlose Afler seooval from the sootatany, e collnlose i no Tonger

bidkdon hohind g Hgnit cvnst, but i scooseibls for Bydeiveiy snd the bantena This onoverts the sirawe,
whivh hav baoe useddn the past In conventional wet or dey rnontation syakans ondy a8 8 stouctondd

mraterial, e a vaduchle Reementation sabsirate which plave s caventisd vole fu dogus produntioe

{888 I o altoraatioy eanbadinend, the sraw oxw By brokeg down i e commiingiion ares 52, B
sl iy pnadhier mansey, for sxample molenieally andsp 8 hainer adil orhy betny e\;m\efi fo thesad
prasaury, Lo deated s 2 Mehoorossure of s.g0 2000 30 bar fr v io oo mimen sb 18000 o 23090

Thiv breaky dows e lpmin, Al conling of the siraw, e Bl aolidifies axain, B i Hie &entof

very small beads with spaces in botween, widelv opens & pathiwy for the aobydesdytic organde scids
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ansd the aneseobic bacienis 1o the mudriente w thestoaw, A Bether exenplaoy smbodintend s an extension
of therus! prossure treatorent in which the pressure 1o the comasponding contaiuer 13 suddenly caduced,
causing the water in the siraw strnolures 1o evaporate and sxpand very rapisdly. This causex the Hgin

Srostases Wy be destroyed dod exposes the notrients 0 the anerndic hacteria. The furthgr dotatls of

L4z

vy contimrion are given in the fllowing section:

10068 I the supply arew 4R, a roller comvever §6 {8 provided on widoh the fndividoal steaw bales andior
packages of straw hales are placed by the orane (ot shown), wnd which convews the sivaw bales theough
s bale channed 3R, whick is seranged paraliel to the frosh mass bunker 48, o the formenter foceosurt 18

R {see Pl &)

ETBE As oo beoacon froow the above deseription: bth the Jooge Bosh wass and the frosh maat to bale

At

form are fraveporied by siattonary onnveyanes fechackegy Booy the delivery and foading arse 34 o the
formnuter forevnust IR, Specificuily, the frosh masy bunker 46 and the bale channel 3% constitute the
I councetion between S voniral fermenter foreonunt 18 wnd e pedpheral delivery and loading avow 34,
angd iy tranapet akes plave completely i the ewdiosed BMEP 10 Transpon using statiossey
soswvevanes wehaology ds suitable for Mgh theoughputa, and i partiogiar {s fielor, saves M spave,
and & more soonomics] than Jelivary with wheet loaders. A% cnn be seen fom Fig. 6, the bale chasagd
SR and the fond muss bunker 46 end a8 candeal locstion in the Sormenter foracmut 18, st that the paths
3G bovwson the ond of fhe fronh mines Buaker 48 or Ge bale chanme! 58 on e fonmenter Svscowt side snd

the formenter 1) o be supphind sre gonensdly shortc

T Ax mnstionnd sbove, comendoation of e strpw in e comamvingting srea 52 mwdios € poveiBle o
uae alraw ax o subatvate despdie By high Hgudo content. This & highly advantugeous, boosuss steaw I8

25 pevevwsed i grain production dnoshy event, sod there fv dveificlont wee for this, Ay the BMPP WD 6
designad for revewable row materisls, 18 adviseble to spocifically pland s mstorialy sulishle fwwe
in the BRPP 10 around swid BMPP M, with sadd raw mnievialy geocsslly sl being intendad for
coomnmption, however, o the other hand, s constitutes x coriin eontliot of objeothves, hevams &
seriatny propoction of the Emited areas available s sbways ressrvesd for Hrod production. The ave of waw

3w s omeataion silteiate codntitoles s highly ativactive soletion, as sraw Iy geoesddad s gosin
production anywiey, whislalowr the shoadianens production of food products anddionay soltalde e
ey plaws

HIOTH Howsver, sivaw offors souher advaniags: In goneral, the Sillag loved in formentors in Hadied by

2

353 the provvare peoduend at hotionn of the fermentery ity prossurs st abvays be o low that the
fermentaion subsrate fv 8l permeabie fo porsalste. i oontrasy, when # faves of draw hales fv added tn

the dowadt haver of cach fermonder 18 sconeding 10 an improesment of S inventicn, the antire dsual
Gilling fevel of Brrsoniation material can be placed o this baver, as the atraw bale layer i ol peemealie

o pareciate g G prossge which then sovurs. This kewest siraw layer Gerefore onantitutes an sdditions)
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ameant of formentation substrute which can be used in g forneater 8o that the plagt officieney {space
wiilization meesursd i new subateads por feomenter and daytis mackedly inorsssad

U by advantageas mgrovament of the lovention, e stoww badoy are planed tn packages of sight
steaw badey on the radler conveyers 56, whivh sy oy baley wide and four bales high, These prokages
are tramaporied av ¢ whols thoough the bale chamed 38, picked vp &t Se ond thereof i the fomonter

forssount 18 by 8 converter (ot shown) aad tranaferred 1o 2 whesl Rader or fock-HRt truck which abss

peastves the peokages a3 & whole or fv 2 party sod brings Hem 1 the fovmenter. The aforemenitousd
Joower stvwar bale faver cu e refaitvely cavity and audekdy buil up oo Sess packagen

FRUTE] & can Buther be sesn i Fig R, 8 digestate busker 6 s provided wiich sutends paandled wothe

fregh mans bunker bebwesn the feoonter forscnant 18 and the delivery and loadiop s 34, Avthe aad
Feotg the hemdater esosuet; the digastate bunker $0 bag o balk tronghe 82 B digestaty which R
e pdet e the digesiate bunkee S0 Digesiates arg dumped e this bk trough 62 by 2 whest bl
From there, ey aee pressed by meamy of @ sorew comveps ot e digesaie busker, By

Ssocattnnonsly adding sew dgasiete constantly, the e B slowly farsported through the dgosate

bundier 88 & the other s, where i then tramposted 1o e dipssiate bonder 80 by moans of Ruther

SUPRW CQTRIONN

BT The dipeints buaker §0 bay 3 Seeefold Bimction. On the one hand, B sorves zs 3 Bassporiation
rowte betwesn the fornener fitsomat 180 the contiy of the BMPP s de delivery snd foadivg
avag, with vhailer sdvaniages w those desortbad witl respect o S frosh nwss busker 46 and the Sake
shosnedl S8 On the other hand, Ky, e digestate Busher 80 alse serves ay o thorstiephilically
aperstad ascondiey feosenter and oporsios vivheally as s sdditonsd founsnrae. For e reexay, the

digestaie bunkar 801y alwo comneoied & the blopus syadom

BET8] Flrally, the dlgestate bunfer 60 sorvey an ay fntoris stormgs it for digestaie: B v Shnonstored
o sl 8 way a1 car hold s Toset w tiol igeviaty an van be produced irvo das, Thiv sikes &
posathle o teanapont ofF the prodiced digesiate on weakdave: a0 that thiy bansporiation 1 not ladered

by truck doving resincivoss.

BETF A switeh 643y preelded at thy vatlet codof the digovate buckers 80 whic makes B possibls &
tewsspeort the digestee sither dilecetly v & comvayer Balt 88 o keading sifos 88 0r o take & dotowr vl 8
delrpdration devive T8, In thy sxeroplary smbodiment shoeve, the dobivdration devies T8 v a wrsw mrowg
whiok e suitable R prossing walee or poesaiaty fom the divestate and feeding # o ons of S PUTs

Whethey the detenr vue the dehpdration dovion 70 iy taken depends onthe st aved e §>§ﬁr<:&>i\=x§e«

SOUTE The boading stfon o digestaty 68 ave wwerstion wlach are avanged on A-fues 0 O s aek

cave detve under the sttos 68 and van thes b caatly foaded,
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0T I an slumative ambodineet, a sonventional deviogsostony, for sxanple & deume or bao drene

fnot showal, i provided which & switsble fordrying the digusiae o 8 wier content of losy than 358

and preferably 1896 The hess for de drving sysinm & preferably provided by the wiste hegt of de
generator sets Moy, & gasifioation geatent (ot shoend Bvprovided 1w which the deied digestate
subjooied to the process reforred o s wood gasification, in which Saowmable wood gaw {less gas) s
olsinined from e deind digestate by pyrobesds orparital sombustion sader reduced air After romprvad of

the tax praduged from the wood gy sceording 10 30 koown provsss, s worad g or Tear gas i fd

into the biogas gntere sl cant thent be paed witheatt auy problenss as fiel i the gas spadkeiganition

supies
SR80} The anergy content of the wood gay reduces S rsquissment for Blogas by ap © 2004 o even

morg, & that fir the same power ouipnt, up o 20% of oven 30% Jess subsirate B nesded &
Sorreoniniion. This suises aeonsidorsbie increase tu the profitabilivy ol the plant ag s vinls.
3 Straw commibnation

{8883 As moniionad sbave, in the blomasy power plag shown, the sl iy detivers

soetfoxding siee 34 and conminuted fn the conuniouiion stee 52 and optionally 10 the nepply svee 4Ras

o1, B Gy erobodinentad S invention, wraw 1 deltverad i bale forwand commnuied T iale e

5%

sowell, sndithen Snally brougdt i bale B inte the garage-iipe fementrs 18 The balee dhwald

fonicd 3 i . > 5
profirally have g density of over 200:kg/ny, whick san oaly beobwiond esiap mavinwnpregsure bals

7

preasey. The advantage of sush s high straw hele dessity 1 that de capaeity of & truck b aiiliesd o
aptimd degren, with regpeet bothto the alfowabde weight of e ad ard the possible vobhane thersal s

3

that the steaw et hedeliverasd voader scomoades! condifions seen over long distanoss,

U3 In the ambodinent shown here, pre-treaines for the conmdnution of siraw soraprises Ry dsy

a
-
é

whivhare sarsiad out #n e cornoination sren S8 o e stpply seta 48, spaeiftoally
1) peviorating o proshing of degtrar badey
2y scakiug of the sraw bales W waiey

) satnratnd eam eatinand of the macendsd stnew Hhados, and

&y

A3 sosking of the steve babos i peroninie,

FOREAY These vtops snd e devtemyuasd Herdin are descotbed o the follossag,

60841 In parvdiel, & portlon of he sraw oxn be cxoisthunied by "prinding” sdior Vthenmal provsurs

35 A combination of the et oo of conmdaation & pmAahla‘:iv proforred, &y oaeh has

i adhvantsges ad deawheeks for prsotioad operation. The best overall effect s achieved by neans of &

sombination.

[OBRST Acoonding o e tovention, a xep of the grinding the steaw ia powdery consistendy is provided

R

i wihdch the yeousd siraw oxs be nixed heis the romsiong freeh mass, The prond siaw provides. s
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particalarly high ga yindd, ot the monuat with rospest © the froals rosss iy Hondted By fhat the pulverkesd

siraw stofsieoed by the porcolate Tone w sticky mass whiel ronst bepdyed with sufficicot Bosh s
for handling reasons,

JORRE] Proforably, batween 5% and 28% by welght of the nveniation substrate gon whole ivcompased
of pronnd straw, Profundly, botwesn 3% and 3396 of the ontire straw ased B grovnd and thas

mcohasically broken down,

{BE8T] Morsover, indopendanthyof pre-imestment of the remaining steww, 5-20% of the wial stoww psad
shonhl e comonutad by theensl prosawe hvkeolals, and e svnp-lke matevad thus oDtatand,

seferesd o ey the Malerry” shovld be fed ato the peroadate oxeke

(OOBE] Floally, tudependontly of the cther procoss stepy for bosakiog dova the sraw, the formentation
sabsstrate romoved from the fernenter shookd proforably be mechanivally prossad through.

3.4 Perforstion

FHGRS] Barborstion of the sivaw i condosted fn oederto funke tie Ingide of the straw bale seconmible fox
soaling, stucatnd sfewm fecatment ad B soboegernt soaking v percolate. I the embudbnem

Qevoribed bors, the straw baley are perforsted Bony ko dides, a Wil Se devoribed in Ruter detsdf with

reforenes tr Fig. 10,

IO Thy upper purtiog of Fig. 10 showe 3 pavpective vinw of 7 Srew Tade 72 okiag 8 the
8 ] &
nendereide T thereofl The fowsy Spuee divwe s paopsctive visw of the straw bads T2 Jooking o the

spper side 76 theeall Frone the undoonde 74, fe soaw bale T8 i Dent porforated by st set of Bolay

78 which do ot pass Seovph e ety steaw ade 72, Morsover, Hogy the apper side 78, the stww bads

e pﬁ\rﬁm&md b seenad set of holes 80 which also do net paxs theongh the autire siraw bale W2 The
holes 78 aad 80 are sageered redative & one snothey dr seok © manser Gt the holos of the frat et 78

1

weed e holee of the sepond vot 80 oo soparind from oop asother by misteriat bridpes, By sovans of this
type of perfirrtion, the socking water of the sccond sty the saturated steam of the thind step and da

percolate of she foyith sfep can properdy posetrate the fnnide of e straw bale 72 without sxssmia;;{ RN

B In the comminution aeew 32 of Fige B sontadoeey suntalde for ey sosking of sivaw bales ase
provided whick are pot shown i e figura. The sizes of the containers Hir vonking ars wjusied to 8t the
stzen of the sirae baley so st woaking can'be condaciod i v apsos-ansing sad afffotontdy manser

F8 paturaied vivan reatvant

{BANEE To the sompnntion s 33 o0 1 Gw suppdy wren 98, a dovies For sehandod stonnt astoang i
provided. Witk reforencs to Biga 1 o 14, varkaw devices forasvhosted stomm treatment st deseribed

witich can bevasd in the pliat showo o modified plagt

O Fig 11 xlowy o wohomatin cross-ssctional vlew of 4 sinple senBiguration of & detdon €2 far
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saprated steam freatmaent. The device B2 comprises & pressure container 84 with & lid 83 which &
articulated via a hinge 83 fhat pivots wround the pressuse container 84, A supply device for the straw {5
schematically indicated and idenufied with reference no. 87, ¥ the device 82 for sahusied steam
treatment 5 &y be nsed for treating siraw bales, the transporting means 87 may consist for example of 8
coxveyar Balor a mller convevor. It the device 82 for Toose sivaw 108 i to be used, the tansporting
means 87 may consisl of rails on which a container 3% for lovse material in the pressure somdainer 84 can
be alid. The somainer 88 v steamepormeable, bt sudtable for sloring the losse maaterial, and mwy fuy
example b a grid contedner or basket open &t the top. The 1id 83 of the pressure container 84 nway be

Closed by & closing mechaninm 91, Preforably, e Bd 83 for opening the prossure contaitier 84 pivots
wward, gs can be sesn for example in Fig. 14, so that the Hd 83 iy pregsed 1to. 4 ¢loged position By the

3

presswre inaide the pressure container 84 and therefore more sasdly scaled,

{0084} The pressure container 84 1% connected to a supply Hine 93 and a supply valve 93 through which
the saharated stoam 102 can be supplied at a pressure of wp 1o 30 bar and a temperature of up to 280°C

O a2

72]

feann reservoir {not shown) to the pressure container 84, Moreover, the pressure container 84 s

cted to an outlet Has 97 with an outlet valve Y8 through which the steam can be discharged from
the pressars contarper 84 afier the eatwrated sican treatment. Margover, a corprassor 10 iy arvanged n
the outlet lne 97 throngh which the saturated steam 102 can be conveyed back o the reservnir (ool

ghown).

{60981 I the Koellowsny, the process of saturated stean treatment s explained with reference o e
device 82 for satwrated steam treatment of Fig. 11, Tirsy, the straw 106 18 placed in the foem of bales or
ivose material in a container such e the contamer 89 in the pressurs container 84, and the pregsurs
container 84 is closed. Afer tds, the valve 95 in the supply Hoe 93 is opened so that hot steam at 3
ismperature of 180°C 10 250°C and 2 bigh pressure of between 20 and 30 bar is iroducsd from & steam
reservoly {not shown) into the pressuve container 84, The introduced saburaicd steawm i shown

schemativally in Fig. 11 with the reference e, 102.

{6896} The straer 106 13 exprsed o the satarated steaxe 102 for S 015 mnutes. This causes the Baudn in
the material to be meled but not sepersted Hom the material, For the efficiency of saluraied steam
treatment, i 1 preferahiy to presosk the straw i the sforementioned second step, becsuss the waier is
then already present in the material and only needs 10 be heated, which shortens the duration of

reaiment

{BOST] ARter the preset residence thme of § fo 15 minues, the saturated steam is relogsed from the
pregsare container 84 through the outlet Hae 87, This release of prossure preferably neours suddealy, so
ihat the pressure drops by at least 50% within 3 secondy or fess The rapd reduction in pressure
suddenly evaporates the water o the siractures of the stvaw, whick therefore quickly expands. This fears
the lignin structures of the straw apat, making the nutnients {cellnlose and arabinoxylan) scosssible o

aquents orgamie acids and andecobic bacteria,
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[ODR8] Adter the reloase of the pressure from the pressurs container B4, the straw 108 {6 removed from
the pressure container B4 and cools off On coomg, the molien lgnin resolidifies. However, on
solidification of the Hgnin, the original fat stnretores do not reform; rather, it congulaies into 3 dropley

strusthire, leaving spaces through which st the organic acids and then bacterin can reach the eolhulass

and the arabinoxylan Gendceliuloser

{6890} The basie vonfiguration of the device 82 for safurated sterr weatmene shows o Fig. 13 can be
modified dn various ways, and g fow examples of such moddications are given i the following
Idengical or fimctionslly ’entical components having the same referense nos. are av shown in Fig. 11,

and their desoription is not repeated.

{01881 Fig 12 shows a configuration of a device for saturated steam trestment which iv denigued for
virtually continuous processing of lvose material, In this case as well, 2 container 3% & lowss material
106 i provided inside the pressurs contuines 84, but it is firmly installed in the prossure container 84, In
ovderto 1 the container 89, 8 prossure-tight alider 104 is oponed s that the Hzneous roaterial 106 falls
throngh a fumel 110 indo the container 88, When a sufficient amount of material 106 is in the container
89, the pressure-tight slider 108 is closed, and saturated steam treatment fakes place ix the same manner
a8 described with reference to Fig. 11 In addition to the components of Fig. 11, however, Fig. 12 shows
a reservolr 112 for saturated steam 102 whicluis squipped with 2 heater 114, Following saturated stoams
treatonent, the goan s roleased theough the cutlet Bag 97 and conveyed by prossure vig thie sonpressor
100 into the reservoir 112, After this, an additional prossure-tight shider 108 is opened ar the lower end
of the containey, and the cormminuted foose material 106 falls onlo a snveyor belt 116 & be transported

farther.

F101] A4 the lower end of the contatner 84, partioulady in thermal pressure hydrolysis, & Hauid mass
117 collects which i referred to a8 & "shury” and i discharzed through 2 further Hoe 118 and fod

through a Hne 120 i the percolate sirculation tanks {not shown),

F8I9%] Fig. 13 shows @ further enbodiment 122 of & device for satrated sicam treaient which i
speciadly conBigured for the treatment of bale nugterial, in preticular st bales 72, The configiration &

essentially similer o the configuration of Fig. 11, and will not be deseribed again. Howsver, the
ssscatial difference i that « spiks or mandrel 124 iy provided which has an wner cavity 126 and nosele-
Hke opeaings 128 connected t thisnner cavity 126, The tnuer cavity 126 i Huid sonneotion with the

supply Hog 93,

F183] In operation of the device R saturated stosm treatment 122 of Fig. 13, 2 straw bale 72 or 16,
vig the teansporting wmeany 87, which fn the cmbodiment shown comprise 5 rofler conveyver, inserted
from the right in the view of Fig. 13 info the pressure contatosr 84 and placed on the spike 124, The

presenrs container 84 s then closed as venad, snd the seturated steam 102 18 Idected vin the supply Hre
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93, the buney gavity 126 of the spike 124, snd the nozzle-like openinigs 128 inte the straw bale 72, This
allows the nside of the straw bale 72 as well to ¢tfectively come intp contact with the saturated st
Specifically; ss shown in Fig. 11, if the satwrated steam s fed wio the matenal Fom the cutside ondy, #
can happen, particulasly 4t the case of a highly compressed bale, that the saturaied steam does not come
o sutficiently contact with the material inside the bale. Insicad, the sir is compressed ingide the bale
by the highly prossurized stean, possilily without belog thoroughly mixed with the bot stean beoause of
the relatively short reaiment e, The nse of the spike 124 cosures that thorough sahuraded steam
treatment B condocted toside thebale 72 as well

b

[8104] Pinally, Fig. 14 shows & Burther devipe 130 for saturated steam treatment which comprises five
prassure containers 84 that ave provided with spikes 124 similsely to device 122 of Fig. 13, bit the deviee
130 of Fig. 14, howsver, the pressuss containess 84 are vertically arranged 3¢ that the siraw halevcan be
fed from shove with a crane 132 ko the prossure containers 84 The crane 132 comprises a trolley 134
and a frame 130 on which are configured an apper gripper 138 foran upper bale and » Jower gripper 140
for g bowet bale, Thus the crane 130 can grip two straw bales 71 arranged verticalty on top of each wiher,
et them o the pressare container 84 and place them on o spike 124, which for this purpose B

roughly twice as long as the spike 124 of Fig. 13

{1831 All of the pressure containers R4 of Fig. 14 are connected o the same pressure resevvolr 112 by a
condudl. In this case, similarly to Fige 13, the saturated stomm 102 i3 fod in cach tHme via the supply line

92 using the spike 124 and prossed through the straw bales 72 into the pressure container 84,

{8186] The improvement of Fig. 14 is designed for plant with a high theoughput in which the saiurated
stears treatmient can be carvied out with high efficiency;

3.4 Souking in persoelate or the like

{187] In the fourth aforementioned process step, the pretreated bales ave svaked in porcolate which
songinues a weakly agidic sohution Aitcmatweiw however, the bales can alse be soaked in a weakly
alkalme solution such as a sodiun hydroxide solition. After soaking, the hales are heated 1o roughly
A0°C, which can be arrled owt for exanaple by heathing the sttaw channe] 46 {ses Pig. 8) ooty wagts
twat frowm the gas spack-ignition engine. Bogking of the material after satirated steamn treatment and
bafore anserobic bacterial feomentation initiates weakly sembic preshydrolyais, which further
acncionxies subseguent formendadion by suscrobic bactera, o soaking with pereolate, the angerabic

bacionia are divectly at the site of the Heshomaterinl, which {s also advastageous

[E3G8] 1t is loaporiant o nofe that by vwang of the process for the comapdnmtion of viraw deseribed heve,
the roatedal in e fermenter provides a considerable gas vield with mnderate residence timey and
without requiting that additional enzymes, fimpl or yessts be added. The naturally present astd sontent
of the straw {ronghly 3 o 4% therefore aiso dissolves the solid celivlose and converts i inmto an aqueous
sobuton {autobydeclysist. The bicgeaie pobymers are chemisally broken down by the astion of the

organie acid andier biochenucally sphit by the action of bucteria into lower-molesular cémpounds



‘4

s
(2

S
243

pe
b4
peeg

k%
2

7
S

{monusascharides, amdve avlds, shortchain popiides, longechain fatyy seids, glvcerod). Thess
commponnds are prerent drwatersoiobly form & e ond of the phase:. Howevey this takes plase without

o

feqiinng cadvne, baclent or yoasts 16 be added St The Hodcows muaterial iy endiodinent &

sulsiovted andy o sutehydrabvsis and buoterial hydroelysis
RGN The svomuinution dessribed heve d detail serth the aforpuentionsd fawe prosess stops o Righly
sifvctive sad advantagsous i Bt is oot absolutele necosary e all Sror tops o be waed, and sl

3

procesing haviag faae of oudy aoastentiar ol dags, But ol atfesing Fementation of strow; caw dlse e

carpiad gut

1RHEG] With rospest o the proforrad chomical vomminution, saffiviont conwdnution of the Wraw san be
ehiatned simply by mixing said straw with solid andVor Bauid ownure before § i toiadacad it the
Formenter, becauss the wen contained thorgin can abondy macersis the Honle strastuess, R not even
sbonhdeby nevsssary Tor e shraw b b muiged with Hguid rastivs or aolid nisnneg befory fntvodustion
inte the Sosenter, g owy be suificentto pile T weay andoaehid owdectal ap Salionating oy i
thy Homanier, opticnally toterepeosed with lavers of othey vondignified renevable roy maderils, with
heoneed of e oppes solid mhoiire Riveey peontriting together with the perenlate fnte B¢ ayer of
fgmeous matetal, then ot bugt pantly releteing the Sat g stauctores. This congttutey an extvainsly

simpde exsople o oherseal comminntiva.

I Altbogh s prelorved skorophiry sibolines odoRn i the drawings dod deacribed i dotadl,
s ehonld be consdder pueddy a¢ an cxaaple wiieh by no rosaey Huits the soope of te wvention. B
shivaid by noted that caly e preboed sxnomplary caododinnent iy shown tad dosoribed, sad ol changss

aad axaiifontions, whivh currently o in the Rebere Sl within the soope of the hovention e protected

Listof Reforenes Nas

S b

iy Bivmass poswer plant

i3 Basicsoution

i4 Expaasion seotion

1% Formenter

i8 Fermenter Rescount

@ Fermeaner dowr

3 Flacteinhy and beat produstion syatam
2% Delivery sad loadiog sog

IR Formeonter Kresourt hall section

R Drelivoryand fvading aves hall sentivn

38 Tochdoalhseafiold
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Fibr gavskaage nalt
Pargodate cironlsthn faak
Scnthers tachdead wes
Northom techudoal sren
Rowi Hohty

Tholivery bunkey fur fesh wuss
Comvavar ekt

Frosh ronss bunkey

Supply ars

Bale delivery s
Commination arss

Interim storuge nak

Raoller conveyer

Bale chanayd

PHpestake ke

Balk vough B {3‘0;\:\3«,
Rwiteh for digastale
Cogpeeyor beit for digestale
foading stfos fordigesiae
Dehopdration dovige

Stexee haldes

Undersideof straw bale 72
Upparside of raw hale T3
Fiost st of bades

Becond setof halsy

Provie for sebiraied Soam frsatmdnd
{3

Frossure sontuingy

Hinge

Candral guw dstvibution storage wdt

Supply device

gl fnstaliation roon

Cnntetaer

Venttlstion engive fngalfathn rooms
g mechanism

> dnstaiiating roome

Exhaust oo

Buppdy Hne
Docking Mation

Supply wslve
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