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Concept for slurry separation and biogas production PCT/D KO1 /00553

Techni calweoh®4df the Invention In a first aspect, the pCaFgE«m/opFdenti on
concerns an anaerobic digestion of aninmal manures, energy crops and simlar
organi ¢ substrates. The process is capabl1e of . refining nutrients
conprised in the digested bionmass to fertilizers of comrercial quality. The
bi ogas and sCanceptfopahumy sapagatinreand biogagiptgduetiame present invention is
preferably integrated with the operations of animal husba [ i
total concept in which the internal and external perfor rramwmm{f’@”ﬂ%ﬁ'
husbandri es TechrnipaltFiekdsafdhe trwentiddi t i onal aspect of the i nventl on"I's"t he
.possi bl e application for disposing off aninmal waste in the form®t ani mal
carcasses, sl aughterhouse waste, neat and bone neal) etc. The waste is
refined5in t vea fitshaspech thepresentinestiomconcenisan arparebiagiopsianaipaimdiand. A
vpossi bl e content, Qf By B8 ARd ik Bifank/duBRfates. THbaRkTigkdpaplesiuced | f
not elim nat & 't Re Whol e process. e anl ma? roduce is in this concept
not used as fafiihgrnuignts eorhpriseddn theTligestresbiomess ghfeﬁﬂlzﬁféﬁp%’n@ew prions

' the. bi 5 : : . e _
6t i ned bi onddaitSHededdh At iEpatdiof TRERAIORIN ihe PRetiTnutone
not el i mi nat esprefesably skegrétei! mit dte operatinnsedfaninal huaRaNsIras o B Isi9Mons or
modi i cati Onggrtﬁémch 0 frtd AL AU R RHERRG s CR iR GhbiAds ABRACL S

relatedto t enen e ani mal" houses and 1 nclude 1 ndustri al

hygi ene, ani tinlisegel fare, control of gaseous and dust em ssions and food
safety. The external perfornances concern mainly energy production and
control of em ssions to the environnent of nUt\rbzi@lentFEi %_nd fgrc!e.enhpusqeﬂggasses
and t he sal e Gofe dddiflongLedpetiyofituoidventionis the rossie appiieation fen dignasingi way
for disposing of (122! : [ Jale} sighgl nventi on
Ammoni a stri %‘Blnﬁ%‘]%"%@kéﬁ%ﬁ@% ?gﬁlg@ g?_r'ic’rfg)%éas’ ?gu%\rg%%én% g'ﬁ@estri ppi ng of
anmoni a1§ r omboné ineragrete. fMheivestd is refined|in therant to frrtibzers talberpliedto adre has

for exanple begn No =1 t is Slib&hnia99&: Chacuk
et al. 1994; CBE%ﬁaF‘%R%'r%S‘gij%e?%%B’S‘gﬁq%g‘r'?d‘mim%réﬁwsﬁsz et by
nuni ci pal i ti emced ifnoeeltmivated af theavidld processj. &be apiona pragiuee isdh thig goroept
Amoni a may al so_be_siri . i iQ8 Hetep Melgisd pl es
as in the i n%ﬁiP??/Oe?ﬁ_{ogggr&q’ﬁg%rﬁﬁ%%‘% .O%EH%énﬁﬁagS'ErQi nciple for large

scal e stri ppimassifesterhiorthaplast incombinstion Wik tagdsexefitae refiged hiomass esief- of t he
wast ewater or..the rr Lt : i Il & ints&phat O

i ncr eas%(?pH. t%%re'?%{‘?:aé gforgg%r %@s?g&?@y@@(c%ﬁnoﬁéhr@%ﬁ% P’(O—I IThe Igi me,

however, is usdrdaleror anmans with BS&Hpriopaloe megificetionsiaresfce t he cement industry
and is therefore cheap and readily available as bulk ware. 10

The internal performances concern quality aspects related fo the management of
the animal houses and include industrial hygiene, animal welfare, control of gaseous
25 and dust emissions and food safety. The external performances concern mainly
energy production and control of emissions to the environment of nutrients and
greenhouse gasses and the sale of high quality food products as well as an alterna-

tive way for disposing of animal carcasses and the like.

50 Background of the Invention (AR
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Ammonia stripping

The chemistry of ammonia is well known and stripping of ammonia from different
35 fluids is a well known industrial process. It has for example been employed by the
sugar industry (Bunert et al. 1995; Chacuk et al. 1994; Benito and Cubero 1996) and



Where the stripped anmoni a i s absorbed and an ammoni a concentrate is
produced sul phuric acid is often used in the absorption colum. Sul phuric
acid is amMoipdwdsrial bulk ware and is available in a techUTEKOIQO3I ty
appropriate for use in absorption colunn% stripping ammonia fromslurry and
other waste waters (e.g. Sacuk et al. 15<1994). Based on the experience
gained in the sugar industry it has been found that the nost appropriate

par anet er vabyswiniginglitiqeaplseatmentofiandfil rejegiKChepngft al.al8§é)- AMmy¥aMaYo - 12;
and a liquid redtd i ¢ i ' In tA& dRBirP it
anmoni a fromag’?z)re rs@%qpt% Bif@h ég%ﬁp{yhlga?e/%iﬁéfﬂ%%e}% Nl?)cé@gsrrg?er val ue;>n g-t | ow
tenperature &tal 19¥perature 22C, pH of about 10 - 12; liquid gas ratio of
+1: 2000, 90% affectivity, 150 h operation (Liao et al. 1995). 25 References:
Benito G G and Cubero M T. G (1996) Amonia elinination from beet sugar
f act or y Sconddhs desic princpledobiarae scalei stiinning efeapaeniaisigeregsing g and aerat-

sZuckeri ndustr] e . , h isand
Buchiol 7 K (NGRSl by K yastunrab 1G5 by 1 S4REN Baonl o Catpuion S,
(12/1 S9~s PCls8Kldlih@ess3pH. Ctwe bhses mayhe epploye®RsuchuariNa@H«t KPH.(Theoq) A
mat hemat i cal .nnd iQn 0Pl EIRMR ni a
from condensgﬁaés ﬁgﬂ%???ﬁ%éb %ﬁéﬁ%ggpﬁ%&wﬂ@g %E%E%%ng K. ﬁng& ,Etr%haﬁwL.
M, and Wng isvheréfore thea) andmendily avzilble@siyliowarg. pre” treatment for
| andfi I* | eachate. Water Air and Soil Pollution 94, 209-221. Liao, P. H,

Chen A ,0 and Lo K. V. (1995) Renoval of nitrogen from sw ne nmanure
wast ewat er s WWhemtiomsteipped appionig is Brearbethard agammnonjstansantiate jsoWPeueRgy 54,

1710 20. Al kal i T robys r g; fin@i<BiES s
bef ore anaer &Hipé‘ﬁﬂ?a%gﬁo ”.@%'tﬁ%%%f’@?ﬁ\gﬁpgﬁ %glblf@ﬁévvgeﬁ%déehslgr_i béd in
the |iterat urkelk wag.andiis availableiika tédiod@) quality appsenviate fosuise inrhsption
pre-treatnment_ of nunici.pa 1 scal e
By carby AS, T Ry S SRR B el SRR B e

t her mal 1%r e- t1994).nent of muni ci pal waste at 20 60 C and a hydraulic
residence time of 8 days resulted in an increased nethane production of

52.1 % A simlar result was found by Tanaka et al. (1997}, the conbination
however with Bddedlon the dxmarieses ggiaed it the shgaytiedustry fidvasdeen fepngdhatyhe| d
(200% . McCar | . _hav . ' ¢ gdi i i at the
conbi nation o X?%@PEPQF‘E‘%?PC??%BE%F 95'%%?% 3@??%&@% ggsg’sé F ﬁﬁgﬂ’ag.@%m

subst ant i al | yabolh&0 p#2;rendeviiEiuid @as stian bf H80RIN6U affestivity. 12, and preferably
11 or h'hgher, before the chem cal hydrol ysis shall produce a significant
additi ofial gas yield. The results of Wang et al. (1997) shows that the

def aul t par an®drestrippirigusfsanirooniafoomslermsit isifowichiatthe eptimetparameter valpehat pH of
about 10 to 12 Ly.. 20 K bout 70 C
or mor o dur i rig"4oERE i mBkralhE 2R AT CbiAnd SERAF MRS o DT 171
S~)~s PCTI DK02000,190%a& ettivity, 150 h operation (Liao et al. 1995).

25 References:

Benito G. G. and Cubero M. T. G. (1996) Ammonia elimination from beet sugar fac-
tory condensate streams by a stripping-reabsorbing system. Zuckerindustrie 121,
721-726.
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erindustrie 120, 960-969.



Li Y. Y., and Noi ke T. (1992) Upgradi ng of anaerobic digestion of waste
activated sludge by thermal pre-treatnment. Wafer Science and Technol ogy 26,
3-4. McCWOW2P94E. , Young L. Y., Cossett J. M, Stuckey DPAT/DKEMNESHeal y
Jr. J. B. Heat 5 treatnent for increasi ng net hane yield from organic
materials. Stanford University, ' California 94305, USA. Tanaka S.,

Kobayashi T. Kam ya K. .apd -Bi,l da LS. 997 f t herno
cheni cal precp@@g{%nﬁ@rzmqﬁh@ngr{gg?d%lgb@l%‘g?ﬁ%ﬁa]%gl r\}/\\%glg?géfqré’tgqtned 10

sl udge. Wat eétri%@hg@smnﬁ@doﬁ@ﬁmgldfgamrﬁdiiia 708 cdhBensatery ZQrkeriNdgstde@il 1. | Har a
Y., Sharon C akipoto K., and Kato Y. (1997a) Studies on anaerobic

di gestion rreéﬁ%i‘gﬁ%: I nfl uence of pre-treatnent tenperature on
-bi odegradati on of waste activated sludge. Environnmental Technol ogy 18,

999-1008. 15 Wang Q., Noguchj C . K . Kuni Har a, .Y, jmto K
Ogawa HS |. @r’i‘é”%goc-\’.cr‘gﬁy'?bﬁ”q \5’@9@&%%@%%‘3%'? %trnlpgpg%%ilﬁoﬂg time on
vanaer obi ¢ di g@afmhedid?iarif tdabRatt el atdriiaind ShicRaiulowdeR09T2Lhni ques 11,
105-108. 20 Saszitation Sanitation of slurry before transporting and field

application constitute an inportant strategy for reducing the risk of
spreadi Ng z0Q;ROBEH. THENE! Hd IPKYV V(1095) Fatadw bEniRogerpiedra siMresmérurg.

Bendi xen 1999). Anaer obe di gestion has, g%rgoven egf ech%cﬁ@ii n?.rle Zg d{;gi ng the
nunber of zodvasteyeaiers By aMipenia stripping; BIOIREEROIAGY & &1PP EORINRIL % Yani sns

( Bendi x 1999, Pagilla et al. 2000). The use of Ca0 for sanitation of

sewage sludge has al so shown that Ascaris eggs and parasites (Eriksen et
al. 1996) and virus are reduced substantially but not conpletely (Turner

and Burton 1%@”.3@%5%{3%2&8}8_ Seg Bendi xen H. J. Hygienic safety - results

of scientific 1nvestigatio n Denmark (sanitation requirenments in Danish
bi ogas pl ants). Hohenhei mer Semi nar | EA Bi oener gy \Wrkshop Mar?h 1%&{ . 35
WO U2/ 1S ) ~5 heamalpkestreaimessef Bomeisk befere anaesphic digestipnps ajtpdiwlagy Whidhe)

I nactivation ) i rd.N9 PHNRL1002). iR sbritgRbRANERWgE

sl udge. ter'gkg@égﬁ'hggam%@gﬁbé;&d rP.l?gjlgalﬁl la K R ,) Ki mSH. Jq@and Cheunbarn
T. (2000) Aermbiteatniant obpuhisipahwastades alsodesns8d pn RCOMBRIEREFRIHPY swi ne

waste. Water @.ﬁ-ﬁﬁ?ﬁ@%ilﬁ’nﬁs&JﬁB’ 3. Turner C. and Burton C. H (1997) The

i nactivation viruses in pig slurries: a re view. Bioresource Technol ogy
61, 9-20. 10 Foam Foam formati on associ ated wi th anaerobi c di gestion may

constitute a \ﬁl%égyﬂ. @@9% QH% Bﬁouﬂ@?{aﬂﬂe@ﬂlai Hre-theREABR P riunicfpdd wWaberatof
substances for remnediation of foam 15 are commercial ly available including
di ffere@® pol§ate and phydrauls lesideacetime 2h8 day$ Jesuiies BidrviBFrERteLAPENte. g.
var dar - Sukan J39%ion JPUE 3. A BRI WY @Sy Palidka QEBR110U7) aRaI6amBis and
are often expensive and i neffective. References: 20 _ i o

nation however with alkali hydrolyses gave the highest increase in gas yield (200 Jo).

McCarty et al. have performed a series of studies showing that the combination of

thermal and alkali hydrolysis increases the gas yield substantially. The pH however,

25 shall be about 10 to 12, and preferably 11 or higher, before the chemical hydrolysis

shall produce a significant additional gas yield.

The results of Wang et al. (1997) shows that the default parameter values for am-
monia stripping under section 2.1 (the pH of about 10 to 12, preferably 11 or more,
30 and the temperature of about 70° C or more during a week) will increase the gas

yield.

References:




25 Vardar-Sukan F. (1998) Foam ng: consequences, prevention and
destruction. Biotechnol ogy Advances 16, 913-948. Floccul ation Cal ci umions
are a weWOKRNOWHS as nmeans to floccul ate substances and paPCirgikd/ogh#é to t he
formati on of cal ci um bridges between or g%ni c and inorgani c substances in
solution or suspension thus formng "flocks" of particles (e.g. Sanin and
Vesilind 1996). For this reason cal cium bhas been used for dewaterjng of
sewage sl udgkl B -(#Md4eike Ta&c%%\)ﬁﬁ“ﬁ@@?’??”?@é?@?9@8@@9" Qﬁ%’%@c’['{\’/ﬁ{e@. and
Novak J. T. ELG& by thEhRafirbeeafmait, WateriSerhc®Bnd MectiRlddyiasg3and de3s

wat ering of activated sludge's: Laboratory results. Water Environment
Research 69, 215-224. WO 112/1595 6 PCT/DKULl/fIflSS3 Sanin F. D., and
-Vesilind P. ﬁrcc(aﬂ@]?’l@)_.,%h?ﬁt i C GdsHele8:MASRItKS) Dat! eheHeail Jrrnae Hebat

under st andi n? bio flocculation. Water Environnment Research 6(18 927:,[933. 5
Decant e cenieaifentor élcieasinesmpthane visk e Sigansynalgrials caRptrd HaestY uges
*have been applyjieehid 94809 waper of industrial processes during the Iast 100
years. 10 Anong recent exanples of the use of decanter centrifuges is the
Novo Nordi sk plant in Kalundborg where all waste fromthe large insulin

fermentati onTyRasss ! RoBé;ﬁa%Ih?ﬁ.-Ka%@?}nﬁ}Kg;aﬁéj BManliudoe 8.919EmEfetedf by means

of decanter centrifuges (A fa Lava . The decanter centrifuges separate
the dry (sol ithgrmaehewical pisnieai@esi Qe apperpaistdigestion pf wasta @CWHY phase or
Lhe rejfet Walho!Waldtichte ané TOURRIIGYYM, c0@upgie 15 (reatment plant.
Experinments wth separation of cattle, 'pig and degassed slurry show firstly
that decanter centrifuges can treat all manures without any difficulties.
It has al so 0 ., 158 £ e8harbh U aGaIdrREMB Ve, KA IVYRdgel7y) St dry
matter, 60- ﬁ%&?é%‘f%’gfﬁa’nq&?m 14% of total N froma sYIrTErr t)gr evi ously
di gested t herigrop) aracrabi¢ Higestian mpchaniaye: '%ﬁm@rofmwﬁﬂmeméew%? &Yhdi ng
val ues for r%d%pwd%ggﬁ bOWASE Lhiite Sudtied EnViRdreneTRaTTWBRoIbE)IMY, 9994108B0ul d
y

be noted that on %o of total N is renpbved fromthe waste. 25 The total
treatmeffi cost has been calculated to 5 Dkr. per nB slurry at a slurry

vol une of 20. (0] Tone. 1l e LG a (i e WB$|$|AHeratMO| une
03 G2 RdREn ke KiiindBPRE Hikd WatdaRinsotdR 08

exceeds 20. 00 er centrlfuges are cost ficient and cheap

i nstruments Nor1Tpaindiupose offhvdraulisErtertiondime erpanaergdis digestianp Ple-trraiefer et
al. 1999). 3 ; f C esnd_tpga S W thout any interest to
) %IM&Q%@E&&EH@IBQW'EWWQ, $04-408. y

treat slurry 1n-a decanter~cen e, because it is not associated with
any vol une reduction or other advantages to the farnmers. The ammoni a | oss
followng field application of treated slurry may be sonmewhat reduced due
to an i Areas¥ditéiign |tration rate into the soil (Mller 2000b), but this is
by far sufficient incentive to farners for use of decanter centri 35 fuges.

WO 02/189-t~ Janitation of slurry before transporting and field application constitute an important
strategy for reducing the risk of spreading zoo noses and veterinary vira, bacteria
and parasites (e.g. Bendixen 1999). Anaerobe digestion has proven effective in re-

25 ducing the number of zoo noses in slurries but it does not eliminate these organisms
(Bendixen 1999; Pagilla et al. 2000). The use of CaO for sanitation of sewage
sludge has also shown that Ascaris eggs and parasites (Eriksen et al. 1996) and
virus are reduced substantially but not completely (Turner and Burton 1997).

30 References:

Bendixen H. J. Hygienic safety — results of scientific investigations in Denmark
(sanitation requirements in Danish biogas plants). Hohenheimer Seminar IEA Bio-
energy Workshop March 1999.
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Ref erences PCT/DKOL/ 11 0SS3 Mol ler H B. (2000a) Opkoncentrering at
naeringsstoffer i husdyrgadni ng nmed dekantercentrifuge og skruepresse.

Not at 12.Weépti#dber 2000, Forskni ngscenter 5 Byghol m Mol [PEA/THKO1B05532000b)
Gode resultater ned at separere gylle. ki nbl adet 25. august 2000. 10
Mol ler H B., Lund L, and Sommer S. G (1999) Solid-liquid separation of

| i vest ock sl . _efficiency_and fa.Laval S Oyl | eseparer.i ng.
Separ eri ngsr i‘ﬁjgﬁc‘%ﬁeﬁ“ﬁ@&sﬁié’aﬂﬁ%ﬁzi‘i’%ﬁ%" 8‘_/&'13@ %%F@%/ srﬂuph?qogt?rﬁewgsol ved
P is precipi tsidrege mlinmstredtemresivadeesivdder Wawi Rescadet 30,00261028 as cal ci um
phosphate Ca3(P04)z (Cheung et al. 1995). 20 References: Cheung K. C., Chu
L. M, and Wong M H. (1997) Ammonia stripping as a pretreatnent for

- ?ndfi Ll ea]gib@tllﬁ-K.\PaI rleirn Hi,ranamggﬁtbém ﬁ’oltZO_am) Asrodit th@%pﬂébncri] aﬁaé?ﬁavgnti on
of struvite formation It is_an additi npor t ant t hat the

preci pi t3t i odN§IOPERHERIMA BhSWiNe Waﬁtﬁewg‘?riéﬁ??ﬁ@i‘g% amﬁf ‘prevents the
-formation of struvite (MgNHAPO4). Struvite constitutes a significant

wor ki ng probl em in_ heat-exchangers, transport in pipes, etc. 30 (Kruger
1993). The n%ﬁ%i%wﬁﬁm@égéw%ﬂ@ww%tmq ¢s iprgplugies @ler  as
removal of a I8 11PBiypg process. The P and anmoni a renoval
prevents forma |'o]%10%) Blgl}té?l%{:l?g).l&g%dl}ggrm( 1993) Struvit dannel se i

bi ogasf ael | esanl aeg. Kruger WAsteSystens AS. 35 WO t12/1;95 8 Reject

wat er f%tration PCT/ DKOL/ Ul | SS3 Systens for final treatment and menbrane
filtration of reject water have been pre_ sented over the past 10 years in
the form of &agm nenbrane plants (Bi oScan AlS, 5 Ansager ApS) and plants
based on steam conpression (Funki Al'S, Bjornkjaer Maskinfabrikker A'S).

These syste ner.al | esult Jn.a 0S1.. ; -100
kT The i amerbpanen fEPC e luauteRtie GBSy ForRUASY sl BrOTY 1
slurry. 10 THemrfedemtratory thé farolentoes. dobaniverdf bybstéresss forl rantediatisn of foam not
nore th 50- 60% meani that field a i.cation of el i i case
dependsqgn coef'{%@%%%{?ﬂg%\(ﬁn% 'E .'ncﬁféjdr'ﬂ,geﬁ# it eoh&'%r%t glggtroé'sg%?' %g%’&er
due to the cadiffereetvsalits $ed/ Gardar-Bulan 1998). However, polymers may cause environ-

mental concerns and are often expensive and ineffective.

References:
20
Vardar-Sukan F. (1998) Foaming: consequences, prevention and destruction. Bio-
technology Advances 16, 913-948.
Flocculation
25

Calcium-ions are a well known as means to flocculate substances and particles due
to the formation of calcium-bridges between organic and inorganic substances in
solution or suspension thus forming “flocks” of particles (e.g. Sanin and Vesilind
1996). For this reason calcium has been used for dewatering of sewage sludge

30 (Higgins and Novak 1997).

References:
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35 watering of activated sludge’s: Laboratory results. Water Environment Research 69,
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ited volunme reduction. 15 However, it is inportant to consider and
recogni se the cost |level of these plants. It is also valuable to consider

t he ener gyouwdesHim the formelectricity which the mechani cRICTHIESHMNSS3
conpression gives rise to) i.e. about 50,kWh per tons treated slurry. This
means that nenbranes, under the assunptign that the water phase to be
filtered consists of salts and m ninmal anmounts of dry matter only, which do
not produce 20 scaling or fouling problens, nay be able to out conpete

evapor ati on §g6RMFODOHREVediRUE. @0¢ 15996??5 gares: Suddel 28hysicaingemical addel
nitrogen renoval in an oxjdation dit

Wat er Re sear 493-1500.
Blouin M, Binddiderstanding bie flogeyiation. Watergfmnrplyﬁg WrCP%Bé%% ‘obi ¢
-bi odegradatl on of organic nmatter of swi ne waste. Biological Wastes 25,
127-139. 30 Bouhabila E. H, AmR B. and Bui sson H (1998) Mcro
filtratifon opeﬁ%'itﬁ'(/%ﬁ"@rdugﬁﬁiélﬂsﬁ@?rﬁ@o’h {RRY¥H menbrane with air bubbling
-(application to wastewater treatnent). Desalination 118, 315-322. Burton C.
H, Sneat h RpgMinteMaitiffufesdRévelbeeh appdtitohumBer df indud@8B)rodessesdirif Ag 35
ricultural Engineering Research 71, 803. WO 112/1 S9~a PCT/ DKOL/ OOSS3 9
Canarro L., thedastflOONeashd Ronero F. (1996) Final treatments for
anaer obi cal ly di gest ed piggery effluents. Bionmass and Bi oenergy 11,

483-489. Doyle Y. and de |l a Noue J. (1987) Aerobic treatnent % SWi Pe
manur e: 10Phy s AcsmadResntexpmales eE the. ussuqﬁﬂegﬁr&%n ceprifiuges is fne Neyp Nosdisk plant

Engel hardt Nj, Kglhﬁéfb&é wf@?éjal\/\%ﬁg%d%é 1888 Inshi %r‘héﬁt'aﬁéh @ﬁlts@ﬂ‘bét@ﬂe
filtration into the acti vated d

sl udge process in nmun '8%] é\t}vﬁ e|
treatment. WAssrmepicipataludands Hewptesrdiymeans QZ@CQQ*@ caririfages wifay-ayal |
(1982) 'nveswg)atrhelaécmeﬁ Hﬁmtrﬁﬁ%&@éfa?eﬁ@ﬂfe’ﬂ?ﬂsdﬁﬁ ) Palershom tHe. sldh@elc@ul “tural

Wastes 4, 131-142. G nnivan 83) The effect. of aerafiop on odour
and solids owastes. whig theggatelp@?qsgpr&ﬁrpmcgwaiﬁgﬁlgg ip a qeveniipnal eY¥RdS: | . E.
and Harygnoeg. b éri’t%%)t Nitrification in rotating disc systens-1. Criteria
for tl‘af’lfltl orr? wom oxygen to ammonia rate limtation. Water Research 19,

11191127. 20 Scott J. A ; Neilson D. J. Liu W, and Boon P. N (1998) A
dual functi oy ;SE g@%m p%%%ﬁ fof ééﬁﬁé ST £ﬁH JER38E St R iRty ﬂrﬂ:deat i on
of high-streng stria Sci ence and Technol ogy

413-420. 25 sahtﬁaceptnmgespé@véat[a" m@nurﬁmwzihwtﬁny difigpties Ht hag a'S%Hae%odhouse

K. A (2000) f HttéNBO%b%t@ta@P, Yang
B-S., Muitt angélgwgﬂa the Ce%mqﬁgﬁwﬁgéaﬁvﬁﬁgm%g%%w |mcat| on @8‘;’ back

flushi ngin m%%l%ﬁ@%}d‘ﬂ fspm aglurey Pré&PEﬁ&é'Q& d‘FE‘?fﬁT?BI'%
259-266. Zal ojggoRubIi&oIottafaimg icbir8tfdnding \Em@é f& ra(vjéﬁﬁ@)frd?h pattle Qh@blg‘sl cation

by integrated filtration wthin the activate dge aemtlon ¥
Envi r onment a|wer@@ﬁﬁ@m@gplowr |t1§jwld1t@luptecgglat onIy 14 % of total N Is removed rom
the waste.
25 The total treatment cost has been calculated to 5 Dkr. per m® slurry at a slurry vol-

ume of 20.000 tons or more. In those situations where the slurry volume exceeds
20.000 tons the decanter centrifuges are cost efficient and cheap instruments for
separation of dry matter and total P from slurry (Mgller et al. 1999).

30 Under normal circumstances it is without any interest to treat slurry in a decanter
centrifuge, because it is not associated with any volume reduction or other advan-
tages to the farmers. The ammonia loss following field application of treated slurry
may be somewhat reduced due to an increased infiltration rate into the soil (Meller
2000b), but this is by far sufficient incentive to farmers for use of decanter centri-
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WO 112/1S9. ~S 10 Linme cooki ng PCT/ DKOL/ OOSS3 A thermal and chem cal

hydrol ysis at tenperatures |ess than 100 C and therefore pressures at about
1 atmreprvev2mi®sone option for increasing the avail abi | i tiRCTEKA1WESB
organic matter for biogas generation. However, the conpl ex carbohydrates
such as cellul ose, hem cel |l ul oses and | igﬁi n is not conpletely hydrolysed
by such treatnents. Fibres fromstraw, maize and other crops are not nade
avai | abl e f oReHREBRCESne f or mati on by such treatnments (Bjerre et al 1996;
Schm dt and Thonsen 1998; Thonsen and Schm dt 1999; Sirohi and Rai 1998).
An al kali |ime cooking at noder 10 ate tenperatures above 100 C is well
suited to reMger HhBs@080nPrkepeantreing PﬁB‘I’eé'“Q%Ftﬁ’ﬁe(EﬂBﬁ?dé’rgqpé‘B@rfB%%i tion
(Curelli et @bkarkdRéntrifdiany s‘RFLfe%Fessé.gﬁgtét 2 ajeptetiber200d, FHPkninbBESHter

treatment, when appliedto cellulose fibres fromsugar cane cut to 0.5 mm
(with 4% CaOBygb@m.C and 16 bar}, disintegrates the cellulose to small
-organi c acids as 15 formc acid, acetic acid, lactic acid etc. The nethane
generation fromtreated cellulose is thus as hi g{_h as 70% ,o& t he
cor r espondi n§'@lien tinB- GO0BR) Geeptaier med at sepagite g¥lis N@&%E‘ l3dgheP- Naser
1993). Al so, anggrgogb_ops can be treated in a |linme cooker, but at |ower
tenperatures. Tt has been shown that the optimal result was achi eved when
wat er hyaci nths were exposed to pH 11 and 121 C (Patel et al. 20 1993).
For mat i gn of fung@yb | 8hishy iRk riaplotlivebtoaky be
f ormed g? el é\{f/&g{aégn,téé%gragf ﬁé(gggl(%@aelrrﬁegylﬁgg?ygf@ %d?:?é%a?el et af. 1993).
However, t hi slysierticienay ardcosdt been seen at the relatively noderate
tenperatures used in |inme 25 cooking as conpared the pyrolysis (Azzam et
al. 1993). During pyrolysis the tenperatures are so high that the bionmass
di si nt egr at ed\ligileyat Ay éﬂ'eg%@ﬁ@rmga&%@ﬂ@@%ﬁ?mmWéﬁ?ed%ﬁ‘ﬂteé%ﬁ"mﬂ‘ﬂ‘?mnoxi de
but unfortunately also to PAH and other pollutants. References 30 Azzam A.
M and Nasr M 1. (1993) Physicothernochenical pre-treatnents of food
processihg wddpeecipdati®@hhanci ng anaer obi ¢ di gesti on and bi ogas fernentation.
Journal of Environnmental Science and Engi neering 28, 1629-1649. 35 Bjerre
A B, d eserbi%ovlﬁd’ [ES5ra8Hitsibq dimostinfe&dialiy: folRing Hédiffen oF C4 98idium

eat st g conb d

Pretreatnent o a raw usin I ned wet oxidation and al kal i ne
hydrol ysi s r ehosphate Gas(P6hk (ChewortpkdPPBIoS53 suiting in convertible

cel lul ose and hem cel | ul oses. Bi ot echnol ogy and Bi oengi neering 49, 568-577.
Chang V. S., Nagwani M, Holtzapple M T. (1998) Oiginal articles - Line
prey trdat nerftefefense®p resi dues bagasse and wheat straw. Applied

Bi ochem stry and Bi ot echnol ogy Part A - Enzyne Engi neering and

Bi ot echnol ogy_ 74, 135-160. Chang V. S., Barry B., Holtzapple M T. (1997)
Li ne pre-t r edehaung KofC.s@he ENYr a5 WoRgdyli *éd(1§§6)c‘r+@m0§tar§}"wfw & dPE:hnol ogy

Part A - EnzypeRegi BeBhifidesdhatBveitecAil Bnd 8bR oyl idn®a, 280-201. Curel li N.,
Fadda M B., Rescigno A) Rnaldi A C., soddu G, Sol fal E., Vaccargiu S.;
Sanjust E., Rinaldi A (1997) MId al kaline/oxidative pre-treatnent of

wheat sbsaw. BregsaRm PisRGNRbAAdNn32, 665- 670.

It is an additional important aspect that the P precipitation in combination with the
stripping of ammonia prevents the formation of struvite (MgNH4PO,). Struvite con-
stitutes a significant working problem in heat-exchangers, transport in pipes, etc.

30 (Kriiger 1993). The mechanism is P-removal through formation of CaPO, as well as
removal of ammonia through the stripping process. The P and ammonia removal

prevents formation of struvite.

Kriiger (1993) Struvit dannelse i biogasfaellesanlaeg. Kriiger WasteSystems AS.
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15 Patel V., Desai M, and Madammar D. (1993) Thernmo chem cal pre-treatnent
of water hyacinth for inproved bi onethanation. Applied Bi ochem stry and

Bi ot echnoV@gy1425 67-74. 20 Schm dt A S. and Thonmsen A. BCT(DKHYBYSS3

Optim sation of wet oxidation pretreat ment of wheat straw. Bioresource
Technol ogy 64, 139-152. Sirohi S. K and Rai S. N (1998) Optim sation of
treatment conditions f wheat straw wth [ime: Effect of concentration,

moi sture cont8Ife! WRE ¥fre¥Ment tine on chenical 25 conposition and in vitro
digestibility. Animal Feed Sci ence and Technol ogy 74, 5762. Thomsen A. B.

and Schm dt éystéﬂs(féﬁ@\%tré‘_é!fnbhﬁéndiﬂ&mbﬁﬁ?ﬁﬁmtatﬂf\ ochﬁént oaterhade beer prg cal
processes for production of bio e m sati on of

.30 esses andS@Hed a¥erdpe pasti19yesrs 'Brﬂaﬁjg’émsc’?pt I ?TW?F%R@PSE%@&‘%;S'; yI)Or o

Roski | de, Deﬁﬁ@édérﬂ« SYQH@EEM!S Hased Sﬁ%tébn’?combﬂékaw (I&nkLA/S Bfmink?wal M J.
(1993) Kinetics of her mal deco itio | ose SLn seal ed v ssel S

vat el evated Maég@fﬁbé'%kerféﬁ)r ABES&IYS, Q@‘W?‘B’l r@é‘l‘“ ‘Hr?cprﬁﬁ)?q BeRY PTY P
159-174. V\6h (130 19@ STHE plER8 18y fufthePnétl Ak tRET bIBskbéS biShianure Daepig

conventional use of energy crops is nmainly in the formof solid fuel for
burning 5 (WBlMIMYw as wood chops, straw or whol e seed) or as fuel for
engines (rape oil). On an exper| mental basis beets and straw is used for
production of ethanol (Parsby; Sins 2001; Gustavsson t aI %%? man and
Goodnari 01993 Thriiedyclion gl V°|ll'rﬁe QP‘I@é}edrPé(rtP?eoFP'a'i‘ Rés Wﬁ"l fqe fhed Prer gy

crops is w dgsphiRcthatbiPaRiestiontd the i @ﬁ@nﬁ]&asé—b@dﬂﬁe offcohdntiosalr i al as
wel |l as marine and freshwater plants is wel |l J{ q@d‘,\é{ﬁnaseel an
1997; Jewel | devices. Hemgethe%mam@a&naﬂc 'Ve‘%@h\g e B F ZWPear to
i ndi cate tha?tegqglgﬁ%guét%hrrent ation of energy crops is conpetitive to

ot her uses o iomass (Chynoweth D. P., Ownens J. M, and Legrand R 2001 ).

The use of energy crops is well m)tlvat ed. The use of straw is organised in

a way g whi ihpiebahl Vnﬁ%ﬁ?to@&h&d@féﬁdie‘é@grﬂsé?%(b‘éﬁﬂe@é) obthes€ planisolt is1
nunber of years to come.” The use of wood chops seens to g‘P'Pu ono cal and

practical vi dfovalyabig e @ﬂé‘ﬂ?rothe Snergyalsh "&BWJS'F% elgRiricHew
given rise t%e‘énh‘b&ﬂgreggbﬁgtvbg%e tol . éHd@l@Q@kV\ﬁbeéPftor&rt%alt‘ed?ﬁtm?ahiﬁns s al S0

i nevitabl e associ at e he use of fertilizers and rpE‘Stl ci

N-1 osses frormeans thatanersbrares sindesihe|assumation that the &alRiPRpsR lode ‘fﬁﬁ?ée 0
biomass. Ref %oﬁé‘iﬁ@%f@gl%an]d mﬁ%ﬂnél%rnﬁﬁmfﬁ atdrgma@tér bmlﬁu/wﬁcmwudsm@mbebeet s as

a regenerative ener versi t enhei m ricylt
Engi nee? ng é@ﬁ“ﬂﬁ@r%lll“mr%%‘émﬁdﬁay g’@?b@dﬂ&}lt %?ﬁﬁﬁ%?ﬁ%‘ir%ﬁ? Lﬁ‘@ﬂ lﬁﬁet h D.

P., Onens J. M, and Legrand R (2001 } Renewabl e net hane from anaer obi ¢

di gestion of biomass. Renewabl e Energy 22, 1-8. 30
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present di sp%merrﬁaisetn@rah%ﬁfcaaﬂydmlysng@dwe'iatu@s@émna@¢do°b(y ah@BHepdfort | Ng
pl ants which are licensed to process the anj mal cadavers. The cad rFgrs are

primarily usddesssresAtahart 1 8t mpreseats enerRigR L RAPASNG the availaiiy ofthe | y
have beef usegdqdfE rane fo?éloaﬁé géﬁ@%#%we?é}etrﬁrc%ﬁﬁiﬁx EPbolf/disie SsUbRR

stopped this practl se by a regulatory order fromthe EU conm ssion, stating
‘that neat andcebénge, hemicelibiones andlignizis nek campletely hysielysast By sush treals’

| i vestock seGhghis afikred HRATAAIVE ndizd §ﬁ@§t$n@ﬁcrbﬁs Er‘éﬁﬂﬁ%éd@b’i/aflém@fo? Wedth-
chal lenge to find alternative use of or_alternative ways

of di sposi ng aserfomatiody|suchiralmpants fﬁi?rée P'Sar']élgaﬁ fsfqhﬂﬁ‘l’ttanfjam@"ﬁ%éa%% of the

constraints iTResRH 4hd Sdhtidt 1%|Q90élr§rﬁbﬁ@R%91mF AN ARAIBIIAE cOOKIRY atMhddRs
possi bl %/;gpresent in the neal or other frac i ons of ani nmal cadavers

VO 02/ 149, 15 ats tqnmeraioes Ayved90Thds wel syted e senden these substeaies yailahle Ry
cadavers in GARyHY HeEGHhpIRBASURIREL A, 19@7@@5&@ &, 1t eduhgaklieisesd only

partly possible. The processing of aninal caderves in plants |icensed to
process such aninals is useually performed at tenperatures 5 around 130C,

Wi th pressurergg 9&5&%%5%vrpﬂraﬁg\.é&t@cauenbgé%@g frBfnr@?ch%f c:%Qe &itfo 0.54eA {with

conditions are not to in conventional biogas plants. The bel ow
menti oned pat4htGaQaR80p & anetl 6hep). ﬁ@ﬁﬁgﬁﬁ@smf’r%“p@ﬁ? tosmalhergppic geidgeg. 10

DE373774% dez%t)ﬂ'lle%ldaﬁ&t@%lcﬁ P8 aBHAS The netfidrd gutchslioRfiroth tréed€d bélluadded

to the manur amonia 1s stripped, said anmmonia IS absorbed in

a water sol utipﬁmlsdbl#ﬁﬁﬁ hohgs TP eldhe cpEespOnding AmeyRbeficagohydisiastas Rife t he
I nvention arey Iﬂégsedeégéﬂnbﬁ\‘é I‘@é/se?hb%)r ﬂfs@rﬁlﬁéﬁcroﬁg'én %B%b%‘éi iin @WRey ot her

things, to th at ment such kal i ne hydrolysis, welfare in
t he ani mal hoemlsgr butaﬂlp\o_f%ntﬁmﬁeﬁtur@ﬁét @@s lleﬁncﬁh@wﬁ th%tﬂa%%ﬁ"ﬂ@j resultARoni a in

a sulfur sol Uédh‘?&/e?tv\g@nﬂﬁaﬁéﬂ IWaEWtHsQDer‘éfexE@se‘artgbﬁﬂ‘f‘I 8FY £31°% [Pévd) re?alf ormation
etc. and the use o

ogas through a local gas engine or through a
establ i @ed pi¥)ine for natural gas. DE4201166 describes a nethod of
concurrent treatnent of different organic waste 20 products, in which the

wast e products are separated into three fractions contai ning
Formation of PAH and of substances inhibitory to methane bacteria may be formed

at elevated temperatures (Varhegyi et al. 1993; Patel et al. 1993). However, this
phenomena has not been seen at the relatively moderate temperatures used in lime
25 cooking as compared the pyrolysis (Azzam et al. 1993). During pyrolysis the tem-
peratures are so high that the biomass disintegrates directly to gasses as hydrogen,
methane and carbon monoxide but unfortunately also to PAH and other pollutants.
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di fferent amounts of solid conponents. Solid fractions are honopgeni sed
before fernentati on and bi ogas production. A nunber of aspects of the

i nventi orwane/1swas descri bed by this reference. This appli eCT/BKONYSBt her
things, to the pre-treatnent such as the gl kal i ne hydrolysis, welfare in

t he ani mal houses, utilization of energi 25 crops, absorbing of ammonia in
a sulfur solution, the precipitation of P, preventiogn of str vrte formation
etc. and t he aWagdt conveivle eelluinggiang heprcgilulgses. @I'fﬁ?‘ﬁ'@otﬂgyﬁ'? giyger-
establ i shed phpabige 491 natural gas. DE4444032 describes a plant and a
process in which slurry i the first reactor is 30 stirred, aerated-and
added line to pH 9.5 to strip ammonia. In the second reactor a salt

-contai ning f ands ANAQNAHTM., RbIEaRERM. T.91988y Oridiriat Srticlee —Slive pye-and
precipitate S‘(gtﬁali?tg Q; 5)é%er of as aggts of thr;t?’r n@entr on are notp descri bed

by this bef erféﬁ?é@ent‘nﬁrc?t?a”ﬁpldi»'@%ba%ﬁ@"@)t"ﬁéﬁt stravh goplied Biogherpistey 8pdat nent
'such as the aétethmogtfwﬂé@wsrsaz nr@ttgtﬁ@errna athBI&QbHFﬁJqu?WS%QWG' lization
of energi crops, absorbing of a ni a a sul fur solution, the
precipitation of P, preventron of struvrte formation etc. and WO

112/159.5 16 { ?ﬁﬂe D{1@GASL iR PSR afndrR GREWiIRSRBTI ne or
t hrough an estg%fr shed gl Hht@z or ﬁfatrupa rbﬁr:#n%EnglSO% wd'esgrr bes a

process in vamtledrlﬁthmlste' and Bigisenaleayna zymeFnginaariag apd Bigtedlr of
aspect s 4af thﬁob #bs oflo@r € not described by this reference. This applies,
anong ot her t m%}y fo t%e pre-treatnent such as the al kaline hydrol ysis)
utilization of energi crops, the precipitation of P, prevention of struvite

formation etc t f t G, .| Q@i T8RN VacBargluhr ough
an establ i she %Pg\lel Pﬁdd‘%ﬂ Bna:@t?regﬁéA h:5"%'10 EP0286115 degcrr bes ca r?ret hod to

producti on of ShiSegiast E.nRigaldi A () M @@'@Hﬂ%@"‘iﬂi‘t’e@é@ trgatgent ehwat siraws
containing fa b &5- ects of the invention are not

descri bed by Fhor%gés?%rpgﬁ%rﬂ%{enghégs gﬁl i es, anong other things, to the
pretreatl®ent such as the alkaline hydrolysis, utilization of energi crops,

the precipi tabb%ﬂvlﬁe%, 'Yﬁ)oca{’ %%amva?po 1905 ‘I‘Hérh% 1B R rEthenterd t he

use of biogas through a gas en% hr ough an est abl i shed pi peline
for natural gwster BrdBh dorimgeayved binse baf}ﬂt'ahtAMt'igd %l%‘«heﬁfﬁ"y anq Bigieetahe
stripping of g 69’ 74£arbon di oxi de and phosphat occurs fromliquid
manure. The manureé is transported 20 fromthe farmby tank cars to the

pl ant where the slurry is treated with hot air and by that partly stripped
of anmo an n rrivakk hye-l S heat ed
and Irrreni O?S agaﬁﬂrdpﬂ Sdél%ﬂﬁ}ﬁns%mv%qm%% amrlglhrggwrég&(slﬁﬂ:éggeed and

cal ci um phospheatgenso Mﬂ&ﬁé@ﬁavﬂh@osﬁsﬁw&ﬁé"@cmﬁﬁw% i189=182or bed i n an acidic
solution by the formation of ammonium salt, which is dried and utilized as
fertilizers. A 25 decanter centrifuge is used to separate solid parts from

the slurry. ASHomiseK. ahd M%chU@?&Q@W'ﬁMQ@ﬁaﬁﬁ*@ Fepditinsefiwhedt $AW hi s
reference. Thhﬁtgfrﬁ’@l EfiSot of nBhiRS, ntd'ﬂttﬁtﬂ%on{eﬂt A OsthReht ARk BRRhemitah as

t he al kal i ne hy sis, weltare In ani nal houses, wutilization of

energi  c#ops) cppeaifian @i ifvite ¢'9®ﬁt@é‘t>‘f 6‘f‘tﬁ‘%ﬁ| Fepd Seienceard faennelogy - Bogas

t hrough a Iocg _gas engine or through an established pipeline for natural
30 gas. ES2100123 describes a plant and a process in which liquid manure is
cl eaned. Organic conponents is degraded and precipitated solids is renoved

by decanter cepbhkédigaii sih sdiifidt Ads (oo Fastledddveidh naér\@ofaqeﬂﬂéeeaddlbmthe
| and or is further cleaned by 35 aeratr on and b{mt hat s rip anmoni a.

The cl eaned | ilegifaipiosesfosdet rrgdycsion ohRicethanolygp EP!E‘B@Q Are-t Batfert prot:

30 esses and characterisation of products. Risg National Laboratory, Roskilde, Den-

mark.

Varhegyi G., Szabo P., Mok W. S. L., and Antal M. J. (1993) Kinetics of the thermal
decomposition of cellulose in sealed vessels at elevated pressures. Journal of Ana-
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PCT/ Dk(1 1/ UUSS3 purifying plant. A nunber of aspects of the invention are
not described by this reference. This applies, anong other things, to the
pre-treatw@he/1394th as the al kali ne hydrol ysis, wel fare i nPCR®KMI0NESE
houses, stripping of anmobnia at an early at ep, utilization of energi crops,
prevention of struvite formation etc. and“the use of biogas 5 through a
| ocal gas engine or through an established pipeline for natural gas.
FR2576741 describes a process to the production of biogas by fernenting of
l'iqui d manur gepefd)ecrep iidge 1s treated with line and precipitated conponents
is renoved. A nunber of aspects of the invention are not described by this
reference. This applies, 10 anong other things, to the pre-treatnment such
.as the al kal iThe aepyeniionsl use qiEeneigy LIPRsHS BRIy tHe fermugfsolid fus! foF BYINBIS at i on
of P, prgventiypbwes vidddHdps, StfEiwitile Sé&i) ofBE fifdifor¢ngines (BpOeMsSOhmough a
| ocal gas engine_or through an established pipeline for natu ral gas. 15 GB
2013170 descreXp@dmentsl kagis berls andralraw i used feraundugtion obethpnelgBarsby: pilke
first reactonghheceétaaition el _f'?fQgﬁ!wyrﬁaﬁﬁh&‘GBbQMaﬁﬂ@gﬁ;Q@cﬁoﬂggé). ff aké on i
removed. The liquid fraction is diverted to the second reactor in which an
anaer obi ¢ dedreds &f therwerktihedisgiof Aneray ciops dividesrread ang sukifet to auich fenunber
of aspects OfsghRf Tﬁ‘é’ﬁﬁé bPi%rr@&lﬁalr%[wélﬁf&%bﬁ?@ar@d’frééﬂm%téﬁlﬂt@f% I dbelsS

Ings, tothe p as t

appl i es, anong ot her t re-treatment 20 such e al kal i ne

hydrol y&0s, weerited (Cunasenand9okalewstetak 1993 Japyis shaloto9ZmBemestudies | | zat i on
of energi Crg id ?ﬁcfge‘é‘?%ln‘aiba@théttédé\éwb% fe%ﬁﬁbt.anoﬁér%fq@ﬁg%g .Q%a@ét;%

bi ogas throu as engine or through an esta pi pel'i ne for
natural gas. '@Phesnges of kiewass Edwnewetbilth &t @weps dVic and bpgrand Br 001)ser s
frommanure. The liquid 25 manure is added substrate fromthe biogas
production together with Ca0 or Ca(OH)2. The stripped ammonia is collected.
A nunmber of dgpe@esnf energyecropsie well oretixatednbhe rstrewds pyganised i 2@yence.
qhis apRs! es wiiPBBbabl) Hiakel g Bractifh & BEnepBld BALLBb: 8 HGMLE%rBEsAbKal | ne
hydrol ysis, utilizationh of energi crops, the precipitation of P, prevention
of struvite feomeatlhetiseof woasahenssegns tobelsicopemicatansuyactical ialie. 1geis- 30
engine ot Niputlh i BRdSAPMeRIRE HaRE niObivBAYE B ofiRa bk A2 HEY
descri bes co-fernentation o arvested crops and organic waste wth the
product i on ofPredusier of grain aereels islse Mevitahirjastosiatedwith theruseof tedilizersnunber
of aspects Ofgry sii&ﬁ@@éh&ﬁﬂl-l@és@s%ﬁ ﬂ@%u%fdsbﬁ‘?s Do idak ﬁurrirg]tﬂé%ﬂﬁﬁweg Fhe .
applies, anong other things, to the pre-treatnent su as t al kal i ne
hydrol y8Ps, Wiemassati on of energi WO 0211 .15 18 PCT/ DK111/1111 SS3
crops, the precipitation of P, prevention of struvite formation etc. and
the use of biogas through a |ocal gas engine or through an established

pi peline for e@hePs gas. US 4. 041, 182 describes a nethod to production of
ani mal foodstuff fromorganic 5 waste. A nunber of aspects of the invention
are not described by this reference. This applies, anong other things, to
t he pre-treatBaskt)- Sadarmaentetion <§|llnwﬂim?éur@/am%g9%ts as ajegeneraliveeney. Bhkr gi
crops, phe prRgdific MohBRhin, Bep PAGHEIRIARPENGhesting WHdlAhihal PRBbIHEn Sb&. and

t he use of biogas through a | ocal” gas engine or "t hrough an established

pi pel i ne for seBalgoaIMYaisatiorn US 4. 100, 023 describes a-plant and a process
to the production of nethane gas and fertilisers. In the first reactor an
aerob degradation of the honopgeni sed nmateri al is%ﬁerforned. In the second

react or whi cHehygowetxlrdP.. SwensaeMopndd goeanstR-JR0QHRenewabledpetbans Befict i on

occurs. Fertiériaéﬁfb'fcabsstwnq#%%sgsRéﬁ&vEmksEnéﬁrgg@_ﬁpﬁr& of aspects 15 of the
invention are not described by this reference. "This applies, anong ot her
t hi ngs, 300 the pre-treatnment such as the al kaline hydrolysis, welfare in

the ani mal haggREsecBh V. IRi(16079 AnBETTBRI dlgestibh bf BiBfna88fd? metsietro®icBs: A
.prevention of struvite formation etc. and the use of biogas through a |ocal

gas engi ne or'eVigWoBigAass angBigenergy 13, 83-114.

Gustavsson L., Borjesson P., Bengt J., Svenningsson P. (1995) Reducing CO,
35 emissions by substituting biomass for fossil fuels. Energy 20, 1097-1113.



| i shed pipeline for natural gas. 20 US 4. 329, 428 describes a plant for
anaer obi ¢ deconposition, in particular material fromvarious green plants,
and the 4O 0@fisHHRe produced biogas. The plant is based on RITOKWEAOMS0SI ti on
and caused by nesofilic or thernopile ani robi c bacteria. A nunber of
aspects of the invention are not describ by this reference. This applies,

25 anong otherthlngs to the etr at ne e al kaline.

hydrol ysi s, t’ﬁ‘é‘%Wl Jo fiuymipes ﬁP%\ﬁ DE‘HEPS& Z‘g?ﬂ?ﬁ%me@??"&rferﬁ‘eﬁwe%i on of
struvite for @b &b maislrh BenvessorPkinBicaaR® i bitwbisBagiplrifieatiorg Boreagi ne or
t hrough an estab |shed el ine for natural gas. 30 US 4.579. 654 descri bes
a plant and ansmgxtgfﬁ Gce biogas fromorganic materials. Solid
-materials are hydrolysed, acidified and fernmented. A nunber of aspects of

the inventi on are _not described by this reference, This ap @ @g anong
ot her tHi ngs Jaris Andlopikerg fe ittt T-s Yakhiesenttheand Ruanssen By §§)i - el fare

‘in the aninal Hvsnt e 8Rdaiio® BESdbaltCr OPS,
prevention oiprstruw {)feéff:;FdsQI&'ldWera 1s9 %g%&bt&?ﬁ&w 19 mation etc. and
the use of biEhnass abBIGANYIY A8 453K engi ne or through an estab |ished

pi peline for natural gas. US 4,668.250 describes a process in which amonia
is renoved fromthe liquid 5 fractlon by aeration. A nunber of aspects of

t he i nventi olkughd. HothQé%/WWe%dV‘b(ﬂ99%3‘%@9@#‘@%@994@?@ BpeveRK, a”&rﬁi?lg
other t{4 ngsmid drBGudtbR: BIbRALIBRY BRERGIgRI4! e3-gddal i ne hydrol ysis,
utilization cr)\}J energi crops, the precipitation of P, prevention of struvite
formation etc. and the use of biogas through a Iocal gas engi ne or through

an establ i shed, glipel Ha Bgén&@fa rBlierd2snalyt@r bRskbnéRR eﬁ'{éﬂgtég%ﬁﬁd tresppartp! ant

for anaerobic d| estion animal manure ‘and the use of bi ogas produced
by the procedy¥. 8Thtajsngderdbsudspgdtiskaiolenampiesinslityh caused by mesofilic or
t her nopi | e anaerobic bacteria and utilizes a focal gas powdered engi ne

equi pped with a generator. A nunmber of aspects of the invention are 15 not
descri b#dl by SimsR.rbie(200e . Bigenesgwap plrersvabigeargon sinkrRengwable Enesgy B8, pre
treatnent sucfy $§ t he al kali ne hydrolysis, the stripping of amonia, the
precipitation of P, prevention of struvite formation etc. and the use of

bi ogas through a | ocal gas engine or through an established pipeline for

natural gas. v’égmlﬁééiéik @%%dﬁ\%ﬁ@rub@gg@msfemﬁaé fbfa%anaranmué@nure The

manure i s added water an he mxture is acidifie quid . is renoved by

st eanpr oduct iahemices and E@&Tﬁlﬁ g biemess dhrpiied ﬁl%hamw@w al“ézﬁi‘?tﬁ? %‘Rﬂytqgeat ed
anaer obj g Pl ggluce biogas. The fernented liquid is fraction is then
treated by an aerob process. A nunber of aspects of the invention are not
described by this reference. This applies, anpbng 25 other things, to the

pre-treat ﬁentsm*b%ah@ﬂumgh?éysm Y o8} Yﬁé §naéi‘6ﬂ>|f:%§tnﬁéhtbh§h§ﬁb mal

houses, stripping of anmoni tion energi cro preventlon of
struvite for mealibleaicaubstraipefiering Iﬁ%eenaiwrabpld@éaﬁewmﬁ'tsa %38%1 CigREe AMYi ne or
through an estainbioghed, #-8¢/ ine for natural gas. 30 US 5.296.147 descri bes
a process to treat rranure and ot her organi ¢ conmponents. The organic waste
fermenté8 and is then nitrified and further denitrified. A nunber of

aspects of theqlidpyert, 'Wikn@AeBBﬁ% ?@I QSkeFI)hNSaﬁdEIQ rnRerR. JTgB3gppl i es,
anong ot her things, reat nent such as the alkalinpe E&d mﬁSl S,

wel fare in th@@and M‘P 5ﬁ6ﬂ§§§er°§*9|f'lt‘fc‘f§i'9@t'8f' ohagriswitdral yastes. 4y ner gi
crops, prevensy RRa&bbRIDiYYEtbR, pp. YE5-870, 158kton KA (76839). D KI1 1 /00553

30 Dugba P. N., and Zhang R. (1999) Treatment of dairy wastewater with two-stage
anaerobic sequencing batch reactor systems — thermopile versus mesopile opera-

tions. Bioresource Technology 68, 225-233.

Ghosh S., Ombregt J. P., and Pipyn P. (1985) Methane production from industrial
35 wastes by fwo-phase digestion. Water Research 19, 1083-1088.



formation etc. and the use of biogas through a | ocal gas engi ne or through
an established pipeline for natural gas. US 5.389, 258 describes a nethod to
product i &¥0 8%/1Bibgas from seni-solid and solid 5 organi c REIMKOIMFEnber of
aspects of the invention are not descri b;t?ﬁr'i by this refer ence. This
applies, anong other things, to the pre-treatnent such as the al kaline
hydrol ysis, welfare in the animal houses, stripping of ammonia, utilization
of energi crops, prevention of struvite formation etc. and the use of

bi ogas throughn&.| SR Sgasd BAGILIR. Rf(1DDVPUth@'atue§-pB§HddemérdbldEi]¢9mnf or
natural gas. 10 US 5 494, 587rﬁescr|bes a(g EEI‘ E%Qé‘&h %5‘2 alytic treatnent
of manure i nel MAFRYAICEAYAYS VR BRIENGE AR é;-@ y PO A nunber of
-aspects of the invention are not described by this ref er ence. This applies,
anong other t hi ngs the pre-irea nt such t I i hydr ol ysi s,
vel faredin tﬁ@"%gﬁ ?ﬂ@ﬁg’é’gu'“%k E m@qyp %%S%Qﬁhﬁlg Egﬁnﬁ‘&tﬁl ¥
‘ener gi  Cropsef fhfARIM &Y Mlethdlds be'rérﬂof/é]rdmﬁhd};ﬂfééﬁa%robﬁ’d‘lﬁeétm@nuﬁ o@ftrybi ogas
through a | ocal gas engine or through an established pgge i he nat ur al

gas. US 5.52mapute. dader] dhesnienl feranolomornipiechaplogindl P8nile- di gestl on of
organi c sub strates under thernopile as well as nesofilic conditions. 20 US
5.593.590 describes separation and treatnent of |iquid and solid organic

wast e fol | owHagsen Keldarwaridakil. Aneg - (1228) AoarrobieiigestioppiFWnaeer on i s

fermentigd W hire: MABMPACAhRBRAl Wt FessehRinl 32080 2Dy renovi ng of
precipitated solid conponents, which partly is recirculated in the process.

The solid fraction is treated in an aerob process 25 and is produced into

conpost, fer kbkha’iﬂérﬁl\/p(w@ﬂ) pBiforhRPes bihigh-sBRds arﬁerdtr@dlgéﬁwcpe&éas Qeasr

conpri si ng net hane and is reuse to the reduction o H |l evel in the
li quid fract VaiPusanmenia copeiitistiors Jowse| 6§h%"'ﬁ?'J@PHFQ'%&V@°$3'8WPhﬂ ui d
fractions e.ggyBYy yglgganter centrifuge, and ammonia is stripped fromthe
liquid by a plq-P,of 9-10. Reject water can be used to clean stables. A nunber
of aspé@ts of the invention are 30 not described by this reference. This

appl i es, am%r@[@eNo%hbmgﬁ,K tl@hrﬁﬁb%uﬂ\'il eHa?é“(”‘P@kmﬁit@R , Syah2eH.al, kAl 'K'&?o

hydrol ysis are | ani mal housés by use of straw, stripplng

amoni a_ bef oVe (109} flugresuridydelic (atentiopdimeen apacspli gigestiae, Pr?rF"é@*@Ht i on

of struvite g@@@tg,%cﬁﬁgeg@mh}\megw s-pp®gas through a | ocal gas en
gi ne or through an establisShed pipeline for natural gas. 35 WO 02/1 S9dS

21 PCT/ D KO1 /00ab3 US 5616. 163 descri bes a nmethod to treatnment of manure

by whi cipy ni t al systérhd fof 8RinlaNcadery gtduction of fertilisers. Liquid
manure i s added C02 and/ or CaS04 by which ammonia is stripped. A nunber of

aspects of the invention are not described by this reference. This applies,

anong ot her trRRESdent Qishbsal BySterh F&dnimal cadldGérs #SorgBRised BY KeistaEind phR! ySi s,

wel fare in the ani mal houses by use of straw, stripping of am
which are licensed to process the animal cadavers. The cadavers are primarily used
for production of meat and bone meal which traditionally have been used for anni-

25 mal foodstuff.

The present BSE-crisis have stopped this practise by a regulatory order from the
EU-commission, stating that meat and bone meal cannot be used as animal food-
stuff.

30
The livestock sector and associated buisnesses in Europe thus face the challenge to
find alternative use of meat and bone meal or alternative ways of disposing off the
meal. However, this is a difficult task because of the constraints imposed by the risk
of spreding BSE prions or other prions possibly present in the meal or other frac-

35 tions of animal cadavers.



nmoni a before biogas production, utilization of energi crops, prevention of
struvite formation etc. and the use of biogas through a | ocal gas engine or
t hrough MO @Y13MS | i shed pi peline for natural gas. 10 US 5PES@®KIIDOFSscri bes
a nethod to treat manure by which nitrogﬁg is utilised in the production of
fertilisers nore or less by nitrification® A nunber of aspects of the in
vention are not described by this reference. This applies, anong other
things, to the pre-treatnment such as the al kaline hydrolysis, welfare in

the ani nal hm%eWMéaﬁaﬁa‘bcﬁferraw o‘ifahirriélvb@dhv@fs iAoRvdraiohalftiigaslagas
production, utilization of energi craops, prevention of struvite

fornation et €ertainly rtoﬁédY}%Qii"%‘F"do‘F’ré%&@”'b’WP%ﬂB'ﬁ th esesSNOfANIgR!£898Ves hr ough

-an est abl i shed RhRalcbgdft8pratabsisadh Qﬂﬁalsh@u&xﬁﬁ@p&ﬁnﬁ@%ﬁérﬁ%a@r@ner al
procedure for ana c deconposition of or g_s subsirates to %as S.
US 5, 6815 481 arsynst 'ﬁ@gcﬂ"f@ RIgEPUIB AEPUDE 23 Bar Wi %th%Q“&'"ﬁﬁﬁfc@s@' - RHCA N appa

‘ratus to st abighlifibhgar@inotlotd tbund-in@nventdAdBslodss gdmts_ 12 and the mass is
heated to at | east 50.degree.C for 12 hours. Anmmonia is stripped, and is
ei ther discharged into the atnosphere or recirculated in the system

A preheat chafasfelow AlenfiSheldS RS ar® pi@ht ap%ﬁcéii%ﬁ@'fﬁrﬁf pRESHthe bH@adrt.on as
well as mxing of the sludge to keep it in a liquid condition. The sludge
is spread to |l and. A nunber of aspects of the invention are not described

by thisygefer h A®BBréteBe o 4t f NOCADEs RiRltb @ ment
such asﬂzhe %&Tﬁ—%—fu%ﬁg%s??mael gjrre |no hg‘bma??ml houses b%(ﬁuse of

straw, stri pHFWFGPYWﬁBﬁh%aES'@TQS‘F%'StﬁWP@QQ sAGANBONGIS ahsorPed Ky 3 WASHT ener gi

crops, pr everhtdllﬂ*an(%nt%f?] r%tﬁ)}deci&lcfébdem%be?bﬁasp@&% 6fhﬁ‘e hSEntin b P8RS
t hrough a | ocal gas engine or through an established &gl i ne for natural

gas. US 5. 74edegmb isseferencpy Hie agplies. amprhotbeylhings. R45e 8rq-teatmeat ed in
a thermofil anpRrRhhd SRAINE gﬁ@lﬂs&%lf@ﬁé ih H’féaérﬁfﬂalthduge@l Uimsioh lof 8R&ar ob

reactor. In bOt reactors roducti on of nethane as occurs. A nunber
of aspet®s ofcreps abwbmu%ﬁmmlawlata sulfyy g9lutiopy thesgegigjiaiion sl m&ntmfé%s

described by §trthﬁe fd?rfnﬁfl&f‘@t@ an-ﬁhhé u§8 Bf | bl@?:as RAPRIGE 0bEA gak BhG@s or iod

pre-treatnent such he al kal i ne hydrolysis, welfare in the ani mal houses
by use of st rWStQI?‘!Sh%P'ﬁg"f@fth%ﬁ' aa%efore bi ogas production, utilization
of energi crops, prevention of struvite formation etc. and the use of

bi ogas through a | ocal gas engine or through 5 an estaplished peline for

natural gas. DEA201166 dgs@ibgsadnethed Ofac%‘PBr(f@?}éreﬁFﬁn%m oF fliffereny; P@agﬁd"’%%‘? id

or gani Cogast enlygudts ruﬁ'ﬁrﬂfcﬁ@hé hstb deL%tsﬂﬁﬁ%EbéraférdQﬁt%&ﬁre%rfﬁécbW EPtaifing a
t her m)fl pr ocess. I'id nponents 1S %Ilgér,apse and acidifies. A nunber

of aspects ofdifferent ain@mt$ @ﬂ*ﬁoéiﬁ E0MEONeRs. tins a5¢ hpmogerigedbeftederThi s
appl i es, anongepiliss aﬁd"blaﬁa% prbQudtidR. Rembeeaf 45pBEts ¥ He iAverition afd K@t'déﬁe

hydronS|s wel fare in the animal houses by use of straw, strlpg?gﬁ
ention

amoni a bef or @rbﬁééﬁéh'ﬁf%@ﬁﬁﬁ dAis apAlies, faiqnsrpﬂaﬁr things. & e Rypdrea

of struvite fgidneddtRE alkbifine RAfbIYIRE vietareth td agmal MUs@gghmaatldncmlene@ engi ne
or through an established pi'peline for_ natural gas
g crops, absorbing of ammonia in a sulfur solution, the precipitation of P, prevention of
struvite formation etc. and the use of biogas through a local gas engine or through

an established pipeline for natural gas.

DE4444032 describes a plant and a process in which slurry i the first reactor is
30 stirred, aerated and added lime to pH 9.5 to sirip ammonia. In the second reactor a
salt containing ferro and a polymer are added to neutralise the slurry and precipitate
solids. A number of aspects of the invention are not described by this reference.
This applies, among other things, to the pre-treatment such as the alkaline hydroly-
sis, welfare in the animal houses, utilization of energi crops, absorbing of ammonia
35 in a sulfur solution, the precipitation of P, prevention of struvite formation etc. and



15 US 5. 782,950 describes fernentation of biological waste by a

honogeni sati on) aeration and heating of the mass. The waste is fractionated
into a | VAVYIHY a solid fraction. The solids is producedCrik)1d6sPBost .

The liquids is fermented by anaerob nesofil and thernofil process with
production of biogas. Reject water is redfrcul ated 20 from the bi ogas
reactor to the honobgeni sation process. Reject water fromthe biogas reactor
is treated i fheusst efmiogas ol atacehoas:enaing e thiawgh Anesiablisheskpipaibeders of
the inventi ofaf§ gaet described by this reference. This applies, anong
other things, to the pre-treatnent such as the al kaline hydrolysis, welfare
in the ani mal houses, stripping of ammoni a before biogas production,
wilizatlon e 98es 63(Hé§9§bﬁspé GrE885AR it arfinofielid ibged Rofh el c. and
t he use ocal ggas engl ne or ﬁoﬁg'g an establ i shed

pi pel i né for mﬂmmaﬁnlgn@er afisspres gmvgawransé@t desrsbad QY this faferenck:

“past euri sed @ﬁ% S5 R QkdiRk$wvd pH of
t he organic ﬁ(g' Elg%sa‘ﬁgﬁr@ F"r%@%@%eatet aﬁ;&é%g\%E%S degree%g - en the
green pl ant msist efilization ef ma:rqna the preeipitatign b Pypreventiontas strivitefpamation
fermented. A h QY this
ref erence. Th%ggggqlgssg arm‘%t@fo #gl gggé n?ﬁ@h%_%ﬁ}%ﬁd&b@ﬁ:ﬂe such as
t he al kal i ne pipelineforsiatirahgsist are in the ani mal houses, stripping of anmoni a
bef ore fy ogas production, prevention of struvite formation etc. and the use
of biogas 35 through a Iocal gas engine or through an established pipeline
for natural @&RO28611 e beDa 1B:ING! PETAdItion PlRieEs inytichepanureds a@qur| bes a
met hod to st ah p Y& 8fd ihyeiiggr ob

B ocess. A nimidy ol RBefioNE -ty KU A bR ofadhBlE o e Iy dtiof <
reference. Thire namﬂacalsed awnthieyeterenge. Thisregplies, emong Oﬁteéihlmgﬁattmﬁtpf%uch as
the 5 al kali | e £b
anmoni a befo?'ge E*%qg%é‘x’%é I‘g'%?‘ﬁfh'% %t’ P@Ir%lao struﬁ%mpf% n&ﬁ%gﬁt etr(‘: an
the usel®df biohFaprevaninngdf s@ruwtﬁ:f@rmgm efingindghe use b kiogas tarpugbtadbﬁalgﬁéd

pi peline for er;‘%[ lél‘quthrg haHgst%bﬁ’s%d%ﬁhﬂ& I’nlaﬁﬁé smethod and a stystemto
treat manure W ozon uces aerob and an anaer ob
zone within the material. A nunber of as pects of the invention are not
descri bed by ARA; t B bflial B5-
pre-treat rrentli@ugc%ﬂb—?sa%%?ﬁg I neﬁ'ﬁaéJ gl S, thﬂi%?épéﬁét I?;?nl Ir?a

houses, stri fenrtioxide ammﬂsaha@oou@ mro@quyd prasaes h@marwr%xsémnswees#
struvitsg, forr;xfgmb dhe Afe LI Red ¥ad hobds afdgy Ne or
through~an es Q%st K?%ﬁ( I pe olutﬁg g}%g%urgtsu%@‘l@ﬁ% e6 1710499 degg{:rl bes
an i nproved rtbaimantlststrubmdﬁmm@ndané@arhﬁn&lmﬂdm be remainingpertef thenduigst e
s anaerob digastef hlithet 80U foQH 26-13! AOAAILN MRS Brnfortd islstrfRddlafaa gas
turbine in co rnation wt gas ferrrented mat er

dehydr at ed 2GCcalgiem phesphairiigdoineddiThe stripged arrmnqmﬂ:isr&@s@nbieém a aeidlic salununber
of aspects OftlotnrlfirhthQYc?ﬁHnBHof"érﬁm@ﬂﬁmgéﬁPWhRﬁqs Bited AP HISE@EE RérfljzorE AS

appl i es, anon re-treat nent suc al | ne
hydr ol y&5 s, vdﬁcraatee cemirlfune isMsasED sa@@rgt%sohémartp fopgthe sluard MUENbSE Pase

bi ogas pr Oduﬁéc@?f {RE ﬁ%@ﬂﬁdn%%t a4 By itﬁé FERrbAth, This apbies, eRforkiTing

bi ogas throu ocal gas engine or throu an established pipeline for
nat u25 ral gatamgv\ﬂgm@g@str@é@@m ieh aﬁﬁ'ée Eﬁkémﬁtﬂﬁdfﬁiyﬁ!ﬁ- Weilfags tahanifégassed

and stabi | i segh fe8E tit 127%9 %‘g érBﬁé Bréventifhs 8F SRk RGN Bfe. Bid fHe dsaner

reactor and the rreso in an outer reactor. A nunber of
aspect s of t ref biiggastiaiogah a @cahgas enrgite PhlEpUsh a@oesﬁahhghedew'@?l@ﬁd@r natyak
appl i esg HOther things, to the pre-treatnent such as the alkaline
hydr ol yS| s fare in the ani mal houses, stripping of anmonia before
.bi ogas pr oduct i on, prevention of struvite formation etc. and the use of

bi ogas throu I I g iodl nerf or

nat ural gas. Q§s§1d(ﬁ§ df%@f%%ﬁl%@@?ﬂ%(@%&@ C@@S%@O@%@déscﬁfgs trh
-utilization cdardacorapeneaifis dggiadad and premipitaiasielidy isdamevehhY desARiSRSERT i ons
i nhi bit foam @RRAUGH. 1T lighidNs BREEd Kid 8RB & dpredt infthelahf o8 REfUARer cleaned by

35 aeration and by that stripping of ammonia. The cleaned liquid is diverted to a water




are not described by this reference. This applies, anong other things, to
the pretreatnment such as the alkaline hydrolysis, welfare in the ani nal
houses, 3OIUPYAEY of 5 anmoni a before bi ogas production, PCEDKGRSS Of
struvite formation etc. and the use of bj'l.Pgas t hrough a | ocal gas engi ne or
t hrough an established pipeline for natural gas. W)9102582 descri bes a

pl ant and a nethod to produce as and oi.d spreadi n 0 nf ul |

conpounds top\t"l*fé'nﬁlﬁ’lla}“&lﬁ@l"ﬁe@' R%ég?]PﬁéeﬂW@B?{bareA‘ %e%gyg'g%geé?

the inventi oBngd, ThixEppHes %md@gdatﬂw thiRgS té ﬂfeqfrmatm&nsacra@@the@kana@mg

other things, to the pre-treatment such as the Ikallne h dro&é? wel fare
Sy SRy tan, il

in the ani nahyq’felﬁ'éswe@"‘? Mot 2GRl heHpRsh SHPRIE @Wﬂ%‘{fa%t -

-preventi on OLatid ¢H\nbR E@bgqsre@éht@hfbfst&metfmamee@f ahd B@asseldibioggh a | ocal
gas engi_ne or throuPhaan estab 15 |ished gtag at ur al

109942453 o dEPHaYR sal R ng RS thropitat © st 1 BRLEH Beogas.

"Fi bres and particles frommnure is corrposted and the liquid fractl on is
ferment ed anaer obi caIIy, str@pped for nitro The salts of P ({j is
utilised for EREPI141dgsErings @ prpspssstosbe BdHs %‘th'%aﬁﬁéfefaﬁna%e tqé" f the

invention arghdiote. TR Glras rBitell Wltﬁ llh%fﬁfd%”fé@ itatéd éorﬂ@diﬂén%us réfiBVl. At her
things, to the pre-treatnment such as the |ne édrol ysis,_welfare in

the ani mal haug@gr OfSQSPP%PﬁE‘ed'FV%ﬁ*ﬁBﬁrea“%é’ﬁé?r@eﬂlbdd § refpismge+ Thimarplies,
pr eventygon Ofam%tnﬁlbmér%.ﬁgg SrleQeHettmeHl SuéiSs m&%u&i.n@hﬁga@s%hﬁtmﬂatbna I ocal

gas en gine or throu an established pipeline for natural "gas

www. i ab. f ha. @EPLKIB QFPIé‘h thenpreFipitationf B, perveptiqnyef stryvifs fgraation gjc. p”lﬂé‘dh‘ée

bi ogas from pBAYF Biogdd APBUGRGASESA B RAYINE of s drfledtamghé® Pipkfnd e Hatlio
produce conpost. Fromthe liquidfraction is nitrogen collected and is used
as fertiliserdg3& decanter cetnti fuge can be used to separate solid
conponent s fromthe m xture. A nunber of 30 aspects of the i nvention are
not descrlbe thls ref erence. This applies, anon her things, to the
pre-tr e depe '%ﬁl@éf'@ﬂ@"ﬁ)?d?‘%‘l@g e progust gr‘% bjogagHB theiirsh

houses, t ri pééd%& tﬁé o?gmnhatehﬁf@éadmé@aﬁétr@é@fﬁ@ﬁhbm s FHrﬁd\%@lt TRE liQdid
struvite formation etc. he use of biogas through a focal gas engine or

t hr ough an edftagtion 'ﬁﬂﬂ@ﬂeét@@elﬁ@é@?%f@aﬁ@f iy \Hhicky ag anagrobicegraslaticfpeccpiss

PCT/ DKU1/ Oos%?nhhh& Brcfd’u&ﬁd?lréf i&SRgRL Al TR b ket Bl 9% ’ﬂb&htﬁ)ﬂ%ﬁé hbes a
production of Dbiogas e; anaerob degradation. A decanter centrif a%e can be

used in the W%@?ﬂ by thig referense. Hipaerlies AamengkotherbingsdR the Breiatipeslcr i bed

by thi g ef ersgpg gs thEuikaliRB PldRysis2 iBIHe h@rarﬁrhaumseé @trtﬂ@mgmfgn-tnﬁ@ﬁé ment
such as the alkaline hydrolysis, welfare in the ani 5 houses, stripping

of anmoni a bé'l”l!ﬁ@é'obPBQ%@QW%MQVGH"O'})W&V&M@? foFmaonsgte. Lﬁndtteefua? RERIPEFS ot c.

and the use @hrolhREdscal HiPerineor thFstigh G esRIBISHER PivelihBfér@urangest ab | i sped
pi peline for natural gas. ww. bi oaas.ch/f+e/nenmen. htm describes

possibilities to reduce a mxture from10 solid conponents. Rotating disc

reactor, fixesE{deunbiSdédchbes é'h{e"dﬂid folpréduicB BoRdériliS¥@IffoPn MRADRE ThE liquid
ment i oned A nunber of aspects of the invention are not described by this

ref ererd®. THIANUED S gdded sahﬁr?ge BP'H‘éF‘e piooag srodugtionagether With G2R&Rt such as
the al kal i ne dyoH92. YitieSstripplfantiRonia id &llestBl "R huMBeISEraspsdts bPPiengedfiomnmoni a
bef ore bi ogas production, prevention of struvite forpation etc, and the use
of biogas t hr%ﬁ@ﬁt %{escnbed by this reference. This applies, among other things, to the pre-

treatment such as the alkaline hydrolysis, utilization of energi crops, the precipitation

of P, prevention of struvite formation etc. and the use of biogas through a local gas

30 engine or through an established pipeline for natural gas.

DE 19828889 describes co-fermentation of harvested crops and organic waste with
the production of biogas. The material is homogenised and fermented. A number of
aspects of the invention are not described by this reference. This applies, among

35 other things, to the pre-treatment such as the alkaline hydrolysis, utilization of energi



15 | ocal gas engine or through an established pipeline for natural gas.
www. bi oaas. ch(f +e/ grasbasi . htm descri bes anaerob degradati on of sil age
energi chvoPpe2/gvds manure with the production of biogas. TwBCHIDAHEHEES | S
described: 1. Silage energi crops is cut,into 1-3 cmand directed to a
liquid fraction containing the 20 manure.” The m xture i fermented at 35C.

2. Adry fernentation of manure and si | cro hout din

furt heryl i quPePs.Ahe prasiitatien g péE?‘éer@f’n Pﬁ% Vﬁ@&f%&ﬂn 3&: aﬂ%ihedjégé)?s&?edgby
this referenggsthi gﬁ@l@@él'g@&en?ﬁi@@ﬁttﬁbﬁgﬁ aih BstAgishet! pipeline for ebtuesiigaent such
as the al kal rne hydrolysis fare in the ani mal houses, stripping of
ammoni a bef ore bi ogas production, prevention of struvite formation etc. and
‘the use 25 ojygy @Qﬁ%é&@é&%& 3 6 todEd\RHiBh BRaiial fobastofs from @gambl | shed

pi peline for natural gas. Wwv. bi oaas. ch/ f +el 2Stfdi'de ht de cripes the
product iSon oWvapieofaeim h@fiﬁpg’ﬁ'ﬁ’@t%@t’@tPE % B l’|’1\6I OPE$1%6d in a

‘rotating si eyfsGpyiad bRdhyote: tﬁ:h@s k ghe pie-ftr@aﬁé’éhttsu@ﬂas:métalmué hy@ro@h rect ed
to anaerob degradation of with t product i on_of rg Ak LW?‘P( ?
aspects of t K& vilizalian er?nﬁfgécf%’? 'B@@&?Q‘%@HO%W?FW@V‘? PR of Flrwvite-forma ‘Bpl i es,
among ot her aﬂéthet&etd?%udy’aetﬁrbegﬁ amtm gt dritroaigk ahiekeblisiddol ysi s,
wel fare in the animal houses, stripping of ammobni a before bi ogas

producti on, prp@miioraatumlggsruw te formation etc. and the use of biogas

t hroughyp | ocal gas engine or~through 35 an established pi pel i ne for
natural gas. WO 02/ 1;9a5 26 Summary of the Invenél on P ﬁé OélS 3 The
present i nveiS 4A08,A23 fesnsiken gmiait and amsperajo the RipIystion ofmetiapg ga

namely 5 thr?é’rﬂlt%ef]‘{"i’r?fh%mr& r89ct9|' 81884rb8 AehadhfisdrIré h6mBh&issd mh@fibiSs Wi t h
ani mal manures e process also includesS slurry separation

refinement ofPerermede %‘elsﬁc‘?%re@ﬁ‘orWBIChﬁ%.h@ﬁtﬁg a”ﬁf@ef%%‘?ﬂr?%""e&'ﬁég?eso be
used to co-diyges %Hu@ﬁén G&Qr?é’@eﬁlllsgﬁaére Bﬂﬂub@d‘@s l'@ﬁdls FOnehiser oMaggecani mal

manur esl ener gy cr8ps and thus to provide OSI ng of f _ani mal

cadaver ¥ et c .Of thgiinengin ?F%n%‘mcmhwwta@lrﬁfef%é T'Pi% aﬁglﬁ?ue PEsother
fertilizers Rﬁnﬁgé’?&fik% remebﬂﬁem@geﬁ aé’fhetéll@ahﬂé' ?&bnymsweﬁarehm atirhdl t he

Crops, nmanures e process design makes | ossible to fu aﬁn%al
f odder crops houses, é’&flpb@étoi arrm@%m'&z&typn@f BRI ‘iﬁ?&%é’re"fppo'&?&z’%‘v

hi gher dry "hatidh o ofd. &hd tRELs&6sicdR th#b@gh @18édD gES BRGNS or tHiGughamidssater ops

are al so be Icial as "green crops' in crop rotations. The energy
pot enti al \/\hélﬁhf?ﬂsplﬁ@"fleﬁ@f%@tlraégﬁﬁie | and for energy crop production shall
t hus beyglenonstrated by the present concept.

US 4,329,428 describes a plant for anaerobic decomposition, in particular material
from various green plants, and the use of the produced biogas. The plant is based

on the decomposition and caused by mesofilic or thermopile anaerobic bacteria. A
number of aspects of the invention are not described by this reference. This applies,
25 among other things, to the pre-treatment such as the alkaline hydrolysis, the strip-
ping of ammonia, the precipitation of P, prevention of struvite formation etc. and the
use of biogas through a local gas engine or through an established pipeline for natu-

ral gas.

30 US 4,579,654 describes a plant and a process to produce biogas from organic ma-
terials. Solid materials are hydrolysed, acidified and fermented. A number of aspects
of the invention are not described by this reference. This applies, among other
things, to the pre-treatment such as the alkalfine hydrolysis, welfare in the animal

houses, stripping of ammonia, utilization of energi crops, prevention of struvite for-



20 The central and obvious vision - under a wide variety of circunstances -

is that the biogas production based on this concept shall in the future be
conpet i t W@0Ztv¥pared to the use of natural gas and t hus beCTHWIR0HeISa
attractive and preferably not subsidise is also the vision that the

energy production shall constitute a sub ant| al part of the Danish energy
consunption, i,e. of t sanme .order of nmagnhitude of.the 25 use of natural
gas (about 1@@1"%6’%?\@&1&’9‘}9@ qfﬁ'ogﬁﬁp'tr?% ?gg’c?ll"ﬂe@ Dpey ﬂgpggth% eHalefits in
terns of envijighed Piidine fatindrav@isf are and food safety. Parsby has estinated
an energy potential when using energy crops, in particular grain cereals,
to 50-80 PJ annually. In the short run this requires an area of 150.000 30
-ha and in thlslmmzsawboﬁae@é@ao@és &%l&ﬁﬁmh@mal'i@wﬁ@fed feoms €@ liguidan dry
matter yield o %ton er ha in eetsﬁé}g Iudln ops to, be dlajesﬁ}ﬁd in

bi ogas pl ant ¥a¢tios My Gt RARREROT FRDE %‘8}6‘? PB@r%OLac#ﬁ?ﬁréqqd

energy from tigrefi6e. Ct'h@ﬁémﬂi@s rmﬁ@rrgecﬂh@hmhgs he twédréamémlsaclﬁ abmstalid PJ) .

Wth the new cultjvars of substantlally

exceed the pP’&%YﬁrO'V%§é1‘t§'zatI°“ e“9r9é¥883 dpe PW@'pﬁét'QﬂQféDr’ paq Hon efritrUser
hectare.  V\ffd f3@hafash &8, avd RETEEKPBiod4d thistdh HecA @as eAdink kethrdughindd on is a

conbi nati on of processes which allows increased biogas production,

stri ppi ng of 8 PQP&Wﬂ“§ﬂ§6@§Ea&@ﬁt optional further use and processing
of the @ gested and stripped remains (the reject water). 5 It is
characteristic that the core of the inventjon allogg further si Ie and

robust pro c&SbE50.454desqribeg A plant fapiapaerehis digrstion,pf animal mare 2Bd then si npl e

and robust epgs eythBlbiitas Hréducel b iR sobsEsSTRE gwnan@(bae@dna@ab@onmﬁrsfﬁ@hnances
as conpared to conventional plants is achieved. The e %gglgpl ant is further

i ntegrat ed wicaysady meskiije on erfgRile gnagiopickhaciatia ang) yil el 9aR @OW-

agricul tural db%@%ngﬁ@'&ﬁuﬁpeﬂmgérfera”tétp%CﬁLﬁnIS‘é?mbs éétﬁaﬂth@lﬂvér%@ﬁtdr@n In a
first preferred aspect the inventign nmay applied to conmbat infections

and spr¥ad omfaqiﬁ%bedmmie&qrea%Tbﬁraagt'%% @MoRg R Hings, Ehthg pre-

Canpy| obact efreapfdniBudpad e aﬂ&auxehwralyas tﬁ@%frlp?)lrgf‘tﬂ afinBridthdpecphamin and
paraS|t|c organisns to air and agri_cul tural he threat to hunmans of

bei ng i nf ect SHPj RreveRfion of glievie fP\‘mFﬁ@[‘eéq AT R e ofikicaas daroysiia jicst 4% ed
aspect the i RKEREIPhroEYh A eRBBIshed pipelinccHAsURPEa®r | ons 20 contai ned in
manur es, fodder, sl aughterhouse waste, flesh and bone neal etc. This is
achi eved by a conbl nati on of pre-treatnent and digestion. As part of this

aspect,2¢ he w£s em 5650We8dribes ath&vbd &StrePeost Shatiuke. ﬂ%efrﬁéndﬂ@&(ﬂddég ani mal
cadavers, sl aughier house waste ﬁleé whi ch enabl gs t he e %"5“53’” of the

nutrients co rr?é‘& the, mixiureds pridified ddauid jsreqoved Y?ﬁeﬁﬁ‘@F ”C ucti on

andl or elim @gbinqgc@idelﬁ%eﬂrn anﬁth@n@aaérérﬂj wesled anadtbbieto ﬁr@d&é@tﬁlﬁgasm?at and
bone neal etc¢. hut al so manures, fodder, %ﬁg ht er house Way&BPmﬁ during

the process dnefe@eRAIRUIGS fragtion i§thendirn ap gFrPRreCaRE Rfl i ng the

waste This i aspedis 6Vee ideHBbEl h%dt@eéd?@ed BY @HiE kéTereBe. arms)@me@tanﬁuhgof
pre-treatnent and digestion. This procedure is an alternati to the

preserif pr o@é"é?ﬂ@?'@gsi %Mﬁ'trr?@%m?ﬂtég%th?? theAlGINg hydralysly. wal r@lﬂ B8 @Ri-ssi on)

of proc 30 essdIngusey, Bﬁippﬁ@r&%&md tianbn ot erwrgmrépsaatbvanmwlsﬂgm@rl ous
products such as meat and bone to be us [T&I nly as a ”aré feed, In a
third preferrf‘érﬂ“azi'QBgf:‘i* apf{dhg ‘l‘ﬁf‘e‘?f '%ﬁs 9”%32&919 95‘es%r foypRap f&eRa; n

nutrients ni tigkgepipéide fandatafpgagor us (P) from ani nmal rranures and refine
the nutrients

30 US 5,296,147 describes a process to treat manure and other organic components.

The organic waste fermentes and is then nitrified and further denitrified. A number of
aspects of the invention are not described by this reference. This applies, among
other things, to the pre-treatment such as the alkaline hydrolysis, welfare in the ani-

mal houses, stripping of ammonia, utilization of energi crops, prevention of struvite



35 to fertilizer products of commercial quality. WO 02/ 159: 15 28
PCT/DICOL/ (10S53 In a fourth preferred aspect the invention nay be applied
t o produdeO PHIYe anounts of biogas froma w de range of oPGaEMKY1IE8t r at es
including all types of aninmal manures, Eﬁrgy crops, crops residues and
ot her organic wastes. 5 1In a fifth prefe ed aspect the invention may be
applied to ensure optimal animal welfare and health when stabl ed in the
ani mal house&riafipa o ahg thesyreeof bjogas trowalta IRFakeRssYIoHesordhrongl an gadbyasses
such as amMmopirkeg ﬁgélﬁlelfgr,@mapggsq by flushing or re-circulating reject
wat er through the ani mal house 10 In a sixth preferred aspect the
I nvention may be applied to benefit fromthe full range of advantages
-associ ated wi | I erred
Ropect o any En TR e G B Do o e R e
the ot hdr aspeaanic wastei dnembaagf aseeqts of theriaventiph peg nqb@@émwuburthléfefﬁﬁe
Figures Fig. oloditgd 9&;%3oarrﬁor@&h@rrthﬁ'qgsetmﬁéibmat%mtéﬂu%he.%wakanﬂaventIon
In this enbogl 20 ment, manure,” preferab in the formof a slurry, -
generated i nhudn@bwewglfa@t"ameeammal)hqt@es,tstraonlr&@fuaﬁ@nmla afiilizatios of eReMgLdi ng
domestic ani 'EPA p@\}!ﬁ'tlcﬁ‘rsof%'trgﬁte faﬁﬁétto% eteoerrmﬁe uggafaoga%nﬁﬁoql?h aNGkePhas
poul try, including chickens, turk eese, and I ke, 1S
transferred @og@eﬂﬁéhrowfearmestablﬁhe@plr@hwfogtna dgesat nent t ank (2) andlor a
second pjetreatnent tank (3). 25 The working principles are that the
manure, preferably in the formof a slurry including, in one enbodinent,
wat er such aéﬁ.é&@ﬁﬂ@ewh@s@opro@ﬁsso'vltb@watglytm@eaimgbofdnarytramcwdlngs
diverted to r t ere
amon a1 & s OfusHLA B uRNBLARA EREENABK, & AIRELMpBes bf WBAenlioNEre LS
and/ or 30 Ca(esfribedHinibiseeferensei This appliesCamoas diher thingsad)the pe-trerimentr ry
may al so tak t f
roatmont tantongs o e kR elReT i il dor MR RG 2 .,
and/ or Ta( OHutilizagipn of eaergmr@ps P %t@étlom pestivise farmatienete: antktheswp of B'Pﬁ@s t he
stripper tan he

Pp I’fhr‘oﬁg@'&l%&qég néBlr hmﬂgasof%géﬁghéF@belﬁé fbrnlgatun%f‘gaé

stripped N or nia 15 pre erab prior to being stored in a

US 5,525,229 describes a general procedure for anaerobic digestion of organic sub-

strates under thermopile as well as mesofilic conditions.
20
US 5,593,590 describes separation and treatment of liquid and solid organic waste

following a separation of the two fractions. The liquid fraction is fermented with the
production of biogas followed by removing of precipitated solid components, which
partly is recirculated in the process. The solid fraction is treated in an aerob process

25 and is produced into compost, fertilisers or animal foodstuff. Part of the produced
biogas comprising methane and CO2 is reuse to the reduction of the pH level in the
liquid fraction by a CO2 absorbtion. Solids is precipitated from liquid fractions e.g. by
a decanter centrifuge, and ammonia is stripped from the liquid by a pH of 2-10.
Reject water can be used to clean stables. A number of aspects of the invention are

30 not described by this reference. This applies, among other things, to the pre-
treatment such as the alkaline hydrolysis, welfare in the animal houses by use of
straw, stripping of ammonia before biogas production, utilization of energi crops,
prevention of struvite formation etc. and the use of biogas through a local gas en-
gine or through an established pipeline for natural gas.

35




WO 02/ 1595 PCT/ DKO1/ 00553 29 separate tank (11 ). The stripped N including
ammonia is preferably absorbed to a colum in the stripper tank conprised
in the fwan2tyweéat nent tank before being di rected to thePEEMXIBNESS ank for
storage. 5 Organic materials difficult tg di gest by m crobial organisns
during anaerobic fernmentation are prefer E)Iy pretreated in a second

pretreatnment tank {3) prior to bei(gg directed to the first Eretreat_ment
tank (2) cow&é@é&é_éa_ 168 desaribep gdretheh o tratmeaialimasyray wiish Agen Is3iith

organi ¢ mat eidedlif tHe/froladtion of MMiskRE LRURI Hahdrk (Pdided BOMARY/6 CE504 by

cel lul ose andl or hem cel | ul ose andl or 1i gnin, referably nmore than 50%

C el lul e.g., pref .
10 (ww) cel Wiihsammegieds siiered: &1 Numkarof apRpctY °f|t|9@mvﬁntg9@rarap9t dascrped
-organi ¢ nat erblyfﬂ'\is rSHfdhcaSTH hgiies, drf otheMthlngd & HetreafhORt SHBIBBE the and
other solid, organic materi als. N including amonia is subsequently
st ri pped f r oikafiee Bydrolysis: welfase Hehe @nimal Bpugas byiuse ol s SHRRING ofra®- and t he
second pr et Gl Bétofeibgad fi8asdieh! MilStiohitieheiPerobd, eldifbiBt staiflea! kal
hydrol ysis. However) the tenperature and/or the pressure is significantly
hi gher i n t héorewdion @tg et thesseeibiagas khrough e fpcakoasirncitedr dhipkelt an gsted- de
signed as a GLsespai B AaRAGAE Of sustaining high pressures. 20 Finally,
the slurry having Been subjected to a pre-treatnent as described herein
above is preferably diverted to at | east one thernophile reactor (6) andlor

at | easf{gone [ LEHHRS o : ' Y
di gest ef:lo ana%—b‘i‘g%gl% dié?\ t he arrggg%ﬂos&%c}r%%?nﬁ? g}k\%wvﬂt?ﬁéﬁﬁﬁgﬁﬁ& ?on of

bi ogas) i.e. Pgednciomsi frtilingrsamoraar lesy binsitifinadon f nynbenof ageanty ¢idhai-a

smal | er tractjffisPhreGidh Ge%rﬂbapy%ﬁs ref&ente Q'h?é%f%és,ra‘ﬁ%PQﬁﬁér A&, 8 el Y
forms part of an energy plant for inproved production of energy fromthe
organi ¢ mat eirefresimest Suetuas thee aiing hudrelis besifare Brthe animsl Aogses YRR, and
the energy g ] [ S i.n6. . stripper
ank.  Faever e P 4 G B e b ogas
pi pel i nt systhsenestipn ofstrilyita derseation gtcaard thedisstaf bigoas thseugher localae eenai ns
from the anagjobg tatd ey I m of a slurry conprising
solids and | %ﬁ%ﬁbiﬁng;ﬁeﬁgdrbgﬂ?eﬁﬁ}t?tf%}dr?dﬁlﬁﬁf%gsbref erred enbodi nent, to
at | east de35 canter centrifuge (7) for separating solids and fluids. One
result of thi ki ' s iti _| east
sem -solid fr%sc%%ﬁ%? ?rﬁst}%r?ga éaéﬁr?op%tp;oecggﬁl%g?ﬁéﬁ%gyﬁé\éggﬁgw)aﬁOgﬁrch as an
at | east senigasis sustraigeto 8asesr ef erably conprising nore than 50% (wWw) P
(12). lygthe same step (7), or in another decanter centrifuge separation
step (8), an at least sem -solid fraction preferably conprising al nost

excl usivel y K3 pEBALSTLY 5.783 03 aRd £15:8.85 1404 dewibes glpragess aed ppAPPa-
preferably cqgpgiis 'sf?:\t%iligﬂé%f Eﬁ}ﬁ?. é@s%’i{,/ Whidy ﬁ§ gﬁ-fé”)tz bﬁ? mge%é’ésﬁQ h¥ai@t ¥ at

obt ai ned. These fractionS, preferably int ormof granul ates obtail ned
after a dryi rieasi®@slegreecC fiafi 12dhoarss framonia ¥s sidppedepnadis eithel disghargadyinteg st ep,
preferably c | o A Lal hy, ; g adily
usable for cgﬂn*?épﬁ?sgﬁ ef’é;g{r?hrdsﬁ(ladrté;b @%g?%%%@hb‘f%r t%?éﬂ?égn%%r -%%bﬁr%eid onto
crops 025 agr iwell aadedantey centefugstionmaewpl gaimining ofjthe sludge tesisepiitip afliabieh t he

decanter centdy J ; c ' : :

diverted to a?dplziglig 'tﬂfeg?ﬂ éelﬁgg{%tata_ﬁ%{/a%géa nggjbgﬁéﬁé;s%gg@tgg@l? "ﬁ%'a%lﬁigga le or
ani mal house,deserihast ky thisseleaecet Teig@relas, 3ena aiher tingsf igrthe ere-EeABE@Nhent |
the first pr %"i‘(;ﬁﬁ? N ' is@o-
originating %i%gﬂqﬁ@aéueét anks (4 ,go%lﬁgﬁlgﬁige.%@?%@gghgu%?aﬁfa?ﬁ _rsrg![peri al s.
The di verti orPieg okarpmopiacefere bingee predustion uflfeation pkengsgieronsapievpRtionsaik may
conpr | Sﬁo a Sts@ﬂvit@%ﬁh‘éii%el@ﬂa%%%ﬁ% E%P%%%ﬁh%loﬁ&?@s %ﬁ?iﬁe @r through
thernmophilic fernentation tank capabl e of renoving gasses Tromthe 'sil age.
Addi ti onal | y,ansestallishad gipeling for nalpral@igs.es ori gi nating from agri cul tural
fields (5) may also be diverted to stables or ani 20 mal houses and | ater
to the first and/or second pretreatnent tank. Fig. 2 illustrates an_

-enbodi ment  esdB8 748,949 descdraser pioeess IR WHIGH organip wesigiis featad ing eEPelice t hat
only phosphoradRod éa%]l; fsaohed tb§ Gbheent th éiﬁlﬁléﬂmt%ha&*i%ﬁtr%éci&gﬁ APARIRIGON.

and water in the formof reject water is collecte separate tank for

further 3puri f3 Preduetign efinethang gasi QR§UISu AtYBILSr f@spertsqrf the inyantigy are et
odours, and the nmgjority of the remaining solids. This may be done e.g. by
aerobic fermentation. Potassium (K) nay al so be separated fromthe |iquids
at this stage. Fig. 3 illustrates an enbodi nent conprising a sinplified
approach to the conbi ned 30 biogas and slurry separati on system accordi ng
to the present invention. In this em



bodi nent, no biogas fernentors are used, and the solids resulting from
pretreatnment in pretreatnent tanks one (2) and/or two (3) are subjected to
decant er W@A/t¥9uge separation (4 and 5) foll ow ng strippPed/Dd01MISAcl udi ng
ammoni a and col l ection thereof in a separzgte tank (8). Separate and at .

| east sem -solid fractions conprising 35 P and K are obtained (9 and 10).

Uhe pot asst uRPERPeE DY realshed TP perfet, plEid Bhenpbe B bERRWORL. T

as descri bed shidr as the akdliod ihgenotysis| Welldreart thet animéli rpusSs byFuse tiestrage pliipat | on

of Kfromthe.rej.ect wafer. su . colJ.ected d Y/ I bl e.
Figures 5 an : 4flq?nd2?r}'%$8f°§e @?@%ﬁ@ééégﬁbggﬁﬁﬂeﬁOfo%eﬁ\é%ggs%\ﬁqgﬁa@@oé?di ng
-t 0 t he i nventstravite fohmationdite.iathddhe usspidriegdssthenugh ddscal gbe dngiive er throughdet ai | .
10 Further preferr enhodi ments . of the present invention are described in
further ‘de tﬁles@ﬁ%ﬁgaﬁor@@ﬂ ¥ Descri ption of the Invention 15 The
‘present invention pertains to a nunber of individual aspects as described
herein furth The first aspect (sanitatiqn).20 The first aspect
et udes . oS S 2826 P8Sorist ZrpraSeRs i phiEiuE snd Sid SwhhR vadg s dBE 0r 1 he
reg/ri ng of amﬂ]égﬁ%@fiﬂsﬂw adje%lgﬁlqﬁmf & iand atnereby B;f;amérm_ﬁl mb@sgsasdimmﬂce, f
and/ or a secon eyi ¢ce, main Qr _stripping.of a a.and.pre-treatnment o
the subst r at SR BYTGYERT Fop GRS ARTHPS ol ASesr G hBiInentsn,ore el A8y ed
product 1'0)]? ofsceifed @%/thw r@féréﬂmed?mib%tppbése amding Diteer shisgss o therpretrebtmett| y
consi st of an ani se.a a. stri.pper .tank and a bj|ogas act or.

Addi tional c a‘aﬁgﬂzesgﬁaﬂwem@ﬁ%& weliBiin e GEMARRUBPB RY BFS eLT - SEE‘P(%—D 2
to the sl urryingdr amnacriabefdfe biobasprodpeticn, atllization bicerizagiicsors{ pvgntisgwdfphuri c
acid, a storage ,&a k for thgqj%gmnia goncen ratﬁ, ang a sto.ra%fe tank for

di gested 30 STV ormaion ety 1 1P gLuCeH NIRHENAIBF3) 958 S(g'0g Of gproug
producti on ofancastdbdishecpigelm@dbr matu@l ga&s notor and generator, the current

preferably being sold to a net and the heat preferably used for heating of
e.g: slurry and/ or ani mal houses. The energy plant 35 according to the

Bgylentg ion ggwp%;ﬁ,ggK,%Sm@fﬂ?e@gmeﬁtma Bidlodieslastd by & eorogeyyation\O
s9. 11 roaycti on pe nit ubstrate treat In
the plant. THREAASMERHES JoRs aRsanLe sl redfinoisg S e A SoiEy
pre-treat mentfraefion. hesohad isreduced o dogpssicTine quadsie fertriintel byn@iersts or
ggp g; eo;g:glr ?m%%o igélgjg@ngfrgqﬁmp;o%egé \rfv%tr[\) Blrorclj%cggn o¥ glogrgs?RIajregmgtre]Fissrgg%ufa%f

20 from the biogas reactor to the homogenisation process. Reject water from the bio-

gas reactor is freated in a plant clarification installation. A number of aspects of the
invention are not described by this reference. This applies, among other things, to
the pre-treatment such as the alkaline hydrolysis, welfare in the animal houses,
stripping of ammonia before biogas production, utilization of energi crops, preven-

25 tion of struvite formation etc. and the use of biogas through a local gas engine or
through an established pipeline for natural gas.

US 5,853,450 describes a method to procude pasteurised compost from organic
waste and green plant materials. The pH of the organic is increased to 12 and

30 heated to above 55.degree.C. When the green plant material is added pH is lowered
to 7-9.5. The mixture is fermented. A number of aspects of the invention are not
described by this reference. This applies, among other things, to the pre-treatment
such as the alkaline hydrolysis, welfare in the animal houses, stripping of ammonia
before biogas production, prevention of struvite formation etc.- and the use of biogas

35 through a local gas engine or through an established pipeline for natural gas.



5 The advant ages associated with the present invention are described in
nore detail herein below. One central aspect of the sanitation aspect of
the i nveWQ 0213945 a pretreatment conprising - alone or in EORBNIMIBA - a
nunber of individual pretreatnent steps ?fscri bed in detail in the
followng: 10 Pre-treatnment of slurry fofTow ng renoval fromthe animal
houses can include any one or nore of the followi ng steps: 1 ) ammonia
stripping, 2) hydrolyses of organic nmatter, 3) sanitation of the slurry, 4)

reduction of fo tian, 5) floecculation, 6 Lechpi ' , and 7)
preventi on ok 2 ‘F%’F'Hﬁ%?bﬁth toﬁ%)ll{ﬁgrqggq{ﬁcﬁgﬁ%@&&%@éﬁfdgp%ﬁnh{t slurry
is di ve(rj t gd bsybh?rdfm?née;jrglﬁbrdieﬂé.?enumba cﬁhs;i()epwmf tha iriventdiver are avtiescibed .
-strippe y ns addi_t i on Ca0 or_.Ca 2, stripping a e n
absorbed in g‘i ?B? [ﬁ?ﬁfeB%ef' g%qpﬁg%@n?quapﬂg%mﬁl]_ﬁ%%to ﬁ}?éarg-grﬁgﬁp?rﬂgu%%é g]%urry
i's subj gct t gikalindieydmsysia wkifatdialthe Byitiad hysses, stapmii@obdrmohin befiragica | i me
‘20 cooker. Finally the re-t[eate? s/ U{QI’ 'i.s egi vertﬁd to fthe t%’hrd H Vi ce,
consi sting ofa®RWAYFliqn,BravRRiqRiSruVile Hﬁ? i i A9 dng Heg piraoas g A o
slurry is di gralgsb eiyaty glheabh unestdlisiaaeipeling (tnatnalafasbi ogas) i.e. gas
consisting of mainly nethane with a smaller fraction of carbon dioxide. The
biogas is diverted to a gas engine and the heat fromthis engine is used to

heat t hedst r USPE,071,40K deddfiBes Hinidthéd andd ls!_f;zf@ﬂsrri ® tmfdt L’haﬁ_ﬁretwitr; dazgnnriahl.vya%s_
straw an 0SSI al so saywdust is a signifi.can raction o e itter
from cakl | g ﬁ?ﬁi"’ﬁ%‘ﬁ?ﬁ Ay aﬁﬁ?ﬁ?ﬂ”ﬁ@é‘, aqqqéqsnegqng with1hg nl':ag?na& ‘g pHEPes 'S,I%S'
pre-treat menteps of RSAVERRDH BRSndtefeaE ey thRlrefafenicasSTIS Bplica] #mbiey offiet hane
production in biogas plants, Linme pres 3Q sur gook,l n\ﬁ fe%re%ents ne _
preferred pr éh"ﬁ‘g%g? FP@rﬂreﬁé?Wi'ﬁ!‘tFHchﬁ? er B‘Egy Byl Wellara i PEEMA by this
t echnol ogy c#guédslstripBingRA emmtaid BéTbe: tfi?a%bdﬂﬁiﬂ@n,ﬂfr@ﬁ&mbh ofistruvite foror e

efficient way and result in an increased biogas production. Additjonally,

it is assuredaiQBeteand By AbiPdss Brngléé‘é‘?ﬁ%gg eﬁ%?a?ﬁ%ﬁmua é‘ﬁ@st at

prot ei ngs and jighdippipSiHeTbomaeal g4 di ssolved. It is hereby ensured that the
inorganic nitrogen from WO 02/1S9~S 33 PCT/ DKOL/ OOSS3 the deep litter can

be collected in the N-concentrate by the ammoni a stri pping proc ess. The

avai | abi I'i ty ¥ 611 45 id8sdrides @aeRptdvel Eletifdttioferentate amust dral ingustdall t ur al
crops is 5 therefore substantia

|y increased., It is estimgted that the
potential utiYas¥atingrvasts (s a@?@ﬁgﬁﬁ%ﬁt{ec{)‘%‘ W@g\é‘g@B@?Pﬁg%g’ﬂl'&b@WE@di'g t he
case for the pidalryifiABmbina@ah ethinatirigatiTRgdsrmsntedhateriyl is eplaydratedn
pl ant accordi n% to the

resent invention. Alternatively) it he
appr oprdtat e ta0dhe)alefoe %é“‘f%@ptt?ﬁ“‘?ﬂ‘?ﬁf?*épq papthe npmbst OQI%QP%%Y%'“Y%EOM l e
react or bef ongnRAs AbiWbstclibddibyl thR réterénieeThik apklies Tainanglomentdngantdthe qual
ity of the manure and to which ﬂ%ﬂre?‘ é{he .uricI aci d di ssoqi ates due ito t he
two di ffer entPreEaImRI such ﬁ%‘@r"‘\ pe hydrelyely we'fase nsBREMRA ROHRPS PRBPIBP ¢ he
p: ant aﬂallh Cdlflarrinﬁohié béfre bibgassprodistiohaprievérntiontof edwviteiermation atd. bind yheof t he
pl ant ich a

ows all types of ma nure and ener cr to.be treated. 15
The techni cal us@cﬂ\ﬁgﬂgﬁﬁ fhré‘r‘p?] 3 %P@'I 975 P %’SWBP@‘ %é@ﬁtﬁgigﬁ‘gd &&"reﬁw? io(g ﬁ\%gﬂ’/or
equi ppegk Wi t hrapggsacerator, all nmade of rust- and acid proof steel, conveys
the biomass into a |ine cooker where the nass is heated by a steam
injection to 180-200 C. The pres

W08400038 describes the production of biogas and degassed and stabilised fertil-
isers. The thermofil degradation occurs in an inner reactor and the mesofil degrada-
tion in an outer reactor. A number of aspects of the invention are not described by

30 this reference. This applies, among other things, to the pre-treatment such as the
alkaline hydrolysis, welfare in the animal houses, stripping of ammonia before bio-
gas production, prevention of struvite formation etc. and the use of biogas through a
local gas engine or through an established pipeline for natural gas.



sure becomes 10-16 bar during the 5-10 m nutes necessary for the nmass to be
20 treated. The unit to be constructed shall be able to produce

t enper at W@82/&M9d5 pressures in the tenperature interval of PCO®KIGOISSE,
Hereby it is possible to adjust the treafnment to different biomsses to be
digested in the plant according to the i Yention under 25 due consideration
to use of energy, tar formation and technical paranmeters. Foam formation
represents a 48 desarioes the whilisetien of IGaniess ash Mgdpes iBrthe §iogas Prasiueor

cont rof i ng 1 A TRHEL! iBAs InAioRirOSHA PraduRASE A AuhIRAICE BEH oMRE ek | e
wth |arge amounts of bionmass frome.g. energy crops, is rape oil, which in
addi tion 30 ete noidesgribedbydhis refarancent s Bprlies camengobghthings: i the praret hane
‘gas formti O@?aﬁ?e‘n't gﬁb”h & dt‘ﬁg%'lk%ﬂné/ ﬁ?&o?%ig,' WaIRIS il tﬂe%‘ﬂpﬁél Aolisdrg stfriia@ﬂb%? are
many salts. e preferred Toam controlling measure of the present invention
is Ca(Of 2 ammmegniadogforerbieghsi production, preverdionef siefviledersnationtet® aad theawss er .
“Suppl enent i ng. {4 i - j I I | t he
formati on of %F F@g@s:fh%@t%%gag% ee'rn P@? dagﬁggﬁ%#gégb@}égg#@eggérﬁgb&@ﬁl es and
t hus the perfgaesnmance of the anaerobic digestion. WO 02/ 1S~)~s 34

PCT/ DK111 /O 1aS3 Accordingly, if additional foam control andl or
flocculation is needed in the process because of a very high gas production
t he fernment eM¥O8H32582 desgsibies acplantrandta metiod ito Badueribay andpwibspreading of

addi ti of L i D i

bi car bgﬂ)at es ﬂ%é"qgggﬁ@bm%l té%ﬁéeﬁ%toz@d’tnﬁggg\%sthgﬁgljc‘aén)al;ér%h @ﬂnﬁ oggf%%citson and
in the gas plofithe invantion ater ndfescribedttydhis sefetancenT his applies: aopnagethen t hr ough

|the gas pleéte vtiionaid ahisecfe . .
i th stri ppi ta Gy BT Re A Suc a e RS PRl e S e e T o

preci pi t at i omoo$espstrippipp of pmananja befere hivgasairoduttion,(pevention Dhetswvitefprar t i cl es

may be suspe i Ca wll
al so | ead to%ga%ﬁp rfelnf teaﬂg }iﬁéd%%e{%ﬁob?a@%a}éqlléﬂﬁg | @ a(?&gQ?lggée@#Z%ﬁW@)éia ich
nmeans tt@t Cdisipedgipglinedorastatahgas.salts than just the orthophosphate. 15 It
is believed that - irrespective of the chem cal differences between various
organi c waste products, a sinple heat treatnent and in particul ar heat
treat ment i n WO894242Bidencritissta mettabiant pdriaitys ihe pbtuctibe of biogasifribras pedised
gas yield. F i L | €4 i ah: pH
during pre-t gh[b %Wf?aggﬁﬁggg@]%%@?g%ﬁg II u'&aﬁ%@é%e E@%??@gngg'%?lt ation
of the or ganicallyystripped foradragenpiine daltsoof &aret IO s Wilised foo feytiisersoby revense,

whet her & her i r ile It o} J i tory
Order v 3203iosf RnufBERbLashgelsof HHghaa sRPhG bekbited fl lttelehetad! P

| ai d down t hafthisappties,raptdngtsenthings,to thecpnediestraentifsuth he the alkalingdwdely-i ne at
70 C. I n viey; f. . jJrent s of
0GR 1 458) s AICH arkoR 7S SR pbetiy™"
subsequent armeveption otistgwite famation bter and therusews bioghs Hyrough disicRkaasento

conpletely eljm I inar r%ﬂza uman m crobi al and
zoonoti ¢ pat %@eﬂ?ﬁ%ﬂgh glrég%wg?ﬁ/%@%lrﬂ?g%s a epéﬁsgo elimnated or at |east
signifi2antly reduced in nunber. 30 The overall result is that all

i nfectious or I i 4% I spread
to the envir BN ode) Oéhmgﬁﬁrééﬁh%“%ﬁ%ﬁgdﬂ gﬁg?sts?ﬁipggogﬁgg%ﬁes it
possi bl e to fftam manuee. Fram degrssied engnure:thgrsolich fraciipnde gyedior produse caMmpest ed

slurry in or d8bmitRe REHAHALTDNE Ritdbh Sofdcfed 0S8 Used b RtilsBlL Alde@steAMONY

ani mal s ar
cetntifuge can be used to separate solid components from the mixture. A number of

30 aspects of the invention are not described by this reference. This applies, among
other things, to the pre-treatment such as the alkaline hydrolysis, welfare in the ani-
mal houses, stripping of ammonia before biogas production, prevention of struvite
formation etc. and the use of biogas through a local gas engine or through an estab-
lished pipeline for natural gas.

35



35 thus prevented. It also allows further use of water to rinse aninmals and
sties, air ex "WO U2/ 1595 PCT/ DKUI /110553 35 hausts etc. with the effects
of preveM®My1¢#M ssions to air of odour, dust and infecti 8BA¥/DEY&ACSI Thi s

i s possible because the slurry with addir“&itsonal wat er shall not be stored
till periods where | and speedi ng i s per ted. The slurry wthout N may be
spread to | and througho y Ho ve in the first ect

the pre-treatHBHHCRLRE W?r‘i{eﬁfmqeﬁea @PG’I"F‘S‘?"\BﬁE‘Bﬂa? by

preferred inanaéeb degrédétlaﬂu I/omeéamt&%qmeimges‘c@hmdjs@a iPthe@ys@i. AlHUMbeRlof
fields. 10 It w ”pgt?ue ¢l ear, that the i nventi onrrel ates to a variety

of different 25RRIR \Mﬁ‘fe@ﬁoﬁaﬁs@qtl‘jﬁ?‘%beaE’Mltr\‘}? frfgrenge o APRISSHAMRNG on,

-patent abl e i RURALAIAGS td th Ji‘téltrfeaﬁﬁéht@lj@lhés thEhﬂkdllﬁéﬁ‘ﬁd@%%lWélfeﬁ@mmb@ﬁl-
descriptjon qu éal‘l ous, jn ect of the

vi dual parts onen on
ooont 4 v ertial BAUSSS: SislpBing, e Ttor b e o KGR GOSN (T GHPR T SRS 5 and
6. 15 1t wl |forhﬁt|blﬁ@&:f aho @b Ldeadf tﬁ&ia@@ﬁr@% 2TRANGHR engrdorf tAfoliyh BA eBRBL S f or

ot her aspects, of the present invention e invention shall in no way be
limted to t HeEhLRBRINSfPbNatYral 8% entire 1ist of conponents descri bed
herein below. It will be clear fromthe description when other aspects of
the invention are, reI at ed to onIy some, of the conpo 20 nents descri bed
herei n bel owY\X\&H f18 htmlegeribes pessibjiies 1 redugepimitiefirees f or

concenty@t i 0%0 cé\’nbéﬁérﬁ@g@ﬁtlr@f‘tﬂ&qﬁaﬁo& RRES ARPrehc@R q{itpdhlti‘étl()ﬁ)%@?ei)ek&@
energy generation based on the conponents of stripper |'i e cooker and

fermentor: aR$MeSe MeRionesy é/WUB'}t@EPf FRests ghthaiawaitig are250t| desgibed byl so be

under st 0od t heis réBRn8! TS BSPIRG! SmbRY AhBLkhingd/TNEe ldisatinBhizn sl t he
aspect of sanltatl on, does not necessarily have to. conprise all of the

conponent s i [akaine Bydalysis) wwfarmrpﬁ@tag"m@mvw shirpingi of amnaiasheforg bier

under st 0od t Qa8 MEUCESN, BrEHILA BF st forRRlivn éfé”ﬁnd)fhetd%é &Bfégo fiddgh a
descri bed herein below. 30 Animal houses The ani mal houses nponent

number 19) sdpcabgas engingor teough anrstarlishecpineling:fat Qatbl'ﬁbgqi%od quality, an
optimal anima! welfare and working conditions for the | abour personal in
t he housings, an optimal slurry managenent, suitable for treatnment in 35
the GreenFar m@waﬁﬁaiw@wm@ewbsﬁ apperghidegrasiation of silage enarek nal
environ  V1I'd@QdddnkSRasuBWithkObrddeRh tdidaRe! The ?od&kéusriyabéc@.mw a, dust,

odour, met hane di nitrogen oxi de and ot her gasses housi ng_system can
consi st of ondlage eﬁﬁﬁ%“@&ﬁI'%/Cb!l/@”ﬁﬂﬂr?gcrﬂ@ﬂ@é'ge‘&tﬁgFP@L“ﬂ‘éﬁﬁ'ﬁc"lﬂ“ oontaiNiRG ke ons

desi gneggto nﬁ&ﬂwserm.ﬂmré%ér%htewytB§°ca@nu%i iérmEﬁféhoﬁMbﬂﬂeBﬁb‘%ﬁS e.g.
640 piglets {7-30 kg) or 320 slaughter pigs {30-98 3 An anmount of about

10. 000 nB sl dagﬁyer&iav pEPE Yilbeviad nsfﬁéhw'sa@céd'um%a aspecisof fiednyandant o
this vol ume ode ABDEEYCriBE ﬂr@sﬁb@é}eﬁ& ThREpphed)@ihfihg D thikgs, tehEpred 10

t hrough the houses. The follo mai n condi tions shal l preferably be met

by the housi r‘ibeaé'?g'?tesh‘f:h f‘s)thel' ﬁHSa‘Elei hyglfalysisy weldare "TH?? %‘%‘i“é‘sh%‘ﬁﬁ Is"ﬁ’rp!ﬂgé? abl'y

be desi gned aaﬁnmﬁiacﬂerdfatb%g@g%&m&nonﬂaﬁévaﬂﬁdﬁ SMfrudite fohfatidrl &8, aridahe ube
equi pped with an adjustable coverage pro 15 vidin g an opportunity for the

pi gs to2ehoosd bﬁ@?ﬁé@ﬁ”ﬁh ?é‘?%’f‘! 9%?%'%‘?%"@'1‘9“@8 ishadqipelipg foreiEeli ng and
arelatively g@ld environnent in the rest of the sty. The.tem perature
difference shall be in the range of 5-10 deg. C.

www.biogas.ch/f+e/2stede.htm describes the production of biogas. The organic

waste is hydrolysed and acidified in a rotating sieve-drum from which the liquid frac-
30 tion continous is directed to anaerob degradation of with the production of biogas. A

number of aspects of the invention are not described by this reference. This applies,

among other things, to the pre-treatment such as the alkaline hydrolysis, welfare in

the animal houses, stripping of ammonia before biogas production, prevention of

struvite formation etc. and the use of biogas through a local gas engine or through
35 ‘an established pipeline for natural gas.



When the piglets have grown to around 30 kg the coverage shall be used to
allow 20 for generally colder tenperatures in the ani mal house as such. The
pi gs nmayW@epIsgEty m under the coverage. By allow ng for coPOEDKOYAEED at ur es
it is possible to increase ventilation akéo during col der anbi ent peri ods.
2) COccupation: The pigs are preferably offered straw froman automate. The
25 searching and di ggi ng behaviour is hereby stinulated, because they shall
pi ck out the straw fromthe automate by thensel ves. The straw serves al so
as an ener gy suRihasy éfthegvaitpingy plant. 3) Heating: Heat fromthe energy
plant is preferably recycled to the animal houses. 30 The heat can be

provi ded by two separate circulation systens. One is |ocated under the

-covering to 3fericentiilEhtida il d8Rohdtitdh GRwW A ofutif ARG BréraP tRps, namely
m cro-climte, keeps the floor dry and reduces "bacterial growh on the

floor. The s&¥augh ?J’PW?W%@ﬁW“Qrb'“tfﬁéq%ﬁ?é‘?B'PQa%P'ﬁ@ﬁéM@ amal{eambeSe vi a
‘pi pes al ong trhg prsHess afkb |ﬁé?t§‘dé§c§l{§§f se Bﬁbn@ﬁq(landreﬁhérﬁéﬂt%‘i‘ hQifieh if Hedrpd to
the ventilation control. S9-4s PCT/ DKOL/ OOSS3 37 4) Showers:
Showers are PIAMAYMASy establ i shed over the.slats. which covers'/ of the
total floor area. This notivates the pigs to manure on the slats. as
opposed to the solid floor. The shower water will flush the manure into the
canal s pr everdiheiyentionaauplso hamvsed 1o ¢adigest asirpal crAavars.dReAtABHIbgNE Mes s
substanig al | yd, %ﬂH%ﬁn&hﬁarﬁpééfe@r&L %OSJQER&EHUQ% pwd@ PRABYB0&8Sodiy dthe

manure as Sl anonella, Lavsonia e | ushi ng: manure canals are
pref erably flanknalgadavess gic. Wh#b%’f tae gaipe time fa@htgt%thp@&ﬁtﬁw plfenilizRys of

canal s Wi th progRas iR B ﬂﬂLfPB?%Q"anﬁ'ﬁ@Wte@' will e BREBY FdnBrediotgrted to
a central ca aI through a valve. 10° 6) Canal design: The surface of the
manure is reduced by use of V-shaped canals and an optinmal flushing of the

canal s are aciieQigshed el riAE idofBbieThlge hiindf RddRt ofoBs shéitad Seutst i on of

em ssions fromthe ani mall houses 7) Ventilation: The ventilation is
desi gnetP so trhriZe ONOR\ET Orass. AhKORS With atigheadnomaiter vield pet kertareWraneidey and

Lhrough the sl Th Og&%?@ j8lord 8125 bbAdfcRN a8 Afteln cRRAVERNNICRS, dRdikhe

V-canal s. € maxi num v ntilation is
suffi ci ent t ermrgﬂ/epcaﬁmlaéwb@hwm@the(ﬁet aside gyndrieenaigy croggurdugtion plall

provided by ghyehe é&ﬁgﬁgfﬂ\t&ﬂw dﬂ@?ﬁése\‘\@b&ﬂeﬁ{ ovi des fodder ad Iibitum

Slurry Collection Tan 25 The function of a slurry collection tank
(Conponent nunber is to collect slurry formthe daily flushings of the
ani mal UsesTh%Q%nerI dam% s@lsmf{]flﬁ{delg W&véﬂé@bﬂﬁrchﬂsfah@eﬁh'ﬂﬁt%@p“ on
t ank. e slurry 1s diverte e co ectlon t'ank means_ of

gravitation. biggas\pspduetion aasqveorathgsmnﬁgotébgu tspthﬁ-étﬂt@re %@qmgmée gomereds.
The tank can tQﬂwé@é&eofWatLﬁQIQfa’seén% tRAod EorfABrdist aRfREGSaMEHIRBrERE nbl 8L 11

the ani mal 30 houses so lurry formthe houses can be diverted to

the col | ecti didisashk ipalseimysign tftﬂ e energyoproductign shall censtifute g syhstantial

Recepti on Tardgrt of the Danish energy consumption, i.e. of the same order of magnitude of the
25 use of natural gas (about 150 PJ annually). In addition to this effect are the benefits

in terms of environment, animal welfare and food safety.

Parsby has estimated an energy potential when using energy crops, in particular
grain cereals, to 50-80 PJ annually. In the short run this requires an area of 150.000

30 ha and in the longer run an area of 300.000 ha. However, based on an dry matter
yield of 15 tons per ha in beets including tops to be digested in biogas plants the
energy potential becomes about 100 PJ annually. The energy from the co-digested
manures shall be added to this (about 25 PJ). With the new cultivars of beets the
yields of dry mattér may substantially exceed the present levels, i.e., yields of the

35 order of 25 tons per hectare.



PCT/ DKO1/ O0SS3 Slurry fromthe collection tank is preferably punped to the
mai n reception tank (Conponent nunber 3). OQther types of liquid
manur el waed e2/1Ys al so be added to 5 the reception tank frBaT®KKIEPOSS3
farnmsl plants. Options are mnk slurry, cagttle slurry, nolasses, vinasses,
silage etc. This is transported to the r&teption tank by lorry and is

| oaded directly into the reception tank. The volune / capacity is anything
appropriate, such as e.g. about 1.000 nB. The level in the stripper tank

preferably coRéicBleSofahd iWBntioMs &loRIBIARG0S bEprokedsed MhidheallbRE @bdze8d bRnk. The
dose adjustnent can 10 be manual or automatic. The maxi num caBamt can be

anyt hi ng appgaﬁprogueti%amppirﬁ@femmn%@%eégbseeaenwmpw'wf@s Whatcsiurry
‘i Deing PUTBRECLEATL! 8 R drerSthi ramieihsl(he rejoct wateh. tank, 1ime is

added to the slurry in order to increase the pH e linme addition manifold
is preférably adjusted to add 30-60 g Ca0 / kg TS. The line is preferably

"supplied as & ipenstattehbicCtRati® cBi® dt 't Rvéitiof dIIBRs Sirtier S Afterob@stipre- The

volume | capacity of the silo can be e.q. about 50-75 nB8. The dose of
30-60g / kg ¥esagsite bepuagratadwilipive corexef the invgniro AsEPPIRANA rolusherergy ur ry

capaci ty of rTgila'i_’lt Whn butdtaMdiry %?%nd‘%&%gﬁﬁ@ﬁéﬁd%éﬁ@és'éé 60%;{(98&1 ®!dahvan-( 6%

TS), the li dose i s about yield (about 8,8 Ca0 per hour).

It is howevetiopal@asnts Bachisvaddlheranergynlarfiis Birthey integratad wifh tha maprasssur e
steriligati op,Gds EHnihXiSHohingd dnd tHB8Bricitial IshdafdRst &lhiR6éd of abgedisie 25
pressure unit (the E—r?_e iga_hé'?ﬁg’ 2n0_ 70.§/<r)|TS), the line dose is ab%%t 30-60 g
| kg TS. 60 @gonstitgedherdnventignt s about 342 kg Ca0 per batch, while 30 g /kg
d.m equals about 171 kg Ca0 per batch. Bal ance Installation 30 The bal ance

(Conmponent nunber 5) shall preferably weigh the incom ng E-nedia (energy
cont ai ni ng ofyairy Prefesed aspect thednvangpn maydeanplieg fagambabinjecipetaid, t he
type of medi ' i ' i s ' SARhEY
crops etc. 01(;é p{’/ga%x'ﬁag&gﬁg%?HPEI{Ob%ﬁ&{ﬁd’%Q%E?E%tgg%%ﬂsg)sg.?g‘é%ﬁg%ﬂ 1/ %?tféss T_ﬁ-e
speci f i tat i omelhafdrsipia, Agaris ¥y siwllargvicrehial aad parasifig efganismsdp airand 208ont r ol

panel . Accor gy agaf @n{j.hﬁwesfﬁpéyft i&ﬁ&nm}e@gh@%ﬂta& fHds récg.ﬁewin%{‘élinﬂf

received E-nedia 1ncl. specitication o la Is record 5 The control
t hus specifi @@tgdor each E-nmedia (see al kali hydrolysis): Energy potenti al
The required heating time The required retention tine 10 Reception station

for deep litter and eneray crops _ i
In a second preferred aspect the invention may be applied to reduce BSE prions

20 contained in manures, fodder, slaughterhouse waste, flesh and bone meal etc. This
is achieved by a combination of pre-treatment and digestion. As part of this aspect,
the present invention provides one possibility for handling animal cadavers, slaugh-
ter house waste etc. which enables the exploitation of the nutrients contained in the
animal cadavers as fertilizers. The reduction and/or elimination of BSE prions con-

25 tained in animal cadavers, meat and bone meal etc. but also manures, fodder,
slaughterhouse waste, etc. during the process of the invention is a prerequisite for
this way of handling the waste This is achieved according to the invention by a com-
bination of pre-treatment and digestion. This procedure is an alternative to the pres-
ent proceedure (however now presently prohibited by the EU commission) of proc-

30 essing animal carcasses in central plants and producing various products such as

| meat and bone meal to be used mainly as animal feed.

In a third preferred aspect the invention may be applied to separate the main nutri-
ents nitrogen (N) and phosphorus (P) from animal manures and refine the nutrients

35 to fertilizer products of commercial quality.



15 The reception station (Conponent nunber 6) shall receive deep litter
frome.g. poultry or other animals as well as energy crops. The station is
pr ef er abWo g2/1594ge sil o equi pped with several screw convePOT®KM0IE f| oor.
The lorries will enmpty their |oad of E- ia directly into the silo. The
volune | capacity can be anything appropriate under the circunstances, such
as e.g. a yearly capacity of E-nedia (about 20 51.5% TS) of about 9.800
tonnes. The volume of the silo can be from several cubic neters to about
100f ns, bf:or r ensa@cndﬂhrmefeﬂea tas;mt WEVampamamd &ppliby tozﬂ'rbeudfmltaﬁglei za?suras e
preferably copcrete ./ steel. or_. ener o The S o por energy
crops (Corrpoﬂgwpg?ﬁjm'@ra"f eéﬂ}a‘?é’go{%”ﬁ’rﬂ'&sﬁ'@%ﬂﬁ"g’a@ té{ﬂ%s? Baer gy
-crops. The cheptirey; endiggaipadryps 3RREY Geld @the? bfR@R> wabiés. vol une / capacity
can be e, g. fromabout 5.000 - 10.000 nB. The silo can be a cl osed
conpartnent fromwhich silage juice is collected and punped to the
‘reception tam’%a flﬁﬁ)pi"éférlﬁ&p@sp‘ect t&é@h\)@nrmgmy%tdpﬁrecsmﬁnemef@umeammal Er’:) er g;ld
eneray crops e tra nlsat on s nt nunmber

for deep |itiN&ga dgff‘%?tb @PS%?P#D%E@HW ﬁgdn“lyé &8 he screw
conveyor s i ndubifigehfisdiondof alisttdng gaegﬁoguohrassdnahbma Tﬁé\fs dechigwed By clashibg
transported g%/ addl i onal, screw conve¥ors to the cooking units and at the

sanme time pr éffa'mlgﬁtv?ﬂé%lﬁ%tt"\?éerﬁ?m&ﬂh hg @nimalg9ugsp159- LS 40 PCT/ DKOL/ UUS, 3
grated qgmcerator. The vol unme (capam ty can be anything required under the
ci rcunst ances including about 1 5 E.nmedia | hour, or 8.200 tqgnnes of
E-nedia | yedtaskifrreigiedia Sye‘éifth‘? Wéert‘tfoé‘ﬁﬁbp? aleﬁ‘i’ﬁ@@ﬁ\"@M’PBﬁh?g‘éﬂ EHO¢ s
preferably nefab@mtaddsaisodstd with thBvdriots Wepectd bEBe finledasENt al parameters
shall control the addition of E 5 nedia, i.e. volunme, weight per vol une)
and tinme. Fromthese paraneters volune per unit tine, tine and thus total

vol ume and wen @lthep @férré@ﬁas?éétébhy%&ﬂﬂmaﬁbﬂﬂéﬂthel@bl%&ﬁ%’rﬁoﬁwithlah oakiopn and
hydrol ysis unit ressure steril |za%ion and hydrolysis unit

1
(Corrponb’%t mﬁ’?ﬂf@r"? QAR 3sPeRt? eNfigRehBAW P RFEIEE e. firstly
elimnation of m crob| al pathogens in the Enedia in parti cular in deep
litter fromvarious poultry or_other animal productions and secondly, at
the same ti n®r %FVQEOE&U&ﬂBHTe%onponents of the litter in order to
render them avail able for mcrobial degradation in the fernentors. 15 The

unit shall also preferably elimnate or at | east substanti al I% reduce
BSE- pri ons i fFigrlediggipsasprigpseiaredembadiment phps prasenpinyertionghndhis piriadi-

i ncl udegd | eshnemnaR@eepreRably Rth&Pdrmf GHaSsighy, YeRbrlatdd iIRatbEES of §12Blet (1
processing of ani mal s Ogt used for consunption. 20 Fillin o%%qg%)r essure

sterilizer idophgiating Qhgnimals, inchdingpqme 'ﬁ@“ﬁ‘ﬂﬁ*ﬁg%‘ﬁh 85PI95nC Swhi ch
transports Egasaeb ghadl; @na/hepcﬁmanrwlmg €hitkepe, tfkels,nidks gessslehidnegllii@) t he

bal ance installation. re oki ng unit sts: of two
Cent cal " unil bangioTEed (o q(BOce o R oL Hel proEaiRsY FRR) S AN 1 1 o
central screwretféimbrttank s are fast ned one on top of the other in order

to provide for easy |oading of the | ower pipe. The units are covered by a
hol | ow €4pe on the downwards side. The cape shall divert heat to the nedia

from st eam urEerwaérkia Tﬁﬁ@ple@ﬁrd—thaﬂhb%@ﬁﬂ@%ré@réﬂﬁﬁnum@@m@@&m@ inelud- from
the Ca0 silo, i.e g batch. The Iowerngat\ ceive ;?]re heat ed
E-medi a froml@q]én 8?)?)8?‘ Bﬂlﬁ}e t, water such as reject water used for cleaning the house or
stable, is diverted to the first pretreatment tank comprising a stripper tank, where
ammonia is stripped by means of addition to the stripper tank of e.g. CaO and/or
30 Ca(OH),. However, addition of CaO and/or Ca(OH), to the slurry may also take
place prior to the entry of the slurry into the first treatment tank or stripper tank.

At the same time as the addition of CaO and/or Ca(OH)., or at a later stage, the
pretreatment tank comprising the stripper tank is subjected to stripping and/or heat-
35 ing, and the stripped N or ammonia is preferably absorbed prior to being stored in a



WO (12/1595 41 PCT/DKII1/0O0SS3 The |l ower unit is enptied into a small

m xertank containing 25 nB8. Here the E-nedia is mxed with slurry fromthe
recepti oWw@a2iks915 the m xture is subsequently punped int oPCH®KIAOIFIPpert ank.
5 The Ca0 tupe contains a by pass so tha Ca0 can be added directly into

m Xi ng contai ner under the two pipes. m Xi ng chanber is used for m xing

sterilized Enedia andra slurry fr erece |ont n rovided a
honogeneous BPRAFASIARAH(H 1 Jheeﬁﬁfé%’epr{‘im INIAMPHU2 1 PFETET y Bgorﬁeeé ¢ht r al
process par agsilfinSn HeSstepper tik ImRBY fNthe GiFst ‘tr’@@tn’femfﬁiikmefdré mRRgati-ur e)
pressure and pH From a w de range of possible conbinations the optinal

par anet er sef?qt%toitﬁeﬁe?%ﬁﬁ?é?@f &'9599€160C, pressure of 6 bar, dry matter
-content og app. 30% and pH of app. 12. 15 The retention t| me |n the
sterili zat ion unit consists of several phases: 1. Filling tine

Preheat Png t Qfganiomafrsialsilieulpioligess by H@qpbﬁbmsﬁ'a'ﬁmﬁ ﬁ’UE"PRaaP%ﬁXB’P'C Eﬁr

'Retention ti W?erﬁétloh*?a‘?e §F§f@rﬁbl9fﬂ>rét%ﬁ&i ﬁtélééoﬁﬂlgre‘ﬂfeﬁﬁﬁétﬂ%nkia? i %6 Uélﬂg
rel ease tine; i ng 7: CIP tinme 20 The f

consi sts of ﬁH@Ctﬁﬁj itﬁéthleé\ﬁfdM@EPatt‘Be‘ﬂtrta%%FPmPH%“@h?e'ﬂ”p&ef R qsffgs r@s ure

sterilizer apd.dp Xbdve. wu&mosgaﬁ.ca%eﬁa@wdau chhensféé!s.gﬁmcént@mo@h@Idf be app.
10 mn. After filling t E-nmedi a shal | eate tole0 C at 6 bar

Preheating t &l@a§ew4|%ﬁ9eaﬂﬁfprth‘?€“€ﬂ5'ﬁ@59;§‘ﬂﬂ@r h@ﬂinqu sAreeRly mgra thar RE%| ower
pi pe. tin M 'E%Ildlés@é‘rfb?&rtr?éﬂnléaluhﬁe%ﬁlorﬂgnlﬁgem&) w@&tEP@ﬁ&hﬁﬁlépn tine

at the e5|r erature and pressure sh 40 mn (at 160 C and
6 bar). Pres §u¢léa$ sliraws; erapspincliging coon. Frop wases, @néé?éhﬂféoilfb FENELRERT nt o

the' stripper a’isaN(lnclgf& ngmﬁ{ar%s' supREQUAYE SiriBYed HORItRIpRirehi?d cPgdrit\mate-

conveyors. eani ng perfornmed on occasion, generally not
necessary. r'@\bOZ/lSQ 45 PCT/DKI | 1/ 110SS3 42 The vol une of the pressure
cooker is 10 nB per unit, and the degree of filling is app. 75-90% The
vol une of the m xing container is 25 m8. An exanpl e of running conditions

are il st r atefobdhefist gncnmege@sgm%@teéreajm%mrothsmw%ﬁulﬂe@ta to a ther-
vei ght Tenper ghr ﬁ&% ﬁ%g%glsgpﬂeﬁé%re%quﬁﬁérp H}Qaﬁa/@,?m@ p%sstupe,elsl%@g?ﬁl for

suppliers where E-ne |a ar | strat | ow ng s pre erably be
defined for tcasthcbigherdn thsr sqoes @f%fqaltm%ttardhwawhﬂs tm@fgrﬁ»tpreﬁﬁzfﬂw and sort

of Emedia. | t5idrpalddUsciBRRisdyBlehn Eababfd biistaing®Rgh pfesSBdsa transported to
the pressure
20 Finally, the slurry having been subjected to a pre-treatment as described herein
above is preferably diverted to at least one thermophile reactor (6) and/or at least
one mesophile biogas reactor (6). The slurry is subsequently digested anaerobically
in the reactors concomitantly with the production of biogas, i.e. gas consisting of
mainly methane optionally comprising a smaller fraction of carbon dioxide. The bio-
25 gas reactor(s) preferably forms part of an energy plant for improved production of

energy from the organic material substrate.

The biogas can be.diverted to a gas engine, and the energy generated from this
engine can be used to heat the stripper tank. However, the biogas can also be di-
30 verted into a commercial biogas pipeline system supplying household and industrial

customers.

The remains from the anaerobic fermentation, still in the form of a slurry comprising
solids and liquids, is preferably diverted, in a preferred embodiment, to at least de-
35 canter centrifuge (7) for separating solids and fluids. One result of this separation is



10 cooker the: - Energy potential for each E-nedia - Necessary heating tine
- Necessary retention tine 15 - Necessary mxing tine with the.slurry -
Necessar we@nsrgys use dependi ng on E-nedia - Degree of fil PChEPKOsOgFiIal from
radar / mcrowave gauge - Enpirical baseg, val ues dependi ng on vi sual
nonitoring by the operator 20 M xi ng Tank for Pressure sterilized E-nedia
and Raw Slurry Followi ng sterilizatiqgn an

srs th res ure unit,
The troated Bh ahiaas e Hpidrerion sompRaRa Amesy SKNANA By Eristredy i

nunber 10) ppghekadnliesrt Pactionppavetdpfy dbhﬁﬁrsmgenere itthan mm@v)m (aesun e
(stean) is released intg the strrpgert nk in_ 25 or

and t ransf er thec@me ¥ep (a: ¥R PR degar %rcﬁﬁtﬁweﬁg%ﬁaéo teﬁg{i}s F'Br‘?t Féﬁ t he
-m xertank. %Q é@rﬁ*@%ﬁdrﬁpr@ﬁerﬁ@?&&nb&rﬂg AIRXIBESxcIIMvepUK postassifim), bectnarxer t ank
r

is to mx col aw slurry fro he reception tank wth hot é{\ag&#yzed
E- nedi a8 n optlepstisgmipel fﬁaqﬁea@rqfﬁraabyf@mprlﬁmm%ﬂam ?W’ Png of the

‘two nedi a. 5pkhgaNglWiRobiaiféP Ateby fr‘aétldhs refPsHN indhe Fi¥m dityarilatésibb-e
mat eri al can be uséd, including insulate &ryanl bre. The

Kk
t enper at ure tainad,aftes &1 drying stew: Nelyding@ sorandryingstan ofa sluky gﬁ’iﬁéssq%b Préfa
liquid bi Om%%bgpwn%rréécb biwbihe uf GtkmERNall) besEpthbk PURRES rééarrymeameromunber

11 ) shall be use to ensure sufficient biogasproduction durin art up

phase of t he complescigifarisers6i@yvaych fettilizars mayds eSO SRS SF ﬂ%‘f tyfat‘ when
such Tigyid *ﬁbﬂgﬁﬁ% |0%"(§{/él§91ré'sultﬁabql‘éh¢the'd%8§ﬁ§r ¢émifugt@s@p@atrd‘nls$ép oil) and
i

ani mal or veget nasses and nol asses can, al so ed, but this

i s not pref ersﬂe*da%@t%ﬂhwt%f carmase be divered faagriguliyrgfielis grevcceﬂ Esiveried ¢ hus

| ow potenti alba@lf'gf Y st &‘EnlﬁﬁlrhdﬁgeMr%H%tsewgaé trealmite siste@pacity is
typically about 50 nB, and a suitable material for the tank is stainless

steel. The contents of the tank is preferably |liquids and solids having a

particle si Z;Baffuﬁrrer e[r%oamer&?tthé fu‘s@ﬁre%%atﬁ%dt tetk rﬁe;rwgume@ Wéith ©rgandy
t enperature contro referably provided) as are feedin Cﬁh‘igs to the

f er ment 89 ( s) .matgdal cdgipating fiere siagg ﬂa“ ks &) epmprising fermentablesarg ‘ly or

fatty biomassy %ad?ve‘Pﬁ‘oerr BN oh{bhfb tht%nél@ rté‘?}@tf%t(o*iétreaﬁhéhﬂlﬁﬁlf mapdompAss at i on
tank 25 The stripper an sanr tion tank (Conmponent nunpher 12 referkabl y
recei ves t he step involving an anerobic fermentation such as e.g. thermophilic fermentation tan
capable of removing gasses from the silage. Additionally, straws and e.g. crop
wastes originating from agricultural fields (5) may also be diverted to stables or ani-

20 mal houses and later to the first and/or second pretreatment tank.

Fig. 2 illustrates an embodiment essentially as described in Fig. 1, but with the dif-
ference that only phosphor (P) is collected following decanter centrifuge separation,
and water in the form of reject water is collected in a separate tank for further purifi-
25 cation, including further removal of N, removal of odours, and the majority of the
remaining solids. This may be done e.g. by aerobic fermentation. Potassium (K)

may also be separated from the liquids at this stage.

Fig. 3 illustrates an embodiment comprising a simplified approach to the combined
30 biogas and slurry separation system according to the present invention. In this em-

bodiment, no biogas fermentors are used, and the solids resulting from pretreatment

in pretreatment tanks one (2) and/or two (3) are subjected to decanter centrifuge

separation (4 and 5) following stripping of N including ammonia and collection

thereof in a separate tank (8). Separate and at least semi-solid fractions comprising
35 P and K are obtained (2 and 10).



following nedia: - Slurry fromreception tank 1 and/or 30 - E-nedia from
the pressure cooker, andlor - Possibly liquid biomss from bionmass |iquid
tank, anW®@02/1598ej ect water from decanter or possibly aftBETRKOEHESAL i on.
The purpose of the tank is to regenerate, heat used in the pressure cooker
by heat35 ing the slurry from receptlon?tank 1, to mx the E-nedia with
slurry and hence to WO 02/ 1S9~S PCT/ DKO1/ 00883 44 produce a honobgeneous
feed to the fernentors, to control pH before feeding to fernentors, and to

sani tise theg '4’nlﬁé’trata_§‘§n éﬁ'nbb@iﬁ%rnt ARErekitetpatdseiuint @Qks nscstrseparaaenmnuv@e, step
|, and the gaS is diverted oan5absort|oncoltﬂ§r}&0§h IQ' nto the
final strippsg deeanterssentrifyg,separatigneassinsaro qsHiehthg frerdil Lﬁ‘frﬁ &Y and the
-media / slur l'of KREH sGbseqtBEtvEsheeBd iyhdw-ef err ed
shape of the‘flét?ﬁzﬁig@repién s}i;ﬁlotfatlon(ﬂfganll(é#g@% Bottqordfquf)or - Wth

i nsul at 8d coensr@eesiiene, directed downwards angl e 20 degrees - |npaired
'stirring / sand is removed fromthe floor or accordi ng to the mamut

punpi ng system 15 - A sand filter is placed in the bottom which can be
enpti ed t hr obightst5 and @ilusiratar Rsefeered gRhosiment of e sypipM ageorlingiodiesi bl e to
enpty the ta O IdekBihedtereiii detgipne construction
of sandw ch {ﬁgglﬁ}%tzg@mgo gtggéér@ﬁ%ﬁlﬁgs?ereg (Encapsu | ated Foam ). Cone
angle is approximately 10 degrees. - Munted water drizzle systemto avoid

t he prqductign,of fqam : S9/hdryec onMmon.
T S R un o PR BRI AEAR of B BRsBh O ToR e AR B e e e
optimal 25 htziidgesin balbiwon, - opt i nal vaporati on of the ammoni a, and -opti nal

distribution of heat in the nmedia. - The ammonia is transported through wet

air in a pipe to the absorbing unit Sidelwall 30 - Wth cylinder
const r uct i onDetailkedDbscciptionfitheé bventiohat al i ¢ Pol yesters (Encapsul at ed

Foam). - Munted approximtely 600 neters of heating 514" pipes in a
cylinder ring shape inside the tank to heat up the nedia
15 The present invention pertains to a number of individual aspects as described herein

further below.

The first aspect (sanitation)

20 The first aspect includes a system consisting of a first device, a house or stable for
the rearing of animals including domestic animals such as pigs and cattle, and/or a
second device mainly for stripping of ammonia and pre-treatment of the substrate
and/or a third device mainly an energy plant for improved production of energy from

the substrate.

25
The system can preferably consist of an animal house and a stripper tank and a
biogas reactor. Additional components can include a device for addition of CaO or
Ca(OH), to the slurry, an absorption column operated on the basis of e.g. sulphuric
acid, a storage tank for the ammonia concentrate, and a storage tank for digested
30 slurry.

The produced biogas can desirably be used for production of current and heat in a

gas motor and generator, the current preferably being sold to a net and the heat

preferably used for heating of e.g. slurry and/or animal houses. The energy plant
35 according to the invention has an outstanding performance in terms of the energy



35 - Mounted sone tenperature transmtters to regulate the heating process
WO 02/159.s 45 PCT/D KO 1 /00S53 - Mounted a pH neasuring instrunent to
regul at ew(he/ee4d supply to the nmedia - Qutside cylinder RMETDKa/045Kke bott om

is mounted a insul ated val ve/ punpi ng room - An ammoni a steam di ffuser is
placed in the mddle of the tank. The anmfoni a steam generat ed in the alkali
sterilisation and hydrolysing unit is diffused into th dla Vol une /

Capaci ty: TherqduplionRsr Ul istbsirate rated &) e PNk Rihequigipn B%B? FPERCERd a

hei ght of 9 Brhid@dhyEaARbRaficH s d?aﬂ%ﬂrwmtmha@abafat@npb@mpaab@lmahmo m-
the bottom cone included. 10 The draulic retention tine slurry and

E-nedia i s aBbial magyies, 0“&%‘1’@@@?%@%@‘63 Wit SPRING PERPMERIa ot I'Ies about 1
-hour. 1In Ones%ﬁrfa?éﬁél‘greeém%ﬁ@&besﬂohe bottomis basically made of

concrete, armng 1ron and preSsure proof insulation. The surface in
cont act 5N|th media is coated with Isofatalic Polyester to avoid corrosive

rdamaging of tfig JGUHzA §‘és‘%\§§B€I f”éHrIRanIQhé P%egﬁh%rﬂbrﬁ’%ﬁe HELERbEGin Hofehtdipt t om

i's either polyester st al n ess stee bottomis basically a
const r uct i on hefeisbelawi @ne carital aseert pEibe saaitation laép@véﬁ thesnyantien js apleat ed

Soap). All p'tr%@ﬁnéﬂ?k!%?ﬁsuh& Sloh&&F .n%hm%tneﬁ anuﬁIb%'r Bt @u@ﬁud@bﬁﬁ‘b 20 Ot her

conmponents - The stirr elenment 1s of stainless steel The heati ng
el enents is Mhgatment ste@mdeacrnheﬂm gelaijn @ﬁ&?"@\”‘@i ainless steel 25 - Al other
conponefy s placed inside the tank is made of stainless steel In one
preferred enbodi nent, default paranmeter values for stripping of ammmonia
fromslurry ﬁﬁeﬂttrﬁatmest\y@f@mrmfcﬂiowmrrp@pmlup@ the aamalthov@escs:amm@qie amobut 10 -

12; liquid gage gg BI the é&lloiﬂ% stc]:pé“@zgmﬁ%haéth "’IZ'ZIIr i a@eéﬁ 9@& Meo

affect|V|ty 'S I eve exanpl concel va ng co dltlons
are |listed behatter, 3) sumtamnmgweslwcyrﬂbre@ypmsﬁoamfmﬂan Alflocedation, O f

I d I I d E-nedi
ous 1§ qui o oPtam a8 SCAAREATE! YRI5 1 80 C Runni nb gas

conmbi natd on: 80% NHa , 15% C02 , 3% QOZ , 2% ot her gasesl nsul ati on

k-val ue: 0, 20 w
Vi SCOSi ty in -I\rIrI{e I a. g?)— I?%RIggéaeS ﬁ%? rggrt\%qeg%h ﬁ%ﬁt%gg%ﬁg%s in
Medi a ( Ex. Sar@hk wheregammonia igpuvipnagry mwm@ﬂﬁ@%%‘ﬁéﬁt@CmHhear@@ag

cel ci usMax. %Eg%hﬁaﬁd“a&%%éd‘iﬂ S RIENb &R oM 305K ABiHRLaRld A the 5 kW /
20-25 rpm 15

slurry is subject to a thermal and alkali hydrolysis, preferably by using a lime
20 cooker. Finally the pre-treated slurry is diverted to the third device, consisting of one
or two thermopile/mesopile biogas reactors, where the slurry is digested anaerobi-
cally under the production of biogas, i.e. gas consisting of mainly methane with a
smaller fraction of carbon dioxide. The biogas is diverted to a gas engine and the
heat from this engine is used to heat the stripper tank. The current produced is sold
25 to the net.

As straw and possibly also sawdust is a significant fraction of deep litter from cattle
and poultry holdings, there is a need for a specific pre-treatment of these manures

before optimal use as substrate for methane production in biogas plants. Lime pres
30 sure cooking represents one preferred pre-treatment method in this respect. Deep
litter treated by this technology can thus be made available for methane production
in a more efficient way and result in an increased biogas production. Additionally, it
is assured that uric acid and urea dissociates to ammonia and that proteins and
other substances are dissolved. It is hereby ensured that the inorganic nitrogen from



25 The stripper and sanitation tank supplies the fernentor(s) with treated
material for fernmentation. 1n a tinmed process the material wll be
transpor MY t9¢he fernmentors. The demand of material dep@GEdOKIN00IFS

di gestion process in the fernentors. two, three or nore fernentors can
be enpl oyed. The stripper and sanitati on3'13ank Is regularly filled with
slurry and E-nedia fromthe al kal i Ehgssure process. Finally, to obtain a

dry matter othedespliftesoarshe caliseted intha N-capeiate 'Péﬁ’ﬁlaé’ﬂréort"ﬂé”eBWBé’ﬁ?c in the

tank. A TS-nggdring unit regul ates the content of TS. Every 1 hour after
filling of slurry and E-nedia it is possible to punp E-nedia to the
fermentor(s). The top of the stripper and sanitation tank is preferably

-ventilated thh@ﬁgﬂla%nnt@mmelhﬂn%@ééﬁ I@r blﬁdi botﬁltr?h%u@to a’glﬁdu@réﬂdrdi&%url ng

unit requl ates the need for CaO. The erature of E- nedi

regul at &d t higrefare eisiandialy @crteaa%rlﬁlﬁ ?étfrgatec&that ﬁ'%p%?@@ég&llze%w ti onal ly

‘punp wafer / ghty Eah bOlRrddded ¥ hBdli 905y 8hd Sadel Bl Bt lotitr dehekdsafedtéd f oam
WO 02/ 159e 47 Fernentors for Biogas Production PCI/D KO 1/00553 Di gestion

of the bi orraysthe§|qge§\ar'desdyrm/se&>arﬁ§lpﬂ iplagt agrordipgrigtherPresent BWeHioss er abl y
conprising three fernmentors (Conponents 13, 14 and 15). Systens with fewer
as 5 well as nore fernentors can also be applied. The fernentors are
preferably cévpsetilytibmayheeperopggiedn mgpﬁgtg? PPty ymaee e f'rr%FheﬂF‘B'g as

product 1(53” BPH‘IG%?{SIIEEI%% oF bafdrd paddfight t@ﬁﬁ'@gtngﬂér thAk tTihRehepehdonh fHe

ternmofile (45-65 as we as nesofrle (25 enperatures. 10 The
di gestion pr #gektheqaanuse aogttcp whishdlepreettBe Hic af:ld@w@aﬁa@ﬂd@ad?ﬁgtwatdéfer-

retenti on ti G AheRRX EFHEGHoD B3ine B idine ABAGRS trSht bRl SR Ay ar e

included in order to he biomass preferred running t rrperature

15 A top fasthindtisénpartantiastigsssthe versatfy shibe plantnbishadowpall iies of ma-
honmogeni sat i ggnﬁé}qj %.5 P mg%ltggqua@gat in the biomass. Regulation of pHis
dditron

possi bl e t hroug an organic acid (liquid) in necessary
quantitl®s. 20 The fermentors preferably receives the followi ng nedia: -

E-medi a fr OMi\BoctnidopBShstRtor™ 3 bibiileh i/ focaubs BUbRWARNBES chlipfed he

i qui d bi omass romthe acid tank The specific shape of the
tank can in ave pneceetwdalbmede Phivat apé acid proof steel, conveys the biomass mtoa

lime cooker where the mass is heated by a steam injection to 180-200° C. The pres-
sure becomes 10-16 bar during the 5-10 minutes necessary for the mass to be
20 treated.

The unit to be constructed shall be able to produce temperatures and pressures in

the temperature interval of 100-200° C. Hereby it is possible to adjust the treatment

to different biomasses to be digested in the plant according to the invention under
25 due consideration to use of energy, tar formation and technical parameters.

Foam formation represents a common problem in biogas plants. One preferred
choice for controling foam formation in biogas plants, in particular when supplied
with large amounts of biomass from e.g. energy crops, is rape oil, which in addition
30 to the effect of foam control also is a substrate for methane gas formation. Ca-ions
are also very efficient in controlling foam as are many salts. One preferred foam
controlling measure of the present invention is Ca(OH), and/or CaO in addition o its
other effects mentioned earlier. Supplementing the slurry with Ca-ions is also be-
lieved to stimulate the formation of flocks and the bacterial adhesion to organic par-
35 ticles and thus the performance of the anaerobic digestion. -



Bottonm floor 30 - Wth insulated concrete cone, directed downwards angle 20
degrees - Inpaired stirring / sand is renoved fromthe floor or according
to the ooy H9puUNPi ng system- A sand filter is placed i RCTIEKIYMREHM

whi ch can be enptied throughout an exter_35 nal pipe connection. It wll

al so be possible to enpty the tank throu%ﬂ'n the filter WO 02/ 159-4S 48
Top/ceiling PCT/DKO /OOSS3 - Wth cone construction of mld steel. Cone
angle is approximtely 10 degrees 5 - Munted water drizzle systemto avoid

the producti ﬁecé}&.npfyamaaamgﬁéu hﬁan?&drrtror &%/Bfﬁ&fc%mén@}m n%@@ecpfn%éﬁﬁacbé’s conmmon

- A slow runnin emils aced on tOpO cone to to ensure the
opti nal homg@mugatqf an/enahiﬂ ops pr@ﬁuct@nélﬂe fesmeniers Ry ke stpplieddifecthdity. -

-The bi ogas |§ft;{g,ayb$98;5é 8 THRHABH BEEa@H). bI'CAORIREISh ReddB pAstilAfon &

Si de/ wal | nder const ruction
appr oxi at el plceﬂmnﬁmseassﬁaﬁoheﬂvs iegusgstthe SiQugoncenteation in srleionrandgn tape 15

rinside the tg é(pﬁgséﬂﬁg({ e&}{ﬂ-h&e QF&UCUM&%EH f«?@tﬁ; ofggﬁmﬁ% D@ed carbon

transmitters o regu |ng process - neasuri ng

i nstrunent t dioxigdgdnaitgionie aci d supply to the nedia - Qutside cylinder wall
at the bottomis nmounted a insul ated val ve/ punpi ng room 20 The vol une /
capacity of each tank canhave any suitable net volune, including a net

vol ume of abd{dditimn'DOGH(I)H}WECﬁ@tiEBDMQﬁi@IDWith stsippingra amorenizand eanifatioe as

speci fi bel,p I ar m ng
I ron and pr essur e pr oo@I aﬁggslg&ftobd?é& gﬁ § ﬁaﬁﬁdéjz]olg%hdg%gt% ag{sséwé]ﬂf’ ﬁ%&
coat ed with MhesaPelarticléoingy be euspended ini the slurry as well as other flocks. The use of

Ca will also lead to a limited reduction of chemical oxygen demand (COD), which

means that Ca precipitates other salts than just the orthophosphate.

15 It is believed that - irrespective of the chemical differences between various organic
waste products, a simple heat treatment and in particular heat treatment in combi-
nation with alkali hydrolysis will lead to an increased gas yield. Furthermore, a com-
bination of high temperatures and high pH during pre-treatment is believed to result
in a more effective sanitation of the organic material as compared to anaerobic di-

20 gestion alone, whether thermofile or mesofile.

It should be noted that in the Statutory Order no. 823 from the Danish Ministry of
Environment and Energy, it is laid down that a controlled sanitation consists of 1
hour residence time at 70° C. In view thereof, a treatment according to preferred

25 embodiments of the invention consisting of one week residence time at 70° C before
two subsequent anaerobic digestions (thermo- or mesofilic) is believed to completely
eliminate all known veterinary and/or human microbial and zoonotic pathogens.
Preferably, BSE prions are also eliminated or at least significantly reduced in num-
ber.

30
The overall result is that all infectious organisms in the slurry are eliminated and
therefore not spread to the environment when the manure is applied to fand. This
also makes it possible to flush the first device (the animal houses) with the digested
slurry in order to maintain the sties etc. clean. Cross infections among animals are

35 thus prevented. It also allows further use of water to rinse animals and sties, air ex-



30 corrosive damagi ng of the concrete and armng iron - Al pipes nounted
Iin the bottomis either polyester or stainless steel Top and wall 35 - The
top and W 02/184basically a construction of mld steel PVODBR1/0G83 1S
PCT/DKIl 1/ O 1 s53 49 - Al pipes nounted di ei ther polyester, stainless
steel or mld steel Qther conmponents 5 -""The stirring elenent is made of
mld steel The heat} @ el enmen

hyhe

I s made of. m)d.steel - All_aqther
conponent s d'laé'égc?tFﬁ’gl Fﬁ@CtFQLRre"%ntWQoeémﬁT'O%ﬁ %’Eﬂr %fsogjogli' dupt agﬁ 'ﬂ?’F’d st eel
&/ngheAlr anltms@@asﬂst ThiB%s ﬁo’ﬁ@nb@b@ws@mmmm addifierial water slcdlrabit g@

i a: sorts off anima r r at ener
crops. Some %qppé%pegp%w{w%r%@ee%g@!s B?@étrt\&cqielsg‘é E&Hﬁﬁ e v
-t enper at ur e: sgheibtoTid hré\ighaasthe 984, nat i on: 65% CH4 | 33% C02 2% ot her
gasesl nsul ation k-value: 0,25 WnkK heatloss is estimated to 10 kWRunni ng

Max. Pressure: +20 nbar abs. {No vacuum Max. viscosity in nmedia:12% TS20

‘Basel Aci d- r ang@gever 1ifl tiRd¥iat aﬁde&ﬁt KURS PRI Satiment@d #ué e st&anrdionlof2A@/ax.
tenperature in heating el ements: 80 degrees celciusMax. effects IQI heatl ng

el ement s: 600S|RWWBWBrﬁ B@ifezifﬁdéﬂp@tﬂr tw@"vawsu bspausat spIEAGIR0 PRID agriGWhY

shal | be runggg about 55C. Heat loss is estimated to about 10 kW The

bi omass in the tank is can be heated from5C to 55C during 14 days, and the
possibility of addition of acid for adjustnent of pH 30 WO U2/ 159-L5 50

Tank fap or gﬁwulpb@@éslﬁhépthewés@m nHﬁém@ﬁtrélate@ téarv@ﬁ@tty@f gifféfeht Bspdds, / UU~83 A
tank for organic acids (Conponent nunber % for u t men %s in th

fermen t or ( sWhicg CBF%F'@P&'B@W’H?'B’(PWP EnBipgtio th?I“F |op5||n 8'68¥;"§‘ed

slurry bef Orﬁ‘%rﬁeﬂ?é%ébw%@btfdh‘%dﬂ&lﬁ Qﬁéédn?ﬂoﬁ)éf \Idﬁuéu@irﬂml bartst (8empes ment or s
t he degassed Dionmass is buf fer tank onent nunber 17)

ed
bef or e bei ngn&us) @&n@@sp@ctpéﬂ@dﬁa#eﬂ inyention. PR vaBiem pehe S Sahponents e

given in figures 5 and 6.
15
It will be understood that selected components can form the basis for other aspects
of the present invention. The invention shall in no way be limited to the combination
of the entire list of components described herein below. 1t will be clear from the de-
scription when other aspects of the invention are related to only some of the compo-
20 nents described herein below. Non-limiting examples of such aspects includes de-
vices for concentration of N (nitrogen) and/or P (phosphor) and/or K (potassium);
energy generation based on the components of stripper tank, lime cooker and fer-
mentor; and animal welfare/reject water processing.

25 It will also be understood that the below aspects related — among other things — to
the aspect of sanitation, does not necessarily have to comprise all of the compo-
nents illustrated below. Aspects related to sanitation are also understood to com-

prise a combination of only some of the components described herein below.

30 Animal houses

The animal houses (Component number 1) serves to provide an optimal food safety

and food quality, an optimal animal welfare and working conditions for the labour

personal in the housings, an optimal slurry management, suitable for treatment in
35 the GreenFarmEnergy plant, and a reduction of emissions to the external environ-



Decanter installation The function of the decanter installation (Conponent
nunber 18) is to extract sus 15 pended solids (ss) and P fromthe bionass.
The decamt@p2/séparates the di gested bi omasse into the twoPET/REOI/BHFS3 1)
solids, in eluding P, and ii) reject watgr. 20 The solids fraction contains
25-35% d. m App. 90% of the ss. and 65-80% of the Pcontent of the digested
biomass is extracted. In case of addition of PAXFSiéf\Iﬁen‘i rg@(%nn%{cﬁ% to the
buf fer tank mehdpa HisaAHEBMONR. tudl, eisheihang IrAPeNEXRC RAVGHEEP can be
extracted. ngss;égj ids fraction is transported to containers by neans of a
shaft | ess strew conveyor. 25 The rejectwater contains 0-1 % ss and

di ssol ved K. The ss depends on the addition of PAX The principal conponent

-of the rejec iy & ' | FEDSHMy Svdafling Mo usSOMMIeh tdthleof
original K- cﬁﬂ%ﬁ%'ﬁ%é%ﬁ%h%?@%@tﬁrﬁﬁ% ?angct vvgt er Engﬁgéj:rl?ed, tﬁ‘Qt he reject

wat er t&nk. 30sectionadesioned ioanreginet25 liyestpciaunitsaneyaliye RFHPE RRYURRSc ant er
‘installati Oneg;hggégigie‘@s {‘?2%6 g) dJr 326 5|Rgnfef Efg%kﬁtﬁbﬂ@)@' led the Pfraction) can

be transporte ser contal ners by nmeans of conveyor screws 35 and
belts formng a P-fraction transport system (Conponent nunber 19). WO

02/ 1S9~S 51 R ghi on to
AG’E(i .é@?ﬁ’&é 66 AR gasfrﬁ%ﬁgg i) btéﬁﬁdb%é&aﬁ’ndﬂ@

a storage where Into m , a conpost sheet and
allowed to cadgiten to thisevolupmpars amagnisnf §cHE@00 mB preaesy wates shalkbereacygled i on and
t he d. m,-con ' 2B QYhdiBorResHn i HhBhsthep

Effici emrg)t st?ﬁg%%@ﬂ%hg%ﬁ?g&y%ﬁ ﬁ@q'rég?lggt WatI %rré\tibl‘s‘;ﬂb%’rﬁéé]?('grresgt;1 and a
resi dual | evébusifigaystem: 10 ng NHa-N / Itr or less is preferred. 10 The
second stripping step is preferably carried out by using a steam stri pper
operated at anbient pressure. The stri Epper princi ple benefits formthe

di fferent boi) Tng-dimafresystam:dhectiea shalhprafesaily hrdesignestas WerdMAeP¥s cl ose
to 100C extraghl ofheQlacR U ﬂ‘\f'[osﬁeggﬁéll 5 Eduipidiwith HPadistatié conga@ypion or der

to heat the féed I's an essen tral runnindg paraneter. The stripper unit
shal | tt8er ef eidingoarebemrtunitefof wecpigefoogheosabelwerp arplativaly yape envnmant t o
close to 100 b S qyvide SAGALG ' er and
stean) fromt 8g%§ §P g%rﬁ{ ra\ﬁdgar r%héﬁy?lyﬁzﬁld;gng;ﬁ %am v’\[/e('ar?glre nﬁit?tf me%(/s(:tﬂlﬂgé\ré.ﬁ{- 20
When heat ed tpeeatérestifferanes shall be i thei rppee ot 0M8I-dnd percol at es over the
colum while at the sane tinme being heated to the running tenperature by a
counter current of free steam The steam ammpnia gas is subse%uently
condensed i n \@hemthegtigiets hanel graven torarowr® 30 ksnihelseverpar shalkbe yreddepliow t he

vater ngy freg. of, AR teinddfABRY i thefarlif¥flouse as such. The pigs may keep
warm under the coverage. By allowing for colder temperatures it is possible to in-

crease ventilation also during colder ambient periods.

2) Occupation: The pigs are preferably offered straw from an automate. The
25 searching and digging behaviour is hereby stimulated, because they shall pick out
the straw from the automate by themselves. The straw serves also as an energy

source in the energy plant.

3) Heating: Heat from the energy plant is preferably recycled to the animal houses.
30 The heat can be provided by two separate circulation systems. One is located under
the covering to 30-35°C, which provides the pigs with a comfortable micro-climate,
keeps the floor dry and reduces bacterial growth on the floor. The second provides
heat to the overall airspace in the house via pipes along the walls of the house. The
second circulation is coupled to the ventilation control.
35



controlled exit punp. The stripped amonia is diverted to the bottomof a

t wo- st ep scrubber condensator where the anmmonia gas is condensed primarily
in a coummM®e2/tdy ent of cool ed am 30 noni a condensat e. ThBCHPKONIESHas not
condensed are subsequently condensed in §7count er current of pure water
(possibly pernmeate fromthe final reverse osnosis step). If the use of acid

i ted it te t . d at, t
Stage. It i sl SENSSIoueEs 3t ek et SioplBrd bVer e PRt Weifiarke R o oby
ammoni a.  WidQatallfisdr b%apqiﬁ{sméfés]tﬂcéﬁi@sft@ mERBrese thelatits Ccyuhposed wr  ar e

preferably constructed _froma t he use of acids.

|
Amoni a absoHstsolié fleen Jhe SPPWF"pW%é"W'"tfwsf‘lﬂ'r‘%maaﬂ@l'B@%E%E%'Pﬁ‘is REEYERIGhi ng) A
-condensat e SGHHABEAF, alrindhiLibstds &EIPe E8ar98biid ffob%@s{dntldllmﬂﬁﬁsﬁh@ gos-
addition of acid. The colum (Conponent nunber_ 21 %I refer
const r uét ed ﬁ'ﬁ'et'ﬂﬁﬁcﬁ,q!@tfi)@hﬁat@@g@?df‘ the\@apyreds Yamehe YroRa P condensed
‘in the first section is subsequently con densed in the second sectlon Thi s
takes place in a full_counter current so that addi 10 tjon of water is

limted as nBtRlugkingddwirmaniire targlsple %Fefﬂﬁli")hﬂ%@ﬁiﬁﬁﬁ@' tipee adlay. r'btslpé?f in

the final Cooﬁsa%ghﬁsnﬁg sehBR it ﬁrbgé‘sfs Watarréh e enfdigy PERD A nitireebigt can
be punped out with a separate 8“ be taken out froma val ve on the

circul ati on giyefed %C%@b?fﬂﬁl 0%{}/3 MalV@ssi sted by addition of sulfuric
acid infpo the water counter current. 15 Sul phuric acid tank The sul phuric
acid tank is used for storing the sufuric acid used in the N—strlppl ng 20

process. (CofpEAeaidesigrbEie WCG‘ REthedRrNurRds TRIUERhRY B PfpGSBRRedRARBlEr  23)
is used for ghaph r&gtlﬁgﬁlﬁﬁhg%@ﬁ{é &!ma%f‘aré%cﬁ%%cﬁéﬁﬁ@ shineltitnd) TRIsSS E&flral O

establish a gas st nent nunb 24) as a bufferstore for the
feedi ng of el gfh%rQW@W@@?'%ﬁ'Qnﬁ féﬂPI’gffhféan'Rél RQUS@Bt er Tank From the decanter
installation the rejectwater is preferably punped to the rejectwa ter tank

(Conponent nunber 25). 35
15 7) Ventilation: The ventilation is designed so that 20% of the maximum ventilation is

diverted down under and through the slats. into central ventilation shack. between
the double V-canals. In 60-80% of the year 20% of the maximum ventilation is suffi-
cient to provide amble ventilation.

20 8) Feeding: Foodstuff is provided by a wet feeding equipment which provides fodder

ad libitum.

Slurry Collection Tank

25 The function of a slurry collection tank (Component number 2) is to collect slurry
form the daily flushings of the animal houses and to work as a buffer before pump-
ing to the main reception tank. The slurry is diverted to the collection tank by means
of gravitation. The volume can be anything appropriate, such as e.g. 50 m. The .
tank can be made of concrete and it can be placed below the floor in the animal

30 houses so that the slurry form the houses can be diverted to the collection tank be
means of gravitation.



WO 02/ 1Sl -~5 53 PCT/ DKO1/ OOSS3 The rejectwater tank is equipped with a
subnmerged mcro-filter with static operation. The mcro-filter shall renove
particl esvoe/gess than 0,01- 0,1 Vim A negative pressure BETDKPIO)B3 bar
shall be built up at the nenbrane. Hence,the perrrieate is sucked through
the nenbrane retaining the particles on 9 e nmenbrane surface. In order to 5
prevent nenbrane_foul ing and scaling the coating of the nmenbrane surfaces
has to be remmt-'ﬁ—“-%@ﬂgodi c backwash procedure. A m cro-processor
control device shall automatically control the extraction of perneate and

t he backwash procedure. The extractlon shal | be |nterru ted b riodic 10
backwash e. g Slyrefrogs thecqigefionrtgpk is\Rspigrabhpurrnasigdne s rﬁaquo\ﬁégrﬁ(The t ot al

flow shal | becémforeht RefmbBr 3)A@ti@érltmsrmuqm@n@m+d/\9§bté thaySdcse adtied to
mcro-filtration. Aeration inpose shear stress on th?(rmsnbra% S‘s’ogrface

reduci n@ scaligcaptiprean frem. Oth‘ir farms/plants-£eptions are MENK e, CaHIE sier and

stiml at es aghdiises AReIBS Silh§@BicOThik %Stlramgbrtéu ©3né feodPlibrefank By Idrhfargat | on
and denitrification. Possible remaining odour, nitrate etc. is thus renoved

during the pioleaded directly Bite the tecepiiondank. Ehe ¥plumed cRRANLY S 8NYIBIPERRPE®- shal |

be used for: S%Qte Eﬁaﬁémgc’éb&m o@@lnﬁmlrﬂaqmm thé@ﬂ@bértaﬁk@l@erﬁb@ confur t her
separ ati on. ssol ved K shall be concentrated by neans of reverSe osnosis,

the K-fracti dilssepugrswiiele aumngs glugyframuihe reseptianiankafre degg adivstpentSansi ng

ani mal $1J10uS $eMym A §almbfK Ethediifi ApAGfyERATR drlyhihg dsprophite tindgry al so
be concentrated through other nmeans such as nechanical or steam

conpr essi on. HThPIECUMSRANES. on the specific choice for each specific plant
and anount of excess heat avail able for steam conpression. 30 The reject
wat er tank containing the concentrate fromthe mcro-filtration shall be
enptied at rd&Q Addifiol erval s to renpve the particle concentrate. This shall
be added to either the K-fraction or the P-fraction fromthe decanter. WO
02/1s9~S K tank 5 54 PCT/DKO1/00SS3 The K tank (conponent nunber 26) serves
the purfPose dWhen Fuimis heing poneediremtiadecerippdank hiethe stripper tank, lime is

added to the slurry in order to increase the pH. The lime addition manifold is pref-

erably adjusted to add 30-60 g CaO / kg TS. The lime is preferably supplied as a

powder which can be blown into the silo from the lorry. The volume / capacity of the

silo can be e.g. about 50-75 m®. The dose of 30-60g / kg TS corresponds to app. 6-
20 12 kg CaO per hour with a slurry capacity of 3,5 m®/ h with 6% TS.

When added directly to the slurry (6% TS), the lime dose is about 60 g/ kg TS yield
(about 8,8 kg CaO per hour). It is however preferred to add the lime directly to the
alkali pressure sterilazation and hydrolysis unit. When lime is added directly to the

25 pressure unit (the E-media hold 20-70 % T8S), the lime dose is about 30-60 g / kg
TS. 60 g / kg d.m. equals about 342 kg CaO per batch, while 30 g /kg d.m. equals
about 171 kg CaO per batch.

Balance Installation

30
The balance (Component number 5) shall preferably weigh the incoming E-media
(energy containing organic material). The suppliers will preferably specify the type of
media which is supplied to the plant, i.e. deep litter, energy crops etc. of various
sorts.

35




Gas cl eaning The biogas produced in the fernentors nay contain trace
anounts of hydrogen sulfide (HZS) which are necessary to renove (Conponent
nunber 2WO #5845 burni ng 10 the biogas in a conbi ned heaPCabEKOpoNSs pl ant .
The gas shall be cleaned by enploying the ability of certain aerobic
bacteria to oxidise H2S into sulfate. Th%ggenus shall primarily be the
genus Thi obacillus which is known form several terrestrial and marine

envi r onment s Thspreificgionshatye made by seledlinastbe refenant Esmedia on@ @oprk a and

Sul f ol obus. feogl L @qg{ i ' ; bdih a
| arge surf acéé'géigkéz cgﬁgrﬁq &btggrsﬁﬁglgfaé aﬁeﬁ e] %@?W&/ﬁagg@ ‘@gbfrr%ic%ly% % %%Q
packi ng mat einchispenification hemediadg serordeddi vert ed t hrough t he packed col um
.and an air stream (of atnospheric air) is added 20 to the bi ogas stream
The atnospheric air is added to provide an oxygen concentration of 0,2%in
t he gas 5t r e3hg contenl thusfpiecifien foreach kimaedie (sascalraidyarilysitier ef ore not to
‘produce an expl osive m xt f Dbl s and oxygen. A ring side blower is
used. Conbined Heat and Pg\i\]/grrg?'pqogérﬂ%?CI-PZ 25 The main conponent in the CHP
{ Conponent nunber 28) oanThe requireddegtryy imeed engi ne connected to a
generator for production electric power. The main priority for the CHP
is to produce as nuch € eg-}‘?ir%qlﬂ'@\gé?teggorb%gi ble relatively to heat. The
engine is preferably cooled by a water circuit (90 C) and the heat is used
in the 0 plant process and to the heating of e.g. the animal houses. The
exhaust gas is used in a recuperator for steam production. The steamis
used as heating source in the plant process, i.e. in the pressure
sterilizati omeug'ttonemétidnrfota@emﬁ&tah@pﬁérqvn'rdpsl | (priority one). Depending
on the anmpbunt of steamit nmay al so be 35 used for concentrating the Kin
the rejectwater (seam evaporation). WO 02/1s9.1S 55 PCT/ DKO1/ (I OS~3
Bet ween13 he gheaddepion BREbn ¢Comporhant hixdber 6)ishall Reseivestesb llitter feormeay
exchanger, so it is ossi_ble[\ to t@ansfer heat .hgor?ﬁbhe. stefamb\%ys{aemto t he
heat system PPHIYQEPIEEANIMPE AR WEDBY ENGIEN CTMTe MR ALY 'SIEPEN T P Y%
install ed a sli¢auibedd With sdVirsl serdwtdrieyavslin thedlous Ethellomied et enptpthedt i on to
start the process, and in addj ti&% Qe ﬁ]sed as 73 bacﬁug for tgg genset. 10
15 |f there 2R Satedia dhscly SiQEmsipratNenaliiBe/ $aPachy c3t BnANBRIBE 8RRt he
E ﬁst t pr Odu]g: g (hier ﬂ? d‘.ﬂg@ﬁi@%{d\c@& siﬁﬁh tas _@@Ob%ar_l%'é%ﬁgﬂy ?f Einee;dlm (fa_abuuor ocess
eating of fernmentor_ tan C., at i.s proyide e oi i.red
bor 1ot 2he. 6010 Thg S SLANI ACD 0 1oss A HKTBT e giph e et Seyerdl il
switched to andl@S t6WbOE100AR°, $ORBspmdBo [Hree days eapacity (65t eTmaghiako
start the engi ne, .the engine take over the heat production. Potassium

il
separ ati on A@'¢ Bigigrablyso ‘F@Eﬁ'%‘?‘?‘ves for separating potassiumfromthe
rej ectwater are possible (Conponent nunber 29). At relatively high levels

of bi ogasprodycti on the notorgen
gasp %lflo for energy crops 9

25
The silo for energy crops (Component number 7) serves to provide storage means
for energy crops. The crops are preferably conserved as silage. The volume / ca-
pacity can be e.g. from about 5.000 — 10.000 m®. The silo can be a closed com-
partment from which silage juice is collected and pumped to the reception tank.

30
Transport- and homogenisation system for deep litter and energy crops

The transport- and homogenisation system (Component number 8) for deep litter

and energy crops preferably receives E-media from the screw conveyors in the floor
35 of the reception station. The E-media can be transported by additional screw con-

veyors to the cooking units and at the same time preferably macerated by an inte-



20 erator engi ne produces excess heat (steamat 160C) which can be used to
concentrate the K. The distillate free of nutrients may be used for field
irrigati swooer1wecy cled through the whole plant. At rel at PUBIDKOL/ONGSS at es of
bi ogasproduction a mcro-filter can be uged to filter particles 25 | arger
than 0,01-0,1 ymfromthe reject water rendering t he perneate suitable for
treatnent in a standard r nosi.s filter. The f y be
concen tr at egfates Haqgsafo ﬁ@o\rolﬂrpe)lﬁ;ap%ty-pﬁg beyoTe Ble'ﬁqalﬂ@gg{h%rcﬁ%

t hg secong/ pétaﬁfésnﬁ@tu?rﬁgggtéuttmmsrwmartaqmdmawrlaeoanMneed:fEanemawem i aI | y
reduce and/or elimnate ri ons contained manur

sl aught er hou&@e FaRacity of thﬁlt@é’ﬁp%d‘oﬂlﬂﬁn'ﬁﬁ%ﬂ" Sdﬁ n ﬁeoref?:‘[g%)ly r‘cﬁ?e%s’tlga Mchi eved
-by a conbi nabpQp 36imPs ﬁo&rrrﬁr{eam{daaryr{térpg@mert@esha'rhmtmcmembs ofB- | i st ed
above are supplenented with a devi ce for g:rdr@ggonal re trea) nment of the

subst r afe cofedieni-frgyoBaEe.JreigHper @ 'g!j"”e-a?']q tﬁ‘ée fse pargpjelg U] ReE g

- PCT/ DK111/ 11Qa88me oftk& bind THR thalWisAE khd el sl besetadliendy dr ol yse a
vari ety of organic substrates including material containing prions. BSE

prions are proteins resistant to protease attack. However, if treated with
lime at 5 teppalBlelsaf AbriRbRiesRDIAdAS B8OC, pressures at preferably 4-8

bar, and a pH of abou - the prions are partly hydrol ysed and thus
render ed deconposabl e by m crobi al enzynes such as proteases, am dases etc.
T[‘e m ¢ 30*393 TRE GIKaYi %?é’s@hré ﬂeﬁl#&ﬁtu&i s amd(daneat duiebes Obsiidliat e i s
strippe

for ammonia and thus [ow in tota N ver.sus, total carb& he mcro
organi sns ar €efpyedwe main BH'EP&E@’&‘adﬂﬁfiﬁﬂ'ﬁ&'l‘qtvnﬂﬁne‘%f’ﬁ“ﬁh@ hegens Mg &si nases

and prot easeg, ff\tﬁa‘?tré?ﬁarwgéai Mk REmhVBRoBSBowiy 8M&herldimbl ;ﬁbduoﬂﬁrhsiaﬁd:e
time also contributes to an ficient deconposition o%ﬁﬁﬁggr j on

third aspect semq'ibe at thetsasne ftﬂ“e Wcﬁﬁ'dsﬁtr%'-"?hcoinl?%‘ief‘ﬁ f @&fé%fﬁect t he

i nvention mayehe, aRiph besliabR BERRTIA defRdBRGMINMNE fdrmeAfofs. ni trogen (N) and
phosphor us (P? from animal manures and refine the nutrients to fertilizer

product® of commercial or "organic" quality. This is achieved by conbin ing

t he conponentieQfyitishS 5!36%?efééewlmmét@oﬁaﬂ%s%@h@gtamew Fdchb@ BSE3RioRB & N and
P are the main nutrients in the slurry which are often {n excess in mal

hol di ngs. Th@resensinsvaste digduerd 'B@IW%BF@H Syeh waster nglde flgshy pRe ponagneg pect

| eaving P i n ey t58%) BinliGr Pic368d #EmThé plokesdiiyhetimall hobukades consudp-
decanter centrifuge, the P is renoved fromthe slurry along with organic

and i norgani dioBol i ds. 25 The result being that preferably nore than 90% of
the N aggl P in the slurry are col

Filling of the pressure sterilizer is provided by the transport- and homogenisation
system, which transports E-media into the according to type of E-media as defined

on the balance installation.

25 The pressure cooking unit consists of two identical units, i.e., two elongated pipe-like
horizontal chambers with a central screw. The two pipes are fastned one on top of
the other in order to provide for easy loading of the lower pipe. The units are cov-
ered by a hollow cape on the downwards side. The cape shall divert heat to the me-
dia from steam under the cape.

30
Lime is added to the upper cooking unit from the CaO silo, i.e., 342 kg per batch.

The lower pipe receives pre-heated E-media from the upper unit.



| ected in separate fractions. The remaining reject water contains sone
potassium (K) and trace anounts of N and P. The reject water is thus

sui t abl ewi@e2/1sastd spread ing at all tinmes of the year. 30PCT/DK$1/pES3i ble to
extract potassium (K) fromthe reject er by an additional coupled
menbrane aeration and filtration. Briefly, ceramc mcro-filters are used

as diffusers_and filters at, the sane tine. The {i.l. r .in the
rej ect wat er RQWEHERLISSIRLeEH Hﬁ? ﬁ@&%‘h’?‘f‘%’ﬁ?’k‘e‘%ﬂg |ri\|é§"2§ﬁv§ : Fﬁ%ﬁgﬁlg\%g'a

peri ods. Aerigihiged RO LIUES Sroffebe famplion tmkoff, thdwixteeats subsgouengppumpeet t er
and settling of inorganic flocks. The treated 35 water is thus suitable for
menbr ane filplotheSHINREEEMSe fouling and scaling is pre WO 112/1:i9~S 57
-PCT/DKI')1/ O 1SS3 vented. Al so the aeration through the sane nenbranes (air

back flushin revents the nbr anes fr oulin nd,.scal i ng. . The product
produced is gﬁ%&ﬁ@éHP?’ sprdaingg I%?Sﬁﬁﬂfr};ﬂtﬁnﬁﬁ%c b%%%‘?efdi q"'tegﬁ%ltﬁ'pq(/g\r/anlxénrg sui ts
+abl e for | angyganeaehdes tHeawsdipes! THe iingeieamber is espd foemjxing'sterilizéd E-t he
first aspect the reject water 5136%/ al sp Be rﬁci r.ggAa ed throu %.the ani mal
houses. 10 TRedia andfaw hmy for {1 reperiiondank, o RRYIdeH 8 NRTICIRRTAR P M ces a
granul ate of jcPERUsE titf has@bBe EIediAl and K fractions are simlarly of
comercial value. The third preferred aspect is in particular designed to
concentrate the main nutrients N and P (and K) contained in slurry and
ot her qpgani ¢neubstdl pk&ess Parffetdr brecdryMigitbk ZohtehSofahe Eansia dembeae] ty.
However, if decanter centrifuges are caonbined w ?naﬁ.he ﬁ‘ut her, e| enment s of
the GFE bi ogBresawe andph.Frapgavide Tweﬁjﬁéﬁweicﬁ”@? ipRs, g ORtima! RErAMer hhi ng
unit) it becerraunb isRitéthpdraiufs 6516000, frasdike of 6 Bae dpombitéradontent of abpe
N-stripping and decanter centri 20 fuges nmeans that the majority of the N
and P cont enB0%f apthgHAf@PPy13.s separated and col l ected into individual
fractions. It is inportant to stress that the P when present in flocks is
bound to be stripped by the decanter centri f_utge. Theg/i%an be1\ Eﬁ.ed t.and added
to the 15 el ddhaselertpnigne in tha stegilizatiop upit sapgisigor sevaral pHases: i BRI tNe:; o
al so possi bl 2 PR8N firhd irfihe uEB@r BilSe; &% HedBh@ imb ke 16&& pigk; 4D Rettetiont er

;

centrifuge through the ani mal

] ouses. Cl eaning of floors aq.d sha‘%s in the
sties are ach dhexselpated tRmneraHig andRrgss g e ArassUEs FRlease S8 FRebGr

climate, redyg &nnwnicpang other gas emssions, frequent flushing of
slurry canals™etc. 30 The reject water may contain a major fraction of the
potassium (K}, while a smaller part will be present in the P-fraction. This

means tHpt i ApbhfingRRSE consMISbRhS liklemisqlifed BitFanBpardtte@-nwdiainioghaptes-
separated for P thé N and P can b%lﬂsg or e? anq_ a?@l i ﬁd a?‘cﬁédl n'g 1t00 Speci fic
needs, whi | e StFfestprlzee andyatoeit With fhepaded sure The 130G HEGShel S PR 0 Mast e
water. 35  After filling the E-media shall be heated to160 C at 6 bar. Preheating takes place in

the upper pipe and final heating in the lower pipe. Heating time is expected to be

app. 30-40 min.
25
The retention time at the desired temperature and pressure shall be app. 40 min (at
160 C and 6 bar).
Pressure release time app. 10 min. The pressure is released into the stripper tank.
30

Emptying is achieved by running of the screw conveyors.

CIP time. Cleaning performed on occasion, generally not necessary.



WO 02/ 1i 95 58 PCT/ DKOL/ O0SS3 It can be estimated that the need of spreading
area is about'/ of the area required for slurry application, the harnony
area, anWwobhxts9shis '/ part shall run through the whol e h®ERIP1AIEA over a
4-year period. 5 Irrespectively of the pgaﬂsi bility of treating the reject
wat er further (see section) some farnmers W ll undoubtedly be nore than
content with_the N-and P-stripping with [yst one single reactor for

di gesti on of Tt‘ﬁéo‘é'm?r&);he Wéﬁﬁgﬁegﬁrﬁ ngipﬁbu'?ﬂg af‘ﬂg%ucgecgéﬁ? er centrifuge
nmay be oni tt gekillRriewpp. 151009, The CEIMBIVT (R PRingeRvitaeer & 26 mite slurry

wi thout N which may al so be spread onto land a any tinme of the year, except
on 10 frozen land. It is very satisfying that parts of the total system can
-be of fered tanfaxampicSoMihnify BbAtRions HR il0StrR6Mbed, W t h any conbi nation nore
suitable to their situations. In any case it is the N-stripping which nake
the useSof decanter centrifuges interesting to 15 practical farming. The
‘reject water fromthe conplete proRs may De[S&btegt €d t guaid I nal
treat ment depending |on the nmarket |preferences|! 20 Thus_ tHe challengelis to
treat the reject wat/d® to becone $i#88bl e for|3enbrane fillfrakiPeh andlal so
| arger vol une reductjions than the|50-60% mentjoned. The chgljgpge is also
to use well known, dheap and robust technologlies in a newicontext. The
solution is the fol ||[g@mpgrata®s Aer al 20460f sl urt80is wel | KA&wn and aenation
wi t h at nospheri c ai righiting2=4wshks produceszan aerobi T g;gestTom
Aer ation achieves thgﬂgéo%ur%vw ng: 30 Firstl rer%i ni ng_anmo ;B'gpi s stripped
and collected in an [&sorption colltdm2( possi b|y2t he sane gdpHt he one uged
during pre-treat nentb—by—a—so—cattedtonwtenpetature—st+ipptng—oef—about’ 20
C Awder liquid -gas ratio is required of about 1:2000 (Liao et al.
1995). 35  VADthelRdrish SreupditrDikiuine Eomediadre Segistraléd thedoimwingshatimyeferae

matter and snpel | ents ar . f : rton et
1 1005 Doyl B B0 don b8 +BnEal BT BRI RE R T Richy SpuBhe 7SO o1 0T
1988). 5 Thi mukdia.pbis shid possiblestordefine fomeach &-raédia trassporipp ito thewpressune
nitrifigd to ni %rq@e, {Arga man Y. 1984; Gonenc and Harrenpoes 1985). This
aeratiorr shal®P%d '8%nbined with filtration by enpl oyi ng new sewage waste
technology, i.e., a mcro-filtration principle conbining aeration and
filtration overEcelo r rriI.e fil tqﬁ;é (egouhabi la et al. 1998; Scott et al.
1998: Zal oum-et EAFTOY PoEAMaLQl oqch B-fiedia

- Necessary heating time

- Necessary retention time
15 - Necessary mixing time with the slurry
- Necessary energy use depending on E-media
- Degree of filling, signal from radar / microwave gauge
- Empirical based values depending on visual monitoring by the operator

20 Mixing Tank for Pressure-sterilized E-media and Raw Slurry

Following sterilization and hydrolysis in the pressure unit, the treated biomass is
allowed to expand into a mixingtank (Component number 10) preferably located
below the pressure unit. Excess pressure (steam) is released into the strippertank in

25 order to collect ammonia and transfer heat to the stripper tank biomass before ex-
pansion into the mixertank.



et al. 1998). An energy efficient aeration and filtration is achieved in
one operation. The aeration is further used for cleaning of the ceramc
menbr anedv0Y2/19iuF back flushing"” (Visvanathan et al 1997; PETIDKD10553l

2000). 15 This |l eaves a water phase well ,suited to separation over standard
osnosi s nenbranes if necessary, because é%ssible scal i ng and fouling

probl ens are_m ni nal is therefore. hyppt hesize tgt a lar

reducti on caﬁwﬁ@u%ﬁ?&@‘& rixeraanK ‘§§)°a'ﬁ‘f’ﬁ %Pdofa&o@\"%ﬁ%?‘ 66 Eeé;?f’@ rg% hgh sone
energy is usegt §ierilizehE-nediatin erder #obTxiAMmehl traresfdr(Bngsd oflHeat tandmikisg ot

used, aeration it self may be notivated by the final stripping of ammonia
and by r enpv e W Mediar engj ni ng snell conponents. The fourth aspect

-(renewabl e energy) 25 The main devices of this preferred aspect are
pre-treatnent_facilities consisting of %strlﬁg er t ank nd a li cooker,

and a fl%xi blT@eyalMa apadiydp e@rARPYRLM tahie mater %@?5"?\“%? in-
‘bioreactors. dfidgNRsdifEs blasise! Bid RerkiRembeldiGeisBRuNCAbJRY0RE°@PP! i ed to
produce | arge 30 anounts of biogas froma w de range of organic substrates
including all types of aninmal manures, energy craps, crop residues and

ot her organi rgARerFiguid bikmdyse-treatnment facilities of first and second
preferred aspects alTow the use of a variety of organic substrates while
the nulti-stage biogas plant allows a conplete 35 digestion of the

substrafe andrHehidaiddidiadsBom=ARAr A Yhe/ iafk for llquml&ﬂés’b’i@oﬂrﬁ)oﬁﬁ t rlifsBbr @h) i s3

60 N-rich and recalcitrant substrates such as poultry manure and d

ep
litter is pr@hpbhe gge frensHee WW@@&Q@PPFWH@'%‘M% t@ﬁgrtt HRPbape of the
pre-di gest ed iy 2 ?ﬁtZPlevle@errE%‘Qﬁ Qkso PR RES obbsigHAN Wrthasich N§§A Didnkds is

stripper tank an subsequent reactors. 5 The pre-digestion ensures that
the readily @waila%lmwﬁ@amaés wakuﬂeregélslaie&cﬁf*ﬂc?g@ﬂa'aﬂﬁdegﬁab'ﬁf@fa ¥iB3%d i nt o

solution as as@g%gh FnoldddBs Qé'lj\ Kis8hel8d Mt thid RuUt F?efé&’étﬁb&%bsé gtthedelan the

stripper tank he recal citrant organic substrate bei ng deconposed in
t he subt®quertivelydight watsr eanteniand Hasgownotantial energy sRiteRf Lk BOSERkI ng on
the qual 10 ity of the substrate, it may enter directly into the stripper
tank before digestion in the reactors. The result is that |arge amunts of

bi ogas is beiThg oiusriteapacity is tyrisaly @hpyh 505, @nd@ suitable masewdal érdhe fankis n
contained in sié.Hutegystezh%é e&%ﬁi%t tHeNahi0R p@EfEréHlﬂﬁTi‘:ﬁisad?@ SRBSRAIKPA System

further ensures nutrients are re-circ ed to agricul tural
| and. The eneqegg;cle;wé@gf @aé ﬁjmgbﬁlertmgl% welkasy heatingsygiepvier Eﬂ%quﬁtéf% gest ed

bi omassyp s di ypfbRg pté?eﬁablg p&s\nad@psé afRBdinhDubip(s) tb wfeﬁrhmaﬂ gr Tho M-

deconposed during resid e In the separate reactor wl drol ysed and
t he amoni a vieratuteeshead |praferably herf“'t"h§5 $¢ et P'b’rPrfqt%b'N"'é%Fn?%fl %%Humﬂe &ner gy
crops can thQHtot%ﬁefé?m%hfoF(Qj ated to land and used in the production of new
20 energy crops. About 1-3 kg N per tonnes silage can be reused. The
organi c materi al accordl ng to the inveniton is preferably stripped for
amoni a wWhi chsgiBndtaindi eHitRlondinK her mopi l e tenperatures is inhibitory to the
bi ogarsmgrocess nsSen et a 98; Krylova et al. 1997; Kayhanian 1994).
The anmBPia is stripped 25 durlng the pre-treatnent, where the biomass is
al so bei ng hyfHOdnisss AH Sanitiin Pérﬁk(‘(@%%p%ﬁéntnﬁ!ﬁ{bérrabj prefiralsip bddeivieB tife
thernopile and a nesopile conponent” (Dugba and Zhang 1999; Han et al. 1997,
Gosh et al . I19B¥vinggIgd& an et al. 1983). This gives rise to increased
energy yields and working stability, anong other thing 30 because the

bi omass resi des Ionger in the bioreactors which allows the nethane bacteria
ti me deconpose tHENSTRBIeoPHON fopk JiAYIY be noted that nore energy for

heatingshs requig @dd@srndtrd prédstfd cdokelantigact or vol ume.
- Possibly liquid biomass from biomass liquid tank, and/or
- Reject water from decanter or possibly after K-separation.

The purpose of the tank is to regenerate heat used in the pressure cooker by heat-

35 ing the slurry from reception tank 1, to mix the E-media with slurry and hence to



In addition to this two-step principle the plant shall make use of yet
another reactor 35 to prelimnary digestion of poultry manure and siml ar
N- cont ai W@ @2/b3%fasses. Al so WO 02/ 1S9-4S PCT/ Dk( 11 /11 BE$DPK1/003Dé ener gy
crops shall be digested in this reactor 'i ore further processing in the
energy plant. During this first di gestio the main fraction of the readily
avai l abl e organic matter is deconposed and the nitrogen rel eased into

sol ution in tRdYcsARBROLEReBHS teedtp thefeimenyars. @é}@nﬁewbeefgfﬂes@@a 9n the
stripper tankegihts8! ARrbe@nitiBe tHesin\ fraction. Digested beets, maize,
cl over grass etc. contain about 1 kg N per tonnes wet weight and it is
therefore inportant that this Nis collected in the N-fraction. Poultry

-manure is evel"her%@e'N‘ahHQQn@dﬁgnwﬁf’lp“soarﬁ:%oﬁi'agﬁééﬁ%nti% T?é‘s Br&\re%gﬁ‘@éﬁr
before further di estion in the main bio ['ant

t d
hydrol ys¥s ergbgpepdion ﬁalpm wiftich isecopwee teithe fpa SfrIPBP@Bfoﬁ‘?% E@M E{&dbﬁgbﬁg to
‘di gestion as @%?quhg%% HhSiRAtel BRdRFEMBERISTRRLS pT@f?aré@Hr%\“l?@l@bfé'cﬁb‘é%ﬁbr?n in

the mai n biogas plant ensures a naxl mum gas Vi el The fifth aspect
(animal welfare) In a fifth preferred aspect the invention may be applied
to ensure opt Wed t he ani mal
houses whil e %@Q%rﬁg%t%eﬁﬁégpgp%gﬂgﬁgﬁkgggm sngt%]lZMog F’Ileljsns't and gasses
such as ammonia. This is achieved by flushing or re-circul ating reject

wat er t hg oughgdihenAs,m! houses with the purpose of cleaning and rinsing
sties, oors, slats, manure canals etc. This reduces the emtting surfaces
wher e odour, ammnl a and dust may be released to the in-door air. 25 The
system furt her f r &RM{W em ssi ons of
dust and ammoni a ﬁ&léteggyvﬁ(?ggacoz%b@égﬁ(% %ﬁé@%gﬁae%%% in

particul ar for pnpairegatiriios/sandis wmeyed damiaedloon qr q@c@rdlngetg thevmammuial s

w th digging an uﬁ?&?%@%ﬂeﬂpal mat erial and structural fodder. 30 The reject
wat er taken aft ecanter centrifuge treatnment (the third aspect) or
possi bl ¥5 behind A seadfiiltesis picge é1 therbatterme whichgen hegemtipd thyoughaut suexielt as a

Tanur e i xt ur os "iaes CREeSTar L MSi0 b SBHIG Mhe R PR

further preferred aspects any conbi nati on of the core invention with the
ot her aspectsTﬂy&Qkﬁned may be preferred. The first aspect is preferably
included in a inations. 5 4 Accordingly, it will be clear fromthe
above descriptions of preferred aspects and enbodi ments of the present

:opg entl s Ont hal \mer, @%dezpo@gfg%druggga Btdhich iné .néuuaﬁhhaﬂatfa% POIJBS1EN]EnOipREAS
lated Foam ). Cone angle |s apprommately 10 degrees.
- Mounted water drizzle system to avoid the production of foam from the stirring
process and the process in common.
- A slow running stirring system is placed on top of cone to to ensure the optimal
25 homogenisation,-optimal vaporation of the ammonia, and optimal distribution of
heat in the media.

- The ammonia is transported through wet air in a pipe to the absorbing unit

Side/wall
30 .
- With cylinder construction of sandwich insulated Isofatalic Polyesters (Encapsu-
lated Foam).
- Mounted approximately 600 meters of heating 5/4” pipes in a cylinder ring shape
inside the tank to heat up the media
35 - Mounted some temperature transmitters to regulate the heating process



70 i) stripping N including anmonia fromorganic materials including
manures and slurries thereof, and optionally hydrol ysing the organic

mat eri al WO DY1d9#verting the thus obtai ned organi c materi aPCT®K1005das
fermentor, and 15 iii) obtaining biogas f;Pomthe fermentation of the
organic material. The above nethod may fﬂ ther conprise the step of
separating the solids resulting fromthe biogas fernentation.in a
separation st'epMPHWSﬁ\?i‘ﬁ’g‘"?aa PRiFUngeIt £Q fqgg‘b"ée thepcL31pPl 10 the meditons of P

andl or K, pref eoatgide dyﬁnﬁr&faﬂ'a@‘t@bdt@ﬁmb nﬁtELﬁ\_té&Dé fisORted VaNe/dumEing fiont at i on.
The above nethod in anot her enﬁ?dl ment conprises the further step of

recircul at ing AREMMANE steameditfuser islaced i theemisidisgeldhe Eanke heeamBieniao

-stabl es or ani ”&baﬂﬂg}éﬁéﬁated?ﬁn tR® bikaM 3lehiisalibh Bhd AydrBlysingunitye Hiffhsef ihethét ep.
In anot her preferred enbodi nent, the step of N i1ncluding amonia stri pping

preferab?y occh@d@inultaneously with, or sequentially with, in any order,
‘a step involving a thermal hydrolysis step and/or an al kali hydrol ysis
step, wherein any one or both 30 steps take place at an increased

t enper at ure afHBe / GAPaGHYr Ehesedingeravdihas ansingjde digmealerofiabert 12 migida The

above pref er nehie 6P 0Gh MK fmebhb'a thik RMRIIRIRAIGhERREpSBkitfitd 8, 000 AR §ies
associ ated with environnental contam nation by undesirabl e m crobi al

or gani sns, i rPottopygonesnolyded: - 63 PCT/ D KO 1 /00553 el udi ng Sal nonel | a
Typhi nugyum DT104, and/or prions associated with BSE that are present in
organic materials including manures and slurries thereof. |In another

enbodi nent, tHe hygeutic miertiandisae for siuey eed Ecmpdiaiinabew 7sdayseandibe 3bge-obl ens

associ at ed Wit @Rinftind Adighddm tinsidfdbbai ﬁg&jry hi gh hygienic standard in a sta
ble or an animal house. This 1s achieved by reducing and/or elimnating

undesi rabl e m crobi al organi sns andl or prions associated with BSE that are

present in onganb GrdiEt&d ér?\bédih{)é@{é 'ﬂga' Moﬁﬁi'% a%ﬁalfygrﬂaéé Bf EdrfePeth MR ironl0 1N

yet anot her enbodi nent, the abc escri bed prefrerred enbodi nents “sol ve the
pr obl endd assoﬁﬂd&r e PWOBWS@_%@S gihﬁéuﬁ%@ igfcoptesbwith nedigds _@Patﬂéwbﬂ%fés ina
stabl e or an gpliepbiybaEse avbld corishEBld8Magihgh tchridYeté Bnd ahfig iBh &4 wat er
obtained fromthe décanter centrifuge separation step used for separating
solids and | immamowzi{e@m the@gttpmés_e Relpetaeer siaislese staskthedsr anghetl c
mat eri al andl g, ifbaditdIRR] QhstrBGlondr 88ndwich insulated Isofatalic Polyesters (Encap-
sulated Soap). All pipes mounted is either polyester or stainless steel.
20

Other components

- The stirring element is made of stainless steel
- The heating elements is made of coated mild steel and/or stainless steel
25 - All other components placed inside the tank is made of stainless steel

In one preferred embodiment, default parameter values for stripping of ammonia

from slurry in this system are: Temperature of about 70° C; pH of about 10 - 12;

liquid gas ratio of < 1:400, 1 week operation, and more than 90% affectivity is
30 achieved.

An example of conceivable running conditions are listed below:



15 ammoni a stripping and/ or anaerobic fernmentation | eading to biogas
formation. At the sane tine, it is possible to reduce andlor elimnate the
occur encavoh2/mives obi al m croorganisns in the reject watePCHDK00IFr
purification steps. The present inventi on al so provides cheep fertilisers
of commercially acceptable 20 standards. ®his is achi eved by N-stripping

i ncl udi ng ammoni a stripping and separation of P-contai.ni P{gﬁﬁ]ranul ates and

K- cont ai ni ngMfdihul at es by means of decaMt $tscfhliquid ay%e Y8 PNE RISy

pretreatnment, preferably including therngle argiizddadiit dhliquid elisdis, vadd | n
anot her aspect of the present invention there is provided thod for

reduci ng the nunber of viable nicrobial HYEHIkPraRFYeskes prions present
-in an organi (Rdﬁﬁhgrtéﬁberaﬁ%d met hod conpyg signgct he steps of i) providing an
organic material Conprising solid and/or li (wj‘d parts, 30 ii)_Jreducing, in
sai d or dani c Rvanogigas cominalighber of vi aB% Nori®Eh &O20P gt <38 OHI%/ or BSE
‘prions by subjecting the organic materiahadeQ @) a |ime pressure cooking

step, andlor 35 WO U2/ 159-45 64 PCT/ /UUSS3 b) a step wherein the

or gani ¢ mat ednsuflatiop Knedwesd at a predet er AWAYWM*Knper at ure and/ or subj ect ed

to a predet ergj R ML THEESr@ndl or subj egdefphPaBddNb VasuAf) base or acid,

and/or 5 c) a step resulting in at least partial hydrolysis of the organic
materi al, whéfiax. Mssegiyy ipmrtiassi ng steps A% T and c) can occur

si mul tawouslgasemcios_paq@gpti ally in any ogdgrpyand 10 iii) obtaining a
processed organic material conpri m:gaat | east a reduced nunber of viable
m crobi al or smasivasrugiraents rBedigr(FsneandX1vd®e variety of nicrobi al

or gani ST Caiy e Shi LR FhHink ARG aBbrebBcioent | on, i ncl udi ng

m crobi al organisns” se : m ani mal m cfobi al organisns, 15 infectious
m crobi al or J4aK. effects dmbegiingaiemertspat ho§ehkW cr obi al organi sms, i ncl udi ng

2EZhC22‘:§2§{0'yﬁ§%%f@?§§?feﬁs onel | 2, vor si nEA W AZ0ZEE NI ar meronial and

The stripper and sanitation tank supplies the fermentor(s) with treated material for
fermentation. In a timed process the material will be transported to the fermentors.

The demand of material depends on the digestion process in the fermentors. One,

two, three or more fermentors can be employed.

20

The stripper and sanitation tank is regularly filled with slurry and E-media from the

alkali pressure process. Finally, to obtain a dry matter of ~15% (15%TS). Some

level switches regulate the content in the tank. A TS-mesuring unit regulates the

content of TS. Every 1 hour after filling of slurry and E-media it is possible to pump

25 E-media to the fermentor(s).

The top of the stripper and sanitation tank is preferably ventilated through an am-
monia-absorbing unit ( Step 1), and a pH-measuring unit regulates the need for CaO.

30 The temperature of the E-media is regulated through temperature transmitters.

A timed process can optionally pump water / slurry into the drizzle system to prevent
production of foam.



parasitic organisns, as well as virus, viroids and the like. 20 The line
cooking step nmay also serve to sterilize the organic material in which case
no vi abl avor®s al organi snms survive this step of proces®CHRPKITHESBI me
preferably conprises or essentially consjhfts of Ca0 or Ca(CH)2. Preferably,
any BSE prions or other prions present ih the organic material are al so
destroyed or _elimnated by the sterilization process. Wen there is a
reducti on of Eemnentersdern Biodag Broducion and/ or prions follow ng any one of the
above-nenti oned steps, the reduction be e.g. a 90% reduction, an 80%
reduction, a_70%reduction, a 60% reduction, or a reduction of preferably
at |east 509Digeptionsolfhebigmasg is proyided BB Rk istar EENeHY ysiem W&f%?@}ﬁucti on
-of bi ogas byc&,rhpﬁsi.?@tmé@res:%éﬁtorsq@@hmnéﬁts 18] 9RBhE 18REstems Weffewer dhe
organic material 1s subjected to a N strjpplng step. wever, the line
pressur & cookeliasmyuaifementess can alsaRe 3PRliSdhe fermented prior to being
‘subjected to a N stripping step. Wien the organic material is of plant
origin, it can preferably be ensiled before being 35 divertin

] ! ting to N
strippi ng. Tibe éraientars siqpisfasabhaeeiegied 4 aphigve Meximymiledhiitypag op:  wo

(12/189~S PC@M%@%& cfith, TTRE FRRERGrPEHAbd Ratheditibi rotimdy ruphBgIttC
to be ensilaged pref | fod

mat eri al preferably conprises ‘annua odder” crops such as
beets, mai zeermofiledA5®baS)as weltlasimesafila(28pta ehianReratH®st op of the plants is
includegy 5 Linme pressure cooking of the organic material is preferably
perfornmed at _a tenperature of from about 100C to about 250C, under a
pressure of ZIhgdigesHon procaswuer b erfimised injerms 9frganitloadipg raigcRIeNtgy val ue
of from about; iqedf A R it clidedmh akder est
one 1 m nut ett'{n%’ Eﬁ%?ﬁiﬂﬁ@%&eﬁﬂ% Wég?%gﬁvg{)ﬂrﬁagﬁglﬂwfgﬁ Thde ghrmunt of
added |inme i hepUbEbiPrERs b sheprefesiedunning iempgsaiyte- 2 t o about 80 g per kg
dry matter, such as fromabout 5 to about 80 g per kg dry matter, such as
fromabout 5 to about 60 g per kg dry matter, such as from about 10 to
about 81 g pé’rtota@aamedml@wmnlrgﬁgtﬁnrw syplem assiies amimad hawegenigatiog apdr kg
dry matter, L @ to about 80 g per kg dry matter, such
as from abou%@@gnﬁgé{‘tq@})@?ﬁ?&gg dry matter, such as fromabout 50 to
about 80 g per kg dry matter, such as from about 60 to about 80 g per kg
dry matter. I f: A 4 Hiol driteadid oker
e o Temper at CE e 58 P PR b o B o e L D e e e
from about 2 dyantities. pref erably about | ess than 18 bar, and an operation
time ofpdromat least 1 mnute to preferably | ess than 30 m nutes. Another
exanpl e of working conditions includes a tenperature in the interval of
from 25 aboutThedemerdorsiseferapboeceivsctheifolloming medissure is from about 10 bar
to preferably | ess than 16 bar, wherein the pH level is fromabout 10 to
about 12, and wherein the operation tine is fromabout 5 mnutes to about
10 ni nutes. TFheEdpedia fioat hedtriprar #rd $aiitelRi 185Kby a nunmber of addi ti onal
steps. In one 3PiaRNNEnEE romtRElidtid BioRksytRd the further steps of

di verting the processed organic material to a biogas fernmenter, fernmenting
t he pro@gssed of\gdafionhiedcidieniand obt ai ni ng a bi ogas. Another further step
relates to suppl enenting an external environment, including an agricultural
field, with the processed organic material. The suppl enmentation of the

ext ernal envi YheriRestic share ol deriraadi PeeiPielRregd emdimeptdheial so WO

(12/ 1~9~s PCT/ DKOL/ OCaS3 66

Bottom/floor
30
- With insulated concrete cone, directed downwards angle 20 degrees
- Impaired stirring / sand is removed from the floor or according to the mammoth
pumping system
- A sand filter is placed in the bottom, which can be emptied throughout an exter-
35 nal pipe connection. It will also be possible to empty the tank through the filter



be perfornmed by using the residual material resulting fromthe fernmentation
of the processed organic material. Another further step is that of

strippi ngvopvrogen (N), including amonia, fromsaid 5 or BEHIDKONAEES | al
prior to diversion to a biogas fernentor gf the organic material. This
results in an increased and stable biogaé production. This also allows the
use of Nrich bionasses to be stripped and subsequently digested in the
fermentors. Biogas is produced fromthe fernentation of the organic
material fregqgpfepyat |east part of the N, including amonia. 10 The
stripped n|trogen ( i ncluding ammonia is preferably absorbed in a colum
before optionally being stored in a tank. Wen bei ng absorbed in a colum,

-the stripped._niWwiQgehe cHlstuBEIHSH it S88PBLAe bﬁg@fseéﬁr@s@rhateﬁbﬁmégeéeé n a

colum conprising water or an acidic solution,” preferably sul ﬁhurl c acid,

before &pti onal Mpunisd meteigiriazle sestemio aveigiihe ploduglins qfrf@%@ﬁpw pEiTiBgr ed
enbodi nent ther&obéss%rﬁvthgg%éﬁsérﬂmwm“ sing the steps of 20 i)
elimnating, inactivatin

reducing in said organl c material the
nunber of vi abl/éslﬁwcw@mnalstl@mg@wtgrms@lﬁ@ﬁdpnﬂmEofmqn@ @ tgnsimineapting! t he

organi ¢ mat er i ahorGyéhisaoh. M @iﬁéga.eﬁ.baﬁakbmaﬂnemen@a@ or 25 b) a step

wherein the organi c mater at a predeterm ned tenperature

and/ or subj eet e'ﬂhQ b'Ogaﬁ)tSé@élﬁmrFﬁddE@Uﬁhé\@é@F@ anipede thagRsbaged to addition
of baseggr acid, and/or 30 c) a step resulting in at |east partial

hydr ol ysi s of the organic material, wherein said processing steps a), b)
and c) can o&ig/well nul t aneously, or . sequentially in any order, 35 ii)
stripping N, including amonia, fromsaid processed organic nmateri al, WO
02/1595 67 PCT/DKOL/I111aS3 iii) diverting the N stripped organic mat eri al
to a biogas ferWithtaylinder gpnstreuctiomefi mid stRel. N st ri pped organic material, and

5 v)- obtai ning 99@3 Q%EFBXM‘@‘B- Ptnﬁéler%rcﬁ%@b&gr@%'oé bgﬁ aatq)hﬁ@e?trmp%‘ﬁhﬁgwch

reduced nunber m crobial’ organi sns prions
preferrdd that @s@eﬁhetankyoh@atmﬁh@me@ras are present in the organic

- Mounted some temperature transmitters to regulate the heating process
- Mounted a pH-measuring instrument to regulate the acid supply to the media
- Outside cylinder wall at the bottom is mounted a insulated valve/pumping room

20 The volume / capacity of each tank canhave any suitable net volume, including a net
volume of about 1.700m".

The materials for the fermentors can e.g. be as specified below:
25 Bottom
- The bottom is basically made of concrete, arming iron and pressure proof insu-
lation
- The surface in contact with media is coated with Isofatalic Polyester to avoid
30 corrosive damaging of the concrete and arming iron
- All pipes mounted in the bottom is either polyester or stainless steel

Top and wall

35 - The top and wall is basically a construction of mild steel



10 material resulting fromthe fernentation. The step of stripping nitrogen
(N), including anmonia, is preferably perfornmed by initially adding an
anount oWQO 289450 t he organic material sufficient to incrBEE®KVhRSSH val ue
to above 9 at a tenperature of prefer abl%/ above 40C, such as a pH val ue of
15 above 10 at a tenperature of preferab %/ above 40C, for exanple a pH

val ue of above 11 at a tenperature of pref erabl¥ bove 40C such as a pH
val ue of about APIRgS 'HW’@%@%{ &F BOlﬁ?St%r %tﬁé\'eéﬁlﬂpei%@@’ 868 1n preferred
enbodi ments, the tenperature is preferably above 50C, such as above 20 55C,
for exanple above 60C. The operation tine is in one enbodinment from2 to 15
days, such a®ter&ANRORMI0 days, for exanple from6 to 8 days. An exanple
-of one set of process paraneters is a pH level of from8-12, a tenperature
of from_70C 80%@61 liquid to gas ratigo of 25 |l ess than 1:400) and an
operati 8n tinme O Hifieelementjs Magsof Ak gSehe conditions can be generated by
‘addi ng any basephdiuaHg tlenidh®s iBhdde dmakietédr! y | ncreased by adding Ca0 or
Ca(OH)2. The organic material can conprise solid and/or liquid parts such
as e.g. manur es‘ab@h‘a’r@n@%ﬁmﬁé’éaqeﬁéﬂ%‘?ﬁ",heé@'éﬁdsrnb?ﬁedlﬁé?}n‘%ﬁslSé% OEF‘B'HS

ani mal carcassegeqr fractions hereoff, slaughterhouse waste, neat and bone
nmeal , including any conbi nation thereof. In one enbodi nent, the organic

mat erial conprises a maxi mum of 50% solid parts, for exanple a maxi mum of
40% solqpd Pafhg rurfid cotRiitdnd B Hélﬁhﬁ’f:or%ﬁ)t%n%%hltébl@,e}ﬁélﬁdilg or exanple a
maxi mum of 20% sol1d parts. The organic material can 35 also be in a liquid
state and conprise a maxi num of 10% solid parts. WO 02/1S'|.h 68

PCT/ D1~111/1 hpdag3 The organic material GasoHd oMM MREHUrS Drivtdripigs i bres
or sawdust, and in one enbodi ment the organic material has a high content
of fibres, preferably nore than 10% (w WumyTiVaceiairt#eraaeops a0 Rl so
have a high content of conplex 5 carbohyfuaimf ¢aIBE0 Mgadt heligse, andl or
hem cel | ul oses andl or lignin,- such as preferably nore than 10% {ww). Line
pressurl® coollungingdempereBise:cont ai ni ng or3pa®f € material results in a

di si ntegrati I AGnto smal | i d S ] C acid,
acetic acid, ﬁ?;g@{nlggg%gg}:iﬁﬂﬁlggb ‘the like. cgl%ﬁgﬁg g?éﬁ?%'%tﬁ%irfgl%?an al so
conpri se deepnduiatiok-veluetranur e from ani 3 W/@dnbeatlass js estisitedhior 1&kWpi gs
and poul try hohdindsax. Alistieonal 1y, ani nglo ApsraibsCNBNRULA) can be used,
such as e.g. aninmal carcasses or fractions hereof, slaugtherhouse waste,
neat and bondMaxe¥scosiy dbaedipasma or any ¥k Sproduce originating from

ani mal spq 1i slgacapdidi@ngé:sk material with fgppect to the potential 15
presence of BSE-prions or other prions. In one enbodi nent the organic
materi al conpyorasive waimanteintmedia (B Seik12%f solid parts of less than 10
cmin | engt hysuedn@satird ihtheBfiid SleRlentseS60 ddifescdidiid N | ength, for exanpl e
solid parts of less than 1 cmin length. 20 The organic material can
pref erabl y bdawaetecs bvhastingelemestsig tr EA0Vin the |ime pressure cooker,
preferably by sdnigsién efdc@W conveyor equf BRAL 358 s macer ator, preferably
one nmade of rust and acid proof steel. The conveyor conveys the organic
materi a#® into the |ine cooker where the organic material is preferably

heated by 25 1{qfdBskith SRAN K Tun @t aBYuUtH5EENMéAL GG B imdted ifatidig 10 ikie cooker,
or any conbination thereof. The organic material can al so conpri sedd&;ot ei ns

or sinilar orlgghiemass B gak rgsriesheiedirgidnt 40 SPicPudienl davengdteds and
conbi nati ons go3gih@fof a8806H bitatid 8 adfistritsit BEsHPr i ons or other prions, and
wherein said BSE prions or other prions are elimnated or destructed
directly or rendered avail able for destruction by |linme pressure cooking
and/ or gglbsequent fernmentation, including anaerobic fermentation. The
organic material of animal origin preferably has a high anmount of nitrogen
(N, preferably nore than 10%



35 WO 02/1 S9~s 69 PCT/ Dk01/ OOSS3 The organic material in the formof a
liquid slurry can be obtained by the addition of water and/or water

cont ai ni WP @/15848% concentration of organic material, prefePE@HDKOI/BESIthan
10% solid parts. The added water can be (f:cycl ed vvat er, water containing a
| ow concentration of organic material obtained fromt he si |l age pl ant,

and/or water 5 coll ect ed follow n_ cl eanl nq of tabl es andl or cl eani ng of
ani mal s, andlankfpperganigipcids ferph adivstments interme ¥Pon before the N stripping
process, andlor wat er obt ai ned from one or nore bi ogas produci ng pl ants,
and/ or water obtained during concentration of P f sers&fﬁgge or wat er

obt ai ned durAﬁ@‘lﬁéh@@ﬁﬂ'ﬁzﬁcldér(CBTnPR”‘F@r"cUmqeéé@sfor% G‘PHP regite "M&M
-water. 10 'tto‘r% ishroRRpRRes biRiedpar ticul arly preferred that the water is
reject water al ned froma b| ogas producing plant, or reject water

obt ai ne& during concentration of P fertilisers, or wat er obtai ned duri ng

‘concentrati OBuﬁértéﬁmkfféFBééés%@ﬂ%luq?rbef&bld@@érﬁ& rain water. 15 It is preferred
that any or ADST O € urea andlor uric acid present in the organic
material is converted into to ammoni a, wherein the ammonia is optionally

col l'ect ed fokb%%lﬁ@d@@&ﬂﬂﬁf'ﬂ%‘blbﬁ\ﬁs ﬁﬂhb%eﬁ&r@iﬂ@dégaggbcﬂblém%@ke 20

Addi ti onal steps besid pressure cooking is nmesophilic andl

t her mophi | i cpe@pesin @ﬁméhbuﬁﬁfééfﬁlﬁ@@l‘ﬂp”eﬂh@"@%ém eloig %‘?'P%F“%‘Ft@ﬁ %has been
treate nt I ooker can subsequently be diverted into a

pl ant ?'c())lr rrego %b{%cngﬁéd or teﬁer mophilic fernentation before or after the
organi c materlal is subjected to N stripping. 25 Each fernentation is
performed by BastfklftigpoPul ati on capabl e of mesophilic or thernophilic
fermentatio _I"E'S'D'E'C‘[‘I'Vé'l— The fernmentation is in one enbodi mrent an
anaerobic fernentation. 30 The fernentation is preferably perforned at a

t enperat ure A duidder abpidtio Bfafact Sueh as at
a terrperatureeﬁ]g? r&'ﬂ(b) p‘ll*)% d%é&thpnngfagélgdrg(?gmdyﬁérgss t han gbout 55C, for
exanpl élfat apeadgsescide (ss) 6nd Pricam dsoliemasE to preferably | ess than about
45C. WO 112/1 S9~S 70 PCT/ D 101 /005S3 The fernentation is preferably
performed for a period of tine fromabout 5 to preferably |ess than 15
days, such ag he@ecwtgmep@mtgs thei digestedhicrssseg into @‘6 tye &pe %I'X/Sq['%-én't han 10
days. 5 There 3') didient provided a nethod, wherein the biogas
production |s pe orrre one or nore plants by a mcrobl al organi sm
preferably a popul ation of bacteria, and involves an anaerobic fernmentation

of the gy ganigMRk& ?‘Q&tlonzhﬁtagﬁcéﬁe%% d%eﬁ\;% by ofhe 98! GRdEE-80% ofbielrane and

a small'er fraction of carbon di oxi de when fernenting the or%&nlc mat eri al .
The bi ogas prcodignt eighe digesisd l:w@maswﬁ-@atraq{ed In case of addltlon of P Kemira

Danmark) to the buffer tank before separation in the decanter, app. 95-99% of the P
can be extracted. The solids fraction is transported to containers by means of a

shaft less screw conveyor.

25
The rejectwater contains 0-1% ss and dissolved K. The ss depends on the addition
of PAX. The principal component of the reject waters is dissolved K which amounts
to app. 90% of the original K-content in the biomass. The reject water is pumped to
the reject water tank.

30

P-fraction transport System and Treatment

From the decanter installation the solid matter fraction (routinely called the P-
fraction) can be transported to a series of containers by means of conveyor screws
35 and belts forming a P-fraction transport system (Component number 19).



10 one or nore plants, preferably by bacterial anaerobic fernentation of
the organic material. In one enbodi nent, the biogas production is perforned
in two pMamoxz1sbys anaerobi ¢ bacterial fernentation of the BEYRKOLOGTAS eri al ,
initially by fernentation with 15 therrmg?ilic bacteria in a first plant,
foll owed by diverting the thernophilicly ternented organic material to a
second plant, wherein fernmentation with nmesophilic bacteria takes pl ace.
The thernophilic reaction conditions preferably include a reaction

t enperat ure Alcdnfhéh B&hviey@BaaGrane aﬁfe@-f@um 8% Aorage wiHeadit Isestgekiedinto e
rangi ng from55C to 60C. The nes EI lic.r on condg.[l onsHPr ef erably

inciude a reUERAPVEERYEINA GPBPOH petgnd ?MV te Gogngps PQsting FFrg(élctl on
-tenperature La8firiRer 8ricyhé ®Gridtiond 2nd Me d.MeohtBA tADY ictdases &p53-60%. as wel |
as the nmesophilic reaction is preferably perforned for about 5 tol5 days)
such as ¥or about 7 to 10 days. Any potential foam formation can be reduced
~and/ or el im rpkLssH nktﬁ@%gbtl on of polymers, and/or plant oils, and/or
one or nore Salts, preferably plant oil in the form30 of rape oil. The
salts preferably conprise or essentially consist of Ca0 and/or Ca(OH)2. A

desirable fl @m‘dﬁr@%tr@alngfofﬁmrﬁm&ﬁ tﬁé‘ﬁégél@ﬁvbt& iPsrefbifddnandh egkduaPleveluct i on
is preferably achieved %I the addition of calciumions capable of formng

cal ci unB5  br iofigeeut J8mg Bk« A desgitiPiefiiedani ¢ substances in sol ution or
suspens{@n, WO 02/1 S9~i PCT/ DKOl/ O0SS3 71 wherein said cal ciumbridges
resulting in the formation of "flocks' of particles. The addition of
cal ci um i ons Therseped $tERRING steprs pwéershaléearﬁpﬂ St BRUTIRG BSt9RTH RIERPATAPES

i ncludi ng di s394 é{tf‘a(#nt(ué’%es)suré/\hh%fstﬁp‘bepbmcﬁﬂébéﬁéﬂw1%%rﬁhé aifeénBBoifR) Ci um
phosphate Ca3(P04)2, wherein the precipitated cal ci umphosphate ﬁr ef erably
remains 5 susiﬁ'@ﬁ@f@ﬂ-‘r?%\Ofa?erGPha;ﬂ“dW?éeroBi @W@@tW5§@§eé%ﬂo%@ ARENIRS to a
gas engine Caa?r?r%rﬁa & meét%#ﬁ&émwﬂ&%e &%ﬁé@& nr?bn%lifd lkddt Yhe fEBE idpéssean be

used to heat the IIme pressure cooker and fermentation pI ant andl or

the N si%i ppdial jusaiegPeramelpo h@wgmﬁéumsnﬂiﬁ@erﬁ@fﬁﬁ@h@@t the IsadbefdR@or t he
ani mal houseqém@\qgg{n ehéﬁi@rﬂn"t@élbg@ﬂpﬂlogﬁdﬂﬁé lsfiﬁé\hdiétgby\@é@dﬁf dtéarkRgorused in

a househol d or dence. The electricity can be diverted and sold to
a commer ci al Ressiblyoyaren \e@tﬁi and stegmeframiine gotojgeneratehenibings EeaBavaleris@ ment |

the renai ni ngyphsiderPped, sterilised and fermented organic material is
spread on agricult ural fields. 15 In addition to i) reducing andl or
el imnating undesirable mcrobial organisns, ii) inproving the production

of biogag, anghih héat@tﬂ%ﬂb@gn%rﬁhgfﬁltr}bpkéﬁ@@urﬁn Nn& betdoRfes ovidr &id ¢digesl and
fermented organic material, the invention in another aspect pertains to 20

a method for Whiledlthagame Boembeingi hegtadde e fusaing t?W‘BWBF@QM@cCOHﬁ‘PéPWé?”é

conprising a jReWidkn. 19! SedthRmHCNiPgasio RRBdcquBAty cshdeh&dtBin @f two)step
collecting N including ammonia stripped fromthe organic material in an N

strippi ng st egndensatefbsor bi ng said N including ammonia in water or an
acidic solution preferably conprising sul phuric

25 From the floor of the column the water now free of ammonia is pumped to a level

controlled exit pump.

The stripped ammonia is diverted to the bottom of a two-step scrubber condensator
where the ammonia gas is condensed primarily in a counter current of cooled am-
30 monia condensate. The ammonia gas not condensed are subsequently condensed
in a counter current of pure water (possibly permeate from the final reverse osmosis
step). If the use of acid is wanted or necessary it is appropriate to use sulphuric acid
at this stage. It is thus possible to achieve a higher final concentration of ammonia.



acid, and iii) obtaining N-fertiliser which can be spread on agricul tural

| and. 25 The invention in yet another aspect provides a nethod for

produci nypéwospisor (P) conprising fertilisers from organi BCHRKEIERS
conprising a P source, said production cgrrprl sing the steps of i) diverting
slurry froma biogas fermenter to a sepa %tor ii) separating the fernmented
organic material as well as inorganic materlal into a solid 30 and a mainly
li quid fract Temscrubber copdansstergra praserably construsted Bemiadipheesrit PederlP a part

of the P, pr Slcﬁ\m‘l@dée'd?akgg form of cal ci um phosphate Ca3(P04)2, and
organic phosp ates suspended in the slurry, wherein said solid fraction is
capabl e of being used as a P fertiliser capabl e of being spread on

.agricul tural Ahﬁ%ﬂ‘@ﬁ%r ! Ay 1 SS3 72 The
separator fo epar ) ior T | as

i norganiSc material into a solid and a mainly | IC]UI d fraction is preferably

a decanter Cg&f?hbé fe sdliBLdras []é.é/d uﬁQJra«{# td gé‘iﬁtfl'teBnlﬁpéHHbéﬁﬁd@;gadalt Ibf acid.

optionally b rie to produce a granul a risin fertiliser, e.g,
by allowi ng i hecﬂuma(&onmneot remies 21 ) lism)r%fe@bhvi ¢®S§u@e@lnjm@90%9ﬂ3é0r

per meabl e sh frachidf of ?%%n;aeh&%n 8& Wt‘%%frél%%cﬁ&rﬂﬁ‘sh qBé

production an e separation Tromso onponent's can preferab %/

re-used in tHenS@rlnﬂlﬂ sedopd seftias. ﬂ'hlgéa@ﬁdﬁane lnﬁfulh@ourﬂarecurfcetgxthe Q,Q%kl ng
processyand! gp, bﬂmét@f sMinftdd i N AShle IR d MakitEnPhfRfia dngda !
and/or 1'n clean eand |ssre nd an/or Is lead to
a conventi on&rlan@’ewag@flnalmﬂd@matmisaﬁacheﬂéletgedilwgi %5%k Ae patasia piedagiot her
aspect provi I r,

sai d product ?gﬁlb{%ghm&ﬂggloﬁg&ﬂﬁég& gélragé p‘?**??; ﬁxgtdk?hlo%tgﬁéirﬁ%ﬂ?agﬁ&ﬁtge\sé@%%r at or,
preferably alalioo@umgr Tbeﬁbsdlrpt!@'el)\ambBlaQSISTédﬂ)N@@ﬁltlQﬁ of swipwic sciddntedhect wat er
havi ng only r content of N and P, preferably | ess than 5%
(w'v), such Qvayﬁqecég'l‘ﬂteﬁk&ﬁ tt%)(W/v)) for exanple less than 0.1 % (wWv), such
as lesst8han 0.01 % (wv), and essentially no sources capabl e of spreading
zoonoses, veterinary vira, infectious bacteria, parasites or other

i nfectious agents, including 20 BSE prions and other prions. For sone
enbodi nent s Qulphgirigacidgambl e i f the reject water contains | ess than 10% of
the Nand P originally obtained in the slurry. In another aspect of the
presnt invention there is provided a nethod for producing ﬁot assi um (K)
conpri sing f diheisulpberie atiddankds gaed for storiag ithel suferimpeid yserhindhaNsdiipring 25

sai d pregucti ing the liquid fraction fromthe first
pr syl tpepeg,ggggwoﬂg fﬁun%e‘f%ﬁi g g

separation s e Separation of P containing organic materials
as described herein above) to a second separation step, ii) separating the
remai ni ng or gghjspxand inorganic conposition fromthe liquid) iii) obtaining

a solid fract‘r‘(m—corrprl sing K, wherein said solid fraction is capabl e of
bei ng used asThe N faéIkt(CDW’@@ﬂemia\‘pkﬁmeé%)ﬂS peedhipr storisg tlesastriopedyr i cul t ur al

| and when appropriate. The second separation step preferably conprises
subj ect2,g the K conprising traction through a ceramic micro filter
operating wi t@asstorlentermi ttent aeration and

It is preferred to establish a gas store (Component number 24) as a bufferstore for
the feeding of e.g. a motorgenerator engine.

30
Rejectwater Tank

From the decanter installation the rejectwater is preferably pumped to the rejectwa-
ter tank (Component number 25).
35



filtration of the reject water, wherein preferably said aeration provides
deconposition 35 of the remaining organic material and settling of

i nor gani owé bzreioss WO 02/ 159e 73 PCT/ DKOL/ UCSS3 | n anot heCTaggesvssthere i s
provi ded a method for producing clean re'ggct wat er, wherein the obtained
reject water is treated in an aerobic tré&dtment system capable of

el imnating andl or reduci ng the content OE N and P r{ Fe wat er, and
preferably 5 &Pé'%leate‘@&‘?fﬁﬁ@f Bgovineed wHaASY @efﬂeé’a{ﬁicf,o h&ﬂe"l‘héa'ﬁﬁﬂe@ﬁ'@m
conponents,  Gipghidtd¥ter eheprterﬁeﬁ& %énﬁ%%%}béﬁtbb{ ofgres, 1qurPW r%gawb Bres¥ftgr ei n
said reject water is preferably capable of being spread on agricul tural

| and when appf 8;3-0.8thar shall bebuili v g f@e@membranedﬂerm tampme%aﬁgkedlo The
.above-nentio r r 2-4
neeks at a { ATSUAEHE BRI EIrGRY O LEREI dln RIS b e . So00.
Any el i b nat @devertmnﬂnamfolum@w mﬂngﬂihmoatmg oidhe memisane purfagas bas thm
‘descri bed hengin Llét?pggrp%m%ﬁbgé[k\n%h &Rl to clean animal houses with

t he reject mater rea I'n I's way, e I'nvention al so provides in yet
anot her aspect a method for inproving the hygi ene in an ani mal house or a

stabl e for ary HPJr&-Prej\c%%gor‘ @L&‘&%@%h&l@&ﬁbﬁ%h&@g cepﬁélﬁ?é‘éﬂﬂacg&?oﬁéeﬁ‘mee W th

the obtained rejec e cleaning 1 nvo eanin rinsing e.g.

sties, fl oor ste shdths bagkwaskeprogedurs., metnangm Shﬁélrhalntetmmﬁdcbam@rledlc

scr ubbi ex faces
e oW

wher e odour, %%mﬁﬁaégnﬁpggggcondg?%\e@?éﬁ ease %m{‘hg%enw b%hdrlrglntﬁ) of the

predet er m nec‘ahlatbbatz-@)m&p&rlrudl ng the stable. The cleaning of the stables is

in one enbodi ment preferably performed .with reject water obtained

followi ng fernentation of energy crops or obtained follow ng the 25

f er ment at i on Aevaiiorotiay be @ppliggsto siegish the microdiltrationi Asrationdimpogaisbiearsiresej ect

wat er obtain i P%sng e

according to%*é?ﬁ%rﬂ%ﬂgﬁé%ﬁﬁe%m%%aﬁ ng?ﬁam'q%veﬁ"ath?rnar&%. _ar!eeglkn a

stabl e by utiwatei ang sttmldatesmetdbet decammipesition pf repidudli alganic metter nittiflcstion t h

digging and 3 r r mef erred

in one enbodlach cfe%@‘l Hﬁ&cﬁ t@gfﬂﬁ[’os{gﬁ‘eelrebﬂ\l mu‘?@gd&%ri llsdﬁzr#éefll)ér |§aﬁ|ﬁg%m \{aetrd da mgrﬂgém t he

st abl e t o t heprbiess g misretfilteationoker andhydrol yse the organic material before

further processing. Another overall objective of the inprovenment'of aninal

welfare in a stable resides in the possibility of being able to spray the

ani mal s i n orftem this taskithesertheata shalebe vsediocr obi al WO (12/ 1595 74

PCT/ DKOl,/ 005S3 or gani siis ) r the ani mal s and

si mul t%gousl y reduce t e %@ﬁ%@?a&hgraenﬂﬁi qo},{aeg '&Sn£|!];’ S?atgn this way, there is

provided a nmethod int egeat Furtheaseyeratinne Dissolved Kathial) be abnesnitnated tsjmm es,

energy crops and simlar )¢t ni c subst S i

nutrients held in the di ge% g ?8%@#%0 fra[%§?|¥\§é|j %{égﬁ%naﬂse

quality, in conbination w $tbragbttankanl;erdbnerammgeqzmmHlszUes ma‘yrlatsomate@asrat ed

met hod descri bed herein abgy e ystem of conponents, or 10 a

sel ection of such corrponen°§ tggﬁ% ea?‘?@evg’ herein in nore detail el sewhere.

In one aspect, the system Tihakmayesso be concentrated through other means such as

mechanical or steam compression. This depends on the specific
choice for each specific plant and amount of excess heat avail-
able for steam compression.

30 The reject water tank containing the concentrate from the micro-filtration shall be
emptied at regular intervals to remove the patrticle concentrate. This shall be added

to either the K-fraction or the P-fraction from the decanter.



i) a first device, preferably animal houses or stables for hol ding and/or
15 breeding aninmals, preferably farm ani mals including cows, pigs, cattle,
hor ses, §o@b¥y]19¢heep andl or poultry, and the |ike, andl or PCrDKO1SBISIN
device, preferably at |east one pre-treatnent plant for pretreatnent of
organic material, said organic materi al %"flef erably conprises 20 ani nal
manure andl or animal slurry andlor plant parts, wherein said plant parts
preferably cBdg®k se one or nore of straw, crops, crop residues, silage,
energy crops, and optionally animal carcasses or fractions hereof,

sl augt her hougRe WASHE (cdifhelintte 26/ BeHes INeQfhdeF BRbriRg (R Potastilin prpduc e
originating f5%ena8ig®l s, risk- and no-risk material with respect 25 to the
-potenti g p][esence of BSE-pri olns or other prions, and/ordi i) a th}rd
device, pre energy plant generating an inproved anmount of energy
froma bi omat%‘ra‘%tbIléém ing organic material, 30 in which the first device
‘conprises a) a systemfor cleaning one or nore of floors, slats, sties,
manur e canal Ihedliagaspredusad i thafermentors may cpetain irags Fnowrnal RydsegeisWmi mal

house or a St f: j j ' ' Batfio
and/ or 35 &%Qk)%sﬁgﬁﬁ&%‘é%%%@t&@@é&é‘%&rﬁ?o%ﬁgggﬁgﬁ2?2'5%3 fra)gensportg t he
cl eani n® wat &re biogas Breatanybingd heat and pawer plank| urry conpri si ng cl eani ng
wat er and organic material, fromthe animal house or stable to the second
device, 5 in which the second device conprises a) a first pre-treatnent
tank, prefer dbkygas sbakl bepleanedibikemploying the abilityioh gertain aptobisdwsteriaitadxindi ng
ammoni a, fro i f e i i ; ad
Govi ce. or i et bt Sulalg. s s, ety Sevhe GRHLS Trbbacil wiies!

di verted fromnawn it severakteriastrial archinasine envirganmsnts. K¥heraepps may\alsaebe

wher ei nd he fLESEuEH S ﬁ'ﬁiﬁ'ﬁ’({r&'@dﬁ% éngargr%ﬁasﬂrgugpti onal ly al so be used for

hydr ol ysi ng the organi c naterial, ) a second pre-treatnent tank,
preferably a |ime pressure cooker for 15 hydrolysing slurry conprising

wherel n sai o honk B ihcs AR fackod W pERY hbs itn 1ErgBinate M )
reduci ng i n ernsed aith rejecibvasemtocnaintain the Pgaking matetiatimeist. Jaeriegasiie
substances prgaefl thdubifheSIdtkéd colfn@nBHniait deaRPlof affis¥pREric air) is added
20 to the biogas stream. The atmospheric air is added to provide an oxygen concentra-
tion of 0,2% in the gas stream, i.e. sufficient to oxidize the H,S and therefore not to

produce an explosive mixture of biogas and oxygen. A ring side blower is used.

Combined Heat and Power plant (CHP)

25
The main component in the CHP (Component number 28) can be e.g. a gas fired
engine connected to a generator for production of electric power. The main priority
for the CHP is to produce as much electric power as possible relatively to heat. The
engine is preferably cooled by a water circuit (90° C) and the heat is used in the

30 plant process and to the heating of e.g. the animal houses.

The exhaust gas is used in a recuperator for steam production. The steam is used

as heating source in the plant process, i.e. in the pressure sterilization unit and in

the n-stripper unit Ii (priority one). Depending on the amount of steam it may also be
35 used for concentrating the K in the rejectwater (seam evaporation).



20 c) at least one tank, preferably a silage tank for generating ensiled
pl ant material conprising at |east one or nore of corn/naize, energy crops,
beets, amd e/t4¥ esi dues, and/or d) at |east one second tRERDKOI/EIESably a
pre-treatnent fernmenting tank to 25 fer t silage andlor |ime pressure
cooked organic material, in which the fe ntation conditions are sel ected

fromnmesophilic fernmentation conditions andl or er hillic fernmentation
condi tions, PRWEEN &P %tﬁ@mﬁﬁ'ama eAUtetnEsY ibgé%sttaglﬁd%}%zﬁ e>fcg13ggeroﬁ% ¥ ogas
fermenter topydsitiditostratsrer haatitem tiy geainGys@irepitied hestsystemdi verted fromthe

second device for fernenting the organic material under either nesophilic
fermentation conditions and/or thernophilic fernentation, said fernentation

D 021 1395 P 0 e a1 o coLLact Lan ot

t .| east e tan or,.coll.ection o
bi ogas, Swher BPier Mi{ePg ?’ﬁ@fP%h‘iﬁStp}%ﬁ‘ﬁM"}/ %ﬁﬁ@@t%ﬁca{sﬁ' apg 1B@pp|§?n *‘)‘61“9’9d
‘di stributionggh Hackger tHefgepsstnect ed to a gas engine, and/or 5 c) at |east
one first separator, preferably a decanter centrifuge in which the
fermented material fromthe at | east one biogas fernenter is separated into
an essenti al lyfhdrb HihddliERThb@ Stédin titf ddudBY @f the @iPe proseéss the r@Btipratuc-
essentially solid fraction, wherein said solid fraction conprises solid
phosphor ( P) tiancanhpflashed@f 8YsPR'% and i norgani ¢ material, and/or d) at
| east q@e second separator, preferably a ceramc mcro-filter in which the

reject water _fromthe at |east one first se aratgr i fg,rther_ ({octﬁssed,
preferably byostatiealaREPCES theating,f fefmat itﬁ”'iss. PH"’Z’F’B 'éé’é?"r‘fbép Pt s in
15 renoving @) fitRiBileS NER0BA Es BHS bRIdRBlioh i8 abRb™d thi of busiee wilba@wigcheli odour
conponents, nitrogen (N) conpounds and potassi um g@héo%(g nds, E\,\éht%reel n

sai d separ at {7 9p%PUIREF. ASSOQNES ga ProficHehis for 6R SR

conpri si ng aghgHE WhftaREBUEN th® hedProdittiorr nore of odour conponents,
nitrogen (N) conpounds and potassi um (K) conmpounds as conpared to the 20
anount ¥rior to separation. The system preferably conprises pipe |ines
constituti ng pifdsRpESes¥siofm preventing or leading to a reduction in

em ssions of Tany one or nore of dust, mcrobial organisns) ammonia, air)
liquid or any other constituent within the system 25 Liquid fractions or

rej ect water a2 QRLaIRINESIPEepdiatitd pdteasiim @BE thé taeawh@nkre (d¥eibks | east

one pre-treatnent fernenti ng tank, the at |east_ qne bi o%as f ﬁr nentor) the
at (Component number 29). At relatively high levels of biogasproduction the motorgen-
20 erator engine produces excess heat (steam at 160°C) which can be used to con-

centrate the K. The distillate free of nutrients may be used for field irrigation or recy-

cled through the whole plant.

At relatively low rates of biogasproduction a micro-filter can be used to filter particles

25 larger than 0,01-0,1 ym from the reject water rendering the permeate suitable for
treatment in a standard reverse osmosis filter. The K shall preferably be concen-
trated to a 10-20% solution.

The sécond aspect (BSE prions)
30

In the second preferred aspect the invention may be applied to substantially reduce —
and/or eliminate BSE prions contained in manures, fodder, slaughterhouse waste,
flesh and bone meal and the like. This is achieved by a combination of pre-treatment
and digestion. This components as listed above are supplemented with a device for
35 additional pre-treatment of the substrate containing BSE prions, e.g. a lime pressure



| east one first separator and the at | east one second separator is
preferably re-used for cleaning of the animal house or the stable. 30 The
i quid f Mazed/aes or reject water fromany one or nore of PEEDRVINEESt one
silage tank, the at | east one pre-treatnent fernenting tank, the at |east
one biogas fermentor, the at |east one f PP st separator and the at |east one
second separator is preferably re-used in any step of the slurry separation
and bi ogas pFerleEtThedimgendkingamnihe yagdrie Aydrolyre ayageliiof organicrsubstratgs o
proper fluid; ot ; 15 77 PCT/ D K111 /00553 The system
makes it poslsrlﬁ;gjlegigtrg&gg%' °|°¥ﬁ'er,9'?q C usdi ng Ca0 and/or Ca(OH)2, to the organic
mat eri al before said organic material enters the stripper tank for

»stripping N igagl %hggr@ﬁ%gﬂisar)esigfa%ft?& téés%tt%%ﬁiti-ﬂ%é& AR @% lloh B

sufficient to generate a pH value o roma t 6 about
optionaldy i tereparaiurestdf prefedably ORI Cnresswrgs aipfeterabief-& basrersfa pHefsl urry

‘including th AN erial. ' ' ins in
the stri pper PaneCor PHENGHS S peHnRagth ol [FoshMacibotal gy, 0=,
days. The temieobialenzyinesisdeh ahprateaseppamidasesett sThEOM(srelfesrand biesbetineen
60C. and 80C : Ldry
matter in théhéﬁ@a%%?ﬂé@ﬁaﬂrfb;ﬁc%péﬂl ggg#’té’? @%’tgg{%ngygeég(gﬁtg?g t g%rr?dg@ﬁlgtl:éwrr'gteri al
in the strippeial N yergusiotal shihop tkeimicroomganissaredrong togmeduwacs adddiopaliy pper
tank. The sy Ll I ' Iy %p ALTRRI a
fromt h@est r i%%géegeilq@ '%'Jé’%%a%%ﬁ%ﬁ%’ \?géiéjf]%gr% c% a§'§i°§“2‘ﬁ?¥y§83 ?Erbgocdl um in
whi ch N i ncl hiihrrgsidemertinze also atritbisied to an afiicient decompositivd of BEGtpirions.
preferably conprising sul phuric acid, and optionally also storing the
absorbed amonia in a tank. The N absorbed in water or an acid solution in
this way is pheftiirdbdspgcifsenteagation efNiahd&r. 20 The |inme pressure cooker of
the systemis preferably an apparatus which is initially capable of cutting
the organic nmaterial into segnments and subsequently capabl e of diverting

t he segtent edn athjmprefemad aspedt, the inventieminay batapplidditosepdrate theanaie dutii-gani ¢
material is t ' 0, { | to the
ol evat od t oSS EdR 1F B phSRBHS ) RERPAfital faflrdh A RARE T s
pressur e cookefertiiBer produtde df commaersiator GirganicieualitycThislisrephiEved by ¢bmbin-

Ca(OH) 2, pri AV i r cooker. Preferably
Ca0 is addedﬂigoﬁw?’ ﬁgﬁ}p?ﬁ%rﬁépgﬁ@éﬁl?{sé agggﬁg%idna%%n%ﬁgéﬁh ﬁ%]g "from5-10 g per kg
dry matter in the organic material. The system operates at a tenperature of
30 bet n 1 . . t is

al i gne\cliﬁgccoﬁg‘?rll\g&?dogt eeqhgﬁg%ﬁingﬁ-lerrg{%ip it%$9|? B& g'g%?' %e(':%f) ;e{ , maé?{%?g%@ralﬁfrﬁal

t enperat ur e ihsldirtgss€me Nhiestippgrband hallectdtasntesofibasishithe frseaspeehieadng Hlinse
and |1 gnin '?h%%n’iaﬁrﬂ@’ﬁ@@&b? sfﬂ?r.’y?ﬁb%veroffB&tg{&ét%%rdehsﬁgﬁ&émm& o ltfle PIOSEN
according to the risk”of Infectrous m ctobl or gani sm or pathadgeni c
conpounds i néemavasfras thepslimnalong witherganimandinpegasiciselids.35 WO 02/15' | -i s
78 PCT/ DKULl/ QUSS3

25 The result being that preferably more than 90% of the N and P in the slurry are col-
lected in separate fractions. The remaining reject water contains some potassium

(K) and trace amounts of N and P. The reject water is thus suitable for land spread-
ing at all times of the year.

30 It is possible to extract potassium (K) from the reject water by an additional coupled
membrane aeration and filtration. Briefly, ceramic micro-filters are used as diffusers
and filters at the same time. The filters are submerged in the reject water and oper-
ated with intermittent aeration and filtration periods. Aeration provides decomposi-
tion of the remaining organic matter and settling of inorganic flocks. The treated

35 water is thus suitable for membrane filtration because fouling and scaling is pre-



The pressure is between preferably between from2 to preferably |l ess than
16 bar, such as from4 to preferably less than 16 bar, for exanple from®6
to prefene®dby1393s t han 16 bar, such as from 10 to prefer 6MDKBHESBhan 16
bar. The system operates at the el evated d,enperature for about 5 to 10

m nut es, but Ionger treatnment tinmes can al so be used. N including ammoni a
stripped in the essure cooker is preferabl d di verted
to a colum d’ﬁﬂtegbggf’ﬁ'ré%la%@t'% gg-b@eﬁgﬁglmprg?rgggﬁ]@ré)acgé %H%gqﬁlg\fe@ in
one enbodi Wertheh@r\drbﬁ@di&ﬁn%dfﬁ@%hd@cﬂfng& | age such as e.g. naize, energy
crops) beets, and/or crop residues, to a nesophilic or thernmophilic
fermentation tank, before the material is further diverted to the stripper

‘tank. The Systrﬁlbr@mrbt?ré‘dmcé@@éb@rﬂj‘eﬂtrétle\(ﬁ‘iéﬁﬂ)pdibnﬁunlhg Ky and fiterad avatayskitd
organic material to 15 a rresogdll | i c ﬁ%jtherrmghl chaC fernmentation tank,

(before the meaAlls forfandspEparing @dvenpimiRd QPR i1S5aM%NK. The system al so
facilitates the optim zation of the fernentation of the organi c materi al
and the productlon of biogas b prOV|d|nrg agretreat Iant [ising
20 facilitiesAy dndesthe tist '?F@GRF REpigeh WRiCHRALAA P8 RRCEUIR rEﬂ""ﬁg"h‘;"eg?‘kaI i ne
hydrol ysi s undgrhgeesiet erm ned process paraneters, incl ud| ng pH | evel,
tenperature, aeration, duration, foaminhibition and floccul ation of
suspended naterial . The systemin anot her enbodi nent ensures optim sed

condi tiqgs fofhd PeraB@tikalitstle &Pfutherdrgingbivath g:roaaéussérgramm@wmmér- t he
bi ogas producing ferpenters. This is achi eved diverting sterilised

or sanitised dalriug #heM anK Fectignsare siilarly of ‘?S’E“m%rg?ﬂ v3lug. r st bi ogas
fermenter, wherein said sterilised or sanitised slurry do not |nh|b|t or
harm t he popul ation of biogas producing mcrobial organismin

fermenter. | nThaihird prefarrgd asrashisdn pattickiapdesignes taaprgentiate tnp ﬂlﬂ'%ﬁ”tﬁﬁ%m a
I's stripped, R%’ﬁdl@fﬂaﬁg KicRtalrRd ik Qluﬁyl&hg%ﬂf%r bﬂiéﬁfccﬁubbﬁﬁaté@tcﬁﬁrtﬂlf& prod-
fermentation conditions supports a nmesophi l ernmentation. Once the

or gani c 1Aat er Weis ohepmmeial guditected to a ITESOphI lic fermentation, the
organic material is preferably diverted to another biogas reactor of the
system in which the fernentation conditions are capable of supportipg a
t her nophi | i c Hewavah: ihdeeanterpsntr 'f“!A?@qﬁ??@@@qu'tb@mﬁrﬁ@'m?ﬁtﬁ&)%@é

t her mophi l'i c Bi%?&é amslﬁwgééér% $y3Ednt 4 partit@acthk NastHgpiRg Uk, Uflﬁacbﬁiégldﬂg
from about 45C fo 75C, such as _a reaction tenperature ran%@agqtfrom about

55C to 60C. Tﬁ@qurﬁ'g@ﬁﬁi tojfarmesg.ckheggenkinaiicp |°6PP§> Y-skippigg apd profEntri-
tenperatgre rfpgh %ahé @fmt %@Mﬁ,e&%ﬁoﬂtﬁe H%ad P éb“rltélﬂ bﬂﬂ\e%ldrﬂﬂ@ tsbﬁé}ate@fﬁ?ﬂr ature

rangi ng from about he systemallo

t her nophi l i c P@E@@d‘?‘ioa\?ﬂ!‘"@‘h@ frﬁﬁ%@ﬁhl"l‘ﬁ 'mﬂoaa&&tpéﬁe%thet:%rp i %’Sé%ﬁt Br at
l'east 5-15 daygeksdburifto bR stiiiedibyQhe BbcdrfdTentfiful@. days, preferably at

| east 7 days. 10 The system conprises devices capable of preventing foam
formati on, wherein said devices are capable of adding e.g. polyners, andl or

plant oils, C;gﬁéwgh)mlgewéddfgn%mmu{é@wﬁg t%&lh? spednfm%eédldngaaal ts t
corrpr| Si ng anda/ or e system nmakes i 0 reuse a
B Btied e

| east padt of NENk Hisalae PAsSHR!g Iare-Cifriale the reieriiriehig greri n

that sane reae&mﬁmg%%@gmth%aarﬁhémdm@eg TleAHirgpeTifoorEIrRr digth if eatieoates as an
i nocul um of the popul ation of mcrobial organi sm@erfor

f)
f er nent ati on. az@em@%'y@@ewpﬂ%l@égaﬂtﬁgwgé?r seofigrod fdogk Ulﬁqﬁéﬁgucteg Fvert a
slurry incl udiniiziand StHECGRURIEEIShS) IregObntdluBIARg 6f sltirey Garfdly tt. separat or for
separating the solid materials including a limted fraction of the liquid
fromthe main part of the liquid fraction. Said mainly solid fraction

conpri seg or garnbeejaétdvata% Bbritaified :ﬂé}oﬁfraﬁi&bﬁ|dﬂd1ertg)t£és(lmﬂ@6)phmlé a amdller

conpounds hereof. Said nmain solid ion c furt her, ed, and
; cogrl ses a Partwillbe presentin ¥he P-fractlon q‘ﬁuts meansemat in the scenario wFuere slurry Is

stripped for ammonia and separated for P the N and P can be stored and applied

. according to specific needs, while the reject water can be applied throughout the
year as waste water,
35 |



25 fertiliser. The first separator of the systemis preferably a decanter
centrifuge. The systemalso allows reject water fromthe first separator to
be treat 300 1¥4Second separator, said second separator cEEHMKNIAGSE
ceramic mcro-filters in which the rej ec# water fromthe first separator is
further processed by aeration and 30 . f Btrati on, optionally renoving any

resi dual odour conponents, any residual nitrogen Cocgtﬁq)méjtfl andl or an
conmponent s cHseRbriasiMriedibatibe nang of srEerdingyarea vkt 9 e argaigAUre ect
wat er conpri g itdh! i | Hida); paftERaMAM throughéhesyst em
makes it posgclsr% é@t%?%g(?d\}igbtmfggﬁfﬁgﬂ%r?éhﬁdetrﬁﬁ?ﬁgn{tpﬁe t her nophi I'i ¢ bi ogas
35 reactor oivhpledmrirBy praasqveaAadrysiar pali¥hd separator to an agricul tural
ifield, to a waste WO 02/ 1595 80 PCT/ DKO1/ O 1S53 water treatnent plant, or
a purifying plant, or a biological treatnment plant for further g rification
i f requif ed. Mespestivelyerhtor pesrbility ohiberiingfthe reieqh waterfurthen(eae $e5H feu)a?R"l@e used

“to: 5 elim ngld e wiHlghbisiel) Bethbetha cdrerit Mthany NCAEREpRing Withtjust

m crobi al organisns, ammonia) contam nated air, liquid or any other

consti t uti on oppshigle reretostps digestiensgidbe sy Evesihe f-##EPPIRG BY g@.defémieﬁpr ove
the utilisatighglel Eé‘gh%d%%gé%ﬁ@l\l 8 BnbdrfRss Ie'a\ﬂﬁdz Hdilfig shirgani ¢
material . inprove~the "production o I ogas conpri sing nethane gas "and

met hane- bear iwiogtds whighi raayyalso beyspeead laad rany timen®f the yean §Xc8REP™r can be
divertegyto g.G gcial 15 net of distributing gas. obtain separate
fractions of N %nl trogen), P (phosphor) and potentially K (potassium from
organic materials. Said fractions are of comercial value and can be
utilised as f L i Kl ' ed a5 karfigkd WhiRd otRT OPS.
20 obtain an Iﬁ%’?ﬂgv%ﬁgfzwp?rg%t%\?e folg?%_ tg‘%gé){éﬁgprﬁoyegehy ire_ne_ in ani rr'al st abl es
and i n accor danmay be conteptiwith eoyrcembinatinn mare siitableds thegsitgationsplrany

conpri si ng i Li¥ipAid vl biaUHN Edeptifugtaantetedig NI Ml s
reduces then?:‘:ag‘%(ﬁz)ﬁﬁfglrﬁ é%'f)?@ﬁ @Eﬂn@gt?e {vt\]%edr%gtoﬁe ani mal s :al#ge sl augﬁlgbered. 25
obt ai n 45 pr oqeaclivaldafmaingr enderi ng ani mal carcases or fractions hereof, neat
and bone neal or any other produce fromanimals available for disposing off
to agricultural land in the formof refined fertilizers and thus to benefit
from nmicro- &g reject watenfromitee cemplete precessi may bepdiaeted fna fifrl tigghment| t ur al

or horticul t yabn@hdBh tRPmBHRE HFRF&BACes.

20 Thus, the challenge is to treat the reject water to become suitable for membrane
filtration and also larger volume reductions than the 50-60% mentioned. The chal-
lenge is also to use well known, cheap and robust technologies in a new context.

The solution is the following:

25
Aeration of slurry is well known and aeration with atmospheric air during 2-4 weeks
produces an aerobic digestion.
Aeration achieves the following:

30

) Firstly, remaining ammonia is stripped and collected in an absorption column (pos-
sibly the same as the one used during pre-treatment) by a so-called low-
‘ temperature stripping of about 20° C. A wider liquid —gas ratio is required of about
1:2000 (Liao et al. 1995).
35



WD 02/1S9-t5 81 O ains PCT/DKO1100~53 1. A nethod for

of viable mcrobial organisns andl or BSE prions present in an organic
mat er i al WQAY#MEt hod conprising the steps of 5 i) provi diPEF/HPIOIFENI C

mat eri al

conprising solid and/or liquid ggrts, ii) reducing, in said

organic material, the nunber of viable mcrobial organisns andl or BSE

SeSchd ol BN e FpuRme Rabefon® ol flaftesy” 2 oo "

prions by su
step, andl or
pr edet er m nedC4manges at alr €936 Bucton stidlj1008;cDbyi@ard Nodel ¢O&T; IBamad/apriO83;ur e

reduci ng the nunber

andl or 15 subj.ect ed ~addi.tion of base or acid, ‘and/or c) a step resulting
19 Bl AL el

in at | east

AMYaR) Wi

e organic material, wherein said

yprocessing steps a), b) and c) can occur sinultaneously, or 20 sequentially

in any
| east a

diil.

c 5 grpbleginita e GHCs opiga MICHC G B Aise (BRns 25

2. The net hoethapfY.CloB4NGHnEmEMd Hamembdeeidasyt her steps of diverting the

processed organic nmaterial to a biogas fernenter, fernenting the processed
organic material and obtaining a biogas. 3. The nethod of claim1

conpri si ng t Maisfasratiey stllieR dnbiidalierMirdtionbyammeind Al selagwastenment ,

I ncl udi ng an
The met hod of®

agricultural field, wth the processed organi.c nmateri al .
DGRy - S ApHsreTiioh el RAIFDEING pesatos i iralit Py ce

4.

ext er najo enviramigisis (Bo0BABIRI 61GI. 3008 Bdott @t hlun8d8;fZafduth evdll toIBhEngetsardtial

mat eri al

resul ti romthe fernentati.on of th rocessed, organi ¢ material .
Do S 10 0o 1565 SeRCA RGBS Boria anh IlGEo e SETaVeY bt CBaRE PRy ¢ ha
further st epsr_he}‘aeaét(ohn@rmteﬂhéédmeaeérh&g ?fi tﬁ@lcasﬁmn@n@mmf ﬁtﬁe’sibyf"éiﬁ?h?ﬁi d
rial prior to e diversion to ogas fernentor o e '
rﬂPg?",‘gaWéF"BB?“QPﬂieﬁ@ 1@%9%@’3@3@02’& fermentation of the organic

organi c mate
organi c mate

mat eri al
15

20

25

30

35

freed fromat |east part of the N, including amoni a.

This leaves a water phase well suited to separation over standard osmosis mem-
branes if necessary, because possible scaling and fouling problems are minimal. It
is therefore hypothesized that a larger volume reduction can be achieved at sub-
stantial lower energy costs, although some energy is used for the aeration.

Even if membrane filtration is not used, aeration it self may be motivated by the final
stripping of ammonia and by removal of the remaining smell components.

The fourth aspect (renewable energy)

The main devices of this preferred aspect are pre-treatment facilities consisting of a
stripper tank and a lime cooker, and a flexible and multi step (minimum 3-step) pro-

cess design of bioreactors.

In the fourth preferred aspect the invention may be applied to produce large
amounts of biogas from a wide range of organic substrates including all types of
animal manures, energy crops, crop residues and other organic wastes.

The pre-treatment facilities of first and second preferred aspects allow the use of a
variety of organic substrates while the multi-stage biogas plant allows a complete
digestion of the substrate and thus a maximum energy yield.



5 6. The nethod of any of clains 1 to 5, wherein said mcrobial organisns
are selected fromanimal m crobial organisns, infectious m crobial

or gani smBYOantbIpar asiti ¢ pat hogen m crobi al organi sns, i n€CHAIKIY/003H

conbi nation thereof. 10 7. The nmethod of_any of claims 1 and 5, wherein
said organic material conprising solid ard/or liquid parts is selected from
manures and slurries thereof) crop residues, silage crops, aninmal carcasses
or fractions hereoff, slaughterhouse waste, nmeat and bone neal, i ncluding

any conbi nat NQf&htdh@rrSéHIcnréﬁt sﬁbst?g?@s SRhRD RAtrychahdrs 2nd B8P Sitdt lé p&-bi ogas

production is further inproved | i me pressure coogking said or%anlc
materi al bef bpated H"ethéﬂ'gli’rﬁ@k%{'é@ pepked Subsirta i RIE- d('Qﬁ%P‘N“ﬁ eI RSt ep. 9.

*The nethod Ofqt6f pufBlene WHstRkd érmslmérﬁna;s&%ﬁmqu:me%asséyugmacm erial is
20 ferrrented prior to being subjected to a N stripping step. 10. The nethod

of clai M 5) wherein the organic material of plant origin is ensiled before

Tit is diver tTﬁ@PFé)d@eéﬁoﬁternls%‘s RHht ﬁ%eer@adlgﬁ?\ﬂaﬁablg ReydR rﬂ@@er% dé&cﬁﬁpﬁ'ﬂs&@

wherein the ens ganlc mat eri al ant OrIgInIS f er ment ed prior to
N stripping. aaciztheméelmqeﬁoratowlumraawmnmlﬁﬂ heibhlk affilee Nisihws i thue cply

elimnating, Ieb{éﬂ% &H@étt&ﬂﬁri’é}ﬁ«/ 4Nd thé G| E!an‘t Blrgégicdsu%%@'b%m%e% ?bséche

nunber of viable mcro ani sns an rions I ng the
organi ¢ mat einith¢ stbsegpent Fleﬁﬁﬁrsmf ﬂ!@s@lﬁé@wb‘ém ﬁﬁe@ﬁt‘vly zﬂ@ﬁ#'@ﬁ'"@gﬂ thegel-

112/ 159pLS 83, B é@u@tgée/|m§%§?t§%ﬂ?egﬁgﬁg? ﬁ%ﬁbrtté}ﬁ( St NideshdY fithal s

heated at a predeternined te ected to a predeterm ned
pressur e andfegetosaibjheaest is dhai iedoe pyaus qsa@ea@rs bedngiproguegdo e 3yRisally Xt ep

resul ting |ntd’;1{0{|,gg§pn éﬁ% |t g%ﬁia}f{%'dﬁn%ur&he organic material, wherein
0?? r? and c

sai d processing steps a can occur sinul taneously, or
sequentially in any order, 10 ii) stripping N, including amonia, fromsaid

processed or gagirea R tﬂla GPE bibo sl RS ddcRiarchyMoRt (HRAShe0rAaRkIngmt er o

to a biogas er ment er er rre | pped organic material, and
15 nutrients are re- cwculated to agrlcultural land. The energy crops are digested in a

separate reactor and the digested biomass is diverted to the stripper tank. In this

tank the fibres not decomposed during residence in the separate reactor will be hy-

drolysed and the ammonia will be collected in the N-fraction. The N contained in

energy crops can then be re-circulated to land and used in the production of new
20 energy crops. About 1-3 kg N per tonnes silage can be reused.

The organic material according to the inveniton is preferably stripped for ammonia

which in particular at thermopile temperatures is inhibitory to the biogas process

(Hansen et al. 1998; Krylova et al. 1997; Kayhanian 1994). The ammonia is stripped
25 during the pre-treatment, where the biomass is also being hydrolysed etc.

The process can preferably be split in a thermopile and a mesopile component
(Pugba and Zhang 1999; Han et al. 1997; Gosh et al. 1985; Colleran et al. 1983).
This gives rise to increased energy yields and working stability, among other thing

30 because the biomass resides ionger in the bioreactors which allows the methane
bacteria time decompose the substrate. It should be noted that more energy for
heating is required as is a larger total reactor volume.

In addition to this two-step principle the plant shall make use of yet another reactor
35 to preliminary digestion of poultry manure and similar N-containing biomasses. Also



15 v) obtaining biogas and a fernented organic material at |east having a
reduced nunber of viable mcrobial organisns andl or BSE prions. 13. The

met hod oW@PHIFHIL2, wherein essentially no BSE prions arePprad@dmoissp t he 20
organic material resulting fromthe fern§ptation. 14. The method of claim
5, wherein the step of stripping nitrogen (N), including anmonia, is

f d by initiall di of linme to.t i ial t
ncr ease. t e Prps ops SRiima e 1 hidperiat trrs ity Brerairg MBS above.
40C. 15. Theef&ghphneDINgithns firkst digfestich tetnhn Phtionl o thd readiboveildile o6. The

net hod of claim14, wherein the pH value is above 11. ) 17.. The net hod of
clai m 14, m@?@PW%W%'&Qﬁ?B@PQ%?ﬂ%‘q emfﬂsa@nsrele%%nwﬁ?ﬁl%eaﬂm&qw el ai m 14,

*wherein the Eﬁiﬂﬂﬁé%_@%itf?eﬂ%ﬁﬁo@%stﬁ@ed iMEhDRH i tark drdTdoiidd (e SS3 84

19. The method of claim 14, wherein the operation tinme is from2 to 15
days. 28. ThB-#3iRBd of claim 14, wherein the operation tine is from4 to
*10 days. 5 21. The nethod of claim 14, wherein the operation tine is fromb5
to 8 days. 22. The nmethod of claim 14, wherein the ';()I-hl evel is 8-12, the
t enper at ur e PIIEBIRG Pasie MAigRiCclPVEITEES eicatPrHain SbPRISERG NART oABY Weh RO he

operation ti BRqditgs fMeRbreinmfiBdant tal tRS N iSheidédmdneN-frlcBbm HdliltyWian@en t he
organic material conprises a maxi num of 50% solid parts. 24. The nethod of

clai m 14, whiseven mere Nrvighand may@lso by digested instbe pie-diasstanpstere fethersts sol i d

parts. 185. TResHHRiAE MhindBicdds phant. Wherein the organic material conprises a
maxi mum of 30% soli1d parts. 20 26. The nethod of claim 14, wherein the

organic material conprises a maxi mumof 20%solid parts. 27. The method of
claim 14, whengiskiphity MHdfatdlydiPéivréd thhbalkd titebAlbitrantdBRsY drk dhde avail-

able to digestion as described under the pre-treatment. The following digestion in
the main biogas plant ensures a maximum gas yield.

15
The fifth aspect (animal welfare)

In a fifth preferred aspect the invention may be applied to ensure optimal animal
welfare and health when stabled in the animal houses while at the same time re-

20 ducing emissions of dust and gasses such as ammonia. This is achieved by flushing
or re-circulating reject water through the animal houses with the purpose of cleaning
and rinsing sties, floors, slats, manure canals etc. This reduces the emitting surfaces

where odour, ammonia and dust may be released to the in-door air.

25 The system further allows the use of straw without increasing the emissions of dust
and ammonia. The straw is a substantial welfare component, in particular for pigs
but also for other animals. It provides the animals with digging and occupational
material and structural fodder.

30 The reject water taken after the decanter centrifuge treatment (the third aspect) or
) possibly behind the first digestion (the first aspect) is well suited as a means to flush
the animal housings. The flushing removes the straw and manure mixtures from the
slats.



conprising a maxi mum of 10% solid parts. 25 28. The nethod of claim 14,
wherein the organic material is a liquid slurry obtained by the addition of
wat er andV@2EH@r contai ning a tow concentration of orgamca/pRitienizal |
preferably | ess than 10% solid parts. 30_.29. The nethod of claim 28,
wherein the added water includes water cg aining a | ow concentration of
organic material obtained fromthe silage plant, andlor water collected
foll owi ng cleaning of stables and/or cleaning of aninals, and/or water

obt ai ned f r onnilirhet prei@PdPadpebisAl @bmbinaBomlostheicBid iRgetoAGAthe afHdr Or wat er
obt ained fromone or nore biogas producing plants, and/or water obtained
WO 02/ 159- | S 3spesigmantirpad may 3@“%%‘?9"197 h@%ﬁ@éﬁ??fdﬂﬁ Bigfesablp incided|in gk s,
*andl or wat er @ipmaties.duri ng concentration of K fertilisers, andlor
collected rain water. 30. The nmethod of claim 28, wherein the added water
IS rej ec? water obtained froma 5 bi ogas producing plant. 31. The nethod of

“claim 28, whesgoRindhe itdlled cleat fbémithe BELRCAestRbtRNs OP brafdtRsh S4PebRtind
concentration of P fertilisers. 10 32. The nethod of claim 28, wherein the

added wat er i ¥nipdinaents ot Wemseseatinvarfiandhaidheieds Poyidsd hereigyr tj | j sers. 33.
The nethod of claim 28, wherein the added water is collected rain water. 15
34. The nethod of claim14, wherein the pHis increased by adding Ca0 35.
The met hod ofA B1eiag fenmpypneddiiogas peoghigtipn, saitmetied gomprisinaithy)stens o) 2. 36.
The net pgd of claim 14, wherein the stripped nitrogen (N) including amonia
is 20 absorbed in a_colum before optionally being stored in a tank. 37.
The met hod ofl) cl ai ¥iPRING Nirguding ameosia fTosm emanic MaigEas inguding Mmaaures aafnoni a

i s absorbed in a %M@?tt@%@,rérﬁidwom%{ydﬂﬂyﬁg; R iofdhiSbitian, preferably
sul phuric acid, before optionally being'stored in a tank. 25 38. The net hod

of any of clains 1-14, wherein the step of |inme pressure cooking the

organi c mterijal i dvdtid MRSk Giaifled BRRIATMEAAI oI QEsWAENORK t o about

250C, under a pressure of 2-20 bar, wth addition of me sufficient to
reach a"%H val ue of fromabout 9 to about 12, and with an operation tine of

fromat |eastjj  obtaining biogas from the fermentation of the organic material.

The above method may further comprise the step of separating the solids resulting
from the biogas fermentation in a separation step involving a decanter centrifuge.

20 Separate fractions of P and/or K, preferably in granulated form, are obtained from
this separation.

The above method in another embodiment comprises the further step of recirculat-
ing the liquids resulting from the biogas fermentation to stables or animal houses,
25 optionally after a further purification step.

In another preferred embodiment, the step of N including ammonia stripping pref-
erably occurs simultaneously with, or sequentially with, in any order, a step involving
a thermal hydrolysis step and/or an alkali hydrolysis step, wherein any one or both

30 steps take place at an increased temperature and/or an increased pressure as de-
scribed herein above.

The above préferred embodiments thus in one embodiment solve the problems as-
sociated with environmental contamination by undesirable microbial organisms, in-



30 one 1 mnute to preferably about |ess than 60 m nutes. 39. The nethod of
claim 38, wherein the organic material further conprises deep litter or
manur e f ethoamidal s, especially fromcattle, pigs and poulROTyDK@/ogFI3gs. w
O 02/1 s9~s 86 PCT/D /v01l /00S53 40. The gt hod of claim 38, wherein the
organic material further conprises animal carcasses or fractions hereof,

sl augt her hou meat __and bgne b],0od. Iasna C r oduce
originating fcﬁlﬂf}r{ﬁ‘va%él?elmg a Tyrhimurym dﬁ% i angd/orRr ?QFSW""??F’ Y"B&ngttn?%r? he
potential prgsesseindrg BﬁiEﬂiéTér‘i’elﬁlr@rudﬁfghﬁém@és Qﬂio‘sluﬁleélheré'dife met hod of claim
38, wherein the organic material further conprises proteins or simlar

organi ¢ nol ecul es conprising el ements, including amno acids and
conbi nati ons jhizab®ef embedifient, e a@oﬁd&sa&%dmreferrsd@mmam%nt@&bwme and

wherein said BS rions _or other prions ar ated aqr de tructe
Tt 'y5 o EnelEe GeaerSlod P B AHEis G SU T eis PTG Rydierit SIABRATE & oib-
“fermentation gl@or dbanifl AegseoThis! @amu&&’ad bW@a@mmg éﬂitﬂoroémﬁa g%ﬂ@ﬁlfa‘bie
further conprises straw, fibres or wdust . %%E met hod of cl ai m 38,

wherein the JPgRRE O%"msa?"qln%rspré’”ﬁ @?P%?ﬂ' WH'P tf‘?tlﬁréyesﬁf‘b'f‘éﬁr%ﬂﬂ"i/ nor e

than 10% (W whatefidls inBNRIingiBAGea and sfin@s3Beredier ei n the organi c materi al
has a high content of conplex carbohydrates conprising cellulose, and/or

hem cel | ul oses and/or 20 lignin, preferably nore than 10% (W w). 45. The

met hod ¢f cl ah%sﬁaotwé}%rn%dawh&ﬁ PleGbOlE d8BBEY aPef&%HJémﬁcbdlﬂueﬁ@s'o%Qﬁ@
followng linme &r essure cooking, disintegrates into small organic acjds

such as f or miRyoBleing asgeciated Witk am excassiveuseqf @xpensiver wale| "%@UVCQS'"ZFBS"E'I?*ﬁe

net hod of cl adrBndhimiHIUSE. THE ¥rdbled istolveédiby rakisihgRejesieMitef HhthiR8d fbgani ¢
material is converted into to amoni a, and wherein tthe amonia i s

optional |y cdf&esaterentiiuge seRaiaton stepusRstiRbEERsFatiagsolds aNdijawdsse- and 37.

30 47. The rrest,dm@.@f erHnEBItHbB&etréﬁﬁ{éﬁt Bf ér@ﬁmbh@er@&ﬁdlbﬁﬁ%trﬂipn@ﬁﬁ@ﬂ&nh@' ly
consists_of Ca0 or, Ca(OH)2. 48. The nethod of claim 47, wherein the anount

of  addedd Ca0 HBMPRIASHIAREIGENS/ar AEBEIC 'BTe RN IRgiad {p Biagasiormajion. At the

same time, it is possible to reduce and/or eliminate the occurence of microbial mi-
croorganisms in the reject water by further purification steps.

The present invention also provides cheep fertilisers of commercially acceptable

20 standards. This is achieved by N-stripping including ammonia stripping and separa-
tion of P-containing granulates and K-containing granulates by means of decanter
centrifugation following pretreatment, preferably including thermal and alkali hy-
drolysis.

25 In another aspect of the present invention there is provided a method for reducing
the number of viable microbial organisms and/or BSE prions present in an organic

material, said method comprising the steps of

i) providing an organic material comprising solid and/or liquid parts,
30
ii) reducing, in said organic material, the number of viable microbial
organisms and/or BSE prions by subjecting the organic material to

~ a) alime pressure cooking step, and/or
35



WO 02/ 1595 PCT/ DKOL/ (1 OSS3 87 49. The method of claim47, wherein the
anount of added Ca0 is fromabout 5 to about 60 g per kg dry matter. 50.
The net hd¥0 62/1¥kai m 38) wherein the tenperature is in thePClitdcn@PSsdf about

5 120C to about 220C, wherein the press

is fromabout 2 bar to

ur
preferably about |ess than 18 bar, and wﬁgrein the operation time is from

at | east

1 mnute to preferably Iess than 30 m nutes. 51. The nethod of

clai m 38, wherein the fefipRivaeiaintheorganic materiatis heafedst apsedaterminerBoc t o
about 200C, wherein th%emg%m%m/@ré@éet@@@% E)r%gefé?ﬁ\intee g?és%nperéfm/afr | ess
IS om abou u

than 18 bar,

wherein the pH | eve 10 to about 12, and wherein

the operation tine is fubleciegdarddition efihase ar acidb@md/ono mi nutes. 52. The
*met hod of claim 38, wherein the organic material conprises or essentially
15 consists of solid parts of less than 10 cmin |length. 53. The nethod of
claim 38 wherein the @gjapresultinod atdeasi papial Byssolysis @f thermrganic natasiabi st s of
*solid parts of less than 5 cmin length. 20 54. The nmethod of claim 38,
wherein the organic material conprises or essentially consists of solid
parts of |ess than 1wbeheimsdiépipcassigbstemha), hande) ean eaeyr eimuiangawsly3d and
52-54) wherein the o

%ﬁ@j : | ' cerated before being treated in
the Iime cooker. 25 é . ?ﬁ%lmn%t%hgg}d(‘;"*’sacagi m 55, wherein a screw conveyor
equi pped with a nacerator, preferably nmade of rust and acid proof steel,

ety af1 S RoaPha o PO pfb LA BRG]

mat eri al

i ne cooker,

or any oumbémneftviable micsehialforgadtsniyandibrBaEphions.of cl ai m 38,

wherein the organic material treated in the |line pressure cooker is
subsequently diverted into a plant for nmesophilic and/or thernmophilic
f er ment at i on Awidernarielyef origrahiatongaviems ghn be efmisjatert byitheanétheds ofiihe ng. WO

02/ 1a9. 15 PC, m@&;&gbigﬂg}gam%@&e&gﬁ fof Sirméi miReHif Rydnl¥hns,

fermentation I's perforne

15

20

25

30

35

_ acterral popul'ation
infectious microbial organisms, and parasitic pathogen microbial organisms,

including any combination thereof. Examples include, but is not limited to, bacteria
such as Campylobacter, Salmonella, Yersinia, Ascaris, similar microbial and
parasitic organisms, as well as virus, viroids and the like.

The lime cooking step may also serve to sterilize the organic material in which case
no viable microbial organisms survive this step of processing. The lime preferably
comprises or essentially consists of CaO or Ca(OH)2.

Preferably, any BSE prions or other prions presen{ in the organic material are also
destroyed or eliminated by the sterilization process. When there is a reduction of
microbial organisms and/or prions following any one of the above-mentioned steps,
the reduction be e.g. a 90% reduction, an 80% reduction, a 70% reduction, a 60%

reduction, or a reduction of preferably at least 50%.

It is preferred in one embodiment to improve the production of biogas by lime
pressure cooking the organic material before the organic material is subjected to a N
stripping step. However, the lime pressure cooked organic material can also be
fermented prior to being subjected to a N stripping step.

When the organic material is of plant origin, it can preferably be ensiled before being
diverting to N stripping. The ensiled organic material of plant origin can also be



59. The nethod of claim57, wherein the fernentation is an anaerobic
fermentation. 5 fi 0. The nethod of claim57, wherein the organic nateri al
of ani malwow2/ggas has a hi gh anount of nitrogen (N), prefePQBIDKOMIHFF3It han
10% 61. The nethod of claim57) wherein_the fernentation is perforned at a
tenperature 10 of from about 15C to pref@ ably less than about 65C. 62. The

nmet hod of claim57, wherein the fernentation i s erfogfge t E’ t enperat ure
of from abouferpeuted Prigr sk MsipP{gl LaniaTmAtesBldabeskelages RseferepYe et hod of

claim 57, whesRbikdshnlSl BB by SuCch a@%faﬁ%r ﬁf@&eabloaertge@gzeam wheref from
about 35C to pre#erably | ess than about 45C. 64. The nethod of claim57,

wherein the pelianely teiten of teplantyisiaeludest a period of tine from about 5 to
‘preferably | ess than 15 days. 20 fj5. The nethod of claim57, wherein the
fermentation is performed for a period of time fromabout 7 to preferably
| ess thdn 10Likepreso@e cppkingef hedraanicmaiatialiy prefaebli rerioreedalgani ¢ mat eri al

“to be ensil aa:ﬁ,go %43%%%0&%6 tJQcﬁﬂ@QS@”@SBﬁd%&e@&r@%@ﬁ&O ARV

cl over grass, el n opti onal E ants is_included. 67.
A met hod of additiorf of livee gufficigat t@rqaph ayplad vaiug ot fremAbeyhS thakaw ¢4 B with

performed in gﬁggel%'ilomﬂﬁfe S &t IQXst%ngﬂ %ﬂbte% p%f&%ﬂly%ﬂouﬂ%@sf feAlkbY a

bacteria, an i nvol ves an anaerobic fernmentation of the organic

mat eri al . 68miMHes.net hod of claim67, wherein the bacteria produce mainly
met han nd a snmaller fraction of carbon dioxide when fernenting the
organic material . WO (12/1S9-tS PCT/DKOL/ O 1 SS3 89 69. The net hod of

clai m 67, whdheiamauntobadsipading ipeluding 60 s pPrierBIVHENN APOWRA0 GPOWHCD pl ant s

by bacter al ;angenghhsud LIRS Bl 3 B2LBLERN SorRY &Y intdter Mg 3¢ et hod

of cl aim67) ern I 0gas pro uction 1s per in t EI ants by
anaer obi ¢ badmoar akiut 6de mboutA0 ®perdfg drimadier sHrie apdoevabeut 10 {6 aboyt 89 9by

f t at

diverti ng « néC KEANERIRT Shor £5, R GBHAT D ol 407 Bl @y il S0ERTY  ant
wher ei n1§ er néomaabha Zﬁnt@ hbﬂlﬂise@@mnkg dsw gradier, suetyre Fop) aheout 40 te abput §ha

met hod of ¢l ik Bry WARLE Efot AErrdrh SEBRAIY thisbolERFS bRk A MhdteP8ich BE! ude a

from about 60 to about 80 g per kg dry matter.

An example of operating conditions of the lime pressure cooker is a temperature in

20 the interval of about 120°C to about 220°C, a pressure from about 2 bar to
preferably about less than 18 bar, and an operation time of from at least 1 minute to
preferably less than 30 minutes.

Another example of working conditions includes a temperature in the interval of from
25 about 180°C to about 200°C, wherein the pressure is from about 10 bar to preferably
less than 16 bar, wherein the pH level is from about 10 to about 12, and wherein the

operation time is from about 5 minutes to about 10 minutes.

The above method can be following by a number of additional steps. In one

30 embodiment, there is provided the further steps of diverting the processed organic
material to a biogas fermenter, fermenting the processed organic material and
obtaining a biogas. Another further step relates to supplementing an external
environment, including an agricultural field, with the processed organic material. The
supplementation of the externai environment, including an agricultural field, can also



reaction tenperature ranging from45C to 75C. 72. The nethod of claim 70,
wherein the thernmophific reaction conditions include a reaction tenperature
rangi ng wem/E®@&to 60C. 15 73. The nethod of claim 70, WRETHKIIONES3
mesophilic reaction conditions include aaﬁeacti on tenperature ranging from
20C to 45C. 74. The nethod of claim 70, erein the nesophilic reaction
conditions include a 20 reaction tenperature rang} from30C to 35C. 75.
The net hod oPecﬂea‘me%byuﬁeg @'Ierfeﬁ'ﬁﬁmt”i‘%?rﬂﬁﬁﬁ?ﬁqlqu@ p@gmfsﬁn?lﬁatpgrqu%d for
about 5 t 015 pp¢ssedBrghfic matridiet hod of claim 70, wherein the thernophilic
reaction is perfor med for about 7 to 10 days. 77. The nethod of claim 70,
wherein the nesophilic reaction is performed for about 5 to 15 days. 30 78.

"The net hod of it Badr V) BaEling BringorkE fifops sad for
about 7 to lénggﬂgmrﬁ%fslﬁPQéﬁiaf‘o ﬂl@pﬁmﬁ %dﬁj |%SB 79. The nethod of

claim7@® V\/r\@Fgﬁ”r*P maierigbprias e awenst?arﬁvﬁ&*%.qur&o@m‘a@a@ﬁm%@ﬂa&Tﬂﬁ nat ed

“by the addit ir@ugfin BRIN&Ised Al SlBle lﬂbg’ﬁ%tprgﬂu&lonaﬂ% 9|rs,o<an&~@fhernéb%fwl ts. 5
80. The nethod of claim 79) wherein the pla il 1s rape oil.

net hod of cl ichbiamasses febesirineedand %Jbéemﬁﬂﬂgéi@eétedé%&@{?rrawts;r%%wgﬁ%t s of
Ca0 and/ or Cg{ G¥dhdecedfoddne @ﬂ.ﬁemswp@k tRé oféjaﬁlc%@t@ual‘#é%ﬁ‘?ﬂoﬁm & 188stiphalire

floccul ation of substances and particles during biogas production is

achi eved by theNaigludingarenorial ci um i ons capabl e of forming cal ci um bridges
bet weeny (gr ganic and inorgani c substances in soI ution or suspenS| on, said
cal ciumbri dgl_s resulting in the formati on of "fl ocks' cEarti cles. 15 83.
The net hod offhelsdinregnitrogaa (bl mckdmoranymoris iscrieterably ﬁmbﬁP heediumsul ts in

the preci pi t ¥ekRa oBlioily BEMGRERERHES tank VihEAbBRg Gbss8bY Gfla CEIMA; thk Which is
preferably

stripped nitrogen (N) including ammonia is preferably absorbed in a column

comprising water or an acidic solution, preferably sulphuric acid, before optionally

15 being stored in a tank.

In one presently preferred embodiment there is provided a method comprising the
steps of

20 i) éliminating, inactivating and/or reducing in said organic material the
number of viable microbial organisms and/or BSE prions by subjecting
the organic material to

a) alime pressure cooking step, and/or
25
b) a step wherein the organic material is heated at a predetermined
temperature and/or subjected to a predetermined pressure and/or
subjected to addition of base or acid, and/or

30 c) a step resulting in at least partial hydrolysis of the organic material,

wherein said processing steps a), b) and c) can occur simultaneously, or

sequentially in any order,

35 ii)  stripping N, including ammonia, from said processed organic material,



preci pitated as cal ci um phosphate Ca3(P04)2, wherein the precipitated
cal ci um phosphate preferably remai ns suspended in a slurry. 20 84. The
nmet hod ofW@LZIFWE7, wherein the obtained biogas is divert ®TIKWE/OGHS engi ne
capabl e of producing heat andlor electri ﬁzty. 85. The nethod of clai m 84,
wherein said heat is used to heat the Ii pressure 25 cooker andlor the
fermentation plant and/or the N stripper reactor and/or the one or nore
bi ogas plants) andlor the aninal houses) and/or a human residence and/ or
heating water tip be dﬂ§<§ﬂré¢ theAN BRIBBENBIANR mBdABING i fi8 Mefhenth;, The met hod
of claim84, wherein said electricity 1s diverted and sold to a 30
comercial net for distributing electricity. 87: The nethod of claim&67,
‘wherein the N styippenesirdthe NS hrk S & Yngani c material is spread
on agricul tural ki el ganemtid N AR A8 ¢ TR e et i o
claim1%o0 14 wherein the mcrobial organisnms include bacteria such as
‘Canpyl obacter, al mogghj 2! dMd TeAREREH Broatid ThbFialt leRPh&lings d
parasitic organ\lﬁsrns,ds‘(a?{!san Iqudas eE‘:d_r us, Viroi S aér_m ther% i%e. 5“%? The
met hod of any of cl afesiticgd penher of vigblenaicreliaheraartistgs anéorddlp PEPnspr oduci ng N
conprising fertilisers fromorganic materials conprising a N source, said
production conprising the steps of i) collecting N including anmonia
stri pped frofhis Fuichmgefaired hat esseatialimaBRSK psioRs pisi prgsent 8ptheiorganithsor bi ng
said N jycl uding.- ta t aci dic solution preferabl

! ! fEfméHttatih, 8¢ 01 ¢ P! LY
conpri s1|d1ng sﬁ?%ﬁﬁ%%&:@éfdﬁﬁ% %(Tﬁla@obt aining N-fertiliser which can be
spread on agricultural land. 90. The nethod of claim5 to 14 further
conprising t ol j o} f hsd i from
R e R
steps of i) ditiallytaddipgsinamgurtt obime tethiei avgenic frakeriahsuificiens ta Biceease e pit or

> g . Lol A . . terial
nto a ool | o aNs 8 abBIERat Fia A ol RERRARY ABIRFS, QRN RDREL BF) 25
fracti otb comabpye i aha pemperaiure picpreferahlyealoveAQiCi for examplo erptbyaleapti um
phosphat e Ca%@@é‘)t?af‘a‘?erﬂﬁ&gfugégﬁ}gﬁénlg;& Sﬁo\%‘ﬁpéf‘ ds'h ;Slfif%al%le‘éf Ao t""“e(r)]?' n

said solid fractron 1s capa used as a fertiliser capable

bei ng spr ead 1@rat20emperaturetofi peeferpbly @baveA0Sppr opri ate. 91. The nethod of
claim90, wherein the separator is a decanter centrifuge. 92. The method of
claim90, wherein the mainly solid fraction conprising Pis dried 25 to
produce a gr ampreferceccempediments. thepemperature deprefesploly ehevd §0°By sughl asabeyet he

Pfractiﬁp togga(gmi{eéérﬁ?lgag%\l@%@bpre under an air perneabl e sheet or cover.

93. The neth 14, "wherein reject water obtained fromthe
bi ogas production and the separation fromsolid conponents is re-used in

the 30 Termenilddtfarich iild B4PoREEMBbdInt 162 PSS A 300K A B 0Cess

andlor in the ripping process an r 1n the biogas plant and/or in
cl eani ng of tdewssoaeramplefroar6 fo8 dawse Ad exampleef onr@ebel Arecess parargsters is

conventional SQuade) &R BB a2 Rifpdrature of from 70°C-80°C, a liquid to gas ratio of
25 less than 1:400, and an operation time of about 7 days. The alkaline conditions can
be generated by adding any base. However, the pH is preferably increased by
adding CaO or Ca(OH),.

The organic material can comprise solid and/or liquid parts such as e.g. manures
30 and slurries thereof, crop residues, silage crops, animal carcasses or fractions

hereoff, slaughterhouse waste, meat and bone meal, including any combination

thereof. In one embodiment, the organic material comprises a maximum of 50%

solid parts, for example a maximum of 40% solid parts; such as a maximum of 30%

solid parts, for example a maximum of 20% solid parts. The organic material can
35 also be in a liquid state and comprise a maximum of 10% solid parts.



WO 02/159-t5 PCT/DK111/ (1 SS3 92 94. The nethod of claim5 to 14, further
conprising the step of producing substantially clean reject water, said
product i owoovmr§ si ng the steps of i) obtaining fromthe PEFAIKIIONSBhe
liquid fraction conprising reject water glVI ng only a very limted content
of N and P) and essentially no sources capable bf 5 spreading zoonoses,
veterinary vira, infectious bacteria, parasites or other infectious agents,
i ncluding BSE prions and other prions. 95. The nmethod of claim 94, wherein

the reject V\Hh@rorgé?ftt miatb‘ﬁlal @ﬁSfumHiétmoﬂrﬁb%é)fstrévh,eﬂb%mckaR/dusﬁ ghda dne obt ai ned
in the slurry. ot cl

urt her t he
step of pr od@@?bﬁ’& "b%}tH%es‘?rgﬂ'i" R}a? HEhPes @:h%‘ qogfepipf Dles pf?fsl%‘%gp ragrsﬁatﬁgn
*material s conprd Gy Thelorganic materiabdath sohbiata bigh contpni sficogplgx di verting
the liquid fraction fromthe fir hons candsparatlon
step, 119 sefamAYdat qerQ”Ppé'ﬁ'ﬁgr‘fPﬁﬂo gaﬁi{aﬁ %m@el (g‘ﬁﬁ 3@@%"‘80%5& tion
‘fromthe |iquréferdbly mo@hhﬁﬁ m%QWﬂN)SQHeg)réésiﬁé tevkirpsgitiose l&gntlémmgmgamm sai d
as a Kfertiliser e of being

solid fraction is capa ei n bh

spread on agr’\"ﬁ'ﬁ@'l'i"tﬁ?%ﬂ'tsl"h?ﬂ'swtﬁﬂﬁa'g’&p? (96“‘1"%?96nt°9?f“a|l19{83%?ﬁ'88 SHEN 8% ai m 96,
wher ei n the 6608808 catiehtiaNasticatid ARRtheR&. 20 subj ecting the K conprising
fraction through a ceramc mcro filter operating with an intermttent

aeration and filtration of the reject water, wherein preferably said

aer at i ofp pr ovirasigslas fiERIRI &arpéls@&omb:%er@@mnem ragas fromatigaisal and
settling of inorganic flocks. 25 m94further

98 t hod
conpri sing t IREPeeiAY fggm ﬁ@@aw%@nw@m g&?'@@? %Jggt@pa ¥rRBIMA QT93NE obt ai ned

rej ect water rhselifleah®d usBd HuchaE @Y. %nﬁﬁé?@bféﬁ@éesﬁiﬁﬁa@mmbd)f? of
el i mnating and/or redumaﬁgethe content of N and P within the water and

preferably alSay a2t ABARPPE Wﬁabpﬁ’ﬁﬂlp@sﬁﬁt@ﬂ”ﬂlsuﬁﬁﬂr%?I

conponents, QRighahd SomBirfthdls WkeanE AS-ABK hitdritl hitle ReshEaTh Rhaxpsteftial wher ei n
said 30 reject water is preferably capable of being spread on agricul tural

| and whth apmreiﬁﬂcatoéBSErprw@serP@a!arﬂ% t hrough an ani mal houses. 99. The
met hod of claim98, wherein the aeration is performed with atnospheric air

during 2-4 weeks. 35 WO ng/ 1S9-4S 93
In one embodiment the organic material comprises or essentially consists of solid

parts of less than 10 cm in length, such as solid parts of less than 5 cm in length, for
example solid parts of less than 1 cm in length.

20
The organic material can preferably be macerated before being treated in the lime
pressure cooker, preferably by using a screw conveyor equipped with a macerator,
preferably one made of rust and acid proof steel. The conveyor conveys the organic
material into the lime cooker where the organic material is preferably heated by

25 steam injection, or by steam in a cape around the lime cooker, or any combination
thereof.

The organic material can also comprise proteins or similar organic molecules
comprising elements, including amino acids and combinations thereof, constituting

30 the BSE prions or other prions, and wherein said BSE prions or other prions are
eliminated or destructed directly or rendered available for destruction by lime
pressure cooking and/or subsequent fermentation, including anaerobic fermentation.
The organic material of animal origin preferably has a high amount of nitrogen (N),
preferably more than 10%.

35



PCT/D KO1 /1111SS3 100. The nethod of claim98, wherein the tenperature is
kept at about 20C. 101. The nethod of claim98, wherein the |iquid-gas
rati o i s VeDOUtS935 2000. 5 102. The nethod of claim 98, whePETPKKAHOSS3
elimnated Nis collected and diverted tgqgthe absorption col um accordi ng
to claim36 and 37. 103. A nethod of clarm 94 further conprising the step

of inproving
consi sting i

The Praiatidienal o o R ervk S b ey afed oy IR AKRORR 1.

met hod of cl aiafar Had/or Waedr&ontairtiey & lleaodregnivétidnhed osgamlili matevial) presersblg| eani ng

and rinsing
canal s, scru

Fise op 7R 300 s B aPeY i PG b ke Bl R e PR

vodour, anmonipdoRREncEnSrhticRYf chgamnelnmamu obtainedtfiven mle\suagmp’ant, and/ot Water

pr edet erm ned | ocat n dncludjn 105. ar m 103,
wher ei n X he GP'@&Fﬁdn‘JQ g § agpggqfépq% %(%rc legping ® W“m%?% «%ng/(‘:)f
‘obt ai ned fol logwiiea ffcﬁ‘rﬁ frmeﬂ:heman@r befor oy r\bstmmng)procéésaene/dr fvater ow ng t he

fermentation to pro uce

rej ect

t
wat er obt ai n@gtainesfrom Pﬁ? QF g}?ﬁ‘)gg’ggsr 8‘# 3&8&&?&&?}@’96\8“%0%%3&0 BP9 ¢l ai m

103 further coARHIGIGYEP fEileek, ERdiofaay @biiiditluridg cortdravaton 6f Id st abl e
utilising straw.in the stabl e, it provr des the animals with digging and

occupat i onal fortilissrs, andioR gokaciediain Wetef-odder, and diverting said straw
conpri signg organic material fromthe stable to the line pressure cooki ng,
hydrol ysing the organic nateri al bef ore furtherﬁh‘%)r ocess

met hod™ of cl &} iminere embedigenterricyiamnryeteried ing

10
WateR {5 I@regt WA eﬁﬁPtanPf are

in a stabl e GRpPAbRIgAS prdfudingMarithér r@}ébtmaétér bistaihd dasng bshoenitition o P

m cr obi al

anisnms as well as dust on the surf e of the a and
si mul t aneous Triifisais@r MptenRbiaigemavrng fapcehtratiqn o gﬁ prillisers, °r\ﬁd %%":SL@@ 4S 94
PCT/ D KO1 /OQys3erl08. The nethod of any of the preceding clains further
conprising a method wherein the integrated system conprising anaerobic
ferment®ion of aninal manures, energy crops and simlar organic

substrat es,
to fertrlrzers commer ci a

rej ect wat er ,matgrialjis eenveatearntetq arnmor\@r whgtel theasrBeRip fjyCRjeng
10%0[!0%@' SbSIMDENBIE SIINEhn as described elsewhere.

mat eri al .
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alﬁrs‘ﬁ‘?éfErré@tHa?Bh*@mB&t &theliapblo uhe béld ipfedeneindhg@erfapid bi omass
uality, in copbinatiagon,wth oqbytarnrn cl ean

CYpgati ¢

Additional steps besides lime pressure cooking is mesophilic and/or thermophilic
fermentation. Accordingly, the organic material which has been treated in the lime
pressure cooker can subsequently be diverted into a plant for mesophilic and/or
thermophilic fermentation before or after the organic material is subjected to N

stripping.

Each fermentation is performed by a bacterial population capable of mesophilic or
thermophilic fermentation, respectively. The fermentation is in one embodiment an

anaerobic fermentation.

The fermentation is preferably performed at a temperature of from about 15°C to
preferably less than about 65°C, such as at a temperature of from about 25°C to
preferably less than about 55°C, for example at a temperature of from about 35°C to
preferably less than about 45°C.



10 i) a first device, preferably animal houses or stables for hol ding
and/ or breeding aninmals, preferably farm animals including cows, pigs,
cattle, MOIFEIZHoats, sheep andlor poultry, and the |ikePCARHBMO03B) a
second device, preferably at |east one pzﬁ-treat ment plant for pre 15
treatment of organic material, said organfc material preferably conprises
ani mal manure_ andl or aninmal slurry and/ or, pl ant rts,.wherein said plant
parts pref er dbEYERISMAI0Rds Bigterably RereMsd fg'lto"i’ 89\7,'0(&%5'&9, frW@BO?&ﬁodues,

sil age, ener gyeiEfaBRessPREn ABIda98 ALl ad firEBieriod iof BMs &dnPabdut A¢b prsfrablgr eof
sl augt her house waste, nmeat and bone neal, blood plasma or any such 20
produce ori gil®fttham 19 #aYs-ani mal's, risk- and no-risk material with respect
*to the potential presence of BSE-prions or other prions, andlor iii) a
third device, preferably an energy plant generating an inproved ampunt of
ener gy % om ahereifdizane emppdigiant Pivigas Adneed herein she bigdahprodustion 1§ i r st
"devi ce conpr 'p%%rnge%dsiﬂ cﬁé%r%r&%ian@d PR MGoBIBRor§aniSM! Srefiralily 8 PoBulatidrdérs

sties, manure canals, slurry canals,” animals, and ventilation canals of an
ani mal house haetedasanthingolvesiars anaerehie iaimagtation of he sgtaniemalvabiihe| eani ng
wat er, and/ Orba%?eria Piéf%nf)a% Br8dldcAngRY hethBife ShEARBINATeRIcESR oPRirb&H@bkite | N

the formof a slur onprising cleaning water and organic material, from
the ani mal hoa feimertiagithe ergabisanaeiadnthediogaseroduption wpn pepeformeds o5
whi ch the se CBr‘i’ﬁdfé?)_%nfs‘? foRpl fy@gcgﬁgﬂérﬁeb%‘f@»feﬁh?ﬁtafiw §ftth® bRyahiceat ment

tank, preferably a stripper tank for i) stripping N (nitrogen), 1ncluding
amoni a, frorm@tReals| urry diverted fromthe first device to 5 the second
device, or ii) stripping N, including ammonia, fromorganic nateri al
diverted froman additional pre-treatnent tank of the second devise,

wher ei n t he flnose embedimendtthe hiogea prodesliPnip Prdermadyin ive plapts Rysangerhic

hydrol ysing t{uiapRRAhEnaRSFE At orit Mitedd) Aliafly SPRAREnENIG Witeal ment tank,
preferably a T'ime pressure cooker Tor y rol ysing slurry conprising organic
mat eri alSdi vethebphilio bectedain a §rst plept, édowed bi diveeingrite HiaymerNilidher ei n sai d
hydrolysis r %m]ébrﬁe 8rg%hic%é1@ﬁéﬂ8 5 seBad B! hsreRYahREnthRSHAGTGebdbHRDEr
any vi able mcrobra rgani sns andl or pat hogeni ¢ substances present in the
slurry, or a hestaratt #ce.and/ or

The thermophilic reaction conditions preferably include a reaction temperature
20 ranging from 45°C to 75°C, such as a reaction temperature ranging from 55°C to
60°C.

The mesophilic reaction conditions preferably include a reaction temperature
ranging from 20°C to 45°C, such as a reaction temperature ranging from 30°C to

25 35°C. The thermophilic reaction as well as the mesophilic reaction is preferably
performed for about 5 to15 days, such as for about 7 to 10 days.

Any potential foam formation can be reduced and/or eliminated by the addition of
polymers, and/or plant oils, and/or one or more salts, preferably plant oil in the form

30 of rape oil. The salts preferably comprise or essentially consist of CaO and/or
Ca(OH)s,.

A desirable flocculation of substances and particles during biogas production is
preferably achieved by the addition of calcium-ions capable of forming calcium-
35 bridges between organic and inorganic substances in solution or suspension,



15 c) at least one tank, preferably a silage tank for generating ensiled

pl ant material conprising at |east one or nore of corn/naize, energy crops,
beets, amdoo2/094% esi dues, andlor 20 d) at | east one secon@Craysol/opssaf er ably
a pre-treatnent fernenting tank to ferne silage and/or |ine pressure
cooked organic material, in which the fermentation conditions are sel ected

from nmesophilic ferngntation condltlonsad/or t her l ferrre ation
condi ti ons, 2’!4"91“?1”\ﬁﬂ'ﬂ(ﬂ??cﬂ%‘q'ﬁg‘?sdre%[yp%@t 8 fymadiea og@g&s e%@ceb‘r‘n ‘Bl ogas

fer rregt gr to ewfalt@h fosbalemt;h -RRg FpthePredam & tﬁ@Fﬁ-;rcipﬂbu@raaf &ﬂﬁoﬁ{\%@ihbﬁ.d fr ﬁrr: t he
secon evice for rnentin e Qrgani c eria naer el er. Nneso ilic
For ment at | on IRHNG FBREVEEATRE MU B PR PRDMRPHRIAIEH £ FECHD RGPS

fernentation @@glcb})g Mhetdin tHiSprBEipRlEd EABIUAT pHYisPBEAS prsTBRIblySleR@inERI Nl Yy

met hane andl or b | east one tank for collection of biogas, wherein the
tank i s ®pti oWaP ‘Efjegd'hﬁé@{r@/d to an outlet for distribution of biogas, or
‘connected to a gas 35 engi ne, andl or WO 02/ 1S9-~S PCT/ DKU11011SS3 96 c)
at | east one first separator, Breferably a decanter centrifuge in which the

fernmented matHieQitainedRiogaz can be diyerted s gavepaing eanabla epreducwdigaht ed i nt o
an essenti al |éhdl’dr%€c@1c§|t§/aﬂ{é &bt icAin BB%sé@fd"Hé’Jt tHSIrfE bred8lrd cookdtdnd/or the
essentially 5 solid fraction, wherein said solid fraction conprises solid
phosphor (P) fesmgsitatigniansiagaisr éheaN gtriprer @aRicE aRdPeieAne A MArePiogps at | east

one secqfd Seﬂéﬂtfst) Qﬁé/opfr%fé?ﬁrﬁgl' HouBe@PaRdIbCa RinRhA TédiddRE ahB/oWﬂéém\gtMerf ej ect
water fromthe at |east one first separator is further processed,

preferably bylodersed dha Srusanold prRumn regienes. i h§§I‘QPtrﬁﬁ'%@é§§Pﬁdeft@%apfﬂs in
removing at | gasfo asasrﬁmam?an %%ea@mbm.ﬁg BBLAE. Yn She PriferRid RBRIRENOREUT
conmponents, nitrogen (N) conpounds and potassi'um (K) conpounds wher ei n

sai d separ at i lemaining Netrinpedustedlised apd éermentadarpamic srateri| ScaProas @t

conpri si ng aégggu,ﬁﬁglf%r&unt of any one or nore of odour conponents, 15
nitrogen (N) conpounds and potassi um (K) conpounds as conpared to the
amount PPior to separation. 110. A systemaccording to claim 109, wherein
liquid fractions or reject water fromone or nore of the at |east one
silage tank, the at |east one pre20 treatnment fernmenting tank, the at |east
one bi ogas f dprgdition to H reduging angéar efminating yindesiishleamisrobial @raamisms; i) east one
second separ dhfifolicy 8 HSRILRLY BbEANERG 1P braviinBhighly (RAHRAN Sfiphe st abl e
. 111. A system accor di ng alm erein the sy stem co r| ses pipe
25 |ines consttetiliged ﬁgdéprme@wdorgw@mtgleb¢l@¢lmﬁ@tl%}ln|aeath\phgsn ast Rerfainguet i on
| n em s3hons Hnefiy 1B EoRliciG NecoMprilig ertiflers ﬂBh@érgQﬁugﬁr@térI’EFs cORBRMNg i r,

liquid or any other constituent wthin the system
N source, said production compnsnng the steps of i) collecting N including ammonia

stripped from the organic material in an N stripping step, ii) absorbing said N
including ammonia in water or an acidic solution preferably comprising sulphuric
acid, and iii) obtaining N-fertiliser which can be spread on agricultural fand.

25
The invention in yet another aspect provides a method for producing phosphor (P)
comprising fertilisers from organic materials comprising a P source, said production
comprising the steps of i) diverting slurry from a biogas fermenter to a separator, ii)
separating the fermented organic material as well as inorganic material into a solid
30 and a mainly liquid fraction, iii) obtaining a mainly solid fraction comprising a part of

the P, preferably in the form of calcium phosphate Cas(PQO,),, and organic
phosphates suspended in the slurry, wherein said solid fraction is capable of being
used as a P fertiliser capable of being spread on agricultural land when appropriate.



112. A system according to claim 109, wherein liquid fractions or reject 30
wat er fromany one or nore of the at |east one silage tank, the at |east
one pret MeQUEMHS f ermenti ng tank, the at | east one bi ogas PCEMENBFS3 t he at
| east one first separator and the at Ieas7§ one second separator is re-used
in any step of the slurry separation and i ogas production systemto

mai ntain the organic material in a proper fluid condition. 35 WO 02/ 1;
9-1S 97 PCT/ Dlereoasty f mgepaﬁatwé'ﬂ%%nae&fsﬁ@m@lq waterial ap welbes inpreARICn | i me

i ncl udi ng Ca%aaﬁémto@éc%ﬂa%dIasmaﬁggaunaqrab{@n @&ﬂé\‘@ia%ly’?&é‘éa‘n?ér ceﬁthﬁrg@ sai d

organic material enters the stri or strip N 1 ncl udi ng
anmoni a, pr ef idedpPIViSelid fariap WF&'ﬁtﬁ'ﬂrﬁ Cﬁ‘ffontloﬁ@”)s’%ﬁ‘*ﬁrﬁ%ﬁt@rﬁ’md{”ﬁe@enerate a pH

value of rorgralith obhor@ing i ferfiRer, 3 b9BMiKo Thd B.rRES BAoPRsMh N 2

heati ng step and an aerati| sl'urfy i nclTuding the organic materi al .
114. A sYst ermileceigredinder ep alfipgrmealddshegh of e9vert he organic material remains
‘in the stripper tank for a period of 5 to 10 days, optionally 7 days. 10
115. A system according to claim109, wherein the tenperature inside the
stri pper tanklhegeigst waten ob@peddram '&‘@@log%@md\loﬂ%ﬂ@ﬁf@cﬁﬁéﬂ@ﬁﬁ@fmm solidi m

109, wherein c,%ﬂ}p%HBH@tcaﬂfprQ@F ! ag"cfkg i ﬁr@ncﬁt&lﬁn%%%@ﬁr ifghedr Y

matter in the organic materla to the organic ¢ In the
stripper tanKims prbewree:og&n@l pacgahand/erdn dre Idlstrmmr@rmowse apdior ifyibe biagak .

117. A gyste ing 20
ammont a0 s, ool Tey ai APt B b Hiie it Soich of e LRGN D

whi ch anmmoni apqnseramrmgertramemt piantan acid solution preferably
conprising sul phuric acid, and optionally storing the absorbed anmnia in a
tank. 118. A system accor di ng to claim109, wherein the N absorbed in an

aci d 25 sol utAcesardirglytthe meghbddn another asnects@rpwdgamr the grpdudion@tcor di ng to

clai m 109, whepeyi lgecléz?rf%he%f fatel 'said @8 |oh%oﬁ'ﬁ déﬁ@ﬂ%@&é&@&&aﬁh

cuts the organic na to segmants an seco verts t segne ted
or gani ¢ 19mt erfran theosepacatairpeaferablyracdacantel dentdiygern kqtidladiopaamprisingeri al i s

t“gﬁ; g?af‘ﬂﬁ'es'r%]%l @%@PHQ{;M@H@CM gkr ﬁrﬂlt&%ﬂ Péht Bf ﬁgagnﬁrﬁﬁﬂéf&ab@ %Je%etggﬂx svat ed
material to tiw\t)rm less thae 1% MV)pfcmgsameledeﬁMban P4 Yathdéd sugh @mlesmt of
lime. 35 V\{Qarq 8./0]15?(\'§Iv)9,8and essentially no sources capable of spreading zoonoses,
veterinary vira, infectious bacteria, parasites or other infectious agents, including
20 BSE prions and other prions. For some embodiments it is acceptable if the reject

water contains less than 10% of the N and P originally obtained in the slurry.

In another aspect of the presnt invention there is provided a method for producing

potassium (K) comprising fertilisers from organic materials comprising a K source,
25 said production comprising i) diverting the liquid fraction from the first separation

step (used in the separation of P containing organic materials as described herein

above) to a second separation step, ii) separating the remaining organic and

inorganic composition from the liquid, iii) obtaining a solid fraction comprising K,

wherein said solid fraction is capable of being used as a K fertiliser capable of being
30 spread on agricultural land when appropriate.

The second separation step preferably comprises subjecting the K comprising

fraction through a ceramic micro filter operating with an intermittent aeration and

filtration of the reject water, wherein preferably said aeration provides decomposition
35 of the remaining organic material and settling of inorganic flocks.



PCT/ D KO1 /005S3 121. A system according to claim 109, wherein the organic
material to be treated in the |ime pressure cooker is added |line in the
formof @a@opise@(OH)2. 122. A system according to cl ai m pPQ#/pDKth@o=3n t he
organic material to be 5 treated in the k]}srre pressure cooker is added CaO.
123. A system according to claim 109, wherein the organic material to be
treated in the line pressure cooker is added Ca0 of 5-10 g per kg dry
matter in the organic material. 10 124. A system according to claim 109,

wherein the j¢ | [ dstidd @edn pWwagsUr e cooker
I s between 100@&3&@%@&%&;{1@p%%grﬁ?g@}geIg@déol : d@%ccrglrégl ng to the

organi ¢ mat eiharein thebtaipechraier! watetjig eated ghmaarpg&cérqagn@%wﬁ"&%amegher
‘the content gf elﬁﬁhhfrﬂgoéﬁd/or}}@%&rﬂ {he BR8N tag P \g.mumtﬁeswéter érthep@feeamy c

material, or erature is chosen accord mﬁg to the risk of
i nfecti dus rralﬁpaﬂcampgslgam%r@n@rmmm@nsag@m@tee@irﬁﬂé@ CPREPIRNtHPHARINGr | ons

'in the organi, emﬁéﬂ @ésenﬂa%?freé‘ﬂ%}ﬁN;{ﬁhﬁf}%{}&élﬁgah%ﬁbﬁhﬁbﬁg%ref@%f)ﬁ' n the

terrperat ure o 0 organt c mat er | I e pressure cooker
bet ween 180Ccapebl20dIRiNg SKFead o8 patiedHusd dacivhe) erprepriatencl 0B CIrGuiRie@i n t he

pressure of ;@g&%gﬁﬁhﬁnmggé al in the line pressure cooker is between 10

and 16 bar. system accor di ng to claim 109, wherein the organic
material in the linme pressure cooker is treated with the el evated

tenper a.} re f'm% 5%099 n‘?e%tﬂhéﬁ%&ﬁhonl% b@pé*’cﬁ{rﬁ@vﬁﬁ%h@éﬂﬁn& %ueruﬁhggwla

mhereln i ncl u amoni a g& ressure coo
col | ected anM@kset@é&iﬂP@a@JrQ@ﬂ abhout 3W'@ anska liguid-oas Fﬁ@é&ﬁb@@d‘ 2400 PAay m 117.

129. A syst engigGeoLfINMankhe &pgdt@a ;@?%wmgd % tﬂe%bkagﬁorpéomrﬁ%eg@ fi mited

to) nmaize) energy crops, or crop resid |verte to a
mesophi lic orhe%nelsewhawhl lic fernentation tank, before further diverted to
the stripper tank. WO 02/1S9. h 99 PCT/ DK( 1| /(I 0SS3 130. A system
according to claim109) wherein |ine pressure cooked organic material is

di vertetb t o Byheingable ite clean animalrbpiigesivithf tbe neiaetayateri in tja gy etheur t her

diverted to tirtl\%nﬁf)ﬁ iaBB%rroJi(?éyﬁn yet another aspect a method for improving the hygiene in
an animal house or a stable for animals, said improvement consisting in cleaning the
stable with the obtained reject water. The cleaning involves cleaning and rinsing e.g.
. sties, floors, slats, manure canals, ceilings, ventilation canals, scrubbing exhaust air,
20 etc., as well as reducing the emitting surfaces where odour, ammonia and dust may
be released into the environment of the predetermined location including the stable.

The cleaning of the stables is in one embodiment preferably performed with reject
water obtained following fermentation of energy crops or obtained following the
25 fermentation to produce biogas separation of solids and liquids or reject water

obtained from a later process in the system.

It is also possible according to this aspect of the invention to improve animal welfare
in a stable by utilising straw in the stable as it provides the animals with digging and

30 occupational material and structural fodder. It is preferred in one embodiment to
divert the straw comprising organic material from the stable to the lime pressure
cooker andhydrolyse the organic material before further processing. Another overall
objective of the improvementl of animal welfare in a stable resides in the possibility
of being able to spray the animals in order to reduce the number of microbial



5 131. A system according to claim 109, wherein the fernentation of the
organic material and the production of biogas is optimsed by pre-treatnent
conpri si NO8i%pi ng N i ncl udi ng ammoni a and al kal i ne hydPETAPIE0/08§53
conditions including a proper pH |evel, Zgrrper ature, aeration, duration)
foaminhibition and 10 floccul ati on of sUSpended material. 132. A system
according to claim 109, wherein h? m ¢robial organj smconditigns jn the

bi ogas produ@f%@'%%?éﬁ?'@ssdqsé'"(}b?i‘t‘f??gﬁ‘etﬂp"ﬂf’@@ﬁS?W&{ﬁ]@P%?q >‘|f§§H°% e

sani tised sl {Hhperbtufdtthe afifalddper tank to the first biogas fernenter, said
15 sterilised or sanitised slurry do not inhibit or harmthe popul ati on of
bi ogas producing mcrobial organismin the fernenters. 133. A system

raccor di ng t oyfihi Wayl @fre MR6REEY bt DRfigRatitpbbbicife@maridtionof Mnintg | udi ng
anmonia is stripped, is diverted to a bipgas reactor in which 20 the

“condi ti 8ns i §'aREEspANeTRY crops and AR CRIANICCRBPHIRIAY A5Vl TR \Her ei n t he
or gani ¢ mat epifent¥ididinithe BRESBH bidntaskas f@mizeb oficonieraiat RAlifyoina bi ogas
reactor in which the condjitions is thernophilic. 25 135. A system according
to cl ai m 133comkinatienwitmeblaiingfliea 189t WakE+ i on conditions include a
reaction tenperature ranging from450C to 750C. 136. A system according to
claim 133, wherein the thernophilic reaction 30 conditions include a

reaction t enp&edtitegatadinetnag deseiRes Hewein abeysdeauires 2 syatesy ot «MRReBiSdPhg t o

clai m 13, Waedehdhok Bﬁsﬁ%ﬁigbhé&s,ré%aﬁéécﬁﬂe&ﬁm‘éhtm RidFe HEEH BBwRereeact i on
tenperature ranging from 200C to 450C. WO 02/1S9-1s PCT/DK(I1/ 00553 100

138. A system according to claim 133, wherein the nesophilic reaction

condi tions i RehHESsFed IRE L)<Rdin LeMpAs&AL ure ranging from 300C to 350C. 139. A
system according to claim133, wherein the thernophilic reaction is 5

performed for 5-15 days. 140. A systemaccording to claim 133, wherein the
t her mophi l'i ¢ regc“ Og fitst gﬁﬁéé,%&&ﬁébfﬁni%a%ugéé'ér statfles bt holingYariafsn

according to claim 133, wherein the nesorphlllp reaction is pertornmed for
5-15 dalfs. 142. A sybreeding@eimnals. mgefembly igrmmanisnals ijpledisg SoVBePIgR SEH8 | i ¢

reaction is perfor ”eqoé?é,fg%%??fg%ndﬁ bRy, AhBindliRdNamefier ding to claim

133, wherein a potentla ton'is I'hmted by addi ng pol yners,
andlor plant oils, andlor different salts. 144. A system according to

clai mi43, wherejn thg BEGHY dRice, prefdraNG aPlehst one pre-treatment plant for pre-
treatment of organic material, said organic material preferably comprises
20 animal manure and/or animal slurry and/or plant parts, wherein said plant
parts preferably comprise one or more of straw, crops, crop residues,
silage, energy crops, and optionally animal carcasses or fractions hereof,
slaugtherhouse waste, meat and bone meal, blood plasma or any such
produce originating from animals, risk- and no-risk material with respect

25 to the potential presence of BSE-prions or other prions, and/or

iii) a third device, preferably an energy plant generating an improved
amount of energy from a biomass comprising organic material,

30 in which the first device comprises

a) a system for cleaning one or more of floors, slats, sties, manure canals,
slurry canals, animals, and ventilation canals of an animal house or a stable,
said cleaning involving the use of cleaning water, and/or

35



20 145. A system according to clainl43, wherein the salts conprises Ca0
andlor Ca(OH)2. 146. A system according to claim 109, wherein the organic
mat eri al W@ 0285%&r ment ed nmesophilic and t hernophilic eachPCorDKi/0pEdst 7
days. 147. A system according to claim1QQ, wherein part of the fernented
organic material fromthe biogas reactors™i s reused in that particul ar
reactor, said fernmented organic material function as an inoculum of the

popul ation of 30 A ekE kg THISHaR e ¢ipaning waiarpnrtiraalydp teoEnichA Slufys. A
system accor di ng t@nfphiginglcldRing WARECARY &g8nit &A1& SFbn® tHaddHial hdiBE @F | al
conmprising a slurry including a liquid wth solid material, is diverted to
a first separator StaptrhesaePndeviesid materials including a linited
‘fraction of the 35 liquid fromthe main part of the liquid fraction. Said
mainly solid fraction WO U2/ 159-4s PCT/ DK(11/UUSS3 101 conprises organic
and i nor@ani ¢ nixwhichihe seepndidericercempiissshor ) and conpounds hereof . Sai d
mainly solid fraction can be further dried and conprises a fertiliser. 5
149. A system according to claim 109, wherein the first separator is a
decant er cent ri ugefirste-treatragr tank, peefeiablyragstirpes tapkfrnd striprivg™i n t he

reject water fr Om(bfcﬂ){r%‘)géﬁ)f ﬁbluﬁﬁi@aefn%%ia,i frorh HRALIGHy bReRedREMNHe HRPEEREL I

sai d second separa conprising a 10 ceramic mcro-filters in which the
rej ect water fromthegesandgeviseperritssirping M.uneluding pretasiss 8@mbgrgaeieat i on and

filtratygn, opti Or}ﬁét‘eﬁalro‘?\}@t‘ég'%rrﬁaﬂ aﬁ&ﬁ&%‘ngﬁe-ﬁéat%ﬂ%nﬁBf%@%%@& dévise,

resi dues of nitrogen conpounds and any conponents containing K (potassium,
| eavi ng a cl ean r eyhareintee tnst pregregdmentAanky carcoptionely alsehe usedfasi m 109,

wherein the rejecty l iththchlﬁé}ﬁc Hégrgpp ididc biogas reactor or fromthe
first or second separator 1Is verted to the land, to a waste water

treatnment plant or a purifying plant, optionally a biological treatnent
plant. 20 152. [he, WdohitYe-REatthesy Bk Mhraf i Q graim4 -151,
to elimnate or gec% r?e_ﬁ)%ee e?rlﬁssi on ’?% teﬁ%lﬁﬁ)ﬁ‘% ({néesr%‘?é%?&{?ﬂs_tr, m crobi al
or gani st®, ammoni dydeadygingslwEay eempiising piggoicanaterial fjvesed dorcibadirstidgyicen
within the system oAl la%vik ' ,l;!%a : Mtility of a
system or a net hocfogﬁé)g%dfﬁof \éll éﬁﬂqﬁ%@fn%&d to ﬁn%F%gg%mmﬁﬁiﬁ‘nPéati on of
the energy cont ai nisactivating ayicéeraeducing Inuwinmker any siable migrabial erganissas antier
sy of 3. Syt SSBRlocid R BAcal oAU 1fd Gir), &r o kit indiBol, BRARYC 1 Ne
producti on of biogas conprising nmethane gas and nmethane-bearing gas.
20 c) at least one tank, preferably a silage tank for generating ensiled plant
material comprising at least one or more of corn/maize, energy crops, beets,

and crop residues, and/or

d) at least one second tank, preferably a pre-treatment fermenting tank to
25 ferment silage and/or lime pressure cooked organic material, in which the
fermentation conditions are selected from mesophilic fermentation conditions

and/or thermophilic fermentation conditions,

in which the third device comprises
30
a) at least one biogas fermenter to which slurry and/or organic material can be
diverted from the second device for fermenting the organic material under
either mesophilic fermentation conditions and/or thermophilic fermentation,
said fermentation resulting in the production of biogas comprising mainly
35 methane and/or



30 Said gas may be stored in a tank locally and/or can be diverted to a
commercial net of distributing gas. 155. The utility of a systemor a-
nmet hod ofwa@ny/ 15985 cl ai m 4 - 151, to obtain separate fracti oRETAIKOW00553
(nitrogen), P (phosphor) and potentially (pot assi um WO (12/1S9-45
PCT/ DKO1/ OOSS3 102 fromorganic materials.” Said fractions are of comerci al
val ue and can be utilised as fertilisers to fertilise agricultural and
horticultural crops. 156. The utility of a systemor a nethod of any of
claim4 -151, tp) cltledshomditabk foRuolectidnan bidghs, Wiet€lh theatadk isaptionsly hygi ene
In animal stables and in ccord&n?e ?.ou,t guf fromsaid aFi lr}al st abl es.
Sai d out put conpr iCONRAgCIHAMAROY tLHrII{'/s dhion of higeas: PhCRyInested [§R94Sed. The
‘cl ean ani mal s reduggmel BRd/bF sk of infection of neat when the aninals are
sl aughtered. 10 157. The uti lity of a systemor a nethod of any of claim
4-151, t® abtain a proceedure for rendering animal carcases or fractions

“hereof, net andcpofiedsahe fist S6Paratoh Pfefbrad Lat@eo%hmar_ﬁt'ﬁmgb% #Hih sl e for
di sposing off to agricultural | and h orm of refine .fertll!ﬁ%_ers and

and in the ,
thus to benefit frieimented Bateighiramdhe at/eastone Liqoas feTRIeRIRr i$erFFAedo i n t he

agricultural or hoidédaehfiafiy dbuidlfrRtiod b thE @t iré)Bet water, and an essentially
. A3r. AFh&. Al U.AYh&.N{;.A&,.N & A, A U& A{& Al & Al & A& Af U. AA. AU. Ay{. AA9%

Ah9. AA&. AU. A. . Ayh&olidfraglicn, wherei 82id s9ligrRCtiRR, capEsesels RDRSHIRR (Asg. AAZ. AUL

- ARD. AUy ARS. . Ay héonfisfforddic A8 nbfoantl et Aagfer’a. AU
. A&9. A& AU. Ay. &, . Ah& A ﬁ'g ACA Arﬁgg . A3h&9. Ah&. AA&. AAS. AF{ & Ah. AA&. AU9

A& AUD . AA&. AAD. Ah. A & A & A A& A.. AU& A& A9. AY& AU&Y% A[& . A& Ah . A{&
A9 AUL . AAL . A ARt oné'Se il RBaritdt; preferdiiy a cbl e AStoAtReF iflwhid he:

reject water from the at least one first separator is further processed,
preferably by aeration and filtration, wherein said processing results in

16 removing at least some and preferably a majority of one or more of odour
components, nitrogen (N) compounds and potassium (K) compounds,
wherein said separation further results in the generation of reject water
comprising a reduced amount of any one or more of odour components,
nitrogen (N) compounds and potassium (K) compounds as compared to the

20 amount prior fo separation.

The system preferably comprises pipe lines constituting a closed system preventing
or leading to a reduction in emissions of any one or more of dust, microbial
organisms, ammonia, air, liquid or any other constituent within the system.

25
Liquid fractions or reject water from one or more of the at least one silage tank, the
at least one pre-treatment fermenting tank, the at least one biogas fermentor, the at
least one first separator and the at least one second separator is preferably re-used
for cleaning of the animal house or the stable.

30

The liquid fractions or reject water from any one or more of the at least one silage

tank, the at least one pre-treatment fermenting tank, the at least one biogas

fermentor, the at least one first separator and the at least one second separator is

preferably re-used in any step of the slurry separation and biogas production system
35  tomaintain the organic material in a proper fluid condition.
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10 The system in one embodiment facilitates diversion of silage such as e.g. maize,
energy crops, beets, and/or crop residues, to a mesophilic or thermophilic
fermentation tank, before the material is further diverted to the stripper tank.

The system can also facilitate diversion of lime pressure cooked organic material to
15 a mesophilic or thermophilic fermentation tank, before the material is diverted to the
stripper tank.

The system also facilitates the optimization of the fermentation of the organic
material and the production of biogas by providing a pre-treatment plant comprising

20 facilities for stripping N including ammonia and/or performing alkaline hydrolysis
under predetermined process parameters, including pH level, temperature, aeration,
duration, foam inhibition and flocculation of suspended material.

The system in another embodiment ensures optimised conditions for the population

25 of microbial organisms contained in the biogas producing fermenters. This is
achieved by e.g. diverting sterilised or sanitised slurry from the stripper tank to at
least a first biogas fermenter, wherein said sterilised or sanitised slurry do not inhibit
or harm the population of biogas producing microbial organism in the fermenter. In
particular, organic material from which N including ammonia is stripped, can be

30 diverted to a biogas reactor in which the fermentation conditions supports a
mesophilic fermentation. Once the organic material has been subjecied to a
mesophilic fermentation, the organic material is preferably diverted to another
biogas reactor of the system, in which the fermentation conditions are capable of
supporting a thermophilic fermentation.
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The system comprises devices capable of preventing foam formation, wherein said

devices are capable of adding e.g. polymers, and/or plant oils, including rape oil,
and/or different salts, including salts comprising CaO and/or Ca(OH)2.

15 The system makes it possible to reuse at least part of the fermented organic
material from the biogas reactors in that same reactor, wherein said fermented
organic material functioris as an inoculum of the population of microbial organism
performing the fermentation.

20 The system makes it possible in one embodiment to divert a slurry including a liquid
comprising solid parts, to a first separator for separating the solid materials including
a limited fraction of the liquid from the main part of the liquid fraction. Said mainly
solid fraction comprises organic and inorganic material including P (phosphor) and
compounds hereof. Said mainly solid fraction can be further dried and comprises a
25 fertiliser. The first separator of the system is preferably a decanter cenfrifuge.

The system also allows reject water from the first separator to be treated in a
second separator, said second separator comprising a ceramic micro-filters in which
the reject water from the first separator is further processed by aeration and

30 filtration, optionally removing any residual odour components, any residual nitrogen
compounds and/or any components containing K (potassium), leaving an essentially
clean reject water comprising essentially none of said residual components.

The system makes it possible to divert the reject water from the thermophilic biogas
35 reactor or from the first and/or second separator to an agricultural field, to a waste
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10 improve the utilisation of the energy contained in a biomass including organic
material.

improve the production of biogas comprising methane gas and methane-bearing
gas. Said gas may be stored in a tank locally and/or can be diverted to a commercial
15 net of distributing gas.

obtain separate fractions of N (nitrogen), P (phosphor) and potentially K (potassium)
from organic materials. Said fractions are of commercial value and can be utilised as
fertilisers to fertilise agricultural and horticultural crops.

20
obtain an improved animal welfare and improved hygiene in animal stables and in
accordance to output from said animal stables. Said output comprising manure,
slurry and animals to be slaughtered. The clean animals reduces the risk of infection
of meat when the animals are slaughtered.

25

obtain a proceedure for rendering animal carcases or fractions hereof, meat and
bone meal or any other produce from animals available for disposing off to
agricultural land in the form of refined fertilizers and thus to benefit from micro- and
macro- nutrients in the animal produce in the agricultural or horticultural plant

30 production.
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b) a step wherein the organic material is heated at a predetermined

temperature and/or subjected to a predetermined pressure and/or
15 subjected to addition of base or acid, and/or

c) a step resulting in at least partial hydrolysis of the organic material,

wherein said processing steps a), b) and ¢) can occur simultaneously, or

20 sequentially in any order, and

iii)) obtaining a processed organic material comprising at least a reduced
number of viable microbial organisms and/or BSE prions.

25 2. The method of claim 1 comprising the further steps of diverting the processed
organic material to a biogas fermenter, fermenting the processed organic
material and obtaining a biogas.

3. The method of claim 1 comprising the further step of supplementing an external
30 environment, including an agricultural field, with the processed organic material.

4. The method of claim 2 comprising the further step of supplementing an external
environment, including an agricultural field, with the residual material resulting
from the fermentation of the processed organic material.
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"109%V& () - f 7: HIERPRe melitbdl&itahy of claims 1 to 5, wherein said microbial organisms are
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selected from animal microbial organisms, infectious microbial organisms, and

parasitic pathogen microbial organisms, including any combination thereof.

10 7. The method of any of claims 1 and 5, wherein said organic material comprising
solid and/or liquid parts is selected from manures and slurries thereof, crop
residues, silage crops, animal carcasses or fractions hereoff, slaughterhouse
waste, meat and bone meal, including any combination thereof.

16 8. The method of claim 5, wherein the biogas production is further improved by
lime pressure cooking said organic material before the organic material is
subjected to a N stripping step.

9. The method of claim 8, wherein the lime pressure cooked organic material is
20 fermented prior to being subjected to a N stripping step.

10. The method of claim 5, wherein the organic material of plant origin is ensiled
before it is diverting to a N stripping step.

25 11. The method of claim 10, wherein the ensiled organic material of plant origin is
fermented prior to N stripping.

12. The method of claim 1 comprising the steps of
30 i) eliminating, inactivating and/or reducing in said organic material the
number of viable microbial organisms and/or BSE prions by subjecting

the organic material to

a) a lime pressure cooking step, and/or
35
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5 ¢) a step resulting in at least partial hydrolysis of the organic material,

wherein said processing steps a), b) and c) can occur simuitaneously, or
sequentially in any order,

10 ii) stripping N, including ammonia, from said processed organic material,
iii) diverting the N stripped organic material to a biogas fermenter,

iv) fermenting the N stripped organic material, and
15

v) obtaining biogas and a fermented organic material at least having a
reduced number of viable microbial organisms and/or BSE prions.'

13. The method of claim 12, wherein essentially no BSE prions are present in the
20 organic material resulting from the fermentation.

14. The method of claim &, wherein the step of stripping nitrogen (N), including
ammonia, is performed by initially adding an amount of lime to the organic

material to increase the pH value to above 9 at a temperature of preferably
25 above 40°C.

15. The method of claim 14, wherein the pH value is above 10.
16. The method of claim 14, wherein the pH value is above 11.
30
17. The method of claim 14, wherein the temperature is above 50°C.

18. The method of claim 14, wherein the temperature is above 60°C.
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21. The method of claim 14, wherein the operation time is from 6 to 8 days.

22. The method of claim 14, wherein the pH level is 8-12, the temperature 70°C-
80°C, the liquid to gas ratio is less than 1:400, and the operation time is about 7
days.

23. The method of claim 14, wherein the organic material comprises a maximum of
50% solid parts.

24. The method of claim 14, wherein the organic material comprises a maximum of
40% solid parts.

25. The method of claim 14, wherein the organic material comprises a maximum of
30% solid parts.

26. The method of claim 14, wherein the organic material comprises a maximum of
20% solid parts.

27. The method of claim 14, wherein the organic material is in an fluid condition
comprising @ maximum of 10% solid parts.

28. The method of claim 14, wherein the organic material is a liquid slurry obtained
by the addition of water and/or water containing a low concentration of organic

material, preferably less than 10% solid parts.

29. The method of claim 28, wherein the added water includes water containing a
low concentration of organic material obtained from the silage plant, and/or
water collected following cleaning of stables and/or cleaning of animals, and/or

. water obtained from the fermentation before the N stripping process, and/or
water obtained from one or more biogas producing plants, and/or water obtained
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10 32. The method of claim 28, wherein the added water is water obtained during
concentration of K fertilisers.

33. The method of claim 28, wherein the added water is collected rain water.
15 34. The method of claim 14, wherein the pH is increased by adding CaO
35. The method of claim 14, wherein the pH is increased by adding Ca(OH),.

36. The method of claim 14, wherein the stripped nitrogen (N) including ammonia is

20 absorbed in a column before optionally being stored in a tank.

37. The method of claim 14, wherein the stripped nitrogen (N) including ammonia is
absorbed in a column comprising water or an acidic solution, preferably
sulphuric acid, before optionally being stored in a tank.

25
38. The method of any of claims 1-14, wherein the step of lime pressure cooking the
organic material is performed at a temperature of from about 100°C to about
250°C, under a pressure of 2-20 bar, with addition of lime sufficient to reach a
pH value of from about 9 to about 12, and with an operation time of from at least
30 one 1 minute to preferably about less than 60 minutes.

39. The method of claim 38, wherein the organic material further comprises deep
litter or manure from animals, especially from cattle, pigs and poultry holdings.
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44. The method of claim 38, wherein the organic material has a high content of
complex carbohydrates comprising cellulose, and/or hemicelluloses and/or

20 lignin, preferably more than 10% (w/w).

45. The method of claim 38, wherein the organic material comprising cellulose,
following lime pressure cooking, disintegrates into small organic acids such as

formic acid, acetic acid, lactic acid, and the like.

25
46. The method of claim 38, wherein any urea or uric acid present in the organic
material is converted into to ammonia, and wherein the ammonia is optionally
collected as described in the method of any of claims 36 and 37.
30 47. The method of claim 38, wherein the lime comprises or essentially consists of

CaO or Ca(OH)2.

48. The method of claim 47, wherein the amount of added CaO is from about 2 to
about 80 g per kg dry matter.
35
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consists of solid parts of less than 10 cm in length.

53. The method of claim 38, wherein the organic material comprises or essentially
consists of solid parts of less than 5 cm in length.

20 54. The method of claim 38, wherein the organic material comprises or essentially
consists of solid parts of less than 1 cm in length.

55. The method of any of claims 38 and 52-54, wherein the organic material is
macerated before being treated in the lime cooker.

25
56. The method of claim 55, wherein a screw conveyor equipped with a macerator,
preferably made of rust and acid proof steel, conveys the organic material into
the lime cooker where the organic material is heated by steam injection, or by
steam in a cape around the lime cooker, or any combination thereof.
30

57. The method of claim 38, wherein the organic material treated in the lime
pressure cooker is subsequently diverted into a plant for mesophilic and/or
thermophilic fermentation before the organic material is subjected to N stripping.
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30 involves an anaerobic fermentation of the organic material.

68. The method of claim 67, wherein the bacteria produce mainly methane and a
smaller fraction of carbon dioxide when fermenting the organic material.
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out 5 to15 days.

25 76. The method of claim 70, wherein the thermophilic reaction is performed for
about 7 to 10 days.

77. The method of claim 70, wherein the mesophilic reaction is performed for about
5to 15 days.
30
78. The method of claim 70, wherein the mesophilic reaction is performed for about
7 to 10 days.
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91. The method of claim 90, wherein the separator is a decanter centrifuge.

92. The method of claim 90, wherein the mainly solid fraction comprising P is dried
25 to produce a granulate comprising a P fertiliser, optionally by allowing the P-
fraction to compost in a mile store under an air permeable sheet or cover.

93. The method of claim 5 to 14, wherein reject water obtained from the biogas
production and the separation from solid components is re-used in the
30 fermentation of silage and/or in the lime pressure cooking process and/or in the
N stripping process and/or in the biogas plant and/or in cleaning of the stable
and/or is spread on land and/or is lead to a conventional sewage treatment
plant.
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"10987?" 3& () -  aeration provides decomposition of the remaining organic material and settling
of inorganic flocks.

25 98. A method of claim 94 further comprising the step of producing clean reject water,
wherein the obtained reject water is treated in an aerobic treatment system
capable of eliminating and/or reducing the content of N and P within the water
and preferably also decomposing the remaining organic material and smell
components, obtaining reject water essentially free from N and P, wherein said

30 reject water is preferably capable of being spread on agricultural land when

appropriate, or re-circulated through an animal houses.

99. The method of claim 98, wherein the aeration is performed with atmospheric air
during 2-4 weeks.
35
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sL! 10%#& () - diverted to the absorption column according to claim 36 and 37.

103. A method of claim 94 further comprising the step of improving the
10 hygiene in a stable for animals, said improvement consisting in cleaning the

stable with the obtained reject water.

104. The method of claim 103, wherein the cleaning of the stable comprises
cleaning and rinsing sties, floors, slats, manure canals, ceilings, ventilation
15 canals, scrubbing exhaust air, etc., reducing the emitting surfaces where odour,
ammonia and dust may be released into the environment of the predetermined
location inciuding the stable.

105. The method of claim 103, wherein the cleaning of the stable is
20 performed with reject water obtained following fermentation of energy crops or
obtained following the fermentation to produce biogas separation of solids and
liquids or reject water obtained from a later process in the system.

106. A method of claim 103 further comprising a method to improve animal
25 welfare in a stable utilising straw in the stable, it provides the animals with
digging and occupational material and structural fodder, and diverting said straw
comprising organic material from the stable to the lime pressure cooking,
hydrolysing the organic material before further processing.

30 107. A method of claim 103 further comprising a method to improve animal
welfare in a sta-ble comprising spraying the animals to reduce the number of
microbial organisms as well as dust on the surface of the animals and
simultaneously reducing the temperature of the animals.
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109. A system comprising

10 i) a first device, preferably animal houses or stables for holding and/or
breeding animals, preferably farm animals including cows, pigs, cattle,

horses, goats, sheep and/or poultry, and the like, and/or

ii) a second device, preferably at least one pre-treatment plant for pre-

15 treatment of organic material, said organic material preferably comprises
animal manure and/or animal slurry and/or plant parts, wherein said plant
parts preferably comprise one or more of straw, crops, crop residues,
silage, energy crops, and optionally animal carcasses or fractions hereof,
slaugtherhouse waste, meat and bone meal, blood piasma or any such

20 produce originating from animals, risk- and no-risk material with respect
to the potential presence of BSE-prions or other prions, and/or

iii) a third device, preferably an energy plant generating an improved

amount of energy from a biomass comprising organic material,

25
in which the first device comprises
a) a system for cleaning one or more of floors, slats, sties, manure canals,
slurry canals, animals, and ventilation canals of an animal house or a stable,
30 said cleaning involving the use of cleaning water, and/or

b) a system to transport the cleaning water, optionally in the form of a slurry
comprising cleaning water and organic material, from the animal house or
stable to the second device, |
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wherein the first pre-treatment tank can optionally also be used for

hydrolysing the organic material, and/or

b) a second pre-treatment tank, preferably a lime pressure cooker for
hydrolysing slurry comprising organic material diverted from the first device
to the second device, wherein said hydrolysis results in eliminating,
inactivating and/or reducing in number any viable microbial organisms and/or

pathogenic substances present in the slurry, or a part thereof, and/or

c) atleast one tank, preferably a silage tank for generating ensiled plant
material comprising at least one or more of corn/maize, energy crops, beets,
and crop residues, and/or

d) at least one second tank, preferably a pre-treatment fermenting tank to
ferment silage and/or lime pressure cooked organic material, in which the
fermentation conditions are selected from mesophilic fermentation conditions
and/or thermophilic fermentation conditions,

in which the third device comprises

a) at least one biogas fermenter to which slurry and/or organic material can be
diverted from the second device for fermenting the ofganic material under
either mesophilic fermentation conditions and/or thermophilic fermentation,
said fermentation resulting in the production of biogas comprising mainly
methane and/or

b) at least one tank for collection of biogas, wherein the tank is optionally

connected to an outlet for distribution of biogas, or connected to a gas
engine, and/or
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d) at least one second separator, preferably a ceramic micro-filter in which the
reject water from the at least one first separator is further processed,

10 preferably by aeration and filtration, wherein said processing results in
removing at least some and preferably a majority of one or more of odour
components, nitrogen (N) compounds and potassium (K) compounds,
wherein said separation further results in the generation of reject water
comprising a reduced amount of any one or more of odour components,

15 nitrogen (N) compounds and potassium (K) compounds as compared to the
amount prior to separation.

110. A system according to claim 109, wherein liquid fractions or reject
water from one or more of the at least one silage tank, the at least one pre-
20 treatment fermenting tank, the at least one biogas fermentor, the at least one
first separator and the at least one second separator is re-used for cleaning of
the animal house or the stable .

111. A system according to claim 109, wherein the system comprises pipe
25 lines constituting a closed system preventing or leading to a reduction in
emissions of any one or more of dust, microbial organisms, ammonia, air, liquid
or any other constituent within the system.

112. A system according to claim 109, wherein liquid fractions or reject
30 water from any one or more of the at least one silage tank, the at least one pre-
treatment fermenting tank, the at least one biogas fermentor, the at ieast one
first separator and the at least one second separator is re-used in any step of
the slurry separation and biogas production system to maintain the organic
material in a proper fluid condition.
35
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115. A system according to claim 109, wherein the temperature inside the

stripper tank is between 60°C. and 80°C.

116. A system according to claim 109, wherein an amount of between 30
15 and 60 gram Ca(OH); per kg dry matter in the organic material is added to the
organic material in the stripper tank or before said organic material enters the
stripper tank.

117. A system according to claim 109, wherein the stripped N including
20 ammonia is collected from the stripper tank and diverted to a column in which
ammonia is absorbed in water or an acid solution preferably comprising
sulphuric acid, and optionally storing the absorbed ammonia in a tank.

118. A system according to claim 109, wherein the N absorbed in an acid
25 solution is utilised as a fertiliser.
119. A system according to claim 109, wherein the lime pressure cooker is

an apparatus which first cuts the organic material into segments and second
diverts the segmented organic material to a chamber wherein said segmented

30 organic material is heated and simultaneously exposed to a high pressure due to
the elevated temperature.

120. A system according to claim 108, wherein the organic material to be
treated in the lime pressure cooker is added an amount of lime.
35



109 & ()-ivU410 1910% & ()- “10% & ()- s910% & ()-10"10"10" L90"10% & ()- 2
c90"1099" & ()-7|[:vW10 3 10% & ()-f @O0% & ()- 10% & ()- 3 S 10% & ()-
S10% & (WO @108 & ()-z3|[:vU410 Y s'10% & ()- & 10% & ( PCT{D@L0883& ()- E
U@#10% & ()- < @10% & () - "10%&'()-f)nb£y:.410" 410% & ()-f V01 10% & ()-f
| 5-109%& ()- ,10%& ()- *10%& ()- Y )1896& ()-8dCA10" 3 Ss10%,' & ()-
10%,' & ()- @"10%,' & ()- V & 10%&& ()- & 10%

& ()-10"10" Nd2]|{ C410"A systemgeegrding jo alging 109, grheyein ﬂ‘e@@é% mategigl §a ba gop |

g 8 E ( 18(0)2 trégét«%% in yth%g%ng cg’@sgyl% cgc)zoke% %E)ado@,é&ﬁme i t tite féthQ(@f é%O or Calgvéﬂz?

S\lOI%)EfQ&: () - 9110% & () - } "9 10%E#& () - 10, 10 *10," ( dI° ' 10% & ()-
y109BEs08 ()27 1090ERE ST e B 10S RIS 48@3%&%@%%8
$° 1099EH0& () - YeeteddEhe dme)préss@e aonbes & o)ded Caowr & (
FII09OEH9& () -1 m[:vU4l0 O KsO#10%E#&' () - < sO#10% & ( ) . GLOYOEH9&' () -
123. A system according to claim 109, wherein the organic material to be
treated in the lime pressure cooker is added CaO of 5-10 g per kg dry matter in
the organic material.
10
124. A system according to claim 109, wherein the temperature of the
organic material in the lime pressure cooker is between 100°C and 220°C. Said
temperature is aligned according to the organic material to be treated, a higher
temperature is chosen the higher the content of cellulose, hemicellulose and
15 _lignin is in the organic material, or a higher temperature is chosen according to
the risk of infectious microbial organism or pathogenic compounds including

BSE prions in the organic material.

125. A system according to claim 109, wherein the temperature of the
20 organic material in the lime pressure cooker is between 180°C and 200°C.

126. A system according to claim 109, wherein the pressure of the organic
material in the lime pressure cooker is between 10 and 16 bar.

25 127. A system according to claim 109, wherein the organic material in the
lime pressure cooker is freated with the elevated temperature for 5 to 10
minutes.

128. A system according to claim 109, wherein N including ammonia
30 stripped in the lime pressure cooker is collected and diverted to a column and
absorbed as described in claim 117.

129. A system according to claim 109, wherein silage of, but not limited to,
maize, energy crops, beets, and/or crop residues, is diverted to a mesophilic or
35 thermophilic fermentation tank, before further diverted to the stripper tank.
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15 sterilised or sanitised slurry do not inhibit or harm the population of biogas

producing microbial organism in the fermenters.

133. A system according to claim 109, wherein the organic material from
which N including ammonia is stripped, is diverted to a biogas reactor in which
20 the conditions is mesophilic.

134. A system according to claim 109, wherein the organic material which is
mesophilic fermented, is diverted to a biogas reactor in which the conditions is
thermophilic.

25
135. A system according to claim 133, wherein the thermophilic reaction

conditions include a reaction temperature ranging from 450C to 750C.

136. A system according to claim 133, wherein the thermophilic reaction
30 conditions include a reaction temperature ranging from 550C to 600C.

137. A system according to claim 133, wherein the mesophilic reaction
conditions include a reaction temperature ranging from 200C to 450C.
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138. A system according to claim 133, wherein the mesophilic reaction
conditions include a reaction temperature ranging from 300C to 350C.

139. A system according to claim 133, wherein the thermophilic reaction is
performed for 5-15 days.

140. A system according to claim 133, wherein the thermophilic reaction is
performed for 7-10 days.

141. A system according to claim 133, wherein the mesophilic reaction is
performed for 5-15 days.

142. A system according to claim 133, wherein the mesophilic reaction is
performed for 7-10 days.

143. A system according to claim 133, wherein a potential foam formation is
limited by adding polymers, and/or plant oils, and/or different salts.

144. A system according to claim143, wherein the plant oil is rape oil.

145. A system according to claim143, wherein the salts comprises CaO
and/or Ca(OH)2.

146. A system according to claim 109, wherein the organic material is

fermented mesophilic and thermophilic each for at least 7 days.

147. A system according to claim 109, wherein part of the fermented
organic material from the biogas reactors is reused in that particular reactor, said
fermented organic material function as an inoculum of the population of

microbial organism performing the fermentation.

148. A system according to claim 109, wherein the fermented organic
material comprising a slurry including a liquid with solid material, is diverted to a
first separator, separating the solid materials including a limited fraction of the
fiquid from the main part of the liquid fraction. Said mainly solid fraction
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comprises organic and inorganic material including P (phosphor) and
compounds hereof. Said mainly solid fraction can be further dried and comprises
a fertiliser.

149. A system according to claim 109, wherein the first separator is a
decanter centrifuge.

150. A system according to claim 109, wherein the reject water from the first
separator is treated in a second separator, said second separator comprising a
ceramic micro-filters in which the reject water from the first separator is further
processed by aeration and filtration, optionally removing any residues of odour
components, any residues of nitrogen compounds and any components
containing K (potassium), leaving a clean reject water.

151. A system according to claim 109, wherein the reject water from the
thermophilic biogas reactor or from the first or second separator is diverted to
the land, to a waste water treatment plant or a purifying plant, optionally a
biological treatment plant.

1562. The utility of a system or a method of any of claim 4 -151, to eliminate
or decline the emission to the environment of dust, microbial organisms,
ammonia, contaminated air, liquid or any other constitution within the system,
especially from animal houses.

153. The utility of a system or a method of any of claim 4 -151, to improve
the utilisation of the energy contained in a biomass including organic material.

154. The utility of a system or a method of any of claim 4 -151, to improve
the production of biogas comprising methane gas and methane-bearing gas.
Said gas may be stored in a tank locally and/or can be diverted to a commercial
net of distributing gas.

155. The utility of a system or a method of any of claim 4 -151, to obtain
separate fractions of N (nitrogen), P (phosphor) and potentially K (potassium)
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from organic materials. Said fractions are of commercial value and can be
utilised as fertilisers to fertilise agricultural and horticultural crops.

156. The utility of a system or a method of any of claim 4 -151, to obtain an
improved animal welfare and improved hygiene in animal stables and in
accordance to output from said animal stables. Said output comprising manure,
slurry and animals to be slaughtered. The clean animals reduces the risk of
infection of meat when the animals are slaughtered.

157. The utility of a system or a method of any of claim 4-151, to abtain a
proceedure for rendering animal carcases or fractions hereof, met and bone
meal or any other produce from animals available for disposing off to agricuitural
land in the form of refined fertilizers and thus to benefit from micro- and macro-
nutrients in the animal produce in the agricultural or horticultural plant
production.



