22 FEBRUARY 2005 | Concept for slurry separation and bi ogas production
Technical Field of the Invention 5 In a fi rst aspect, the present
invention concerns an anaerobic digestion of aninmal nmRAUELERURIRGS ENOSCT OPS
and simlar organic substrates. The procegss I's capable of refining
nutrients conprised in the digested biomass to fertilizers of conmerci al
quality. The biogas and slurry separation system according to the present

i nvention i ref abl i nte i ons of ani nal
husbandri es i "(5’&5{ r%a#%% FWbti!%ichap é“Jr'nt ernal and external

per formances of ani rral husbandrl es are op- timsed. One additional aspect

of the i nvent.lr;agﬁmj%g ?ﬂ?ﬂ BP@%'-R&&%?P' I cation for disposing off aninal

waste in the ani mal car casses, sl aughterhouse waste, neat and 15
bone neal, etc. The waste is refined in the plant to fertilizers to be

applied fo agyi frctl%ls‘:: Gahe b ucelﬁ\t&ﬁr%ﬁ'c%@erﬁé’ﬁﬁ Eﬁﬁer@ﬁrc@%ﬁstr&fﬁ%ﬁné}r ot her

prions i subsé y re elitmnated in the whole process
The ani nmal proatuces, iepeigy adrssandsiigIOrgani S%E@GQST*T%@H@?SE%FEWQ?I i zer.

The dest ruct | oyl nBASHL RbfpFsedin®id ABSbbhitRsbidreniiBas o apfeian the

plant in co On W Th LR e refined biomass as fer 20 tilizer
in stead of fmxahlnglwbsgmndﬁlww seIE A systEmyRcorlinthioibe BresemdnygniRn of

nfecting anl BR a0l UIEL i i BReEbAns inahibbdRRti 69 aRgeeeh. The

i nternal perf cern quali aspects related to the nmanagenent of
the ani mal haepes vench thedhtaohel amtjerﬁema'eﬂeriwgam of AniMARNUSkENEER%aredfnt r ol
of gase 25 oq@%ﬂd dust em ssions and food safety, The external

per f or mances eérn mainly energy production and control of em ssions to
the environnment of nutrients and greenhouse gasses and the sale of high

quality food product qaﬂgsq&l(&f tﬁ%w@%n i€ tHAS dos%f#ﬂé%ﬁgﬁ%’ atoRFordhisiRRRgr Of

ani mal ~ car casses-and gr oun nventi on Ammnr a
stri ppi ng Theardheniaste in tbé fammsmnimal samessesk slavahieniauss weppi mealdmdammoni a

fromdifferent .3 ied fo fis for
exanpl eti%eenrbé:' E‘?IIG’J‘;{ E%%ﬁa%ﬁﬁ%@%ﬁwz%gﬂq‘g@d?ﬁ?% @r‘@ ﬂBétjErT\IIert et
al . 1995; Onaawkraétandl A ptogde cBetrht of BETdp@Iiser othen gggns is substantially re-

duced if not eliminated in the whole process. The animal produce is in this cohcept

not used as fodder but fertilizer. The destruction of possibtle BSE prions in the bio-
mass treated in the plant in combination with the use of the refined biomass as fer-

20 tiizer in stead of fodder substantially redices if not eliminates the risk of infecting
animals or humans with BSE-prions or modifications hareaf.

The internal performances concern quality aspects related to the management of
the animal houses and include industrial hygiene, animal welfare, controi of gase-

25 ous and dust emissions and food safety. The external performances concern mainly
energy production and control of emissions te 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,

30 Background of the Invention

Ammonia stripping

The chemistry of ammonia is well known and stripping of ammaonia from different
35 fluids is a well known industrial process. It has for example been employed by the
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and by municipalities as treatnent of landfill reject (Cheung et al _ 1997),
Ammonia may al so be stripped frompig slurry based on the sane principles
as in the industry (Liao et al. 1995). 5 The basic prigsiphRukRy Joze
scal e stripping of ammonia is increasi ng 5pH and aerat- 1ng and heating of
the wastewater or the slurry. It is often Ca(OH)2 or CaO which is used to
i ncrease pH O her bases may be enpl oyed such as NaOH or KOH. The |ine,

however, is used .on an . industri C i By i ndustry
10"and |5 thanerrLsndaneied elegBrGhitie b ARy Bl CRLER TR e
stripped ammendayirsuratsaitibeds keatrent aifandil sejegiChengetal | 1995 sreed

ri pped amanayinsy e . eleli 995 dIBe
ndustri gl BATEPE SRR Rom D pEnf BRI P8 e e e e e

for use in aljsiacpt dlomgdd. col uims stripping ammonia fromslurry and ot her
wast e ers (e.g. Sacuk et al. 1994). Based on the experience gained in
t he sug industry it has been found that the nost appropriate paraneter
val ues are: TwpasatmineipEfoCarge seEld sirindieg ofamyeorie is ingreapbgPHEyd-ae(3l; and a
liquid gas rati 1 9 BV I HIABHNGr efarpNARRAIA from
slurry it is '?%gﬁ%%%é?%? %ée %%@%ﬁ%ﬁ%gb%#g%rfgaﬁﬂﬁgg ag(tﬁHﬂlgjow t enper ature
are, tenper atused to@creask oH. Bthenbages may be prglavad §4d asblp@Har KPH.Joo, 90%
afectivity: 1L i [ i Retir ensssideBirio . G
and Cubero Mjrlﬁ%ﬂ&ggﬁggﬁ Q%%ﬁ%ﬁ%‘@!ﬁﬁ%%@%&%let sugar facjf tory
condenst e standdmthensfom aheap ppil mpdiyavalbbsiasPulwa®m Zuckerindustrie 121,
30 721-726 B u nert U, Buczys R, Bruhns M, and Buchholz K (1995)

Ammoni a stripping. Zuckerindustrie 120, 960-969. 22 FEBRUARY 2005 3 C
hacuk A., ZardpefeithRetrippediamoiosla i abgabedandamammenia aEaentrie & praguced

absorption strippin i - L iBhii§OR0iF RHHEAGRE B -
Zucker i ndust rsiuq h%%@?%diﬁmg?ﬁ g?gjﬂr%}gé%{?lq ulﬁﬂéﬁﬁbﬁ X M, IIand wng M H
(1997) Ammonitaulkstraiepidrig aealablegp @-technical quality appropriate for use in absorption
15 columns stripping ammonia from slurmy and other waste waters {e.g. Sacuk et al.
1994),

Based on the experience gained in the sugar industry it has been found that the
most appropriate parameter values are: Temperature 70° C; a pH in the range of
20 about 10 - 12; and a liguid gas ration of 1:800, 96% affectivity.

Far stripping of ammonia from slurry it is found that the optimal parameter values at
low temperature are: temperature 22°C; pH of about 10 - 12; liquid gas ratio of
1:2000, 80% affectivity, 150 h operation {Liao et al. 1985).

25
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treatnment for landfill |eachaate- Water Air and Soil Pollution 94, 209-221
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M crobi ol ogy 54, 17- 10 20. Alkali and tRermal hydrolyses Thermal
pre-treatnent of biomass before anaerobiCc digestion is a technol ogy which
15 is well described in the literature, e.g. Li and Noike (1992). In resent

years therrra "bé eZ%t mgg\{gl( Q%Fd';}c,\faﬁ{ Jﬁ?é%ﬁi'rﬁ@dé?%fﬁbéﬁﬁi(imon a

conmer ci al Nor way Wang e 997a and
b) found thatstrtd‘;h&fgrmdlurmsa“ﬂt reammmﬁanmumrmmq@aﬂerméqaeza@kenﬁéu%eé:%md a
hydraul i c re3|§§q§e time of 8 days resulted in an increased nethane
producti on of 10 $0. Asimlar result was found by Tanaka et al. (1997),

t he conbi - nation homever wi th al kali hydrol yses gave the hi ghest increase

in gas yj el?é,ﬁ,g,ogm ) Gt g,t,d ﬂ?“?na é@ﬁg?\m&@sﬁ%bhe%ﬁfprgi udi es

show ng T ha 1on’o kal I drol ysi s increases
the gas vyi el drestrhsttdont adfiljeachnte. Watdrdvieanst SoibBolktien P B’é’gﬁdut 10 to 12,

and preferably 11 or higher, before the chem cal hydrolysis shall produce
a significant additional gas yield. The results of Wang et al. (1997) shows
that the def didd, Fpar dbherek., sed Lek. ¥oil 98Pk ReroeHahokbtiregan RN SWHEMAREE | on 2. 1
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about 70 C or® e gas vyiel Ref er ences,
22 FEBRUARY 205 4 Li Y_ Y_, and Noi ke T. (1992) Upgradi ng of anaerobic

di gestion of waste activat ed sludge by thermal pre-treatnent. Water

Sci ence and Technol ogy 26, 3-4. MCarty P. L., Young L. Y., Gossett J. M,
Stuckey D_ ., AtasitaddeabynalhydiblysB Heat 5 treatnment for increasing nethane
yield fromorganic materials. Stanford University, California 94305, USA

of " thermo chiibrid o Pk Bihag oFRfe Shackls Mhe o o RetnBPS by ot <
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Wang et al. (1997a and b) found that thermai pre-treatment of municipal waste at

20 60° C and a hydraulic residence time of 8 days resulted in an increased methane
production of 52.1 %. A similar result was found by Tanaka et al. {19497), the combi-
nation however with alkali hydrolyses gave the highest increase in gas yield {200%;).
McCarty et al. have performed a series of studies shnwing that the comkination 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 YWang et al. (1997) shows that the default parameter valugs for am-
monia stripping under section 2.1 (the pH of about 10 fo 12, preferably 11 or more,
30 and the temperature of about 70° C or more during a week) will increase the gas

vield.
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Wang Q., Noguchi C. K, Kuninobu M., Hara Y., Kakimoto K. Ogawa H. |. And Kato

¥ {1897b) Influence of hydraulic retention time on anaerobic digestion of pre-

treated sludge. Biotechnology Techniques 11, 105-108.

20 Scrhifertion

Sanitation 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 1998). Anaerobe digestion has proven effective in re-

25 ducing the number of Zoo noses in slurries but it does not eliminate these organ-
isms (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. 1998) and
virus are reduced substantially but not completely (Tumer and Burton 1987).
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nnental concerns and are often expensive and ineffective. References: 20 25
Var dar - Sukan F. (10 98) Foam ng. consequences, prevention and dest ruction.
Bi o- technol ogy Advances 16, 9 13-948 Floccul ation Cal cyupepRNgR® g wel |
known as nmeans to floccul ate substances agd particles due to the formation
of cal cium bri dges between. organi c and inorganic substances fn solution

or suspension thus formng "flocks" of particles (e.g. Sanin and Vesilind

1996) . For 1t hERkdPAS OindiBh&nYM R8s BPESBsIBStivafisn SIONRERS biltn eg s S@MOE
9 ef erences 6 22 FEBRUARY 2005 Higgi ns

sl udge 30 (Hi ggins and Novak 1997).
M_J. and Novéierage ilimetated sevirge shudger\&atsy Reggarrhad. YOt We®sett1ing and
de- watering of activated sludge's' Laboratory results. Water Environnent
Research 69, 215-224. Sa F_ D and Vesilind P A (1996) Synthetic sludge:
A physi cal / chBAgt&K- Rodér H-gandChaiienst kridPor Asrepic hseaenisangPragwmpis
Envi ronnment RezessitirBnePf sUkd w8 J0ker ReqtdH 341994858y separation, P
stripping Decanter centrifuges have been applied to a nunber of industrial
processes during 10 the last 100 years. Anpbng recent exanples of the use
of decanter ceQfiet CUBRSRInSt QEHNAYO7T N nsMivaiP 8M¥inishs 3y adaps9a where al |
waste fromthe large insulin fermentation units is treated. A so nunicipal
sl udge is dewsicat Sgorpsounscaheshoplogeebitéd. centrifuges (Al fa 15 Laval A).
The decanter centrifuges separate the dry (solid) nmatter fromthe sludge
or wastes, while the water phase or the reject water is lead to a
conventildnal sew age treatnent plant. Experinments with separation of
cattle, pig a_&gargegassed slurry show firstly that de- 20 canter centrifuges
can treat all nenures without any difficutties It has al so been found that
the centrifuges.renove approximately 70% dry matter, 60-80%total P and
only 14% of t bbah fdinfatiomasscciaied withy eeserobis Hipediigasae dortshienea petimis(vbbd er et
al . lem far operating the fermentors. A number of substances for remediation of foam
15 are commercially available including different polymers, plant oils (e.g. rape oil) and
differant salts (e.g. Vardar-Sukan 1958). However, polymers may cause anviron-

mental concerns and are often expensive and ineffective.
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Vardar-Sukan F. (1998} Foaming: consequences, prevention and destruction. Bio-
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Floccutation
25

Calcium-ions are a well known as means to flocculate substances and particles due
to the formation of caleium-bridges befween organic and ingrganic substances in
solution or suspension thus forming “flocks" of particles {e.g. Sanin and Vesilind
1896). For this reason calcium has been used for dewatering of sewage sludge

30 {Higgins and Novak 1987,
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9999; Mol ler 2000a). The corresponding values for raw slurry fromcattle
and pigs were sonewhat lower. It should be noted that only 14% of total N
is renmoved from 25 the waste. The total treatnment cost hasmegar¢2@oeyl at ed
to 5 Dkr. per nB slurry at a slurry volt gune of 20.000 tons or nore. In
those situations where the slurry volune exceeds 20.040 tons the decanter
centrifuges are cost efficient and cheap instrunents for 30 separation of

dry matter ang gig%% faﬁ&%ﬂ&”‘f ﬁdwlfh%@f%&sadfﬂat]@'%%mmndg;cant r

circunstances I't Is Wt terest to treat slurry in a

centrifuge, beatatisa of activatedslu §§o'eﬂW@HW%H‘%WW&"HW'P%’HUF@SPBWH . ot her
advan- tages §p;bhg farnmers. The ammonia |loss followng field application
of treated slurry 35 may be_sonewhat reduced due to_an increased

infiltration PasiéF Rt @“ﬂﬁ@sﬁlﬁﬁ P- AVOIERE] SyhatiesingaryA POsicar cheitisB) Modtlt thi s

is by fag suf fn'tﬁid%&ttadd]%eélb‘FIM&;uié?iaﬁaN&H'EnhﬂfnnﬁﬁﬁR@Beaﬂ@ﬁéﬂtﬁ? gEntri- fuges
Ref erences 5 00a) Opkoncentrering of naeringsstoffer i

husdyr godni ng neet dekantercentrlfuge 0og skruepresse. Notat 12. Septenber

2000, Forskni Dggg,ﬁg],t&rnf”fﬁ_y&ggg " a}g},d}.{bblsg{pp}ﬁg B. (2000b) Code resultater
coed at separere gyl Maski nbl a . au- gust 2000. Mol I er H B,

Lund L, and Sommer S. O. (1999) SO|Id I| uid separagtion of |ivestock
slurry: ef fi cPeryeraratEeas hays bapn aPpigdap 2 Aughey pf laduglig! gFqcgrgses duning

Separ er ifpgsr egél ikateh yaBE, decantercentrifuge. P-precipitation 20 Dissol ved
Pis precipitated al rmst I medi ately follow ng addition of Ca as cal ci um
phosphate Ca3(PO4)2 (Cheung et al. 1995). References: 25 Cheung K C., Chu L

M, and Wng Mnohg réckPPExambieDsi the k¢ bPiidattep eemriidbes istthe Nob® RNbrdigk

| andfill ]each ate. Water Air and Boil Pollution 9 209-221. Prevention of
struvite fornBenbR Kalundborg where all waste from the large insulin fermentafion units is

treated. Also municipal sludge is dewatered by means of decanter centrifuges {(Alfa
15 Laval AfS). The decanter centrifuges separate the dry (soiid) matter from the sludge
or wastes, while the water phase or the reject water is lead to a conventional sew-

age treatment plant,

Expenments with separation of cattle, pig and degassed slurry show firstly that de-
20 canter centrifuges can treat all manures without any difficulties. It has also been

found that the centrifuges remove approximately 70% dry matter, 80-80% total P

and only 14% of total N from a slurry previously digested thermopile (Meller et al.

1989, Meller 2000a). The comresponding values for raw slurry from cattle and pigs

wera somewhat lower. If shauld be noted that only 14% of total N is removed from
25 the waste.

The total treatment cost has been calculated to 5 Dkr. per m? slurry at a sluiy 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
30 saparation of dry matter and tofal P from slurry (Meller et al. 1999).

Under normatl circumstances it is without any interest to treat slurry in a decanter

centrifuge, because it is not associated with any volume reduction or ather advan-

tages to the farmers. The ammonia lass following field application of treated slurry
35 may be somewhat reduced due to an increased infiltration rate into the sqil (Meller




30 It is an additional inportant aspect that the P precipitation in
conbination with the stripping of ammonia prevents the formation of
struvite (MgNH4P04), Stru consti- tutes a significant worgkdgmuetebem in
heat - exchangers. transport in pipes, etc.y (Kruger 1993) _ The nechanismis
P-renoval through formation of CaP04 as well as renoval of anmmonia through
the stripping process. The P and ammoni a renoval 35 prevents formation of
struvite 22 Fgg’qﬂd@ RS, ' hter centri-

bi ogasf ael | esanl a g%nt ?r%?ig'gt@rfarl\g‘ést e t%ﬁk&%dﬁ\éﬁfgﬁlt@é@mﬁ%@a“ ltration. 5
Systens for fiug@$ treatnent and nenbrane filtration of reject water have
been pre- sented over the past 10 years in the formof e.g- nenbrane

pl ants (Bi oScan Af, Ansager ApS) and plants based on steam conpression
(Funks AtS, BpemecREr Maskinfabrikker A/ ). These systens generally
result ig a gross cost per nB slurry of 50 - 100 Dkr. The plants are
further not able to treat other types of manure but 10 pig slurry The
reduction of Wellerd ‘%H?@%@%WW@@@%ﬁdﬁ@ﬁsﬁﬂgﬁ'é"f‘i‘s%ﬁﬂ PEMEHan 50- 60%
meani ng that fhelntrafitifugabl Qkru8hreb e NobsTBI2NSedténmBEN2008SFordRnaReanten
conventional _devices- nce, these plants are not conpetitive due to the
cost level anB¥@ioi- |im 15 ited vol ume reduction. However, it is inportant
to consider and recognise the cost level of these plants It is also

val uable to consider the energy use in the formelectricity whigch the
mechani d8I  sW@hen . Bnfr ey Godgiressdater gedia) separgre gylie, Ylasignianst é@-ra”c‘ons
treated slurryutbapg 20 means that nenmbranes, under the assunption that the
wat er phase t0 be filtered consists of salts and m nimal anounts of dry
matter only, which do not produce scaling or fouling problens, nay be able
to out conpet ﬁlmﬁé(rﬂw@_cﬁ_?mm.,én@%%&%.%.é'ﬂ@éﬁ%ﬂ&—ﬁéui@@eﬂrw Ii¥estbdO84)

Si ngl e sludge nitrogen renoval in an oxidation ditch. Water Re- search 18,
1493-1500. BFMUYrEiigercy@d4Pft on J. G, Beudet R, and |shague M (1988)
Aer obi c {lgi odegradation 30 of organic matter of sw ne waste. Biol ogical
Wastes 25, 127-139 Bouhabila E. _H_., A mR B., and Buisson H._ (1998)

M cro filtratflisLaval A8 Rylgsegarering. Separeringsresultater med decantercentrifuge.

F-precipitation

20 Dissoived P is precipitated almost immediately following addition of Ca as calcium
phosphate Caz(PO,); (Cheung et al. 1985),
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Frevention of struvife formation

30 It is an additional important aspect that the P precipitation in combination with the
stripping of ammonia preverts the formation of struvite (MgMHLPQ,). Struvite consti-
tutes a significant working problem in heat-exchangers, transport in pipes, sefc.
{Kriger 1893). The machanism is P-removal through formation of CaPQ, as well as
removal of ammonia through the stripping process. The P and ammonia removal

35 prevents formation of sfruvite.




sl udge usi ng subnmerged nenbrane with air bubbling (application to
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bi oreactor system for _enhanced aerobic renmedi ati on of hi gh-strength

i ndustrial wa@t3 — Ve Bk §E?8W€§%{ﬁaﬂﬁ*@éﬁﬁb@%tﬂfeﬁt?tﬂwfetmzaﬂéi"amva?% M,
Reeve DipllWpigliggi n H, Rabie H R_, and Wodhouse KA. (2060) Jour nal
of Menbrane CI ence 173, 87 98. 30 Vi svanat han C., Yang B-S., Muttamara
S., and Mayt hanukhraw R_ (1997) Applica- tion of air back flushing in

nenbr ane bi Orﬂ@é:ﬁegmsnn\ﬁbéf%mﬁ@ &ﬂﬁﬁeeﬁ&ﬂth@@@mﬂ{sqwﬁéﬁmt #&81@&650 8622
FEBRUARY 2005 Zaloum R, C oron- RanstT R (1996) Fi nal

clarificati onmBgni pg,{h@éfgg é@piication of the remams in any case depends on conventional
devices. Hence, these plants are not competitive due to the cost level and/or a lim-

15 ited volurme reduction.

However, it is important to consider and recognise the cost level of these plants. Itis
also valuable to consider the energy use in the form electricity which the mechanical
steam compressian gives rise to, i.e. about 50 kWh per tans treated shurry. This

20 means that membranes, under the assumption that the water phase to be filtered
consgists of salts and minimal amounts of dry matter anly, which do not produce
scaling or fouling problems, may be able to out compete evaporation technologies.
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filtration within the activated sludge aeration tank. Environnental

Technol ogy 17, 1007-1014. 5 Linme cooking A thermal and chem cal hydrol ysis
at tenperatures less than 100 C and therefore pressurescappgrosty dogt m
represents one option for increasing the gvailability of the organic
matter for biogas generation. However, the conplex carbohydrates such as 10
cellul ose, hemcelluloses and lignin is not conpletely hydrolysed by such
treat- nents.gFi syf L AR t

avar | bl o 1 or STy SAPAR FL MK, MR R o R0 PP PSPPI E 0
Schni dt and Th@inédral Bogreerngdiasearcnd. @hni dt 1999; Sirohi and Rai 1998).
An al kali lime cooking at noder- ate tenperatures above 100 is well suited
to render these substrates available to 15 mi crobial deconposition (Curelli
et al 1997; chamgral. &haz 4d4anddipiprod: (1396) Biya)treaments foranagiapicalivhen
applied go Ceéi%;é‘ét@éElgbb@re@%efn@m&n%@anﬁmn%ﬁy {0483359m (Wi th 4% CaO
200 and 16 bar), disintegrates the cellulose to snall organic acids as
formc acid, acetic acid, lactic acid etc. The methane generation from

treated cell upa@e NOSRd 8 14 Nute 2519870 Ashic OrBEnt fiewi@ hespendhpgoamunt of
car bohydrates as pure | ucose (Azzani__and Naser 1993). Also, green crops

can be treat e®18Mi°8] aFpsras RIYBRED VaRIES 2% 184wdE: t enperatures. It has been
shown that the optimal result was achieved when water hyaci nths were
exposed to pH_.11 and 121 C (Patel et al.  1993). 25 Faormation of PAH and of
cubstandbe | RN Bried rAnecvaRERN & Y Mror A ersiroes Bl

t enper at ures GMahBeetatdd siddge Profsts iPaiplcindl wabtewdRP BlatriddVeNREr StiBh&

phenonena has nof been seen at the relatively noderate tenperatures used in
lime cooking®¥sTeOMR0edStHE b ol ysis (Azzarn et al 1993)  During
pyrolysis the tem 30 peratures are so high that the bi omass di sintegrates
directly to gasses as hidrogen: met hane and car bon nonoxi de but

unf or t unat el yEaTrauay b Lpalgegh mvestigationsorn the asrabic Yreatoeatf@ig SIorrFEREARY 2005
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and biogas fernentation. Jour- nal of Environnental Science and Engi neering
28, 1629- 1649Ginnivan M. J. (1983) The effect of aeration on odour and sclids of pig slurries. Ag-
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5 Bjerre A. B,, Oe son A B., Fernquist T., Ploger A, Schmdt A_ S
(1996) Pre- treatment of Wneat straw usi ng combi ned wet oxi dation and

al kal ine hydrolysis re- sulting in convertible ceilul oses; fEERUARY 2005

hem cel | ul oses. Biotechnol ogy and Bi oengiqgeer- ing 49, 558-577. 10 Chang V.
5, Nagwani M, Holtzapple M T. (1998) iginal articles - Line pre-
treatnment of crop residues bagasse and wheat straw. Applied Biochem stry
A D otechnolge Saaé&mﬁ‘ Rartgii e FE&QhPﬂe(g@gg; BRsl c%rm&ﬁmwlmggraya
pre-treat rrentfgtﬁﬁtlwltf’dhtjﬁﬁg\’ate‘j ilsdwe)wra@m BFBCE‘I'&‘HP%’P??‘EZ& @P@Eﬁéﬁﬂol ogy
Part A - Enzyi_@ﬁ{mldpeerl ng and Pio technol ogy 63-65, 3-20. Curelli N.,
Fadda M B., scigno A, Rnaldi A C, soddu C, Sollai E, Vaccargiu
_, Sanjust E., Rnaldi A (1997) MId aI kal i nel OXI dative pre-treatnent of
wheat 2055tra)_/ymech%§@,§s Bi ochem stry 32, 555-670. Patel V., Desai M, and
Madani war D. (1993) Therno chem cal pretreatnent of water hyacinth for

i mproved bi omet hanati on. Applied Bi ochem stry and Bi ot echnol

67574, 25 SR sk opHER TSRS Erat RmREreR ESOBYS (LB | RO Ca e RATOtet
oxi dati on pr e%retsétﬁ-aé A& am@%; eﬁrﬁ@aﬁe t@he&qm@@sﬁ@ﬁer@bm;% the

139-152. Siro K. and timsation of treatnent
condi ti ons ofOﬁﬁﬁ@'ﬁﬂa@bf%ﬂ%ﬁﬁﬁﬁﬁﬁﬂ'?wwﬁwr MRISH A PR YAt hSYSASSt ur e

content 4gnd té@lﬁh@@ﬂﬁerﬁabé@tc&@s ahgWrhiRls rﬁ@%&ﬁéhﬁélﬁﬁkﬂ%%éﬁ?’é&h@mat-
digestibility. Aninal Feed Science and Technol - 62 Thonsen A B.

and Schnidt AMests. Fiotsdiorravawdraige sedl awﬁéfsm%ﬁredwéma@mavaﬂﬁiﬂ%f%m%

| ogi cal proceﬁ@ﬁﬁ@trmm ﬁttﬂeaﬂnéﬁts {Biar@émrm!ae Dpid At THRMseh 1998;
pre-treatnment_proc FEBRUARY 2 esses_and char act erisation of

products. Ri Sghmﬁqw Sqranel 1ﬁg’gr §'r°rp26§ﬂ Ray £298ph afielidims/ae kit 4t needersz apo
P., Mk W S atb. temﬁé‘r@tﬁéﬁ Abovil 10de C(:é-%ﬁ%un’f@dﬂéfrérﬁ&r Hest E@bét&@ém-alla@e ta

decorrp05|t|on of cellulose jn seal ed vessels at el evat ed |Eressures Jour nal

of Ana- Pyt caioreia despmpesition (Corels plal 137 Shangret al ERsd giyhando

This treatment, when applied to cellufose fibres from sugar cane cut fo 0.5 mm {with

4% Ca0, 200° C and16 bar), disintegrates the celluloze to small organic acids as

formic acid, acetic acid, lactic acid etc. The methane generation from treated cellu-
20 lose is thus as high as 70% of the corresponding amount of carbohydrates as pure

glucose {Azzam and Naser 1993). Also, green crops can be treated in a lime
cooker, but at lower temperatures. it has been shown that the optimal result was
achieved when water hyacinths were exposed to pH 11 and 121° C {Patel et al.
1893),
25
Formation of PAH and of substances inhibitory to methane bacteria may be formed
at elevated temperatures (Varhegyi et al. 1893; Patel et al. 1593). However, this
phenomena has not been seen at the relatively moderate temperatures used in lime
cooking as compared the pyrolysis {fzzam et al. 1883). During pyrolysis the tem-
30 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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described by this reference. This applies, anong other things, to the
pre-treatnment such as the al kaline hydrolysis, welfare in the aninal
houses, utilization of energy 20 crops, absorbing of amgpp%gRbﬂﬁ$éﬁdglﬂ
solution, the precipitation of P, preventjon of struvi ormation etc.
and the use of biogas through a |ocal gas engine or through an established
pi peline for natural gas. DE420116616 descri bes a nethod of concurrent

treat ment of qr j @%@P

products are'@@bﬁ?{aﬁe@n #%%&r fggt%?%ﬁ'g%gg%[gﬁ'ﬁtﬁdgfmﬁﬁt \égérmunts of
solid corrponenhapb@@equbﬁmlwat@n@aahnesmngeMdeife‘faﬁ@ Mesaplg®RER i on and
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such as the a@Hcah |5163r|ny[¢|gbﬂ i and prirrﬁ Br € 98h) Ma@aampmpﬂwm indystiel zat i on
of ener g i 30 cr S | ul, ution, the

preci pi tatl Oﬁmagfe%%y th \%en% Q%e& W%)é}u@elsfagmﬁgr%m{?%n%c and the use of
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natural gas 4 d ' anplia & dldp, BRIbHiSeMbRY |
the first re:!f(%'?‘%l éﬁ’ﬁég %ﬁ‘?rﬁraggéRagrQ%hﬁﬂp 8% rre tg pH 9,5 to strip
amoni a. | n theastewarsd sludge s GVater Seienge FEBEJA‘RW@@@@ 8&41-87%ontaining ferro
and a polyner are added to neutralise the slurry and precipitate solids. A
nunber of aspects of the invention are not described by this reference.

Thi s aptd i es Krgicenl. ot Ktebitoniling &, Bt dNaumeoveie R Negefdnd- (3880 The inthiEng® kal i ne
absor bi ng’ of hATHTLRE s s RR e mdph ¥ifng Vs At IO PR Eay P
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the use of bi b HGiReaR 4 RRE Lakad
pi peline for Iﬁ%ﬁ%’? éFth TEEEM%EEIB&S@@&? neag,lctg rre?% @ ?ﬁ producti on of
bi ogas in \A/nmahamaaammmascnademmtmns Journal of Chemical Technology and Biotechnol-

ogy 59, 348-352.

20
Wang Q., Noguchi C. K., Kuninobu M., Hara Y., Kakimato K., Ogawa H. |., and Kata
Y. {1997) Influence of hydraulic retention time on anaerobic digestion of pre-treated
sludge. Biotechnology Technigues 11, 105-108.

25 Disposal systems for animal cadavers efe

The present disposal system for animal cadavers is organised by registrating plants

which are licensed to process the animal cadavers. The cadavers are primarily used

for production of meat and bone meal which traditionaily have been used for anni-
30 mal foodstuff.

The present BSE-crisis have stopped this practise by a regulatory order from the
EU-commission, stating that meat and bone meal cannat be used as animal food-

stuff.
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fat acids or conpositions containing fat acids. A nunber of aspects of the
I nvention are not described by this reference. This applies anong ot her
things, to the pre- treatnment such as the al kaline hydrobysigs Ak bhgation
of energi crops, the precipita 20 tis@n of P, preventlon ? struvite
formation etc. and the use of biogas through a Iocal gas engi ne or

t hrough an established pipeline for natural gas. EP0351922 describes a
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by that part Imﬂﬁ%’ f part
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i s absor hed |,Qa(§,8n§5f§}hrgapfg,ldgwrgl on by the formation of amonium salt,
which is dried and utilized as fertilizers- A 30 decanter centrifuge is
used to separate solid parts fromthe slurry- A nunber of as- pects of the

i nvention ar el'ﬁlé)ﬁséjﬁﬁﬁédt bad bEMe m'afsorr ﬁrﬁél%ﬁ@verg 1l &n@@rﬂldnﬁﬁbmﬁ’éﬁ]ﬂnt@ﬁé‘er

things, to the 5 -treatnment such | i ne hydrolysis, fare in
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descri bd8 a pﬂ'l‘r&H'E'd A9l Cawith BERESYre MO A HEREATEIMS 0t REe FUCY -

gani c conponeégnglthﬁsg%gﬁﬁ(g@geadmdm esihvBhiicHaPBio§ @ pidsisi s renoved by decanter
cen- trifugation. The liquid is added acid and is spread in the land or is

further cleaned by aeration and by that stripping of amonia. The cl eaned

liquid is diverd Eﬁgoﬁr%&tiwﬁétﬁ atént@léﬁﬂfpﬁie'ﬂgaﬁ’plh@éﬁcns'?brﬂpmﬁf 1Bk pASPSEt s of the

I nvention are not described by this refer- ence. This applles anong ot her
things, to the pre-treatnent such as the alkallne hydrol ysis, welfare in

the ani pal hoﬂéﬁﬁa??ﬁ?ﬁdbwlﬂg a¥larR BRR R Rodss 8 stRBhihy nsne@am@ bided ta@d on of

energi crops, prevention of struvite formation etc. and the use of biogas
through a | ocABNYaDYeViGHEE GMMedlia sEiRpsdesti & B gPpeREd & 2 walshat ur al

gas. 10 FR2 dﬁﬁ&rdn%ﬁta% ARRSGodCadid & rmn«?&é.l%rf heszeca;faf@h@mémm 4renpenting
of liquid manure. The sl urry Is treated wth line and precipitated

conponent s i sdasrirdbly this reffipiser: Tois aBliRSe 030B3 OHREHINGFetR NS Aretreatment
described by §Rh%sthe SkERHEShydldhTs, ARREIEA the animal houses, utilization of energi
20 crops, absorbing of ammonia in a sulfur solution, the precipitation of P, prevention
of etruvite formation etc. and the use of biogas through a iocal gas enging or

through an established pipeling for natural gas.

DEAZD1166 describes a method of concurrent treatment of different organic waste

25 products, in which the waste products are separated into three fractions containing
different amounts of solid components. Solid fractions are homogenised before fer-
mentation and biogas production. A number of aspects of the invention are not de-
scribed by this reference. This applies, among other things, to the pre-treatment
slich as the alkaling hydrolysis, weffare in the animal hauses, Wilization of energi

30 crops, absorbing of ammonia in 3 sulfur solution, the precipitation of P, prevention
of siruvite formation etc. and the use of bicgas through a local gas engine or

through an established pipeline for natural gazs.

DE4444032 describes a plant and a process in which slurry i the first reactor is

35 stirrad, aerated and added lims to pH 9.5 to strip ammonia. In the second reactor a




anong other things, to the p re-treatnent such as the al kaline hydrolysis,
utilization 15 of energi crops, the precipitation of P, prevention of
struvite formation etc_ and the wuse of biogas through I i ne
or through an established pipeline for atur al gas. BZ%E&%U esﬁ?iﬁ %s a
pl ant and a nethod to production of biogas. In the first 20 reactor the
organic material is acidified and the solid fraction is renoved. The liquid
fraction is djye . ' hraikeBRe ANAS AR initat
degr adati on oé(':a\étu[{o@%%v'\%' ff?%ﬁagﬁga?%%%rﬁ%%tﬂg?ﬂn@tﬁh@ﬁg‘;}s? A 1unbgfec(') Iaaespects
of the inventsadids.ak sumber of depeats bitte fnventiprsare gpbdessgbed pnihis rgigieneds, anong
ot her things, ¢k PL &> S I I 0 & R P Y S v
welfare in t hgﬁ'gﬁbﬁa%ls' %@B@%@E@%Bpﬁaﬁg@‘é?%s‘éémﬂ{@ﬁﬁaéﬁeg?% 1 1 zat ingn Q:';‘
energi crops, siprwsliara indhe enims heuaes cutiizatipatdl gREST &roPS RPSPIRGUE 8MBRaNIBH| ogas
through g I ocgl | RCHR prbdIRER o, GieteéHtloh ShesRb RSidien BRI adt ur al
gas. DE19644 |ﬂf39.@’gr£§h§k dg'sth% pr?et Hrs;od tg p'r_@%uceI solid fertili sr(]a.rs. ?rom
nmanure. The |ihgusaiofbipaasineoudd alger] @as gpgine &t Breudimn sRtaisbrRpRIPRINGJACt i on

t oget her w th,faty gés 30 Ca(OH) 2. The stripped ammonia is collected.
A nunber of aspectd of the invention are not described by this reference.
This applies, among other things, to the pre- treatnment such as the '
al kal i ne hydr gfySigy 506 Pégcm&srﬁrﬁesgwmeh iR i BRipPEE b thterbPn Of P
prevention of —struvite formation etc, and the use of biogas through a | ocal
gas engilfie ormenwreufMUECESh 2MIREIS Wb hegnysElipmaref et dastrivea by s refemsnos
FEBRUARY 20057148 538 4RB&P otnd e gl DB Ing Pref-t?édﬁ%@ﬁtaé_ldﬁﬁ Bs e Qﬁél?ﬁ%ﬁ@ﬁﬂ;hﬁr ops

and organic waste W th the production of biogas. e materia _
homogeni sed a%ié Wtiizatienéaneral sopmhdie prCiPdalissal . BIeVERioN HPERYTSIRMBFME ot
descri bed by i %dﬁg%ﬁﬁgpgﬁﬁiﬁhﬁoﬁﬂm b€ gad BREIAe oPihRIghtdM diblishéy t he

pre-treatnment such a altne"hydrolysis,”utilization of en 5 ergi
crops, the preipelietfat p8wabgas®, prevention of struvite formation etc_ and
the usegf bingos through a local gas engine or through an established

pi peline for natural gas. US 4,041, 182 describes a nethod to production of
ani mal f oodst BPE28&13fdgeglher @ methed to pradudiied of Piegasispdissmapuiedead9RFent i on

are not describedadyy dd sggﬁgﬁ.gmgﬁngﬁ&é@n:issaafmmae%fga@@e@%fm&aﬁerﬁmhpgs,

to the pre-treatnent suc ) kal 1 ne hydroly- sis; utilization o
energi crops, aetet geseibgd bathioreierente. Thisapeies, amopg other hindsetq Bemse- on

gtsfébﬁinghte ge tefmBht QicA%RIhd BRAHE MR LTS BlARgi Aods N HRYIE Gith-
20 tion of P, prevention of struvite formation efc. and the use of hiogas through a local

gas engine or through an established pipeling for natural gas.

EPQ351922 describes a plant and a process in which the stripping of ammonia,
carbon dioxide and phosphat occurs from liguid manure. The manure is transported
25 from the farm by tank cars to the plant where the slurry is treated with hot air and by
that partly stripped of ammonia and carbon dioxide. The rematning part of the slurry
is haated and lime is added to pH 10-11, by which more ammaonia is stripped and
calcium phosphate is formed. The stripped ammeonia is absorbed in an acidic solu-
tion by the formation of ammaonium salt, which is dried and utilized as fertilizers. A
30 decanter centrifuge is used to separate solid parts from the slwmy. A number of as-
pects 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, utilization of energi crops, prevention of struvite formation ete. and the use
of biogas through a lacal gas engine or through an established pipeline for natural
35 gas.




pi peline for natural gas. 15 US 4,109, 023 descri bes a plant and a process
to the production of nmethane gas and fertilisers. In the first reactor an
aerob degradation of the honpgenised material is perfobseggrRUARY begsecond
reactor which is heated: an anaerob degradation and the biogas production
occurs. Fertilisers are produced as liquids. A nunber of as- pects of the

i nvention are not described by this reference. This applies, anong other 20

things, to thespfrbs ?3&%@& a%\éﬁ[‘aﬁ&aﬁﬁca@é lfﬁl.rha‘?llcpﬂjfn@nbﬁ%] i$ cle‘éﬁécf e i N

t he ani mal utilization of energi crops,
prevention ofgmqr:wrmncmEﬁBrls degrad@d@ﬁ@*te@iplt@tn@lspwé lawwdtﬂm@aantﬁh%hgh a

local gas eng dfb Ef?e;.btmgqmgp |££H<%§ta%%'aﬁdl§gﬁﬁaﬂ'srpﬂe'lé}ﬁi 5198 fMMeHEBANGASy 25

US 4, 329, 428 es a anaer obi ¢ deconposition, in particular
material  fr cwrgtéan mbbygtheteairrmrww@mrawaatﬂ@ gleanedrianidés diverirtio WriShas.

The pl an? ﬁﬁﬁﬁﬁ% ﬁt h‘ﬁmﬁ%ﬁ:Qﬁmbfs'dﬁheaiﬂ\?erﬁ@H%?éjn&)ﬁe%%@t:f:,r'tﬁls re¥er-
erob c ac

t her nopi teria- aspects of the inventjon are
not descri bedensg. Tﬂ"l'ﬁ§PP'@ﬁe?@ﬁ%0thﬂfhih§1Q§ptﬁlth%ﬁl‘e reptpAnt Wehae haalkgde (o t he

pre-treatmenty, pﬁ%%l@%élfﬁl"e iRl :‘nﬁ‘i%l AL Afhtng SftRnraddia Bt #9eiry@e®lutil-

anmoni a, the precipitation o revention of struvite formation etc. and
the use of mabgasrf ETEELGAPS prma ionyef kit TRENFHon 3iF g RheaHseetbiaass hed

pi peline for , Hrﬂbcﬂgﬁs ehbﬁnéoﬁ%%l,@ﬁﬂand@s%lémﬁptﬁelﬂhwna?uf‘rﬂl gagbrocess to

produce bi ogas romorganic  material's. Solid materials are hydrol ysed,
acidifidd and fermented. A nunber of as 19 22 FEBRUARY 2005 pests of the

i nvention ar epRsy7a985 akidpds %r&é@ﬁ td %%’r&m&ﬁm 3%1@9%@@%%&5@!1%% her

things, to the pre-treatnment such he al kal i ne hydrolysis, welfare in
t he ani nal hr@a@lerg Tha slufspisiteaisd ‘ﬁ'iﬁwﬁﬁ?aﬁd areciPitatgd icempeRents Brgmoved fy

prevention of Lﬁ‘ﬁtgé‘ll\ﬂftélﬁpécg 5f tHB I @Rtidhl fre nﬁ%s’crﬁedﬁﬁh@fre@ré}%STﬁlg%aﬂm a

| ocal gas engine or through an established ﬁ peli1ne for natural
4,668, 250 desanpmpethar thingéclgshe previFRatnenlfve raath%aik@%mammswwﬁétm qU| d

fractioggby RSIE GrSvePliod BEstE MrindflorReR. AR th
descri bgd byaﬁ\%@em r@g Ip'ﬁlg a pcﬂl;res IE’jtrrt)ng other things, to tehe

pre-treat nentuwwlfwsttmféuﬁ? Ripcaboas %*Wﬁ@’l‘*&'@h gn E%P\'ﬁ“ﬁﬁﬂﬁ?ﬁn%forener gi
crops, the pr,%h,m%ﬂgllon of P, prevention of stru- vite formation etc. and
t he use of biogas rough a |l ocal gas engine or through an established

pi peline for natural gas. US 4.750, 454 describes a plant for anaerobic

di gestion of é@iﬁ51WGﬁb@9pFaH?and a method to production of biogas. In the first

20 reactor the organic material is acidified and the sclid fraction is removed. The liquid
fraction is diverted to the second reactor in which an anaerobic degradation ocours
with the production of methane gas. 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,

25 utilization of energi crops, prevention of struvite formation etc. and the use of biogas
through a local gas engine or through an established pipeline for natural gas.

DE19644613 describes a method to produce solid fertilisers from manure. The lig-
uid manure is added substrate from the biogas production together with CaO or

30 Ca(OQH)2. The stripped ammonia is collected. 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, utilization of energi crops, the precipita-
tion of P, prevention of struvite formation etc. and the use of biogas through a loca!
gas engine or through an established pipsling for natural gas.

35




15 use of the biogas produced by the process. The plant is based on
deconposition caused by nesofilic or thernopile anaerobic bacteria and
utilizes a | ocal gas pow dered engi ne equi pped with a ?@g ?wﬂynber
of aspects of the invention are not desgkibed by this rée rence 'S
applies, anong other things, to the pre- treatnment such as the al kaline
hydrol ysis, the stripping of anmonia, the precipitation 20 of P, prevention

f st ite f
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again is con sated I n ano reactor and treated anaerobic to produce
bi ogas. The dteembingedo thegpredreanéntsoch anthesalkaian hydrekis qutiigation fé@ﬂob
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reference. T pre-treatnment such as
the al kal i ne mwmsdhweb a logs ﬂaar engife pHibroug |aneﬁstar%wé@m%mﬁrf?fm%akﬁﬂs
ammoni a, utilization of energi crops, prevention of stru 30 vite formation

etc. and the use of biogas through a | ocal gas engine or through an
est abl i shed pUPe]G41el P sieseriegraametiad to podecipoef anina) BodpiufdomaoPebitess to

Lreat menure gide o HehnOf GARHEEOMAENARNTn arkitt BESABLE oYM Ridihent es and

is then nitrit" _ er denitritie aspects of the
i nventi 68 ar eThoarrlisscamprtiohyr things. tp dhepreritaptmant;syici gp thacalkaligbigrobo

FEBRUARY 20035 ?’-Qmﬁi&ﬁs%ﬁ of Eﬁé}@&mﬁ& tﬁéﬁe&b@athh%b@@eﬁ%%@ﬁuﬁlfﬂﬁﬂﬁéﬁ@h' ne

hydrol ysi s, I 'mal houses, strip anmoni a,
utilization oftceansribe ueﬁa@b@ngq&téwahuadm%ﬁa%emmne vrtg@maﬁﬁeﬁstftm&@dc and
t he use of b| EEHFFQH&Q' d ocal gas engine or through an established

pi pel i ne for ura gas US 5, 389, 258 descri bes a nethod to production
of bi ogas fron1sen1 solid and solid organic waste. A nunber of aspects of

the | V38t | o 811l RaEhidiesilt drtPpbelart vRrien,diEh e ARl Bgesaong

ot her things, eat nt such as th | ne %H}/ms
wel fare in t hencigiitagrs Hodke frst swetop ph Agrodfdegranghomof the |hF’T'"£’ﬁ¥"“ Betegfer gi

10 crops, pr ei)é%@ﬁb%cpfn ﬁ%rs%&:r’rcﬁre%%ﬂﬁ%ﬂcﬂrh Kedfted, %H%n&&%b%ﬁrﬂatl&i QGRS

t hrough a | ocal gas engine or throu an established for natural
gas. U S 5, 49@&5@9@@5@&%@%0@% Ged %erwafmpr&d@%daﬁ#mu@m&@amﬁh? #F manure

~including pects of the invention are not described by this reference. This applies, among other

20 things, to the pre-treatment such as the alkaline hydrolysis, welfare in the animal
houses, stripping of ammonia, wilization of energi crops, prevention of struvite for-
mation etc. and the use of kiogas through a local gas engine or through an estab-
lished pipeling for natural gas.

25 US 4,329,428 describes a plant for anaerobic decomposition, in particular material
from varicus green plants, and the use of the produced biogas. The plant is based
on the decomposition and caused by mesofific or thermaopile anaerobic bacteria. A
number of aspacts of the invention are not described by this reference. This applies,
among other things, to the pre-treatment such as the alkaline hydrolysis, the strip-

30 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

natural gas.

LS 4 579 654 describes a plant and a process te produce biogas from organic ma-
35 terials. Solid materials are hydrolysed, acidified and fermerted. A number of as-




reduction of the nitrogen concentration. A nunber of aspects of the

I nvention are 15 not described by this reference. This applies, anong ot her
things, to the pre- treatnent such as the al kaline hydrebysigh el bape in

t he ani mal houses, stripping of annnnia,gutilization of "energi crops,
prevention of struvite formation etc. an& the use of biogas through a

| ocal gas engine or through an established pipeline for natural gas. 20 US
5,525, 229 desgr.l . . | e digestion fepani c
cubst  at e arfiee giad pERFEYe RRERREHEE bOERRALRY, Tnel Bt SRo80 ofERS"ES,
descri bes septhirgsi tortheaptg-traadmentsnich at the ajkdlte dydrolysisi webrgdmihe adisale 25
followng a s t . . ' | Qi : Ot d &
forment od w TORRS SRBURLY| a8 s bh 2R et oy Aeslinet apiie for

preci pi t at ed metidroetcoarpiohe nes of bibjasthrqughta lgcal gas engine af traghian astab-
process- -The salid. fr ' ' eated in an aerob process and is produced
into con%ost,ﬁ$%¢?FFP§g%tﬂ§wh§ﬁ%%al foodstuff. Part of the produced biogas
conprising methane and C02 is reuse to the reduction of the pH level in the
30 1 au 4 1 raghlieibet 8NP RoBldsqR wiidhldniiRokia idGRRVEY Bk afe liggdn L1 aul d
fractions e. g _ lecanter centrifuge, and ammonia I's stripped from
the 1iquid byfractioribyfaegation. Repwber alaspects ahthbénvgatien are nof deserised by 8us A
nunber of asprfdendl ThikGoblbe BhoRg ofief it 1oARE id-hestmak: it RE Sikance.
Thi s applies, anong other 'things, to the pre- treatnent such as the

al kal i néOhy drifleyrsideolysise (ufikaetion Af ¢nessigrnealhnerbedRitatiny ofiB eorgyerdion of Piayy,
stripping of AUYERhRAiRGO hd MOGASHIHIRRY BhrbGEh 2 Wchl dkAdrighe &fin@08H dh

crops, 21 22 FEBRUARY 2005 prevention of struvite formation etc. and the
use of bi ogasedtablighietrigelngdal ngual 888 gi ne or through an established

pi peline for natural gas. U S 5.616. 163 descri bes a nethod to treatnent of
manure by which nitrogen is utilised in the production of fertilisers.

Li qui d manur elB<. 2001104 degeribasea plant foxm@erejc dpedisnshapmahmasusanddped. A
nunber asp, ; ' I | t{al - nce.
This apg I es, E%rr%rrﬁgé IS'EJH%F_ bi&ﬁlﬁér?gsﬂ}th g pﬁ%g%r@?ﬁﬂr@é%ﬁﬁ B}sbﬂc[%lcgrgbtgﬂg&rﬁ
al kal i ne hydreduget &y maspfileras theimopes amaeiehic hacisisanutiizes aiocat gagpow-

stripping of Ay @R@'héeHE’i@?%cﬁw%Q%@ﬁer@f&%%#nB@p uf%b%ﬂééfﬂh@%%ﬁti&ﬂﬁr@gi

crops, prevention ol struv ormation etc. a e use of biogas
t hrough a | ocket dgagribeddiviiais sefetemeaulgts applies amoeng ¢tegrdaings.gethen@ef or nat ur al

gas. treatment such as the alkaline hydrolysis, the stripping of ammaonia, the precipitation
20 of P, prevention of struvite formation etc. and the use of biogas through a local gas

engine or through an establishad pipeline for natural gas.

US 5,071,559 describes a method to treatment of manure, The manure is added
water and the mixture is acidified. Liquid is removed by steamproduction, which

25 again is condensated in another reactor and treated anaerobic to produce biogas.
The fermeanted liguid is fraction is then treated by an aerob process. A number of
aspects of the invention are not described by this reference. This applies, among
other things, to the pre-trestment such as the alkaline hydrolysis, welfare in the
animal houses, stripping of ammaonia, utilization of energi crops, prevention of stru-

30 vite formation ete. and the use of bicgas through a local gas engine or through an
established pipeline for natural gas.

WS 5,208,147 describes a process to treat manure and other organic componants.

The organic waste fermentes and is then nitrified and further denitrified. A number
35 of aspects of the invention are not described by this reference. This applies, among
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US. describes a nethod to treat manure by which nitrogen is utilised in
the production of fertilisers nore or less by nitrification. A nunber of
aspects of the 15 invention are not described by this refereROARYTTNS
applies, anong other things, to the preydreatnment such as the alkaline
hydrolysis, welfare in the animal houses by wuse of straw, stripping of
anmoni a before biogas production, utilization of energi crops, prevention
of struvite f tion f v&lfbm:lalthsgas
engi ne or thr° g E"' t{h%lﬂr !ﬁa‘hﬂ‘g’f %‘é@.%&“??&gﬁ’;wg‘?m (g 670. 047
describes a gamﬂlabu@sosiedungof@mmﬁﬁewﬁﬁ’ﬁﬁ"o@ §19PE Of® "‘BPDTB% ic
substrates to. /) gs eh§ns oBfhitoidhdan
describes a F%@g% tmn ﬁt%a%%hég%g& §gg%u{sﬁﬁ%%hg§%?|@| Si n% of slurry. Linme is
added to pH hatadumhadhap&’ﬂasiorlr@mﬁ@laaéd to at |east 50.degree.C for 12 hours.
Ammoni a '%s stripped, and is either discharged into the at rmsphere or
recirculated in the system A preheat chanber' can e used

decant er centﬁiﬁ@&&ﬁﬂea@b@élﬂlmﬁgmﬁ%rﬁ%wnPﬁ@“g?%ﬂﬂg SEE- E@@parﬁfmhﬂ a
liquid condi ﬁg%wzas nH%Erﬁ%@&@%ﬂthb%deﬁﬂ% ak ﬂwﬁbﬁmbeﬁ ppsipecifer-of the

i nvention are not descri his reference. |s a gk Iarmng
ot her thi ngs ence. Tmamlgstawgﬂh?f tsines tadhe H@‘t%a@?“ ﬁ&ﬂ*ﬁ% %j'ési' 0% welfare
in the ani nalm)ﬂﬁ}lis%f wWkatese v anllﬁﬁﬂﬁiﬁse@sﬁﬂﬂmg&ﬂ aﬁ'fmrﬁiﬁ'l?.ﬁilt@tlbﬁ!ﬁ}ﬂémrb" ogas

producti on, ion of energlr crops, prevention of struwt? ?r mat i on
etc, andidthe uns;E ofeveitioreef strtvite fgrmatiangia angdie wsr offiogasdbropsh g lvps

establ i shed fld @nio0En BREHaBlrGBPinchts REREMARY2005, 22 U 146 o
descrlbesapr CEss anic waste is treated in a thernofil

anaer ob react or followed by treatnment in a nesofil anaerob reactor. In both

reactors a produeh %; &E%ﬁ%ﬁ%ﬁc%%lﬁ%éﬁﬁlyhﬁféﬂirﬁ’@ﬁﬁ ofpharasprpengingl t he

i nvention ar his reference hi s aaflles anong ot her
things, to tHedpﬁ@ntqfémmﬂﬁ?@a@ﬁraéwtf”hEU'HPWaqflaﬁEe% 16F YWPEUSRAEf are i n

the ani qRl housaseObel®F 10 rétbicAt. THY dilsieRiitbrololRIMmAgE tbeeque. bi ogas

production, utilization energi crops, prevention of struvite formation
etc. and the tssment Emcbgaéhe @Ihaltsﬁgwd@ms@cafﬁlf@’aén teAWEaIdloupsd StipRING
establ i shed pérﬁfﬁ @eut @ét fiéhilgi 8@ps, Hr@véﬂﬁoﬁa?&ﬁwﬁa%rﬁ@ﬁsﬁ EResndthRr ocess

whi ch | - fil
in I C i qui organi c waste Is fer- mented IrppePXe%r sofi

process and tussrafibjodap ﬂéfﬂtlmfbﬁ fasat gas engingca drougihan gsiaplihisd P!

natural gas.

20
5 5.525,229 describes a general procedure for anaerobic digestion of organic

US 5,525,

substrates under thermopile as well as mesdfilic conditions.

US 5.553.590 describes saparation and treatment of kquid and solid organic waste
25 following a separation of the two fractions. The liquid fraction is fermented with the
production of biogas followed by removing of precipitated solid companents, which
partly is recirculated in the process. The solid fraction is treated in an aerob process
and is produced into compost, fertilisers or animal foodstuff. Part of the produced
biogas comprising methane ang CO2 is reuse to the reduction of the pH level in the
30 liquid fraction by a CO2 absorbtion. Solids is precipitated from liquid fractions &.g.
by a decanter centrifuge, and ammonia is stripped from the liquid by a pH of 8-10.

Reject water can be used to clean stables. 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 anima! houses by use of

35 straw, stripping of ammonia before bingas production, utifization of energi crops,




nents is hydrol ysed and acidifies. A nunber of aspects of the invention are
not de- scribed by this reference. This applies, anong other things, to the
pre-treatnent such as the al kaline hydrolysis, welfare.i A

houses by use of straw, strip 15 ping of .gnmoni a bef orezg{?:o%é;gJ progﬁb?i on
utilization of energi crops, prevention Of struvite formation etc, and the
use of biogas through a | ocal gas engine or through an established

pi peline for 0 rj<R&F bis ggﬁm OR gf Ripl ogi cal
waste by a hoﬂn%er%@bggéﬁ%ﬁ%%ngagfag??oﬁggﬁ% LLseat an %thl nags The waste

i s fracti onat@ue pnthcoughlangstabliahed ripgiokifer natyrakgason. The solids is produced
into conpost. The liquids is fernented by anaerob nesofil and therrnofil

process with production of biogas Reject water is recirculated fromthe
bi ogas reactds GG 183 desAitpsd l@athpdmweaiwgtsuf RefUEe bY whicmitfgasmis We- bNo -

gas reackor f§3(%@e(ﬁéﬁqidu9h£’l Hraiksefd. r ud Eﬁh d‘ér?s h&ﬁa}daébi‘ sh@r Gé\SE‘JHrH}er of

aspects of the Invention are not s reference. Thrs
appl i es, anorghiet Beynarta BGYipred. ﬂﬂ%bﬁrﬂﬁﬂﬁﬁ%ﬁ¥ he mygotipraaretnebdesakbed ne

hydrol ysis, wgl tfh%rr%fe'réhc.reh?h@@bms BAHRE Sther Hirlgs PRI pRLireHIRAl fchel ahe
bi ogas productlon utilization of energi crops. preven- tion of struvite

formation et calkalng hyd®lvsise welamgiintiesnimal hoysesby e’ say. drapiAe ob2M- t hr ough

an est abl i sheglopbiteld88ioh8s pRALMIGH LARSIHoral diSich oRp3, eferieRcr bemea method
to procude pasteurised conpost fromorganic waste and green 5 ant

mat eri all9. THermp#icsrets. Wé"ddlf'ijﬁﬁ ef hirggsibnoasl adpaabaamengge ‘JHB@[UQ angskove

55. degree \WepnbhRipRlieetr Rh@M geterial is added pHis low ered to 7-9.5_
The mixture is fermented. A nunber of aspects of the invention are 35 not

described by this reference, This applies, anmpng other things, to the pre

22 FEBRUARY [ rein
t he ani mal h?ﬁggs%%sdigﬁ%g% QSME@%@TE,]?Q@( r@éﬂéf%b%ﬁgig&ggﬁmgﬁﬁ lsgﬂtg%ﬁa
5

preventi on ofthgtrefkctien ¢ 3919 NoeR er leam by DilBicalion. Adﬂ"&%gﬁ%@%ﬁr%d@ a
| | | i f 5 US
ocal g3g engj, t|9F1 a?é‘ﬁ&Ll%Qdﬂié ec%itﬁlg BREHe PHRShhdes, é?ﬁcr%ﬁfrlﬁéﬁhln gas

5.86 3434 descr ab| i se organic waste egra atiron in a
psych rof ii tha pa%trﬁ@im%tmc@sﬂﬁ thﬁaﬂfahﬁﬁeﬁfﬂm'?%p‘wﬂ@ Iaﬁhﬁm@makﬂwwwh are

ggte grezg[ 'rrgﬁ?u Seltjécfﬁirﬁhssthﬁﬁﬁé BNGBmoniBIb2f P BldgBS prailiBfth, BlibSfiord B dMefy to the
crops, prevention of struvite formation atc. and the use of biogas through 2 local gas
engine or through an established pipeline for natural gas.
20
US 5,670,047 describes a general procedure for anaerobic decomposition of or-

ganic substrates to gases.

US 5.681.481 US 5,783 073 and US 5 851 404 describes & process and an appara-

25 tus to stabilising of slurry. Lime fs added to pH = 12 and the mass is heated to at

least 50.degree.C for 12 hours. Ammonia is stripped, and is either discharged into
the atmosphere or recirculated in the system. A ‘preheat chamber' can be used as
well as decanter centrifugation as well as mixing of the sludge to keep it in a liquid
candition. The sludge is spread to land. 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,
pravention of struvite formation etc. and the use of biogas through a local gas en-

gine or through an established pipeling for natural gas.




s

al kal i ne hydrolysis, welfare in the ani mal houses, stripping of ammonia
before biogas 10 gas production, prevention of struvite formation etc- and
t he use of biogas through a |ocal gas engine or througf paepsigy 2mized

pi peline for natural gas. U S 6,071,418 describes a nethod and a stystem
to treat manure with ozon in a way that 1nduces an aerob and an anaerob
zone within the material - A nunber of as 15 pests of the invention are not
descri bed by renc h r&gn,é);té@rtreaggy.ﬁgahemn he
pre-treat mant@é@ﬁ—é@ﬁﬁﬁﬁmﬁﬁgﬂr&ﬁ%ﬁ%ﬁﬁﬁygl?ds?ﬂ wel fare in %

houses, stri maag:bcréamnmfoﬂnmedmfma&mbﬂbgésﬂ%bﬁﬂﬁef‘?ﬂfeaﬁ%\}%ﬁ?ﬁ dﬁa‘ﬂ‘f’rs
struvite for- cHMRE 203 2sheHtOHORe Anlptd agamt engi ne
or through arf '%@F'é‘g%nl | ﬁ'ﬁatl‘%ﬂ g%’g% I he f‘%bu'ﬁg tural |t:Jgas 20 US 6,171 499
descri bes an despritmdesy thBtrhb[Erlce Tris applieat amenshelber BingadoithRivSiirsaiPe M ast e-
The vaste is anaeroh. Sl APSYEdolwaad el loans, usdiichaisstibi || zed

in a gas turbrrne’in co nat ur al he fernented
dehydrated gk bhenmbuddefars bigioes proguctios, at"iZﬁ&rfh%fﬂPr%ﬁ"ﬂBPamF“E"KB er
aspects of t rukfm/%%!a%}h@tﬁeaﬂﬂqheggéﬁfﬁl BveugRiaSode has @ﬁgf]ﬂe Dﬂ'ﬂhrcﬂ.lgappl i es
anong ot her tTings, pre-treatne such as the al kali ne hydrol ysis:
wel fare in tha m’uabi’&hethg'uslém fﬂ"swt!-“iﬁl 9%3.ng of ammoni a before bi ogas
production, prevention of struvite formation etc- and the use of biogas

t hrough a Iocal gas engi ne or through an_ established gwpel i ne natur al

fo
gas. 30100640003 dhordasepestPerTpresdUR vihish ligRidAng gald a”'&é‘&'éées'éée
stabilised fertijlz ﬂ@gpgmg&yﬁ] rOELrdltherdBPHRE MdrPBfiQHEsHsS. $aﬁ1|da:m:m|:fmer

reactor and the ada- tion in an outer reactor- %&)Ee_ of

aspects of t heentmnaéwdrcdmedraed Redifigast PUIBBE H\AasPedi of tP@f’B’PE‘iH%EfE
appi i es,  amngpLOSy thididdencd ThipoRés awo@.gfow&h 8421 M8 prberodtaant kal | ne

hydronS|s e ani mal houses ammonj a before bio
24 22 FEBRUARNCRGB3hg akalnedtdealysim weipeia #19 @mmélfh%{s?ﬁw HEe PR PER- et c.

and the juse Oﬁqn?o?%%nhﬁr% gg%@ﬁﬂ#cﬂﬁws LB S o0 neh r::ﬂﬂ:&hpr%ﬂeﬂﬁinasm i shed

pi peline”for hatural escribes the utilization Calons
and My-ions |$tmvﬁtef¢3'h'@garsei§r@ldijwﬂ Lﬁ?@ﬁb'ﬂﬂlﬁ%ﬂlﬁ%@ﬁla'P@ﬁﬁ@aﬁﬁﬁg'ﬁﬁfﬂ QiR

producti on. Aar‘?%@@l[sh@& oRRRREAP &Hrél hesinvention are not described by this
ot

reference. This a I es, anong er“things, to the pre- treatment such as
t he al kal i ne hydrol ysis, wel fare in the ani mal houses, stripping of

US 5.782.850 describes fermentation of biological waste by a homogenisation,
20 aeration and heating of the mass. The waste is fractionated into a liquid and a solid

fraction. The solids is produced into compost. The liquids is fermented by anaerob
mesofil and thermofil process with production of biogas. Reject water is recirculated
from the biogas reactor to the homogenisation process. Reject water from the bio-
gas reactor is treated in a plant clarification installation. A number of aspects of the
25 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-
tion of struvite formation etc. and the use of bingas through a local gas engine or
through an established pipeline for natural gas.
30 '
LS 5.853 450 describes a method to procude pasteurised compost from arganic

waste and green plant materials. The pH of the organic is increased to 12 and
heated to above 55.degree.C. When the green plant material is added pH is low-
ered to 7-9.5. The mixture is fermented. & number of aspects of the invention are

a5 not described by this reference. This applies, among other things, to the pre-




ammoni a before biogas production, prevention of struvite formation etc. and
the use of biogas through a | ocal gas engine or through an established
pi peline for natural 10 gas. 82 describes a plant a angh pepgrUhEBY 2005
produce gas and avoid spreading of har | 1 conmpounds to the surroundings
by washi ng the gas- A nunber of aspects of the invention are not descri bed
by this reference. This applies, anong other 15 things, to the
pre-treatnent such as the al kal.i 0l ¥Sitasa ilWRE BARe hbuddaestampingbi
houses, stri pEAREEBEIShADINGS 3?%5%&%9%‘8‘@ pr%‘c?uct,ign, I ev&ntié) Qfse
struvite for-animéniebefetebicamoprotiection cpreveriiod ghstryie SRIYIRIY" Fic &Y g’%?s &ngi ne
or through an_ estab: |ished_pipel.i P inrBadHERbst 9 hed Bip¥iHEOb 2 A& LS
descri bes a r?ég'r‘?gasﬂﬁﬁ“® %ﬁg‘%‘tg%tggngﬁgnprégﬁ%tion of biogas. Fibres and
particles fromasmanure is conposted and the liquid fraction is fernented
anaerobi - cally, stripped for nitrogen. The salts of P and Kis utilised
for fert?lisers by reverse osmosis. A nunber of aspects of fhe invention
are not descridedeBysithiescritesareeibed torstpkiisepparis wagiedHFSGEE M figs, to
the pre-treat ment such | K2l inRe: bpedpebty of e iflentioalelrt eesaibbtie
ani nal houses‘?sygtﬂrPﬁ'pa&aﬁg’%oérQ%ﬁ?rﬁ&n?g}n of orebbi ogas product i on Eﬁev ntion
of struvite flgrintreiznereecThiappplidseamers ethebinbgasiofh BsgrrampyeEn §alh%n-
gine or through an e i | ! dritfal HRls @ kivpBing @ Bmmonia before bio-

e BRIl fahitePLAE ol Pl Stphg

www. . i gb_f hg ne re en. describes a pr?c_ess }tvo l&rhoduce
bi ogas 30 fr ogasymoduction, Fecention efjstasie formatieetchandbriuge ©f 208D PN Aed to
produce conpost.. From L O L heidaithf 946 §&.l ected and is
used as ferti'PF@@??.ER%%QE%%@*H%céegtt%%?%gbcén be usedgto separate solid
conponents fromthe m xture. A nunber of aspects of the invention are not

descri bed by bgif,sgﬁei&r ;ﬁeg&g??}%n%me RinkiSSatyR M treirhdtiuré Mith9gon inGa Wb

pre-treatnent I ne hydrolysis, welfare in tg%p% ani mal
houses, stri piahigpdotescamantotaabeapaeadpbaare wildaiia naterial AdvERe 8H%f stru

22 FEBRﬁ?RY 200%5 §1§h§iirh%nﬁﬁ{ %tdupg?égtfg ed g,ig fRfertiSé. ThiskipBOSS alrldbg uter a

| ocal g engPFﬁ hr'ough an es I shed pipeline for naturalw%als;.
http//riera chiregsatathé preatjeaiiekbiushmadke Akalingdyerahses welfgiedn tha #Raor

bi by 5 . O i -in th
i ogas by ﬁ@%%?**ﬂ@@%%@f%*@?“‘? ﬁ@mﬁ%@@ﬁ%%@‘amﬁt bieEmiAb RuHEsdr-i n the

system A nu n are not described by this
ref erence. Thimtiapptdi esd themsag! bigpaethreusihrylocaliags enging Pethreughy defiiatlsuch as

the alkaline '?%%E%ﬁ/eﬁlhéfmvr\gurgrg%s' n the

20

1S B.171.499 describes an improved method to fermentate domestic and industrial

waste. The waste is anaerob digested with production of biogas, which is utilized in
a gas turbine in combination with naturai gas. The fermented material is dehydrated
and the sludge is diverted to a incineration plant. A number of aspects of the inven-

25 tion are not described by this reference. This applies, among other things, to the
pre-treatment such as the alkaline hydrolysis, weifare in the animal tiouses, strip-
ping of ammaenia before biogas production, prevention of struvite formation etc. and
the use of biogas through a local gas engine or through an established pipeline for
natural gas.

30
WOB400038 describes the production of bicgas 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
this reference. This applies, among other things, to the pre-treatment such as the

35 alkatine hydrolysis, welfare in the animal houses, stripping of ammonia before bio-




ani mal houses, stripping of ammoni a before bi ogas production, prevention of
stru- vite formation etc_ and the use of biogas through a |l ocal gas engine
or through an _ 10 established pipeline for natural gas$srpgrRUARY 2005
www. bi oas. ch/ f +e/ menmen. ht m descri bes pos§|blllt|es to reéuce m xture from
solid conponents. Rotating disc reactor, flxed filmreactor,

ultrafiltration and reverse osnbse is nentroned A nunber of aspects of
the inventio 3 r I ng
ot her 't hi ngs. CpicIRBIREN of rdne (ol ! SR 23 P R0E bRRHAT

wel fare in thecalgiamehgine gs teougixarn gxtablighed pipalivefpanaierbgas. b| 0- gas
production, prevention of struvite formation etc. and the use of biogas
through a |ocal gas engine or through an established pipeline for natural

gas_ 20 www. hVEHSE0SHH deesribpstbs atiizatiompiieatinstias Nmnep dhthediqaes#ardisn of
si lage egergiy, Cﬁ'@@fﬂﬂﬂ%m&?fﬂw QDHMerRﬂHﬁBé% E@Be&é 99@!@ if)MPtify OCesses

I s descri bed; age ener crops Is cut into 1-3 cmand directed to a
liquid fracti®g r@bﬁ@@nheqhgyt%referamﬁ dhisapeligs %H\?F‘éﬂihef@'?@niﬁe'ﬂeé’fe'% 2- A

dry fernmenta ngoémm%t JTRAWa 8 AllaliHe hyb RGRIEC WRIEE i fRRMiIMklHYREEs, adoma drur t her
liquid. A nu aspects of the invention are not described by this

reference. ThAamapiglhedere bingah §rosiusian. PrRvRGHeN ¢f stiuyie foﬁ'ﬂ%tlf‘t"reé%tt%ﬁ'ﬂe Y¥fch as

the alkaline Mﬁr‘uﬁ h Wedda %éﬂbrﬁé‘&tﬁﬁhﬁﬁhﬂ@%ﬁ%ﬂd%ﬁﬂéhﬁe R inBeLrAf
anmoni a bef ore bi‘ogas p oduct | preventionh of struvite formation etc.

and. tRA@ useg® bi ogas through a | ocal gas engi ne or through an
establ i shed pipeline for natural gas. 30 wwu bi ogas. ch/f+el 2stede. htrn

descri bes the production of biogas. The organic waste is hydrol ysed and
acidified in Eﬁﬁiﬂaﬁﬁ&@e@nw glaghenc @ metitsddn praseice ggs ped RYHR sPepding of

conti nous s %mr.%%aﬁo%n%‘?o% RuASHAIR Uy WasBingWhd Gad. RErPhSSHE bk QekOf

bi ogas. spects o t he |nvent|on are not described by this
reference Thﬁ-‘-fsih%tw.%ﬂw arg obdrnggbest bicthia neferepce. Tlys @RElgS aMeR@atient such

as the gkkali Hﬂﬁrg@yﬁﬁﬁé }ﬂl%!-l?eair‘{’@htf&fcﬁ als %@ékﬁﬁ@ g&%rgs%osréw% irh (e, dftham

houses, Stri ppi almoni a before bi ogas uct’i on, prevention of
struvite for rﬂmu‘c‘@ﬁ. WiRPINGelcANirAenia Sefom b'ﬁﬁ@‘bﬁ@dFﬁ!ﬂéu@‘ﬁ‘“’%{‘tlﬂﬁé’éﬁt”@é@ @hgi ne or

through —an eshatl bahgd tﬂbeeébrrea%ﬁthrtﬁrgrrra%cﬂ 38s efgif BPRFLgR art digab-
I nvention The present invention shall dénonstrate a new way of utilizing
ener gy Drops, lished pipeline for natural gas.

20 W(00842423 describes a method and a plant to the production of biogas. Fibres and
particles from manure is composted and the liquid fraction is fermented anaerobi-
cally, stripped for nitrogen. The salts of P and K is utilised for fertilisers by revarse
osmosis. 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-

25 sis, 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 en-
gine or through an established pipeline for natural gas.

www. igh fthg defUwbic/en/Manure en.html describes a process to produce biogas

30 from manure. From degassed manure the solid fraction is used to produce compost.
From the liquid fraction is nitrogen collected and is used as fertilisers. A decanter
cetntifuge can be used to separate solid components from the mixture. A number of
aspects of the invention are not described by this reference. This applies, among
ather things, to the pre-treatment such as the alkaline hydrolysis, welfare in the

35 animal houses, stripping of ammaonia bafore biogas praduction, prevention of stru-




e

nanmel y through anaerobic co-digestion in faun scale biogas plants with

ani mal manures. The process also includes slurry separation, i.e.,
refinenent of nutrients in 10 the animal nanures. The EBVEEHL@(R‘(:BJDUE&I SO
be used to co-digest animal cadavers: neagg and bone nmeal etc_ wth aninal
manur est energy crops and thus to provide a way of disposing off aninal
cadavers etc. while at the sane tine facilitate the production of
fertilizers 15 prod ced fr ReAfasWagineréhrongh sm t h t he
crops, manur ede 2‘?&5"’3 O R aﬁ%@%@%ﬂaﬂég?@ﬁghﬁﬁ@ ?t gigds& blge to use annual

f odder crops satatiisbed maeltr@formﬁiurﬁégﬁﬁr clover grass, all crops with a higher
dry matter vyi eI d per hectare than grain cereals. The fodder crops are al so
beneficial as "green crops' and in crop rotations. 20 Thgl F’% ﬁgtentlal
when using t hetméteraseetta pimagpsiukbio mass. rnglesaribes A PiogHCIOR fhis be
dernst Bl o0 SestLaREaa0h, A90CHR ceﬁﬂﬁugéeﬁnrt%l usAdh mmm Wi sirater-of under

a w de v riet unst ances - t he bij ogas rodulgilon based on
this concept sdypmkts uﬂthEtIheerﬂm@f%nﬁé*eéﬁl*ﬁ?@thﬁth'&ée% eoHIHAPRES1 L "M use of

natural gas a Eﬁ%fthe\/ﬁkﬂm@! A rsahlevam@rt the
subsi di sed. nﬁj'?e'tstma sgt%ttﬁem\?ﬁg{déﬁb?% he energér;évg uction shal.l

constitute a snitrst bouses]suippy: of aprmenia bB‘é’m’ EiRa@dh @Bngrﬁﬁ%rﬂqﬂgr?f ST o

the sane orde B BiScsQhronah Hledal gasSerighEooitthdBon Ba
annual ly), In{ugeg‘F Ion %g%ﬁﬁﬁﬁe lé%t?gct are thgﬁ bene?gﬁs in ternms of

envi ronmént , establishedeipelinefogRaturdassafety. 30 Parsby has estimted an
energy potential when using energy crops, in particular grain cereals, to
50-80 PJ annually In the short runthls requires an area of . SOfQ:1 ha and
in the | onger wistbianasehdirefiememhinpdeseqn eﬂ-&?/%@g\“es iR MV E TP et t er

yield of 15 tong Rer o*ﬁanisnﬁ%ﬁﬁ%mga%aéﬂjrrﬁewpﬁ réaRidiultlaiiestiondinneiregas
pl ants the 35 energ potenti al becones about 100 PJ annualli‘?f&ﬁge‘{ ner gy

fromthe co-dogessed reentpasRArMberes aspectyefile Byeaiag are §a this
(about PJ) this %@angh&%pﬁg tam@%mé?}‘tmﬁ@sewhterwe trgheiahs spdh girthemat t er

may substanti y excee

resent levels, i.e rder of
25 tons per hetabnehydolytie Vﬁﬂgéﬁ pfihe ﬁ@“’iﬂhWF‘oW“?pé #%PWQ{‘?P&‘. §

processes whi %Qs L2880 Bﬁaruﬁﬁt%ﬁq?fg rgwfe IS atioR B8l WeH it useSHiHiguisniroagh a
ammoni a and a®su seque opt 1 ona urt er use an rocessi ng of the

P
di gest ed and ducal gareehginmerthrough BB eptebired\QiReiRg for B2 gas.

20 www.biogas.chifte/grasbasi.him describes anaerob degra_dation of silage energi
craps and manure with the production of biogas. Twa processes is described: 1.
Silage energi crops is cut into 1-3 em and directed to a liquid fracticn containing the
manure. The mixture i fermented at 35°C. 2. A dry fermentation of manure and si-
lage energy crops without adding further liquid. A number of aspects of the inven-

25 tion 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, strip-
ping of ammaonia before biogas production, prevention of struvite formation etc. and
the use of biogas through a local gas engine or through an established pipeline for
natural gas.

30

www biogas chif+e/2stede him describes the production of biogas. The arganic
waste is hydrolysed and acidified in a rotating sieve-drum from which the liquid frac-
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,
35 among other things, to the pre-treatment such as the alkaline hydrolysis, welfares in




It is characteristic that the core of the invention allows further sinple
and robust 10 processes to be integrated with the core of the invention. A
sinpl e and robust en ergy plant with outstandi ng ener gy22REBBLSKRINFIID
performances as conpared to conventionapgplants is achieved. The energy
plant is further integrated with the managenent of the ani mal hol di ngs and
the agricultural |and. Hence a nunber of aspects constitute the invention.

15 In a first preferre S : i albeaie By abercapplidnegreventosriat
i nfections ar} 3@'5}%5% i %ﬁ?ﬁr}g} BearhAYE ¥

m crobhi al and parasi i Rs.gRuch as
Canpy! obact ersintd formtie ¢ta, anddhe s af b'?@‘ﬁéﬁ@“ﬁﬁa I%?aﬁg?sg?%%?%@i Al and

parasitic organi . L AN nAigiat 644 tural |and. The threat to humans of
bei ng i nf ecte%’?%éﬁlﬁh%d &Eélbcedr?f no? elim - 20 nated. In a second

preferred aspect the invention nay be applied to reduce BS prions

contai ned in ganur 1&9«?‘ tish aught er house waste, flesh and bane neal
etc. Thig isgﬁ@ﬁ}%@g(ﬁ{ y gé?:(ljnbi nati on of pre-treatnent and digestion. As

part of this aspect, 25 the present invention provides one possibility for
handl i ng ani ”ﬁ'lr‘e @%@,Qﬁ{ﬁﬁﬁanﬁéﬁ akhgent @istreussewaay of eiliging whee EoRtb| es t he
e

exploitation nutrients contained in th | INR PirAR ma-
fertilizers. fmanoelyddaush anreipRlf 6?"1@9?%%'5??%gcg%ea%@%rqlgﬂg con- 1 ained in

ani mal cadavefg.e orBREkhANAinEmads Stiey sdqratains ce. mefivereent of suliepts in
sl aught er house " Waste, etc. during the process of the invention is a
prerequiidi t e frarani®gl mdMgehay of handling the waste This is achi eved
according to the invention by a conbination of pre-treatnent and

digestion. This procedure is an alternative to th e BSROMES
(however now Phesweentign godEsPe B3y PrRIVEAL r?:ln‘:%dsalvg% ﬁf)é?; a'm{ ocessing

ani mal car casges i affI nnuRlshHesgyeddppaatiins tgprouice GuERY T SkAREBEISlich  as
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Inﬁaa ? Ri rd%?@hﬁﬂ' @égﬁ@g%g’;?"f"wgi %'“Eb/%‘ﬁf!aﬂ%ﬁ%ﬁg@é"ﬁgetszgep?'?’gﬁ&%% o (Eepar ate the

mai N nut Lé, - enj S Akl BARRe (it Bl RRins hastes a(dP) Withdhe amPRenandRBFEs and
refine the nutrients to fertilizer products of commercial quality 51n a
fourth preferred aspect the invention nay be applied to produce |arge

amounts  of biﬁgﬁgnégsgmeaigwnmemm@gm@t@umanmmmgewqﬂ@%wwﬁnﬂ% al |

types of an mamai;ze of clover grass, all crops with a higher dry matter yield per hectare than grain

cereals. The fodder crops are also beneficial as "green crops” and in crop rotations.
20 The energy potential when using the set aside land for energy crop production shall

thus be demonstrated by the present concept.

The central and obvious vision - under a wide variety of circurnstances - is that the
biogas production based on this cancept shall in the future be sompetitive com-

25 pared to the use of natural gas and thus he commercial attraciive and preferably not
subsidised. It is also the vision that the energy production shall constitute a substan-
tial part of the Danish energy consumption, i.e. of the same order of magnitude of
the 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.

30

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
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

35 energy potential becomes about 100 PJ annually, The energy from the co-digested




nures, energy crops, crops residues and other organic wastes. In a fifth
preferred aspect the invention nay be applied to ensure optinma! aninmal 10
wel fare and health when stabled in the ani mal houses whipdeEg&RUARY S@0E ti e
reduc- ing emssions of dust and gasses .g#ich as ammonia This is achieved by
flushing or re-circulating reject water through the animal houses. In a
sixth preferred aspect the invention nay be applied to benefit fromthe

full 15 range_of a ages LAh&d et B whith ene/ Gl UGy RS pRicdeds bfe t he
i nvention In ﬂ??rﬁ%%%méef er rggég@% a?%s any ) i nati

conbi nation, of the, gor
i nvention wi tyweldngl dipenatier rrmsrsabatantialiﬁewa&ér‘hﬁ‘aer&é%‘ﬂtée*f?é%f?oH'&E‘%r?éﬁ“%e

preferred. 20 | ef | Mafs Of the Figures Fig. 1 discloses one
preferred enb%ﬁ%'l ngtsl?gﬁﬁts%{e present invention. In this em bodinent,

manure, preferably in the formof a slurry, generated in a house or stable

(1) for éhe rearlng of.anidMbsis 4 ArhdicaiRe HpraResids viicinalosys istreasealbipi gs,
cattle, 25 horses, g | udi

oats, sheep, and/or poultry, inc chi X
turkeys, duckgas pedsdionasidppingel gmreniaegd @r%ﬁé‘%/%FPQ%PtPBE"Qg%%r”%g%‘@aor bot h
of a first pr&%gﬁ,ﬁe&qhg dRkstbd hnd@BribEsd EmAecndrefewatal ment tank (3).

The working principles are"that the manure, preferably in the formof a
slurry includ- 0 ing, in one enbodi nent, water such as reject water used

for cl eani ng {he  OLIFERE 13k &l Qre bbtheinehfigtlaliowstixehdrisisile pneToisat ment

tank corn prising a stripper tank, where nmoni a 1S, Stri {RANS of
addi ti o0t o t eecessesppbe intagirtedrvith the comdf NifdMEntiop wﬁgﬁ‘ﬂﬁ%%r ,

addi tion of C?ﬁ.grﬂ%rﬁ%t%@fﬁr%iﬂgt@‘éﬁﬁ'ﬁ étohymhEperiahmandsalos copipacsl tprior to
s

the entry of urry into the first treat t .tank.ar ri tank 35
29 FEBRUARY 200t/enbonal biants 18 arboveedha eerae pauie v tF: sreecistafifihe &1 250

a later stageyheemBReiiRAdHMBEhddRde SRR ngiiagutd @nst Hemppes nembér dfs
subjected to stripping and/or heat- 1ng, and the stripped N or ammonia is

preferably absepdséricpEiivie 8 HEMY stored in a separate tank (11), The
stri pped.lg\l i ncluding anmonia is preferably absorbed to a 5 colum in the

stripper tank conprised in the first treatnment ta be e A l,- rected
to the separ aﬂreaf@wreﬁ%rre%@&wageesta?ﬂ'bmﬁ?g&?f’%ﬂegli% '{nlgétdp]{%at'&ogﬁ gdest by

m crobi al  or 9gPie3ATf D ShiROREN PR pardstic- paiifestfeat soeh @ Gapppbleacid fal-
pretreated in maun%ﬁg,o‘fgedrsiﬁiga,eﬂ:aer%tam%nsemiﬁa?'%crgg?m qu p?afragif?c QI%IEIHing to air and
agricultural land. The threat to humans of being infected is thus reduced if nat elimi-

20 nated.

In a second preferred aspect the invention may be applied ta reduce BSE prions
contained in manures, fodder, slaughterhouse waste, flesh and bone meal ete. This
iz achieved by a combination of pre-treatment and digestion. As part of this aspect,

25 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 andfor elimination of BSE prions con-
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

30 this way of handling the waste This is achieved according to the invention by a
combination of pre-treatment and digestion. This procedure is an alternative to the
present proceedure (however Now presertly prohibited by the EU commission) of
processing animal carcasses in ¢central plants and producing various products such
as meat and bone meal fo be used mainly as animal feed.

35




10 directed to the first pretreatnent tank (2) conprising the stripper tank
as described herein above. Such organic materials typically conprise a
significant amounts of e-g- cellulose and/or hem ceil ubosggrandtprabs gnin,
e.g preferably nore than 50% (ww) cellygose and/or henioellul ose and/or

lignin per dry weight organic material, such as straws, crops, including
corn, crop wastes, and other solid, organic materi al N

i ncludi ng a I é{%ﬁf‘ rﬁ%ﬁﬂd}ﬁﬁ & QBbilci9o BESIraRARG hali @R C Ma-
terial, In bop% Hﬂ% &z’gwthe'sece %etrg%t ment 'fé the slurry is

subj ected to ents hitogem#) andcphasrtaris () dios) §Emal MPRYED 8PS "fo'r‘i@“?%ﬂ"btﬂ? ure
and/or the pﬁ%%,?,lﬁr,&r %@Egrgffcbﬁ,ﬁ,@trémd@hgher in the second pretreatnent

tank, which is here ore preferably de- Signed as a cl osed system capabl e
of sustaining high pressures Finally, the slurry having been subjected to

a pre-trgatmegt, esnﬁﬁ%raﬁ&pteenﬁe ThveAiivia) be abﬁfeertalplrc}dude lerge edouaisat
| east one thernophi 6) d/

e reactor and/ or | e ﬁ% bi ogas
reactor (6). WESJWHW%%E%&U@EPW? sa'rﬂ@é%%ﬂﬂ'a a%ﬁ@ﬁp%f’r ﬁmtahe

reactors concQirt aitchyy %’M:E@cFJh%r@ér@lﬁBstr!dQﬂhérfcr@rmgasmes .- gas consisting of
mai nl y nmet hane optionally conprising a smaller fraction of carbon dioxide.

The bio gas reactor(s) preferably forns part of an energy plant for
i npr oved prodrhgsr:fﬂrl oreferreBNRpE the MURiitioe resdenasplisateeisaie eptsalatesl 30 The
|

bi ogas can be diverted to a gas and he e y ne f this
engi ne din bewaiag and hrakih W?‘%Sté’?lreg @‘\EB(”HW @@% t%ﬁsﬁégﬁs F%:ég'nm al so
be di - vert edjgniQsdor0oMREC gzd%h@é}ﬁﬁ:h@smhn‘rﬂﬁa SHra¢ rachieppd by figstgusehol d
and industrial ™ custoners. 35 22 FEBRUARY 2&05 30 The remains fromthe

anaer obi ¢ f er repitetatipg reiegtwaten throug e APathoyses ur ry conprising solids
and liquids, is preferably diverted, in a preferred enbodi nent, to at | east
de- canter centrifuge

) for separatln sol i ds flui sult of
this separati b pigth FHﬁf(Eéde pakRyt thedpyentig |”?f5'ft?‘aa%ttp§i %‘ﬂt Eﬁsfscfnr?g"ea#l’uﬁmst
excl usi vl y Prd2BQs BhintagetieBodised with tifd vdribas bssed efdbt imdeftianct i on
preferably conprising alnpbst than 50% ( )w) P (12). In the same step (7),

or in another decanter centrifuge separation step (8), an at |east

sem -sol i d frapfulnRer Reriedalhycts aRpedmhingionl oiast cees divasiioredith sy put assi un) ,

such an at |east sem -solid fractjon preferab onpri sing nore than 50%
(Ww K (13) fwre of the other aspects mentmned may be pre“ex % dl 9 0

20 Brief Description of the Figures

Fig. 1 discloses one preferred embodiment of the present invention. In this em-
badiment, manure, preferably in the form of a slurry, generated in a house or stable
{11 for the rearing of animals, including domestic animals, such as pigs, cattle,

25 horses, goats, sheep; andfor poultry, including chickens, turkeys, ducks, geese, and
the like, is transferred to either one or both of a first pretreatment tank (2) andfor a

second pretreatmert tank (3).

The working principles are that the manure, preferably in the form of a siurry includ-
30 ing, in one embodiment, water such as reject water used for cleaning the house or
stable, is diverted to the first pretreatment tank comprising a stripper tank, where
ammania is stripped by means of addition 10 the stripper tank of e g. Ca0 and/or
Ca{OH),. However, addition of Ca0 andfor Ca(OH); to the slurry may also take
place prior to the entry of the slurry into the first treatment tank or stripper tank.

35




preferably al so obtained. These fractions, preferably in the form of

granul at es obt ai ned after a drying step, including a spray
drying step or a slurry drying step, pref- erably conprpseeBRURHNOROIS i n
comrercially acceptable purities readily,ygsable for conmercial fertilisers
(10). Such fertilisers my be spread onto crops or agricultural fields.
The liquids (9) also resulting fromthe decanter centrifuge separation

step, such ﬁd@%@ﬁéi a%ctﬁe%ll% (ﬂ'l & aﬁ'ﬂfﬁﬁ@é@!&%r%ﬂﬁm&ﬂﬂiaﬁakha‘ i el ds,

t hey can be abl e or ani rral
sewage treat rmaﬁ-eamshelﬂnk bomplaﬂlmmﬂﬁﬁé”lﬂpéhﬁalﬂf%memwg 'ng}g ﬂﬂﬁécfrtrh%g ment

tank may be su ﬁﬂ#gEpe@h%%&m@m{ré@hwmbmlpmgrfdwngsstb&@enﬂanks

(4) conpr|S|H *f e organic materials The divyertio

or gani ¢ mat erdeplasaté carki{é1 ) Whnsﬁtripp@d Neaaplyrlng am BRI ais Pt AR F'E%“rgﬁdg Step
i nvol ving an anerobie fe pgggggggbgﬂpﬁé&hn%ﬁsﬁmahh@ﬁtﬁmémm Hefrrgnaint at i on

tank capabl e %Efl TR oV I'ng romthe silage. Additionally, straws and
e.g. crop wastts tothegarardteprkiomiagsfcul tural fields (5) nmay al so be
diverted to stables or aninmal houses and later to the first and/or second

pretreatnent tank. 25 Fig 2 illustrate n_enbodi mrent ly as
described i n Srganicimaleialswiffievltcta giggsk by WQMQFQ%H"%‘FHWQ&E%S%EC@{ P) is

collect ed ol }-aWaAdn 4RCANR t%Pfs@irehttegﬁea%e@ﬂrdaimmmmeamnmawrmnmneh“@form
ec

of reject wat 'S CO n aseparatetankfor furt tion
i ncl udi n@ f ur tinented ertbe ffst pretrRatmenkiRg (2hgompisedne sHRRE Hgn“n%ﬁy%érsur‘% ?’g%f t he

remai ni ng sol hg‘% Jthve. S8oh J}gaﬂeﬂﬁt&a& tyﬁﬁalﬁre:ﬁ::a{pnee beigrifiteat anosuntPot assi um
(K) 30 may als be separated fromthe q_ jds at this St 398 an
i|lustrates an genﬁb’&ﬂﬁﬁeﬂrmﬂf%&ﬁﬁh‘qﬁwﬂ@e %”‘g‘? nﬁ"l”ﬁ PEAPEETRIN 3%? dthe conbi ned
bi o gas and slkrem Yo R Sl MefisEl BB R ERE0AIghth pav dqheeghbw'garmclﬁmwwﬂu on. In
this em bod 1) no biogas fernentors are used &' S 'aﬁ Eﬁéﬁjltlng
from pretreat s@&h avsraws, cEaPet IPEEFIRG AP Srﬁf??agf?e" Q‘f Ra7 ﬂgP ? ?ﬁ

subj ected to decankay ﬁﬁﬂﬁﬁnn%hs 22bfeBEMARYIRRQASdthe prste&ﬂenhbﬂgenlc(rm-and 5)

follow ng stripping o I ncl udi ng ammoni a and collection thereof in a
separate tanktgrB).. Separate and at | east sem -solid fractions conprising P
and K are obtained (9 and 10). 5 Fig ~ 4 illustrates an enbodi mnent wherein

the potassium (K) is not se pa rated follo decanter .cenf rJ f ;
separation as lnibetbrtng et pest t"*ﬁﬁ@“@?%&?"ﬁ%tme“ ‘iﬂP@gFF‘r Sy 'S %Ub?qgtéﬂnftm Erurt her
separation of K, framheydeiyes! HIRERT, 1BE Rarskistutd yndiord theptaduness mignifi- ever
Possi bl ez:] cantly higher in the second pretreatment tank, which is therefore preferably de-

signed as a closed system capable of sustaining high pressures.

Finally, the slurry having been subjected to a pre-treatment as described herein
above is preferably diverted to at lzast one thermophile reactor {6) and/or at least
25 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-
gas reactor(s) preferably forms part of an energy plant far improved production of

energy from the organic material substrate.

30
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 bicgas can also be di-
verted into a commercial biogas pipeling system supplying household and industrial
customers.

35
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Figures 5 and 6 illustrate a preferred enbodi nent of the system according
to the invention. The individual conponents are described herein in
detail. Further preferred enbodi nents of the present i ngeRARRUALREE 2005
described in further detail herein belowy 15 Detail ed Description of the
| nventi on The present invention pertains to a nunber of individual aspects
as descri bed herein further bel ow. 20 The first aspect (sanitation) The

first aspect T] ﬁﬁ%%ﬂeﬁﬁérﬂgtrdﬁ s8l1 ihithiSford &F aGRirryohquisdgor
stable for the rearln ani mal s including donestic @nl rraL?falt uch as pigs

and cattle, a&n!lﬂeﬁn'éll%d%&Uﬁ@%ﬁﬂ'&@%l‘%? refeyrece TPHHRY: F5 Honi a and
pre-treat ment ofe LGy $}f’o€l&@par§ﬁnymd@aﬁdmur.@ls etmeremmmtmmeeamamlsgy

pl ant for inprove roducti on of energy from F t)ng e )e stem can

p referably camailgasteemipolisiraction ﬁfa’agf@'%ﬁim&swﬁ Uspely Qﬁ'ﬁs%ﬂ?& U

lC):ia %gas rcg?&;’én aﬁgéiéﬁtsbﬁlln%! ﬁm&ﬁﬁgﬁﬁaﬁlﬁﬁumaﬂém@muﬁe thavisoes fvow) aqm}t Iron off
or to the slurr an a tion.c er at sis o

eg. sul phuri cthegamg step gt}o?ré'b@"?tﬁ?ﬂ{‘? tef ﬁ@tf%ﬁ?'ﬁr@t&? e%fdreg’tal{ﬁ%%&

storage tank {&yi. ﬁng%&mﬁ: p@iemmwc@apreﬁwbﬁw SQQSIvaY KTipetassiothicehisinogas

can desirably be used, f roduction of current an not or
and gener at or @t lp&¥ 38@!‘?“3% Paﬁ'%’? BYELRSRRY GRTRESIEMETS %E‘Q%ﬁé‘t t{E@%ﬁeat

plref erably U;Sr‘éfefrﬁtﬁly E%Btdbfﬂneﬁif Tﬁe&hfra&itlum mrﬁe%@gnmmfohmﬂemesﬂhe ener gy
plant according to the invention has an oufstandi ng_perfo erns
of the dRer gytaEEEEENE JEP. GHFING AGSTYATENS FERCLE TN AT ER PoThe

out st andi ng. Pefab @RAFEe FandRs Picorhniucialcamaptaole mmtreé -y ogabi ot of

the substrate to est e ani nal manur c
substrates. WA "rr»&r%f%mmﬁ%f sEen e b SERE AP AR A lRat o1
gi gest ibog 10ridihe ﬁﬁwanlklagﬁ%@s@emm@ fechnuthe be¢dmmrmemsrmge sepamtion skepar e
escribed in nore detai er ei e central

sani tation asﬁ‘é@‘ta%‘ﬁlqch‘é’aﬁeﬁféﬁﬁlstﬁ?ﬁ)q ‘@‘"’%FE@S agw%tgr%%@&?ﬁ%?lHS%J%gIVt?FE% one
or in combi nabh@roth@stabe anidial hogkey btlintd a pewage treatment system.

In a further embodiment, the first pretreatment tank may be supplied with organic
material originating from silage tanks (4) comprising fermentable arganic materials.
The divertion of such organic materials to the first pretreatment tank may comprise

20 a step involving an anerobic fermentation such as e.g. thermophilic fermentation
tank capable of removing gasses from the silage. Additionally, straws and e.g. crop
wastes originating from agricultural fields (5) may also be diveried to stables or
animal houses and later to the first and/or second pretreatment tank.

25 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-
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)

30 may also be separated from the liquids at this stage.

Fig. 3 illustrates an embodiment comprising a simplified approach to the combined
biogas and slurry separation system according to the present_inventinn_ 1t this em-

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

35 ment in pretreatment tanks one (2) andfor two (3) are subjected to decanter centri-




treatnment steps described in detail in the follow ng, 15 Pre-treatnent of
slurry followi ng renoval fromthe ani mal houses can include any one or
nore of the follow ng steps- 1) ammni a stripping, 2) hyd Ff‘%l \QED ganl c
matter, 3) sanitation of the slurry, g g¢duction of foam forna |on
flocculation, 6) precipitation of P, an 7) prevention of struvite
formation. 20 The working principles are that slurry is diverted fromthe
first device & & | I I mgqgl [MalelcToR f
addi tion of % ﬁéto%%)@ana%?gﬁﬂmﬁ il hﬂggjtﬁdlﬁ%g absorgrye{%(g&?rﬁegﬂrgol um
bef ore stor e&hﬁ’rﬁ“fa‘” @aﬁ?ﬁamﬁ taﬂﬁéa}sﬁﬁi‘é’ﬂ’"ﬁierﬁé"dt%éeaséﬁmlr%ﬁ“i* Fraglisssomprising

t hermal and a:lg,a;lKa?é/gmgin)églgampﬁ?ferabl y by using a |inme cooker. Finally
the pre-treated slurry is diverted to the third device, consisting of one
or two 25 thernopile/nesopile biogas reactors, where the slurry is

di gest eds ana@ighy |¢@tr|alésl—ﬁ'|"rerﬁiﬁd s uﬂ'l’e‘PQH@ﬁé ﬂﬂa@.ﬁur@'{@géﬁﬂt’ sépa?atecg%ﬁnw-

consi sting of i nl ne with a small fraction of carbon di oxide.
The bi ogas |é”£$%|“¥eéﬁe'ﬂtﬂ Lge geRarafign ﬂ%d%b?%@rﬁﬁaﬁm$mﬁnﬁlmsﬁﬂtﬂ¢gﬂ ne is
used to heat Fihd. FurhdtRepariabiiof K R8maHs f@é\tm@t@céus@ét.uemseﬂuectee @H&« net _
30 As straw and FF sbilfﬁly al so sawdust is significant fraction of deep
litter from &XFtHE d poul try hol di ngs, there is a need for a specific
pre-treatnent of these manures before optimal use as substrate for nethane
product j.on i b|o res- sure cookin resents one

o of or r 5" or Bih228 For BBl Rs s wiferRn e o S Beeylem ddeBiing B400d by
this technol mwntntanThlaumdntb@.lamﬁtﬁpmd el ceséied RAdIANEdAERduUction 35 in a
nore efficient way and result in an increased biogas production,

Addi tionally, it 33 22 FEBRUARY 2005 is assured that uric-acid and urea

di ssoci at es Fqnﬁénmeneﬁea@ﬁwbbhﬁterﬁ SHeRE B8RV B BreEREHADNR Tue?

di ssolved. It is hereby ensured that the inorganic nitrogen fromthe deep
litter can b&SESIPER BRIOWN the N-concentrate by the anmoni a stri pping
processts 5 The avallabl lity of the Nin the deep litter and poultry manure
to agricul tubf" s is _therefore substantially increased. It is
estimated th t"t' intipg of the Inveatiedn effi- ciency can be increased to
about 90% as is the case for the other manures treated in the biogas and
slurry separ F'I on plant according to the present invention 10

Al ternati vel 3 ePfesﬁﬁvnwt'ﬁﬁﬁﬁﬁﬁﬂi*gt%“t‘@bﬁ jdngividund apasts a5dersribe® in the

first therrnBersin futther below.

20
Tha first aspect {sanitafion)
The first aspect includes a system consisting of a first device, a house or stable for
the reaning of animals including domestic animals such as pigs and cattle, and/or a
25 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.

The system can preferably consist of an animal house and a stripper tank and a
30 biogas reactor. Additional components can include a device for addition of CaQ or
Ca(OH): to the slurry, an absorption column operated on the basis of e.q. siiphunic

acid, a storage tank for the ammonia concentrate, and a storage tank for digested
slurry.
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or nesopile reactor before passing it to the stripper tank. This depends

on the qual- ity of the manure and to which degree the uric acid
di ssociates due to the two dif- ferent treatnments. Expe?? ERBRUgHYNZMWSaft er
some working tinme of the plant shall «clgify this. It is inportant to

stress the versatility of the plant which allows all types of nmanure and
energy crops to be treated. The technical construction is relatively sinple

because a scraw CONKEY Blogad HhPBEsrabl dehustdTBORo@iction obtdremaded béatriuist - and
acid proof steel, convoyg ' '

the biomass injo Q li cooker I he nass
i s heated by Q@Sm%@rrﬁﬁchﬂ%éfﬁt‘éfnﬂ'le&“i@@t-@B%@% %‘ﬂ@g 3@5&%@&?@%‘&2@%#@%{ 16 bar
during the 53,]1991?%{]&8 HERRERRbYe § Murnhendmisairhal Hoesed. Maatepdrgy Fatuni t to
be constructed shall

¢ be able to produce tenperatures .and pr u in 25
t he tenper at mﬁéﬂrﬂméﬁmﬁ'”ﬁ"“%(ﬁ‘?géﬂ ouslangiig ggiropan e ‘B(B%Slsbq(?g%t%r%z%dj ust the
tL eatneng to pqmd(‘jc%#ﬂgr Lh-iiicﬁm&?ﬁé tie@telgn ﬁiagﬂ@'it.e'ﬂ;é outstardipg aarlfnr;a:woeiﬁ ng toOI
the invention under ue consi deration . to use of .ener r an
techni cal parasfeved By EFBWWB?%{ E@ﬁreta%?gggﬁtessugstgagﬁg%ﬁe %@%Eﬁegmﬂﬁéﬁhﬁ]ogas
plants. One peh8IFSdIredd hei wgarfiosubstratesawith sigppiognf sromeatei fomn the bi ogas
plants, in particular when s lied with |large amounts of biomass frome.g
ener gy crops,5¢§tr?t§$’§fc’6‘? F?awlﬁ%gﬂ'geﬁt'%di tion to the effect of foam control
also is a substrate for nmethane gas formation. C a-ions are also very

efficient in control]ing foamas are_nan |t S, : e 0@
control Png r‘?ﬁ'ﬁ‘sﬁﬂ”@“‘&gegﬁﬁsoﬁ@'ﬁ@’ &’ﬁ\?é‘?%ei”gﬁx'%@m&a%(?%%%g%m@P'fe(ﬁ%é I

addi tion to iHceid peRish@ncakhiataspesnf trensitatam dspect dbtippihesmdnniing ptehe
slurry with Ca-ions is also be 34 22 FEBRUARY 2005 |i , inmulate the
Formmti on of TeAOR: SHp ERE ‘BRCEST MaPorINEen o L ETy G 8k T L8 0

t hus the per figsdimaststeds ddserimatbiardetsildn thedelstwian. Accordingly, if additional
foam control and/or flocculation is needed in the process 5 because of a

very high gas production the fernenters may be supplied directly with Ca
and/ or ngpe obfe-treafhentaddivtrydollooingCa (O droom th@a@imal Houadsean ibalude any

I pitati f  bi Ca . Thi s,.. .
Concent r at1 orPTPrdBR e g ki sere v areansSubiid S RRetr S verice
reducti on of memsn Bosamitbticonofting siugin 4) eelicéoh obfoambomadicoxF)decesdtedi 6hs. 10

Addi i on of GALCHL2 21 630, ) SQUIEEh L9 TokbRPI NG of amoni a and

20 The working principles are that siurry is diverted from the first device to a stripper
tank where ammonia is stripped by means of addition of CaQ or Ca{OH);, stripping
and heat and absorbed in a column before stored in a tank. At the same time the
slumy is subject to a thermal and alkali hydrolysis, preferably by using a lime cooker.
Finally the pre-treated slurry is diverted to the third device, consisting of one or fwo

25 thermopilefmesopile bicgas reactors, where the slurry is digested anaerobically un-
der 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 to the net.

30 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 aptimal use as substrate for methane production in biogas plants. Lime pres-
sure cooking represents one preferred pre-treatment method in this respect. Deep

litter treated by this technology ¢an thus be made available for methane production

35 in a more efficient way and result i an increased biogas production. Additionally, it




of the slurry will also lead to precipitation of orthophosphate, ie.

di ssolved P (PO -). These F-particles may be suspended in the slurry as
wel | as other flocks. The use of Ca will also lead to & FEgkbAagy BfMction
of chem cal oxygen demand (GOD), which 45 nmeans that Ca precipitates other
salts than just the orthophosphate. It is believed that - irrespective of
the chem cal differences between various organic waste products: a sinple

heat treat meq! A tﬁflﬂﬁfﬁt H‘érﬁf urQEéfss&énﬁé& EH‘:‘\%H‘JOHI&%@H"IE'L ﬁﬂﬁbiﬂg@ﬂw th

al kal i hydrol ySIS W to an I ncreased - Furthernore, a 20

conbi nat i on @fhﬂﬁﬁwtﬁméﬁ‘%ﬂ'ﬁ@%ﬂ%ﬂdﬁ herghy BFWH%FF ?/hﬁ‘-bthﬁr"é@rﬁ?@af‘ﬁ@ﬁﬁﬂ i s

believed to f@ﬁﬁmbbebﬂu@erf&h%%ﬁ&@éd %Qh@ﬂrﬁofnaém% Qi]tﬁertﬂ‘mﬁbﬁaf%tribpﬂﬁt erial
as conpared to anaerobic digestion alone, whether thernofile or nesofile.

It should bePHS¥E¥ that in the Statutory Order no. 823 fromthe Danish
Mnistry of 25 Environment and Energy, it is Iai d down that a controlled
sanitation consists of 1 hour residence tine In vi e\{th hereof, a

treat ment acd@p@aiRbIY ¢fithe Brip iy despdigar %‘%F%‘”&f mﬁ‘ﬂ'@e 10 PEHRUIYER! ESRE ISt i ng
of one week Kasb@RNSDatdniBIydhcrélsdd. Red @étﬁnatéﬂ\@uasw@mmatutmmwnc&m-c

di gestions (thereto- or nesofilic nbe|l ved t | et el nat e
all known vep@npha@ryb%mr%%%m%?@#@& in fheciage o Pirer B*é{“r%ag e
Preferably, It & mﬁga@%d%l@ry%efﬁraﬂbm maﬂﬁé@drcmﬁg @ithé pRSENIShEMtibhcant | y
reduced in nunber. The overall result is that all infectious organisnms in

t he sl uWy are elimnated and therefore not spread to the environnment when

the manure i arapRkivad |ﬁrﬂa*]§@dpprghiléie%d@bﬁﬂhé’fﬁ&ﬁﬂﬁy itan@Ss thy festtbeidssh t he
first device (the ani mal

ousezz r@ i??‘o% éz FEBRUARY 2005
slurry in or §eMeEEPIREAEE! PRIPTRPSENEL et st'@?p@é KT yE Sepene A ﬁg"'%m)ng
ani ma: S arg 1t§r|&ﬂﬁ1&pﬁ@rﬁﬁ@hﬁﬂ|ﬁ) whlclﬁlti@@eahhs)mﬁc éﬂr;]t.’l ﬂnbﬁcmemﬁwmemo die rinse
ani mal s an stl es alr ex- austs etc t the e cts V
o ol ona o TRIPR (rADRRE, EXTRIBTCa g o A Sorp g ERe et e At EAL 58, 1)
becauseig he siyutig it Wik Poredhtltd stasasthavadredtilishdltthe plait vidotbaltingraidypdsl of peri ods
where | and speedi ng T(Jffﬁ)_grmtt\(f\;qcil The $I urry without N may be spread to
48 be

rand t hr oughSMM{Hha" PMe¥he first aspect it is the
pre-treatnent and thus the sterilization of the slurry which is preferred

W1 Do cl carMERSRIRLRRE0RD 5 TAREV O P BRarRER Aoy £ PG ST or en
aspects, with 2 macerator, all made of rust- and acid proof steel, conveys the biomass into a
20 lime cooker where the mass is heated by a steam injection to $180-200° C. The
pressure becomes 10-18 bar during the 5-10 minutes necessary for the mass to be
treated.

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

25 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
due consideration to use of energy, tar formation and technical parameters.

Foam formation represents a common problem in biogas plants. One preferred

30 choice for controling foam formation in biogas plants, in particular when supplied
with large amounts of biomase from e.g. energy crops, is rape oil, which in addition
to the effect of foam control alsa 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 CaQ in addition to its

35 other effects mentioned earlier. Supplementing the slurry with Ca-ions is also be-




whi ch constitute, individually or in conbination, patentable inventions in
their owmn right. The bel ow section contains a description of various

i ndi vidual parts (conponents) of one aspect of the presgngecgay, el
overvi ew of the conponents are given |n?,_{|gures 5 and %1 [IEt V\nﬁﬁ({%@

understood that sel ected conponents can formthe basis for other aspects
of the present invention. The invention shall in no way be limted to the

conbi nati on R&efafmtshﬁ.u%m fh@%&ﬂa%n@?ﬂ&@gaﬂalw&&&%ﬁé&r@%ﬂﬂ%ﬁ'@dﬁ.&%&w 't
will be clear fromthe de- scription when other aspects of the invention

are rel at ed !'@Je%ﬁl"’}'”‘é’éﬁﬁe p¥rfarmaneahihp ARaRIPRIC dE8EVehed herei n bel ow.
Non-limting exanpl es of such aspects incl udes devi ces for concent ration

of N (nitrogen) and/or ospho and/ or pot assi urg%1 ener g
gener ati on bASENYHAN ﬁéd@ TE'F" §"t“4"?r ulgtigiyis nee 'E(S%?(E'i“cﬁ%

ferment gr; apdcaREWRE VR ﬁ@%ﬁ ﬁr%ﬂuﬁﬁ:h tN@fe@rﬁeﬂé&Qﬁ§§bé‘gupﬂhbd\Mréd:tlyaJnﬂp be
under st ood that the bel ow_aspects re gal other things - tog the

aspect of saf@EdBrareed hﬁ@fidlﬁ%g %%fﬂ"lﬁgfﬂfh%% wilbaleo lear te aregitatign ¢fhe
conpo- nents blchlﬂd)ﬁhfe@taed‘;émhgowmﬁﬂﬁﬁs&hé @Cﬁtc@ﬂcérﬁkaﬁﬁmntﬁutlﬂﬁ aAt 6 Mmkso

understood to co I se a | ion of o onent s

Hoscr  beq. neBas RN 2 onffbita e, EuClercat o et kLS B RIGHEE nunber
1) serves tobhph dicixde eaisomisi nal food safety 35 and food quality, an
optlnal ani mal wel fare and working conditions for the |abour 22 FEBRUARY
2005 36'% personal in the housings, an optimal slurry managenent, suitable

for treat meniddion bheamgaFeaoﬁmemrgmﬁﬂram&h st&n@ln@omdmhiammm‘anmﬂoﬁsi ons
to the extern&aéPV|ro nt, to a ni.a, du

S hane,
dini trogen L T S TR ity R e R
one or nore Fhede PARICRS mngaweh&ecaunumﬁbrrpbswmasemerﬂ@ﬂcsdem gaed to

(7730 kg or %56 Wil St P15 pTEdeq mlsteignentsahivans darepd (GBBU 118! 000 o

slurry 1gan beneaxpeci €c ;ir@mhmtwmdm@dsmqaétltm orttiophagishisté.on to this vol une
an amount of 5-10.000 nB8 process water shall be recycled through the
houses- The follow ng main conditions shall preferably be net by the

gou_si ngdsyst ans bél]révéc) thEN\Oirek pemive oBm&tnhgimth@lﬁsﬁehe@s Isdvabén mrmfuﬁ ﬁ:ﬁﬁn&t be
esigned as two-cC e s e_back en es_ sha
caut ped w t MBS PTELE AR BPle SR Car R BrCana ARG ar b SRBPORI PPt he
pi gs to choosstidreditesihalahydedlpdis witl lgadiaram intreaseaimeniield. Furthermore, a
20 combination of high temperatures and high pH during pre-treatment is believed o
result in a more effective sanitation of the organic materiat as comparsd to

anaerobic digestion alone, whether thermofile or mesofile.

It should be noted that in the Statutory Order no. 823 from the Danish Ministry of
25 Environment and Energy, it is laid down that a conirolled sanitation consists of 1
hour residence time at 70° C. In view thereof, a treatment according to prefemed
embodiments of the invention consisting of one week residence time at 70° € before
two subsequent anaerobic digestions (thermo- or mesofilic) is believed to com-
pletely eliminate all known veterinary andfor human microbial and zgonotic patho-
30 gens. Preferably, BSE prions are also eliminated or at least significantly reduced in

number,

The overall result is that all infectious organisms in the slurry are eliminated and
therefors not spread to the environment when the manure is applied to land. This

35 also makes it possible to flush the first device (the animal houses) with the digested




under the covering and a relatively cold environnment in the rest of the
sty. The tem perature difference shall be in the range of 5-10 deg. C. 20
25 30 When the piglets have grown to around 30 kg the ceypepapagieddosbe
used to allow for generally colder tenpgfatures in the aninmal house as
such. The pigs may keep warm under the coverage. By allow ng for col der
tenperatures it is possible to in- crease ventilation also during col der

anbi ent peri g |@bro@%§ﬁwléﬁpthegﬁ€s BicO8ed rBsLhRcfNYarRbiciwsiamtaraw from
an automate, T né sear ch- |ng and di ggi ng behaviour is_hereby stinulated,

because t hey tsrRarevanterk tARO 2ligws fkﬂtf}eaw POWRIEhI® TINFE SRS BYY BiRSEERYes. The

straw serves pa|;e e?eS with {1eETQYs ﬁ%u@%tmg @mts@%n@&ﬁé@ﬁf dHo@thusBénd'iﬂﬁfcl ng-
Heat fromthe energy plant is preferab léeglpg%c ed to the ani mal houses.

The heat canl'iBes ﬁsfmﬁ Jéw 'Byw%wae EEpRHSE with Arditions) siaigrshalipel heg

| ocat ed gindekyorbdig & iwh@rd Rng Qpsiitg is\WethiRed e Mesy witupNIfaybd h a
confortable mcro-climate, keeps the floor dry and reduces bacteri al

growth on t h&PHRESp fﬂﬂﬁﬂ'ér%%'&%éhepiff‘@{n des 37 22 FEBRUARY 2005 heat to the
overall airspace in the house VI a pipes along the walls of the house. The
second circulation is c o.the ventilation contro 4) . Sho

Showers are PIBE¥ERH Veg'ﬁp é'ﬁp‘?céﬁé%thS\Pé‘?'trFﬂ@eé‘F ﬁ?‘%ﬁ“‘lﬁﬁh%ﬂeﬁl%g‘?%uﬂﬁﬁ of 5
the total fl epiryadiGen is Préfema®in oradras té BiRvps B8 el GerrBpreagingdrtc&yrislibiral  as
opposed to the SO|Id floor. The shower water will flush the manure into the

canal s everﬂiﬂdﬁg mal odour, ammoni a | osses etc. The clean solid floors
substanti al | y reduces the possi bl e infections form pat hogens I n the manure

as Slanonell Fl ushi are
preferably fI hg Eﬁ'@(,g]ﬂg hetpf g”ﬂ'&@?” er’gelsmavranBﬁd]égf% ”?Iaﬁ%??“hg of
canals with mﬂ-ﬁmﬁﬁﬁnsm&teerndfmmmw beinenaibinatiph, a:mtentaiﬂmnnaﬂtnmunrethes oginvert ed
to a central a val,ve. 6) Canal desjign: ,Th ur e of the
ranar o 1s. redtBbd e pelRtsH o L8R o Saranen of EHoRinl R PRAS Bk e of
the cantd s amensgbi @wbpat:t dfitiee presenttinvaetion Hrsoviesvieve of thalcombonerithere

reduction of em ssi,.ons t5 t he ani mal houses. 7) Ventilation: The
ventil ation %= Q&e'YHed>SE tanat 20% of the maxi mum ventilation is

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
20 of the entire list of components described hersin below, It will be clear from the de-
scription when other aspects of the invention are related to only some of the com-
ponents described herein below. Mon-limiting examples of such aspects includes
devices for concentration of N (nitrogen) andfor P {phosphory and/or K {potassium),
energy generation based on the components of stripper tank, lime cooker and fer-

25 mentor; and animal welfarefreject water processing.

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

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

Animal houses

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

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




di verted down under and through the slats. into central ventilation shack.
bet ween 20 the double V-canals. In 60-80% of the year 20% of the maxi num
ventilation is suf- ficient to provide anble ventil ati ozp FBRREBAEN 2095
Foodstuff is provided by a wet feeding egi pnent which provides fodder ad
i bitum 25 Slurry Coll ectionTank The function of a slurry collection tank
(Component nunber 2) is to collect slurry formthe daily flushings of the

ani mal house {0 1 sABs Barbbtithfll skl @i aBMBNi3Suitadis footrédteentinn
reception ta E%ﬁiﬁe' s%r?ﬁilgg drip?/gerted ??) t he col | ec%ﬂéﬁn t ank means of

ol. by .
gravi tati on. tBGraror areETHaY Blanadld ATorcHpBPERTFHPES U8 AABLLSTYIroEs g
The tank can e fPg&ifnuRPRATSIH, A6t blowramnetpans| disitogdreb:dse adtbotheoor in
the ani mal houses so that the slurry formthe houses can be diverted to
the col |l ecti @@5%8hk be neans of gravitation. 35 38 Main Reception Tank 22
FEBRUARY; 2005 Slurry fromthe collection tank is preferably punped to the
mai n reception tank

. (Caonponent n er 3). Oxher t L QA4
manur e/ wast e TREIOHFIES Sb@%&@&dm?%&g’ﬁtﬁﬁg 0} ST nw%lag'ﬁ% r?dcruos !rer%; gj#h grtntal of
f alr ms/ pl ?nt S ‘Ij E%iﬂﬁ?‘de@,f@(ﬁeﬂh{l&g&hw Ishﬂ iveetotk ?niﬁ amuglil(yr. Em:ilw asam,hog‘ﬁmsses,
silage etc. This is tra rte e.rece y lorry and is
| oaded di rectd§ ﬁ‘*Hthﬁ'?‘ﬁZiS@é@p?ﬁ:{%ﬁ55%1?!2?”? {\b/‘%gﬁﬁr%gpl capacity is anything

appro- priate, such as a-g- about -1.000 m. The level in the stripper tank

preferably con- trols. a punp, i unps,. slurry f.r [ LNt ank.
The dos# adj &m%HHH*@&H*’%W&“WQPP%EE%B?S8%’%%0.}/%’-“’?’@’ ercgjﬁe gru%ﬁnﬂgé% 2] ty can
be anythi ng apprients aiLveineean atlvantofrs tedGmegsocsSa@ate dhall b rekFcken

slurry is bein unped fromthe reception t.ank Q ' nk, lime
s Wded o uBE T sER Tedgicnits ol eat Bt drtir s he e RO R o,

mani fold i s pikingeyaehy adjusted to add 30-60 g CaO/ kg TS. The line is
preferably supplied as a powder which can be blown into the silo fromthe

lorry. The volune / capacity of the silo can be e.g. about 50-75 nB. The
dose of 180- 60g Tvdkgimkte epterasranstiestshalapefergbly be designed as two-climate sys-

tems. The back end of the sties shall be equipped with an adjustable coverage pro-

viding an oppertunity for the pigs to choose between a relatively warm environment
under the covering and a relatively cold environment in the rest of the sty. The tem-
perature difference shall be in the range of 5-10 deg. C.

20
When the piglets have grown to around 30 kg the coverage shall be used to allow
for generally colder temperatures in the animal house 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.

25
2) Oocupation; The pigs are preferably offered straw from an automate. The search-
ing and digging behaviour is herehy stimulated, because they shall pick out the
straw from the automate by themselves. The straw serves alsp as an energy source
in the energy plant.

30
3) Heating: Heat from the energy plant is preferably recycled to the animal houses,
The heat can be pravided by two separate circulation systems. One is located under
the covering to 30-35°C, which provides the pigs with a comfartable micro-climate,

keeps the floor dry and reduces bacterial growth on the floor. The second provides




20 12 kg CaO per lour with a slurry capacity of 3,5 n8! h with 6% T Wen
added directly to the slurry (6% TS), the line dose is about 60 g | kg TS

yield (about 8,8 kg CaO per hour). It is however prefe i me
directly to the alkali pressure steriligation and hydrﬁésgl Eﬁﬁﬁﬁﬁ

lime is added directly to the 25 pressure unit (the E-nedia hold 20-70 %
TS), the line dose is about 30-60 g ! kg TS. 60 g/ kg d. M equal s about

342 kg CaO pepabahs oué’?@t'l Li %geﬁ'letﬁégmgse ﬂb{)@gg\ﬁg tRORHH sztllrebgu%aﬂ'n?er

bat cH Bal ance Installation al ance nponént nu er 5

preferably wePgPNG Heuianen s seypied ke tieaentiiatien egitrebnt ai ni ng or gani c
material)- The suppliers will preferably specify the type of nedia which
is supplied to the plant, i.e. deep litter, ener crops etc- of various
sorts, 35 39% SheweRUaRgvesEe W@f@@b&?tﬁbf&&ﬁﬂ@ﬁerg aﬁlats@@fhtﬁé!d@vw “%6f ecting

the rel evant yi medrao e mbmateme%kgs AR &gmte%étbeas%ﬂaeé.éﬂos panel
reglstratlon the weight of received E-nedia incl ﬁ; fication of nedia
G

i s recorded. *Beﬁ?l'é"@ﬁht"r'*tﬁ3%&“@%&”\"?'—@&t*ﬁ%maéé*“@ﬁ"tet iy RE¥Eigal |

hydrol ysis) - rieddy, mh@mau@beéf BR. TRABEA® ShilaeRbi WibhiaARally FBGu8 M I ed
retention tine 10 Rece st@tlon for deep fitter and énergy crops The

reception st CFEHe (S s g) theagrjurg @%@I%”&%&EF?QW%PW rom a- g-
poul - try or other ani rrals as well as energy crops. The station is

prefera y a . silo equipped with several screw conveyors in the
floor. 5’5 g@ﬂwﬁe ’Eﬁ'ﬂ“& EEH%FPWH&%*T&@V@LF“E%@ER%' e 8y 1%t o the
silo- The V0|p|:tim:ldd uyﬁasnhg ucaahdmmwahema@pmﬁrtheaé@rgwﬂﬁr ThEeha-
ci rcunst ances, such gsd%hg %%%ear ¥ lP@amt of E-nedia (about 51-5% TS)
of about 9.80H'%'BgyEEe I R fhroyah a¥9l¥e.can be from several cubic
neters to about 100nB, correspondi ng to three days capacity (65 h). The
materi al s ar% B elfdera ¥ con ret? steel, 20
Canal design: The surface of the manure i1s reduced by use of V-shaped canals
15 and an optimal flushing of the canals are achieved at the same times. This is central
far the reduction of emissions from the animal houses.

7} Ventilation; The ventilation is designed so that 209% of the maximum ventilation is
diverted down under and through the slats. into central ventilation shack. between

20 the double V-canals. In 60-80% of the yvear 20% of the maximum ventilation is suf-
ficient to provide amble ventilation.

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

ad libitum.
25
Slurry Collection Tank
The function of a slurry collection tank {Componeant number 2) is to collect slurry
form the daily flushings of the animal houses and to work as a buffer before pump-
30 ing to the main reception tank. The slurry is diverted (o 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
houses so that the sluimy form the houses can be diverted to the collection tank be

means of gravitation.
35




Silo for energy crops The silo for energy crops (Conponent nunber 7) serves
to provide storage neans for energy crops. The crops are preferably
conserved as silage, The volume 1 ca 25 pacity can be esgrpiEQRR§OYHs 5. 000
- 10.600 m The silo can be a closed comgagpartment fromwhich silage juice
I's collected and punped to the reception tank. Transport- and

honogeni sati on systemfor deep litter and eneny crops 30 The transport- and
honogeni sat i gy Ratdiioh FaARoONent nunber 8) for deep litter and energy
crops preferably receives E-nedia fromthe screw conveyors in the floor of
the reception station- The E-nedia can be transported by additional screw

con- veyors erﬁfhﬁtmn@i}%dﬂgcﬂéﬂ'té& |§%ﬁbf@%b?%nﬁ:@ﬂ% iHefFﬁerr@ée%haﬁ){éhkmcer at ed
by an inte- grated macerataor, vol ume

he capaci tm be an%ghl ng required
under the ci W%”EQ%@E’M@WEU@SS§E‘%@é§3ﬂw& teygavplsaerdgedts E nedi a
J hour, sor 8iROQcémidAGSNIORorEotiRE FRmb/ )R, optjaﬁ\@aﬁa:ﬁlﬁ%wrwéatﬂ&ﬁu .ansport -

hom)genl sation %%st emis £ @;‘erabl hot | ess than about our.
Three fundanBI¥3FeHHNATEeS PSR T RAPBFPGYRE 1A rPF%?i'“BffafE‘ bShJEEW gndj .
vol ume, wei glitlofRid ddctyipto hededdpiitn tdr'-komdmLsrﬂepaé g pef

unit time, ti and, t hus t ht shal | l'i shed.

Al kal i pressBP%‘Est@mslez%tq%Sﬁ{ Eﬁ@é ﬁ'&rdrﬁ? F?gm@” FHARES | %ﬂtik%ﬂ”sér ¥ Mr e
sterilizati onuhm:bdimwwwmnmlmn(ﬁ@ﬁmwméptmmbﬁ{ TH: debabtjustainy eai WO

mai n P, ose | jﬂa‘% natlon of mtcrob al ﬁ&t hogens |n tHe E 10
medi a i par E'Eﬁ 4P ‘?rrf““ E‘F“WW%?PI oo %%ET' 998‘ PISPHAP “RAPY
producti ons tremrcsmetmnddsy, at the sane tinme hydrol yse structural corrponents
of the litter in order to render them avail able for mcrobial degradation
in the ferrnentors. 15 The unit shall also preferably elimnate or at

| east subst agalDehdditioneduce BSE-prions if present in waste introduced into
the plant. Such waste include flesh- and bone neal, aninmal fats or simlar
produce fromthe processing of animals not used for consunption. Filling
of the ar esswmngmmm beiep pusppd Goiciad rdmeptitretank ans por stripendaronageni sat i on
20 system h tr ort ' medi a

whi d
s autined " BicetHe BRPETE b el Eindeacd e bHCTRY Gk il e Bk ave coni ot
of two i dent eckly aduste] tol acel. 30-60 CalDangdtE dheilipe-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 shurry (6% T5), the lime dose is about B0 g / kg TS yield
{about 8,8 kg CaQ 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 % TS, the lime dose is about 30-860 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 Cal per batch.

Balance |nstallation

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

35




| i ke horizontal chanmbers with a central screw. The two pipes are fastened
one on top. 25 of the other in order to provide for easy |oading of the

| ower pipe. The units are cov- ered by a holl ow cape on si de.
The cape shall divert heat to the nedia ron1stean1und%%ggﬁgE¥@§€£&%§ne IS
added to the upper cooking unit fromthe Osilo, i.e., 342 kg per batch.
30 The | ower pipe receives pre-heated E-nedia fromthe upper unit. The

lower unit i srherﬁpbtr@cﬁhnbﬁfsﬁa@b@%l:lé b?hél‘é&ﬁ ?é?é'&s@'t Bl rﬂ.%i ggﬂglewgelr e the

E-media is mxed wth slurry fromthe reception tank ure is
subsequent | y PRUfpAGFordag F‘-‘h‘ﬂ"ﬁ SpRRIEES PNehEacIsikon, the wezhFreBRWRd RO8Sidhe CaO
t ope cont ai ninch shyciEsisn $omelatis aGhdan be added directly into m xing

cont ai ner under the two pipes. The m xing chanber is used for m xing
sterilized E- nedia and raw slurry fromthe reception tank to provided a
honpgendous Bhemastsol trardspesific€its @athe-phamd (<ak a‘iH@aﬁhEﬂn‘E‘é‘/@?s 5 The central
process paraneters are dry matter content of the E- | a, tenperature,
pressure and pH. From & wFB® % RAtFBLI3F possi bl e conbi nations the opti mal
parame- ter setting is«a Tﬁ’muﬁ%&’ﬁ@at@@ 160" G pressure of 6 bar, dry
matter content og app. 30% and pH app- 12. 10 The retention tine fn
the sterilization unit "cohi® &asired reentiendimephases: 1. Filling tine; 2.
Preheating tine in the upper pipe; 3 - Heating tinme in the | ower pipe; 4.
Retentigon tpnme at the sel ected terrperature and pressure; 5. Pressure

rel easd®ti meRegeption:s i g grova@réds i ne 15 The filling phase
consi sts of the tlrre reqwred to transport the E-nedia into the pressure
sterilizer d mx it with the added slurry. The filling tinme shall be app.
10 min AftefNs [9CEPYR) SiMiondCrawRae aMbend) $had rectivecidePOttar fatm & pot-
Preheati ng tmkesotAbogifimbe asz.g@..tgg%déﬁgq,egm;{;y ﬁ’@s@%gmfi is:}ﬂéfep&@};.?aggé Bt he | ower

pi pe. Heati ng tinme |§1 expected to be
Quipped wit several sCrew conveyors |r1 the floor. The lorries will empty their load

15 of E-media directly into the silo. The volume / capacity can be anything appropriate
under the circumstances, such as e.g. a yearly capacity of E-media {about 51 5%
TS} of about 8.800 tonnes. The volume of the silo can be from several cubic meters

to about 100 m®, corresponding to three days capacity {65 h}. The materials are
preferably concrete { steel.
20

Silo for energy crops

The silo for energy crops {Component numbar 7} serves to provide storage means

for energy crops. The crops are preferably conserved as silage. The volume / ca-
25 pacity can be e.g. from about 5.000 — 10.000 mé’. The sifa can be a closed com-

partment from which silage juice is collected and pumped to the reception tank.

Transport- and homogenisation system for deep litter and energy crops

30 The transport- and homogenisation system (Gomponent number 8) for deep litter
and energy crops preferably receives E-media from the screw conveyors in the floor
of the recsption station. The E-media can be transported by additional screw can-
veyors to the cooking units and at the same time preferably macerated by an inte-
grated macerator. The volume /capacity can be anything required under the circum-




The retention time at the desired tenperature and pressure shall be app- 40
rain (at 160 C and 6 bar ) 25 Pressure release tine app. 10 mn. The

pressure is released into the stripper tank Enptying iﬁz'ﬁ‘ E v, Y05
running of the screw conveyors, 30 C IP s4ne. C eaning per&oWo?

occasion, generally not necessary. The volume of the pressure cooker is 10
n8 per unit, and the degree of filling is app. 7590% The vol une of the

m Xi ng cont aisteket Hcki o Yidid IELLQRS 1LE
"I Tustrated Bel ow 42%@%@%%&& 10;@0%3%%@%@%@# D50 /9Rf s 06 of
total wei ght ""PEAPRTHALIE HNeRYinhonmaenisati oty siEngis pefembye ot Gstahan Bar pH
L 7 At the pabeit donn3 stpi TRes firieinf BBMSS 8naPLtiol Aboflahlie of el | oW ng
shal | prefergﬂ- dbl Egabve drr?fl neqﬁfor tihe corét_rol FOf tF_rlle steri Trzation unit:
Wi ght, vol untih <lyme waight per volume, and time. From these parameters volume

5 per unit time, time and thus total valume and weight shall be established.

Alkali pressure sterilization and hydrolysis unit

The alkali pressure sterilization and hydrolysis unit {Component number 9 shall
serve two main purposes, i.e. firstly elimination of microbial pathogens in the E-

10 media in particular in deep litter from various poultry or other animal productions
and secondly, at the same time hydrolyse structural components of the litter in order
to render them available for micrabial degradation in the fermentors.

The unit shall aiso preferably eliminate or at least substantially reduce BSE-prions if

15 present in waste introduced into the plant. Such waste inciude flesh- and bone
meal, animal fats or similar produce from the processing of animals not used for
consumption.

Filing of the pressure sterilizer is provided by the transport- and homogenisation
20 system, which transports E-media into the according to typs of E-media as defined
on the balance installation.

The pressure cooking unit consists of two identical units, i.e.. two elongated pipe-
like horizontal chambers with & central screw. The two pipes are fastned one on top

25 of the other in order to provide for easy loading of the lowar pipe. The units are cov-
ered by a hollow cape on the downwards side. The cape shall divert heat to the
media from steam under the cape.

Lime is added to the upper cooking unit from the Ca0 silo, i.e., 342 kg per batch.
30
The: lower pipe receives pre-heated E-media from the Upper unit.

The lower unit is emptied into a small mixertank containing 25 m®, Here the E-media
is mixed with slurry from the reception tank 1, the mixture is subseguently pumped

35 into the strippertank.




media. It is thus possible to define for each E-nedia transported to the
pressure 5 cooker the: Energy potential for each E-nmedia Necessary heating
time Necessary retention tine 10 - Necessary m Xi ng ti?t?l: LN ARRSGsUr 1Y
Necessary energy use depending on E-nedig Degree of filling, signal from
radar ! m crowave gauge - Enpirical based val ues dependi ng on vi sual

noni toring by the operator 15 Mxing Tank for Pressure-sterilized E- nedia

and Raw S| ur nye Brld @pé Egntéi'nﬁra' Xﬁ@& 's@rhai‘%d"'dfé#@ Aled dlﬁcﬂr}}\ﬁto@g@@gur e unit,

the treated bionass I1s allowed to expand into a m Xxin onent

nunber 10 pr EPURIAET Yqes g i Pings Hhe W%F@Wéﬁ k{ﬁﬁdtf’i'f W&'@ﬁerﬂ@@%gur e
(stean) is ralceasad fatSurky¥ork tHd r@e@;ﬁtmhm folbrefidedf SIREmbGereRlik Blomaa8T0NI &

and transfer at to the strj ger t ank bi onass before ex- pansion Into the
m xer -t ank. ‘i‘ﬂ‘zt"p‘@r“ﬁ%@f}ﬁatf’ﬂg mReYEank is to mix cold raw slurry fromthe
recepti@n tank with hot sterilized E-nedia in order to obtain heat
transfer (res

HS€ of heaté and m xi n%é)f 25 the two nedia. The volune /
capacity is &N%CefRlRfoosss H%'amg}ﬁ?s % Bradten e il thedrrmediay Sapperatyre,
cluding i nsubﬂsemeginasaﬂ-l lFE‘rﬁn am@e m@&ldﬂgnéaﬂiﬁ)@dﬁrﬁblﬁﬁt@ms&hé Yptrfagayaradout
70-95, 43 5 El'ankﬁfor }eﬁﬁj nggﬁ FEBRUARY 2005 The |1 UI d bi onmass
cont ai ned i n"Y REMPAME Elr?tH'i?l céfi‘é?s(’@o rﬁryﬁ‘lﬂ@&é@ﬁﬁ‘?t O33R | be
use to ensurB0%ubfd pHefbphiiggasproduction during the start up phase of the
whol e pl.ant. However, it can al so be used occasionally, when such |iquid

bi omass “is available. Liquid biomss include .e-g. fish oil, and animal or
veget abl e f alke réfentiondisses tlansteritdatios esit caziséd @f(zeb@rammes buUtFilkry tiné;s not

preferred be | ative wat er tent and s |.ow
Pcenti o ondrtiahenalite pié Ritet Pink s b il 13T, Guer gk Hefempy
typically abtnne abthers@|ectaudempetdralahd prasere 8] Pleesurt heledRitime. S, Esipay-nl ess
stee! , The. cgagﬁbnéggt{ (Emtank Is preferably liquids and solids having a

particle siz %tlrrlng as well as a heating systemfor
t enper dbure con-

The filking phase consists of the fime required to transport the E-media into the

pressure sterilizer and mix it with the added slurry. The filling time shall be app. 10

rrin.

After filling the E-media shall be heated o160 C at 6 bar. Preheating takes place in
20 the upper pipe and final heating in the lower pipe. Heating time is expected to be

app. 30-40 min.

The retention time at the desired temperature and pressure shall be app. 40 min (at
180 C and & bar).

25
Pressure release time app. 10 min. The pressure is released into the stripper tank.
Emptying is achieved by running of the screw conveyors,

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

The volume of the pressure cooker is 10 m? per unit, and the degree
of filling is app. 75-80%. The volume of the mixing container is 25 m®.

35 An example of running conditions are illustrated below.




trol is preferably provided, as are feeding punp(s) to the ferrnentor(s)
The tenpera- ture shall preferably be min. 75"C so that oily or fatty

bi omass can be punped into 15 the The stripper and sani '

(Component number 12) preferably receiveg,the 20 foll gévé %Eﬁ@mﬁ‘urry
fromreception tank 1 and/or E-nedia fromthe pressure cooker, and/or
Possibly liquid biomass frombiomass |liquid tank, and/or 25 - Reject water

from decanter or pos:“si_blﬂf‘t"err—tr-m'r—at—ronj—' Takk erof -ark is to
regenerate heat used_in the pressire “cooker bvsgﬁ_ezaé%h i ng ___tﬁ'é'tssl urry from

reception tank 1, toTfi x the E-nedi®a3tith sl U@y and henchtedict@r oduce a
honogeneous feed to|the fernentors, to contrgl pH before fﬁegli?tng to 30
fernentors, and to sanitise the slurry. The gtripper and APt at i on tjank
strips amonia, stepTeMreiElire he gek0i$0di vertld@0to an abFdE ption coljum
which is common to {PRskidal SITTRPET processg stepti—Mgrebial—
pat hogens are elimnated and the nedia / slurry is prepared for anaerobic
di gestion. 35 22 FEBRJARY 2005 44 10t presentiPy preferrectshape of t|he
stripper and sanitatiormtank s -Bottomtftoeor—5—With—iAsulated—concret e
cone, directed downwards angle 20 degrees - Inparred stirring 1 sand is

removed fronf't 118 PENEIder BiLplrre siheérang-readia bre rapintrated theuopdwiog syt @efera-A sand

filter is plgced defind t ' - .ed throughout  an_exter-
nal pipe conngc.t [ onr,] clhﬁr%Ilqﬂggk'sdgmbegag@%gy%mﬁwééﬁgtV“ﬂ'ﬂ%gf@ﬁﬁﬁPﬂ?'ough t he
filter 10 ToPprda; Itistyus pessible triefive fiwtaagh B-madie trassmmtsiddd thenaubaired

| sof at aki ¢ Pelakgsfigrs (Encapsu- |ated Foam) Cone angle is approxinmately 10

degrees. 15 - Mounted water drizzle systemto avoid the production of foam
fromthe stirring process and the process in conmmon. A slow running

Stirring syst emnfyRlGRei BPeb@PE-HMeckPne Lo to ensure the optimal
- Necessary heating time

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

15 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

20 order to collect ammonia and transfer heat to the stripper tank biontass before ax-
pansion into the mixertank.

The purpose of the mixertank is to mix cold raw slurry from the reception tank with
hot sterilized E-media in order to obtain heat transfer (re-use of heat) and mixing of
25 the two media. |

The volume f capacity is e.g. about 25 m®, Any suitable material can be used, in-
cluding insulated glasfibre. The working temperature is typically about 70-95°C.




honogeni sation, -opti mal vaporation of the amonia, and opti nal
distribution of heat in the nedia. 20 - The ammonia is transported through

wet air in a pipe to the absorbing unit Side/wall' Wth,g

construction of sandw ch insul ated I|sofaf ?I i ¢ Pol yesters (%ﬁ@g‘g‘sﬁ}’z% | at ed
Foam). Munted approxi mately 600 neters of heating 5/4" pipes in a cylinder
ring shape inside the tank to heat up the nedia Munted sone tenperature

transmttersTaok i gulidbRntdie heating process Munted a pH nmeasuring
instrument to regulate the acid supply to the nmedia 30 - CQutside cylinder
wal | at the bottomis nounted a insulated val ve/punping room- Art anmoni a

st eam di ffuséhehqunﬁ)lbii:@r&dslcﬁnﬂah\edm hdlteniofor LS bidhtass IEEmSERR, Fh@m?@i Z
generated in %angt}eal‘%%lﬂ steri t‘)on and hydrolysing unit is diffuséd into
the nmedia. 4 SRRYEFY @' bPiggRsrodusken tyipd trd stachun phese ohlilel has an
nandl 1 ng Vol r 61 ARBr O Tal Gy L 000 nh LRt Rt oo RIS e
hydr aul |gc retLjJ ?Elghe'ﬁﬁﬁgjlcfn&?%g?%ﬂ%ﬁ ﬂnfdfhlf*’”n%'éﬁ animal gysgetabledaipsVi-and t he
abso- | ute mivadsenmnd eiezsesnart Eﬁebemsa@wmrﬂs Bt prefeire@ncang srired

o o B e AR By oS oo e e ket o g i ¢
Isofatalic Polyester to avoid corrosive damaging of the concrete and arm ng
ool . he {05 SlRHDL bR s WFpdbi AT 4 " et rOEbiEretara Sernah e

i nsEI at edI I sﬁtﬂmlteab |StEePd1hpt1mnts r.(1‘IEt"ﬂ‘f£:ta|'.1Blzt.r;::nlai&ﬁa&ﬁi,.r Iﬁ@m)and/ﬂd%g)hm% gounted is
ol enent i s nediiie Begth MR £ Siforarieibas ¢ hestOB BT SRS cBoat ed

m | E st eel dahf\fd/&npreﬁraﬁnmbﬁﬁrmﬂmmaére f@édmg)b@ﬁmspmp@ggembﬁmp@pq-ﬁg té,gﬁé,ge t he
tank is nma In o rred e i ment ef au

par aneter va ﬁéces]%? ?ré}g%ﬁ?%ﬁ g%a %{W ?%&%‘Frﬂ?wq”rpqwr%p%dfﬁftoem are:
Tenper 4bur e the fertbrentor® C, pH of about 10 - 12:

Stripper and sanitation tank

The stripper and sanitation tank (Component number 12) preferably receives the
20 following media:

- Slurry from reception tank 1 and/or

- E-media from the pressure cooker, andfor

- Possihly liquid biomass from biomass liquid tank, and/or
25 - Reject water from decanter or passibly after K-separation,

The purpose of the tank is to regenerate heat used in the pressure cooker by heat-
ing the slurry from reception tank 1, to mix the E-media with slurry and hence to

produce a homaogensous feed to the fermentars, to control pH kefore feeding to
30 fermentors, and to sanitise the slurry.

The stripper and sanitation tank strips armmonia, step 1, and the gas is diverted to an
absorption column which is common te the final stripper process, step . Microbial

pathogens are eliminated and the media 7 slurry is prepared for anaerobic digestion.
35




liquid gas ratio of < 1,400, 1 week operation, and nore than 90%
effectivity is achieved. 25 An exanple of conceivable running conditions
are listed below. Media: Al sorts off liquid ani nmal - sure
sterilized solid or |iquid E-nedia, varig,ous |iquid or 2 BRIREY 2005,
30 Running tenperature: 70 - 80 Running gas conbi nation: 80% NH4 , 15% CO2
, 3% 02 , 2% other gases Insulation k-value: WIMK {n2 Running Mx.
Pressure: +2(Renhedentd sraféiy d ' ' i.n. nedia: 15% TS 46
Base/ Aci d- rangermS- 10ng mrﬁ?ﬁvﬁhﬁdﬁdﬁén? ﬁélﬁggﬁﬂé{%g& Sand) ; 1-2% Max,
tenperature in heating el enents- 90 degrees celcius Mx. effects in

heati ng el enBottsm/MOO KW5 Transm ssion effect: 7.5 kW/ 20-25 rpm 22
FEBRUARY 2005 The stripper and sanitation tank supplies the fermentor(s)
with treated material for fernmentation. In a timed process the materi al

wi || be 5t r anspahitiethstiatedmntetaoricotRected dinapAREsIORoMBERLEal  depends on
the di gestion an%éﬁ% tirrn tJ’ue fermentors, (pne, 10 two, three or nore
fernentors can %f IO Pang’s EEF%QVPF@"SETth&ﬁ'&‘“s%frﬁ“@‘aﬁdiﬂﬂﬁﬂﬂ%kian@megul arly
filled with sl ypumpiranskstermedi a fromthe alkali pressure process. Finally,
to obtain a dry, f.-15% (1309 S | evel switches regulate the
content in the%%&ﬁﬁr %@IEWE?LW ﬁﬁ}%m nggl?ﬁa ESMAYEd tgouglinuban ewer-TS.
Every | hour afraepipéicbhnettorofit will atsbybeaitdsibied @hibty theitdniBfotighlise fir PUMP
E-nedi ggto the ferrnentor(s) The top of the stripper and sanitation tank is
preferably ventilated through an am noni a-absorbing unit (Step |I), and a

pH- measur i ngTedtailingegul at es the need for CaO 20 The tenperature of the
E-nedia is regul ated through tenperature transnmitters,

- With cone construction of sandwich insuiated Isofatalic Polyesters (Encapsu-
lated Foam). Cone angle is approximately 10 degrees.
15 - Mounted water drizzle system to avoid the production of foarm from the stirring
process and the process in commaon.
- Aslow running stirring system is placed on top of cong to to ensure the optimal
homogenisation,-optimal vaporation of the arnmaonia, and optimai distribution of
heat in the media.

20 - The ammonia is transported through wet airin a pipe to the absorbing unit

Sidefwall

- With cylinder construction of sandwich insulated Isofatalic Palyesters (Encapsu-
25 lated Foam).

- Mounted approximately 800 meters of heating 5/4” pipes in a cylinder ring shape

inside the tank to heat up the media

- Mounted some temperature transmitters to regulate the heating process

- Mounted a pH-measuring instrument io regulate the acid supply to the madia
30 - Outside cylinder wall at the bottom iz mounted a insulated valve/pumping roam

- An ammonia steam diffuser is placed in the middle of the tank. The ammonia .

steam generated in the alkali sterilisation and hydrolysing unit is diffused into the
media.




A tinmed process can optionally punp water / slurry into the drizzle system
to pre- vent production of foam 25 Fernentors for Biogas Production

Di gestion of the bionmass is provided by a nulti-step fe r

preferably conprising three .fernentors,{Conponents 1BEEEEE§H6Q%§§&§
Systems with fewer as well as nore fernentors can al so be applied, 30 The
fermentors are preferably connected to achieve maximumflexibility and
opti- num bi G@asnds OawELitkOrhe ¢ r sﬂﬁ?} tinely
runni ng at her gg[ba | e EES 650) aiw\ﬂd/glﬁ]:g_ggé%rreso ?ﬁgtgkg%g&?%%%gr atures.
47 22 FEBRUARPIPbES FnEhiaimaeds adankohandliag velamesé appreximateid 1080 efrthe  of
organi ¢ | oadihagomabes incRigeat i on tine, and maxi mum di gestion (mn. 90% of
VS). Heat spirals are included in order to heat the biomass to the
preferred running tenperature, 5 A top fastened slow running stirrings

system eénsur ase Opiralid reliibs eeTat 0y AFE-nflidht i BBL PAaRl aAf e ddot he
bi omass. Regul,ati.aon of %thﬁi%osm bl e through addition of an organic acid

(1iquid) in recBELEMN e PsaRyt Hh@Uk.er nent ors preferably receives the
followi ng nedia: E-nedia fromthe stripper and sanitation tank Liquid

bi omass fromthe Ii%ui bi onpss tﬁnk Acids fromthe acrd tank 15 The
specific shgkeﬂ'}ﬁpr? &red ambogipent the Retiyrp & kasically mase @f Rretpearmig ke f | oor

20 - Wth i nand ptesdureqnedtaistiation EThekiu gt RcohMI Wik Afediglc8aR8 vARAESES
| mpai red sti rtin II sgqulhq s .removed fromthe floor or according to the
mamot h° punfiHy TSPEEIELINSGI oT9gitetamaging ofdagiconeretn@nB grmissmoRnfEh can be
enpti ed t hr opghsutouateden tres bottded is Rithér RARERE bi SBmIsh siel IThalisPaReLpessi bl e
to enpty the tanl%thr ugh the filter 55. TorP/cei | i nt% _

tonT s basically & constrliction of sandwich IMsulated Isofatalic Polyesters (Encapsu-

lated Soap). All pipes mounted is either polyester or stainless steal.

15 Other components

- The stiming element is made of stainiess stesl
- The heating elements is made of coated mild steel andfor stainiess steel
- All ather components placed inside the tank is made of stainless steel

20
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
achieved.
25 An example of conceivable running conditions are listed below:
Media: All sorts off liguid animal manure and pres-
' sure sterilized solid or liquid E-media, vari-
ous liquid arganic wastes, CaO,
30 Rurining temperature: o-80°C
Running gas combination: 80% NH, , 15% CQ:, 3% 0., 2% other
gases
Insutation k-value: 0.20 Wim3K
Running Max. Pressure: +20 mbar abs. (No vacuum)

35 Max. viscosity in media: 15% T3S




Wth cone construction of mld steel. Cone angle is approximtely 10
degrees - Munted water drizzle systemto avoid the production of foam
fromthe stirring 30 process and the process in comon .; F%ﬁﬁl%runni ng
stirring systemis placed on top of conegso to ensure tH& Y 2005
honogeni sation, and optimal distribution of heat in the nedia. The biogas
I's transported through wet air in a pipe to the gasbag 35 Side/wall 48 22
FEBRUARY 2003BasttAcicrdngader constructionsgf opil d steel. Munted

appr oxi mat el y, ters . of heating 514" %lgées in a cylinder ring shape

i nsi de the taﬁftﬁg%é@g'gmerﬁ%mt BHRRF #3591 98Nt ed some” t enperat ure
transmtters Max. tanguerauee inHeatepéiemgnir %Eﬁ?e%reé\gb%ﬁg;@sd a ph-1-neasuring

i nstrument t%e{fgﬁéﬁéﬁq tgmaci;d supply to the nedia  Qutside cylinder wall
at the bottom1$ nounte gHSUeM%ed valR¥8/¥Vinpi ng room The vol ume /
capaci t y? of d&smissidn effathave any sui t aly ®iRstooved g, including a 10 net
vol une of about 1.700n8. The naterials for the fernentors can e- g. be as
speci fied below, Bottom 15 - The bottomis basically nmade of concrete,

e o o Coahdan i o ooy peteeries et G (WIS ARB I SRIbAR o L1
t he concr et e?‘ﬁﬁgmﬁ%ﬂ'r{g%itﬁeﬁ; F%C%ESAIM? mﬁfeﬁf@ Wil g asapqriect taghaslsrmentoiss gi t her
pol ytest e{_ or:?;dﬁﬁﬁéfégf rateahl Cﬁwzlaflmmdfg@ﬂ@n Fﬂj&gegm tM?LérmEﬁtn -%“%Z' ly a
const rygt i on - i pes _mounted Is either polyester,

S L A

stainless steel of m Bfnts The stirri ng elenment is
made of mld steel The heating elenents is nmade of mld steel 30 - All

ot her conpon . i.nsi,de.the tank js.made of stainless steel or mld
o oel Mpongid &an@’%ﬁ JaflRAfd% thlEs régUlarly HIEd with Slurry and E-media from the
alkali pressure process. Finally, to obtain a dry matter of ~15% {15%T3). Some
level switches regulate the content in the tank. A TS-mesuring unit requlates the

15 content of TS. Every 1 hour after filling of slurmy and E-media it is possible te pump
E-media to the fermentor(s).

 The top of the stripper and sanitation tank is preferably ventilated through an am-
meania-absorbing unit {(Step 1), and a pH-measuring unit regulates the need for Ca0d.
20 '

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

A timed process can optionally pump water / slurry into the drizzle system to pre-
vent preduction of foam.

25 Fermentars for Biogas Praduction

Digestion of the biomass is provided by a multi-step fermentor system prefarably
camprising three fermentors (Components 13, 14 and 15}, Systems with fewer as
well as more fermentors can also be applied.

30

The fermentors are preferably connected to achieve maximuim flexibility and opti-
mum biogas praduction. The fermentors shall be planned for routinely running at
termofile (45-85°C) as well as mesofile (25-45°C) temperatures.




The running conditions can be any conditions suitable, including 49 Medi a:
Running tenperature: 5 Running gas conbi nation: |Insulation k-val ue:
Runni ng Max. Pressure- Max, viscosity in nedia: Base/A id-r%ﬁ?e: 22
FEBRUARY 2005 All sorts off animal manurgy primrily piégFﬁﬁ ARyY 2005
Macer at ed energy crops. Sone sorts of organic waste, C 30, organic Acids
35-56 85 CH4 . 33% 002 , 2% ot her gases 0,25 WnRK heatloss is estinmated

(o L0 W o0 kb o286 T 00,0t i ve i ents

in media (Exs L- % NBx. tenperature in

cel ci us Nax,tmg?g g% & x'l“H"ﬂ%%f’?‘f‘iﬁ' B A% of VS0 Berwplasnsairekides icbtecl, 7.5
kW1 0-25 rplieat tiabicdiageds therprefeatl nb@idgBndkrRhgut 55 . Heat loss is
estimated to about 10 kW The bionmass in the tank is can be heated from

5aC tong_)ﬁac ﬂ“t” ?g 14 days, and the possibility of addition of aced for

adj ust nent of* tppifastenskl siov ruonngtieings keteh hs s adiHst ts. in fermentors

20 A tank fopisQhaasd & iagt %ﬁpégﬁ onent?ls?ﬁnt)(;jﬁr 1%)%9?@@ %’ﬁ?%ﬁﬁgﬁ%?ﬁ in the
I

fernmen- tor(s) is prefera *Brovi ded, Buffer tank for degassed slurry
before decangffr::izn of pH is possible through addition of an organic acid {liquid) in necessary

10 The fermentors preferably receives the following media:;

- E-media from the stripper and sanitation tank
Liquid biomass from the liquid biomass tank
- Acids from the acid tank
15

The specific shape of the tank can in one preferred embodiment be:

Bottom/foor

20 - With insufated concrete cone, directed downwards angle 20 degrees
- Irnpaired stirring / sand is removed from the fioor or according to the mammaoth
pumping system
- Asand filter is placad in the bottom, which can be emptied throughout an exter-
nal pipe connection. It will also be possible to empty the tank through the filter
25
Top/ceiling

- With cone construction of mild steel. Cone angle is approximately 10 degrees
- Mounted water drizzie system to avoid the production of foam from the stirring
30 process and the process in common
- Aslow running stirring system is placed on top of cone to to ensure the optimal
homogenisation, and optimal distribution of heat in the media.
- The biogas is transported through wet air in a pipe to the gasbag.

35 Sidefwall




N

Fol | ow ng digestion of the biomass in the fermentors the degassed bi onass
is punped to a small buffer tank (Conponent nunber 17) before being
subjected to separation in the decanter, 30 Decanter installation The
function of the decanter installation ( onent nunber Z2RSHEBRUABY @06 act
sus- pended solids (ss) and P fromthe bromass. 50 22 FEBRUARY 2005 The
decanter separates the digested bionasse into the two fractions 1}solids,
in cluding P. and ii} reject water. The solids fraction contains 25-35% d.
m  App- 90% of {4 -,and 65-8 D% of the P- 5 content of the digested

bi onass i s extrg&@e‘%ﬁ"qeﬁo@&g@cﬁ?” ofdaid steel. of PAX (t enirs Danmark) to the
buf fer tank bef Boeniedpapaixinanely Bob ArtdeGaA p. 95-9% of the P can be
extracted- The sohkds. tfﬁ;}??t;ion i'S tran.sporl!fﬁ{‘j.'gt%‘P(Pd)‘ﬁ?tsaﬁ1 AV ring aapeof a
shaf t I?és scrﬁ'\é\/ conveyor ¢ HRAT ¥R @rdist wat er contains u-10/ ss and

di ssol vetl K. - THdogyed epren damparatui@traniin b f PAX. The principal
conponent of _t hﬂaﬂrﬁb;ﬁ’gtpr-}f‘%t ers. i s dissol Vrggo FPQ\%‘I‘C heé}?ﬁﬁﬁgrncgg app. 90% of
t he ori gi nal K;F%u%n_ enf 11 n"t R2'HP ireEIentiedegwpteche nait euphig tomapeskij 0 t he
rej ect water-t side Sylnder aal BOihe hoBHE RPRby ?élﬁja reatment 20 Fromthe
decanter installation the solid matter fracllfﬁ‘t}agn@I o] ?H%FVDE’HP'I”EG{GWM P-
fraction) can be transported to a series of containers by neans of conveyor

screws and b y®umer caparita oPeddhagh i r Co ent nunber
19) A qgmmnn&%rﬁﬁyeo(gf a%%ﬁé:zlsﬁwportgéh&? ?géf?%%b%%%gﬁ‘%‘eag}ép rfe it is
m | es,

stacked into cover th a conpost sheet and all owed to conpost.
The conposting process further dries the P-fraction and the d-m -content

t hus i ncreas ~60% 25 second N-stripping Efficient stripping of
amoni a fromt 'Iggtregijglgg%t?\?\%feéwepg’mp?e’é\‘%ﬁf%ﬁs wrgifigd belodual | evel of about

10 ng NH4-1 ! | Itr or less is preferred, 30 The second stripping step is
preferably C@at{nb-?d out by using a steam stripper oper- ated at anbi ent
pressure. The stripper principle benefits formthe different boiling
tenper® ures of anmonia and water. At tenperatures close to 100C extraction
of

- 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
corrasive damaging of the concrete and arming iron
20 - All pipes mounted in the bottom is either poiyester or stainless steel

Top and wall

- The top and wall is basically a construction of mild steei

25 - Alf pipes mounted is either polyester, stainless steel or mild steel
Other components

- The stiming element is made of mild steal
- The heating elements is made of mild steel

30 -~ All other components placed inside the tank is made of stainless steel or mild
ateel

The running conditions can be any conditions suitable, including
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ammonia i s nost efficient. The use of energy in order to heat the feed is
an essen- tial running paraneter- The stripper unit shall therefore preheat
the feed before en 35 tenng the stripper colum to close to 100 , This
i s provided by use of steamor 51 22 FEBRBgARY 2005 possids RERRWARV@DES and
steam) fromthe notorgenerator unit in a steamwater heat exchanger, Wen
heated the feed enters the stripper colum and percol ates over the col um
5 while at tHéediame tine being heated toaffie ni.ng, tenperature by a
counter cur rent of free steam The steeni ammoni f'@g’éﬂ?@"%-dﬁg‘w&éﬁ’iﬁﬁi‘ry
condensed in a two step condensator. Fridnt Macktabar eredfrgd Heps AdMdsde

wat er now free of ammonia is punped to gk rolled exit punp.
SRl e T

The stri pped FRARRBIE] iverted to the bo gAY Aeidabber
condensgs or \Ahergt%ﬂgérg%fr%ni a gas is co¥dEn€ed primarily in a counter

current “of c&&NBINIPEE comhinaticondensat e. gEbe ' as,,nof condensed are
subsequent | ypr%g&qg,?g_@g ,L5 in a counter curr%ﬁf' o%’b”?d%e \Kgf’%r‘ar B55Ssi bl y
perneate fromthe Fhal"™: ever se osmosi s 0.2 \WhH°K hefatipgseis stmafedas fd kins

want ed or neBHBRIAY Maxt Plessappr opri at e t @20%aP UbOINL LG ARl at this stage.
It is thus peasi MBshPindrdigve a higher final concentration of ammoni a,
The scrubber_condensat or are€ preferabl y1%(’5’nTs°iruct ed froma polyner in order
to 20 al | ow Bae/fiéraigeaci ds. ArnnOnia ghggyption col urm (for use with
first apd/ or : Lipping),_ A condensate scrubber is used in order to
gain flexi biT‘I?rtgglgggln%%ﬂsﬁrggﬁ%i{ﬁ' %chd. 25 The col utm ( Conponent
nunber 21) fMaprtemperatiry icchewmitg srihedtd: NS0 Weyrsestdiqis so that the fraction
of ammoni a - in the first section is subsequently con- densed
in the secomﬁ}gceé??ﬁgﬂfﬁ%%ng eﬁegy(eégs.m ace®THY full counter current so that
addi - tion ofrapgmiesion efitdtni t ed as nuch as kPPssI-bs fom Thereby a maxi mum
anmoni a concen- tration in the final condensate I1s reached (larger than 25
The ammoni a product 30 can be punped out with a separate punp or be taken

out frbm a Vidkewtigastion biealicher n-at Gt G6°O UMt (cE8 S SRR fn%uﬂ?)éﬂ ~assi sted
by additiongf b?émééérih %eat%hg' Intq the ter counter current Sul phuric acid
tank 35 I8 can be heated from 5°C ta 55°C during 14 days, and the

possibility of addition of acid for adjustment of pH.

Tank for graaric asids for pH adiustments in fermentors

20

A tank for organic acids (Component number 18) for pH adjustments in the fermen-
tor{s) is preferably also provided,

Buifer tank for degassed slurry before decanter

25

Following digestion of the biomass in the fermentors the degassed biomass is

pumped to a small buffer tank {Companent number 17) before being subjected to
separation in the decanter.

30 Decanter installation

The function of the decanter instaliation (Component nurnber 18) is to extract sus-
pended solids (ss) and P from the biomass.
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52 22 FEBRUARY 2005 The sul phuric acid tank is used for storing the
surfuric acid used In the N-stripping process, (Conponent nunber 22). N s
tank The NS tank (Conponent nunber 23) is used for storing the stripped N
Gas store 10 it is preferred to establishksa gas store ( ﬂﬁﬂw.mmnbar 24)
as a bufferstore for the feeding of e.g. a notorgenerator engine.

Rej ectwater Tank 15 1:From the decanter installation the rejectwater is
preferably quH?eQPCﬁberhmarmjeed-tedf i . onent nunmber 25). The

rej ectwat er talng s {}pﬁg& Wi, t hg@;ﬂ‘gj@%rggse%gfﬂqg?&?? frPQt@Pswibiﬂtﬂﬁerat iC
operation The m'cro-filter U renove particles larger than 0,01- 0,1
~Lm A negative pressure 20 of 0, 2-0,6 bar shall be built up at the

menbr ane. Hemgg shi; : is cked through the nmenbrane retaining the
particles on thebhrrbgs ra'ﬁ@gérﬁ Lf"ﬁgé‘, SPnd 8y dép. 865 opthevsenandiestapang ol | Ng
and scal” ng FREegigdthadigedted biermRsty SRaceH! 35S ohas L0 L8 ,Femoved by a
periodi ¢ backwASBAPPFHEIIEE Zg é m Cr o- processor AloRaf FdfKeairanal |
automatical |y contfol the extrag PErSPRaten in theaeoantar abpeoDaskwWash p
procedur e. e Exteastadoiihe halids fetibmis fahypfRed tm{;wq%ri odi c _backwash e, g_
for 35 secongiifigss QY&) Yoradd,Seconds running tine. RE Bt BP9 @ shal | be
2-6 nB per h, 30 Aeration y 'be applied to assist the mcro-filtration.
Aeration inpose shear stress on the nenbrane surface reducing scaling and
foulingd It The fejeRbw e, reject- water and stimnul ates aerobic
deconposi ti on of resﬁ%ﬁ%ﬁgﬁﬁf nad}diqﬁs,ﬂ""ﬁﬂt“r- iThe gatependsamtthe addifion

deni trifi catd EAX P88 Srittiealcomponemof d@Ouet: Watbisah & E‘ﬂ%ﬁﬁj g@, t hus reqrsroved
during the toBpeans ofnBlonbfalk Lhiahlion. 4553 22 PEBRUARY HOCE 8 ¢ hi s
tank the permeate shall be>Used rgprtdn SAPTHES D The Mejectnvater is powpes o canal s,
slats etc. hf9%keRtesdandr ati on. di ssol ved K shall be concentrated by neans

15 P-fraction transpont System and Treatment

From the decanter installation the solid rmatter fraction (routinely called the p-

fraction) can be transported to a series of containers by means of COMVEYQ 5Crews
N and belts forming a P-fraction transpart system {Compaonent number 19,

A commeon conveyor band transports P-fraction to g storage where it is stacked into

miles, covered with a compost sheet and allowed to compost. The composting

process further dries the P-fraction and the d.m.-content thus increases to 50-60%.

25 Second N-stripping step

Effictent stripping of ammonia from the reject water is preferred, and a residual level
of about 10 mg NH.-N / Itr or less is prefemmed.

30 The second stripping step is preferably carried out By using a steam stripper oher-
ated at ambient pressure. The stripper principle benefits form the different bailing
temperatures of ammonia and water. At temperatures close to 100°C extraction of
ammenia is most efficient, The use of energy in order to heat the feed is an essen-
tial running parameter. The stripper unit shall therefore preheat the feed befora en-

35 tenng the stripper column to close to 100°C, This is provided by use of steam for
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of reverse osnosis, the K-fraction being stored in a separate 5 storage
tank. Water for rinsing anima |Is hours may al so be taken formthis
perneate flow. + The K may al so be concentrated through ot her neans such as
mechani cal or steam conpression, This degpgnds on the sp&ifERRUARGI2cesT or
each specific plant and anount of excess heat avail- 10 able for steam
conpr essi on. Thelb&ej ect water tank containing the concentrate fromthe

m cro-filtratiSaREvEr water ampétbad F intervals to renopve the
particle conegptgaee. This shall b}eﬁgn&é@%}%?or(ggeé\ grUnite agieanamatashear t he
P-fraction fromthe decanter. 15 20 K tank The } tank (conponent nunber 26)
serves the purpose of stori ng the potassium (K) concentrate, Gas cl eaning

The bi ogas p teh ermentors may contain trace anmounts of hydrogen
sul- fide (H2). whi c!lh d;tpgh%ec{:%@%r&rﬂffe?tﬂpﬁ’%r?@wr(mwﬂﬂﬂbsﬂﬁf’qﬁé bef ore
¢8idnn

burni ng® 25 PREE B hgsemierine bomphagey haak r_plant. The ‘gas shall be
cl eaned by ermkeviadshhe bl %li Ly, of certair%edr)%ﬁ;@%r WEDK A SoUplT 6ui--  di se
H2S into sulfate. The genus SRAT{ATHPPHALAS i Bbsehenteoorsienddt hagiy | US
which is kndRRcpedansaieveral terrestrial and marine environments. Ot her
genus may also be 30 used such as Thim crospira and Sul fol obus A tank nade
of glass fi b]_grrep_&gglﬁed t\tlfmrﬂgh RI astic tub;;ﬂvm’th a |large sulrface areahshgh be
rinsed with T Rent @ ithe oolwan tHedvital Rras ki ia i st. The biogas
is di W@rte&ﬁh&%it}{mﬁﬁacked col um andg‘gﬁ+r g@?’@%ﬁ%%ﬁ“&%&ﬂaﬁ [#¥8hbheri c

€

air) is added 35 to t 'ogas stream The atnospheric air is added to
provi de an oxygen concentra 54 22 FEBRUARY 2005 tion of 0,2% in the gas

stream ie- Thefdig oxidize the 142 and therefore not to produce an
expl osi ve mi xtur eFfplgg %'ﬁ%&@%ﬁﬁ@%@g}?—b%ﬂm M teioetebsawsier icsndsediaPonbi ned

Heat and po\}c@,erqﬂhgrﬁmmmis gas is condensed primarily in a counter current of cooled am-

mani i
a condensate. The ammonia gas not condensed are subsequently condensed

15 In a counter current of pure water {possibly permeste from the final reverse osmosis
step). if the use of acld is wanted or necessary it is appropnate to use sulphuric acid
at this stage. It is thus possible to achieve a higher final congentration of ammonia,
The scrubber condensater are preferably constructed from a polymer in order to

20 gllow the use of acids.

Ammonia absorption colyrnn (for use with first and/or second N-stripping)

A condensate scrubber is used in order to gain flexibility concerning addition of acid.
25 The column (Component number 21) is preferably constructed in two sections so
that the fraction of ammonia not condensed in the first section is subsequently con-
densed in the second section. This takes place in a full counter current so that acidi-
tion of water is iimited as much as possible. Thersby a maximum ammania cancen-
tration in the final condensate is reached (farger than 25%). The ammonia product
¢an be pumped out with a separate pump or be taken out from a valve on the circu-

tation pump. The absorption may be assisted by addition of suliuric acid into the
water counter current.

30

Sulphuric acid tank

35
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The mai n conponent in the HP (Conponent nunber 28) can be e, g. a gas fired
engi ne connected to a generator for production of electric power, The nmain
priority for the CHP is to produce as nuch electric power as possible
relatively to heat. The engine Is prefergbly cool ed by %4 WRRRARY 2005t (90
C) and the heat is used in the 10 plant process and to the heating of e.g

t he ani nmal h%ﬁ;e;ﬁm;he exhaust gas is used in a recuperator for steam
producti on- M asiduseds L8sd R ok 0 i n, the plant process, i.e.
In the pr essgrgoegge(polrrip%ﬁ% Onnﬂ{éi% a%@hﬁgt%%&%.ascﬁli‘sp‘?ﬁéﬁ’ tWﬁRIPPII‘(gpri ority
one), Depending on the ANt e éeamit may al so be f used for
concentrating the Kin the rejectwater (seam evaporation) Between the steam
and heat cir@fanthere wilt be installed a heat exchanger, so it is
possible to tT’ragns erb?{ggwt] fromthe steamsystemto the heat system 20 In
addi ti o to t'he Mg O rEnecgBErSRS | ' instal|led a steam
boiler. This boiler will be used f?%ﬁét%eg?rgé%‘#cntgﬁﬁﬁs{;ﬁpﬁ ¥t the pr ocess,
and in addition be used as a backup for the genset If there is produced
nore steam t¥aBsEaded in the pl ant process, the rest production can be
flashed of in a cooler. To start the plant process (heating of fernentor
tanks) ,etc., heat is provided by the oil fired boiler. As soon as gas

i I s pre : - i
product'Fon |'§sapleredd establshla dusranee (Db t s hurner. As
soon as gas A MY G 4 %&I%&e en(i)ug@(té1 tobsﬁglﬁwﬁnﬁgﬂﬁ%‘ﬁgﬁﬁgﬁ&f?ﬁ%mg% ne
will take over the “heat® producti oo FIPst assi um Separation At feast two
alternatives for separating potassiumfromthe rejectwater are possible

( Conponent %Mt relatively high |l evel s of biagas production the
no 55 22 FE orgenerator engine produces excess heat (steam at
160C) which can be used to concentrate the K The distillate free of
nutriefgs r. field jrrigation, or recycled through the whol e
pl ant,mS Amce' g?éfj\a/e ytﬁ?(')r\'ﬁt?[%b%%hﬁfmJ Pe@i ispgiaially pumaeditacthe réjettt er can be
used to fil m@tergank {Componsnt mmgmir 26) 01 0.1 ym fromthe reject water
rendering the perneate suitable for treatnent in a standard reverse
osnosis filter. The K shall preferably be concen- trated to a 10-20%

sol ution 10 Taec/eetwated tankpe eduibmRRENET 4 8herged micro-filter with static operation.
The micro-filter shafl remove particles larger than 0.01- 0,1um. A negative pressure
20 of 0,2-0,6 bar shall be built up at the membrane. Hence the permeate is sucked

through the membrane retaining the particles on the membrane surface. iy order to

prevent membrane fouling and scaling the coating of the membrane surfaces has to
be remaved by a periodic backwash procedure,

25 A micro-processor control device shall automatically control the extraction of per-
meate and the backwash procedure, The extraction shall be interrupted by periodic

backwash e.g. for 35 seconds for every 300 secands running time. The tatal flow
shail be 2-6 m3 per h,

30 Aeration may be applied to assist the micro-filtration. Aeration impose shear stress
on the membrane surface reducing staling and fouling. It further aerates the reject-
water and stimulates aerobic decomposition of residual arganic matter, nitrification

and denitrification. Possible remaining adour, nitrate etc. is thus removed during the
process of micro-filtration,
35




In the second preferred aspect the invention may be applied to
substantially reduce and/or elimnat B E priors contained in manures,

f odder, sl aughterhouse waste, flesh and bone neal and the |like. This is
achi eved by a conbination of pre 15 treaggent and di gestForrBRIARY 2005
conponents as |isted above are supplenented wwth a device for additional
pre-treatnent_of the substrate containing SSE prions, eg. a |inme pressure
cooker. The IfirpR tois drikrtbe parmdate wsdithd @chyglr ol yse a variety of or- ganic
substrates including ma} eﬁal. containing prions. 20 BSE prions are proteins
resistant to protease att N9 \les 8pimal houseeatamdisyélbtz dts e at

t enper atures of preferabl FudhérsE8Qsti referably 4-8 bar, and a
pH of about 10-12 the prions arg aﬂi.ftﬁ "%?‘o"f@?@&%‘%‘?&%ﬂ#tﬁeq%m@aw
deconposabl e by i crobi aP' 'EN3YHEEMesE N agfm@bahehgstar@ddn@mrﬁgc. The

ni crobes are present in sthesgei tomic Re4ier s mi t he substrate is
stripped for amonia and fhus lowin 25 tora gb%ﬁ®§|%§|?§5? Oy Plsedtedaken he

mcro organi sns are prone' ' IHF BeReatafowt i onal Iy extracel | ul ar

proteiriases and prof essEs Kapatdis Lhg the BSE prions_ The
hi gh residence tinme al so cggtri but es t%%ﬁtgg#?mrg“rﬁhcﬁﬂﬁr f4cB@sof BE

prions. The third aspect T Efit Pteasm compnesaing. THis 3€bedais b tide ickd

preferred aspect, the inuhioicedsr SRY sBEBPRAL) t arate the main nutri-
ents nigrogen (N) and phg rus r(np) Bf$Iom@gﬂﬁﬁ$glaanp;’ﬁ'gP{e%x°§ﬁ%n?¥ﬁ”ﬂ'é t he

h
nutrients to fertilizer eoﬁ[lﬁtf"? SOMgsHTInei al or "organic" quality. This
I s achi eved by conmbin- ing the conponents of the first aspect with a
decanter ce i 56, 5 10 22 FEBRUARY 2005 The N and P are the main
nutrients iﬁet{e}égﬁﬁ?t?va\%fzﬁwa'&m 8¢ cenrenifatefwosheimicanitmelon dngl gngs, The

N is strippéddind atwglac trshvals trﬁ%ﬁQﬁé’p%ﬂ]c]E%ﬁné&n’ﬁ?&a_ Zﬁﬁgﬁta%[végé’ée” P in

t he remai ni | t slurr However, If subject

centrifuge, @ﬁ@%ﬁﬁ @'ﬁ‘&%\&%ﬁ? PdfActiprrampe Jecsintarg wit h or gani ¢ and
inorgati ¢ solids, The result being that preferably nmore than 90% of the N
and P in thgtgil“yrry are col- lected i N separate fractions. The renaining
reject water—contains sone potassium {t) and trace anounts of N and P. The
reject water is thus suitabLe for |and spread-

The K tank (component number 26) serves - .
concentrate. ) the purpose of storing the potassium (K)

20
Gas cleaning

The bicgas produced in the fermentors may contain trace amounts of hydrogen sul-

fide {H28) which are nacessary to remove (Component number 27) before burning
28 the biogas in a combined heat and powwer plant.

The gas shall be cieaned by emplaying the ability of certain aerobic bacteria to oxi-
dise H;S into sulfate. The genus shall primarily be the genus Thiobacillus which is

known form several terrestrial and marine environments. Other genus may also be
30 used such as Thimicrospira and Sulfolobus.

A tank made of glass fiber packed with plastic tubes with a large surface area shali

be rinsed with reject water to maintain the Racking material moist, The bicgas is

diverted through the packed column and an air stream (of atmospheric air} is added
35 to the biogas stream. The atmospheric air is added to provide an oxygen concentra-
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ing at all tinmes of the year. It is possible to extract potassium{K} from
the reject water by an additional coupled nenbrane aeration and
filtration. Briefly, ceramic mcro-fitters are used as diffusers and
filters at the sane time. The filters ar§4subrrerged i n CREGERWARY 2a6®r and
oper- ated with intermttent aeration and filtration periods. Aeration

provi des decggg;ﬂ]%on (}?.f the remai ning organic matter and settling of

i norganic fl ' VHYeIntthe ghe streatiti®r siifci i I or . nenbrane
filtration begsdize afﬂ%'*gliogﬂe nd '%(t:f?r i ng ?'%mg‘?g?lw\i;éﬂfeeﬁ%éw Hergiereat it i on

t hrough the sanme nenbranes %’al?’ HOIEE 38A PNYgenp Acing rside bitvagr igpedy anes from
fouling and scaling. 20 The product produced is a concentrate (mainly

cont ai ni ng Keaitheld thd £, 9F‘ thFr] sui.t- able for land spreading (a very
Iim'ted5area I S requi 3 first aspect the reject water may
al so be“re-circulated through the ani- mal houses. 25 The P fraction is

suitable to TTHE k2@ | - \whi pr.oduces a granul ate of conrner- cial
val ue. The N and K ?ﬁ'ﬁc{dt”r%gtn”s‘\{\@%@ﬂgi{ﬁFF@PFW@w@amrc@haﬂe &gl aigas fFag third

preferred aspitie fameptegse nigentratordarsiranReod o QQ&H@Q‘E’JL at ﬁ@t he. main
ot

nutrients 3@rMeange R tained in slurry a T MGy
substrates torf eErti I ilsztg?}ragdrdéé-a%&g'f@ SARCIOPRIST @ oS biglréletive \HoviRae Thei |

decant er cerfoNaUgeeefenablycontkiingd witkheitd® (§her, g ts of the G FE

bi ogasjand 'é’{twﬂ@g?%ﬂé@n s%tstem in par(rtic |a§rﬁtﬁﬁgﬁl‘§ﬁq Pty unit, it
becones of 35 maj or T hterest FBiMeYfg-dhe amimablordsenat i on of the 1-stripping
and decanter centri 57 22 FEBRUARY 2005 fug es neans that the majority of
the N and PegnhRal lLurry is separated and collected into

i ndi vi dual fract ﬁonssf%?Eskl%é*%i'%gﬂt“&ﬁia*?rdﬂrsﬁt%g@rctdmaﬂort, e Btaskheis (ge@sent i n

flocks i's bAaMEatRS wret inithppiintyrobdse, KIS HRieHro&BRAL LbliERsn Surhey, can used

d addd1l ' i )
%éh-@trﬁper unit It {priority one), Depending on the amaunt of steam it may also be

15 | used for concentrating the K in the rejectwater (seam evaporation).

Between the steam and heat ciroulit, there will be instalied a heat exchanger, soltis

possible to transfer heat fram the steam system to the heat system.

20 In addition to ths above mentioned genset there will be installed a steam boiler, This

boiler will be used for heat production to start the process, and in addition be used
as a backup for the genset.

If there is produced mare steam than needed in the plant process, the rest produc-
25 tion ¢an be flashed of in a cooler,

To start the plant process (heating of fermentor tanks) etc., heat is provided by the

cil fired boiler. As so0n as gas production is achieved the oii bumer will be switched

to a gas burner. As soon as gas production is large enough to start the anging, the
engine will take over the heat production.

K1),

Potassium separation

At least two alternatives for separating potassium from the rejectwater are possible
{Component number 29). At relatively high levels of biogasproduction the mo-




e

to the fields according to th e specific need of each nutrient. It is also
possible to re-circulate the reject water taken behind the decanter
centrifuge th rough the ani mal houses. C eaning of floors and slats in the
sties are achieved as is additional advggtages in ter ms2SERBHARY aaemr
climate, reduces! am nonia and other gas em ssions, frequent flushing of
slurry canal)st etc. The reject water nmay contain a major fraction of the

pot assi um ( KYeraghereter angine bl cePak | r in the P-fraction.

Thi s nmeans t hahcd a{eﬁﬂe?@ﬁ"ﬁg”ﬁ mhec%gws?%%r@%a'ﬁsaﬁg{i%}m Fegrbemedrid a and
separated for P the N and PF&% g5 frae of eutrientel map e .aed i aRAS iFigadiod Br
speci fi c neefR¥CEhithreugintheneiotcpiamat er can be applied throughout tﬂe ' f
year as waste water. It can be estimated that the need of spreading area is
about of5 the#?;eiﬁ_ r‘ecrwi red for slurry application, the harnony area, and
that thi“s pa WEl lov ratehofthiedashhRiucidhol gidhak rea over a 4-year
period. 20 |§|é§@p§é‘rtthé/rpd) m_%f1 thﬁrgﬁ_gﬁsi bi | if’ﬁ%‘?ﬁg{?;@éggﬁpﬁeg%ﬂf%Pé% wat er
further (see, section) some  f4r theireipctivrierupneating the papreatd fiampeont ent
With the N aRbtrestaent B #gnaard revietsat osn@R®s MeP e K §AGL0L:f &di estion of
the slurry. ﬁ@@tdé‘%ﬁﬂ%téduﬁ@;h”g by the decanter centri F&@ &SP t t ed
because the N is concentrated leaving a dilute slurry 25 w thout N which
may al so be spread onto land a any tine of the year, except on frozen
land, 18 is Rerye VD arts of the total systemcan be offered
to farners whil eﬁﬁﬁﬁﬂ;@é}{%&g@”&gntent w th any conbi nation nore suitable
to their Siltl,llﬂj tions. In any 30 case it is the N-stripping which nake the

use of deca SEEANG Prefryees! dspeanes nvagtidn cal-farming, The reject
o PReblo (G,

wat er from taR8rae 8l S be subjecte O HE
dependi ng on tr?e mar E%tee%% Eﬁ%‘%e%%e%gwug@. FEERUARMgBReO B LT USstet he

chal | enge i £e¢tband aaiie mesl andjiecikewabie s &éhidiRa &%&i&gg e for menbrane
[ n"the 50

filtraits on gastnnggnd @ vel. reducti ons tha N Oh®icent i oned, The
chal - lenge.is alnsontobggrem\'/\gb#QEWBW“?%%%E%WVECE@@SUDMEUMGHo.g'h%s in a

new cont ext Eie%ceﬁq:é addlienal ore-reatmbet drohd QwWshete containing BSE prions, e.g. a
lime pressure cooker, The lime cooking can be used to hydrolyse a variety of or-
ganic substrates including material containing prions.

20 BSE prions are proteins resistant to protease attack. However, if treated with lime at

temperatures of preferably 140-180°C Pressures at preferably 4-8 bar, and a pH of
about 10-12 the prions are partly hydrolysed and thus rendered decomposable by
“nicrobial enzymes such as proteases, amidases ei{:. The microbes are present in
the bioreactors and becauss the sibistrate is stripped for ammonia and thus low in
25 total N versus total carbon the micro organisms are prone to produce additionally
extracellular proteinases and proteases capable of hydrolysing the BSE prions. The

high residence time also contributes to an efficient decomposition of BSE prions

Five third aspect (concentration of M and P)

30
In 2 third preferred aspect, the invention may be applied to separate the main nutii-
ents nitrogen (N) and phosphorus (P from animai manures and refine the nutrients
to fertilizer products of commercial or "organic’ quality. This is achieved by combin-
ing the companents of the first aspect with a decanter centrifuge.
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Aeration of slurry is well known and aeration with atnospheric air during
2-4 weeks produces an aerobic digestion. 10 Aeration achieves the
following Firstly, renmaining anmonia is stripped and collected in an
absorption column (pos- sibiy the sane aggzthe one used daFERRUARY 2005
pre-treatnent) by a so-ca lied | ow tenperature stripping of about 2C C. A
wi der |iqui da_l-hgas ratio i s required of about 15 1; 2000 (Liao et al.
1995) . Secondhg N amhi sretheonganLSicARLL e & ell C anents are
deconposed  GARRHE! Phefhy i@l S: Burt on e?%a\mﬁtg@iﬁﬂ 1" B8 "NBma1al 987,
Gar r avay lgﬁﬁﬁ , & nniv Al Yoered aiosaliectad anFescibegjn thatirst akps YeaRg % bl €
remai ning a P seradineg didesteuEingy. Wolkvdeir Qi bik k) nitrate (Arga- man
V. 1984; GGn%qgm%Pgd m{,’rtﬁémles ég}%) - Thi s aerja‘%titgﬁ%gf%g’ﬁ?r%‘?rgggﬁ)it%a Wi th
filtration by employing new <EfRge WidSreanioand iselgaokagids.i . e., a
mcro-fltration principle conmbining aeration and filtration over ceramc
filters (Bouhgdid : gﬂ 1998, Scott et al. 1998, Zaloumet al, 1996;
Engel - hardt et SFES%‘Bg 2l PIgleTahl e d1an 99% of thadt and Biin tiedsidriyl dreabi.on i s

achi eved - i neelad ingepasetatiactnns Thies @ﬁa’iﬁiﬁ%!’bjé& ”akgfkgﬁfainﬂﬁﬁgnﬁfpg{t cl eani ng of

the ceramc "air. b | ushi ng” (Vi svana a%51iMo97;
Silva et al %%@? ?r_ag%aépé%'gtgloég\?@g% ﬁ\ﬁ‘ﬁf@?“ﬁ%ﬁés Weis|sugatile 6t 14! geearat i on
over standar®d 85#olsres widhe yéaranes i f necessary, because possible scaling
and fothi ng problens are mnimal. It is therefore hypothesized that a

| arger volunme reduction can be achi eved at sub- stantial Power energy

costs, al t hdUgRossbie teadrapy potassisedK] fosm tier ' FEBRUARY
2005 Even i fimdmRehaag b %H@Filirg{i: iar_n t useﬁ%ﬁ?&ﬁﬁ?‘ﬁ@%ﬁ cﬁ@e%e
motivated by the final -stripprng ’Eg\ﬁﬁﬁﬁ”ac%ﬂ'fﬂﬂiﬂﬁmvwd af diffteeers
remi ni ng seriles b ticrars imad Heduists ura sn8hbioth #EHISLA FAET ) o8, The main
devi ces of %mﬁ#fmiﬁ{?ﬁwﬂ%ﬂt Q\E‘Srg@aﬁaéfurﬁéﬁr e-treatnment facilities Cotf&isting of
a strjpper tank and a Il nhe cookBl TGN PfiPEs Asrationmiovidgstdecsnepsi( i ni num
3-step tion of the remaining organic matter and settling of inorganic flocks. The treated

water is thus suitable for membrane filtration because fouling and scaling is pre-

verted. Also the aeration through the same membranes (air back flushing) prevents
the membranes from fouling and scaling.

20 The preduct produced is a concantrate {rainly containing K) and filtered water suit-
able for land spreading (a very limited area is required),

As under the first aspect the reject water may also be re-circulated through the ani-
mal houses.
25

The P fraction is suitable to further drying, which produces a granulate of commer-
cial value. The N and K fractions are similarly of commerciai value.

The third preferred aspect is in particular designed to concentrate the main nutrients
30 N and P {and K) contained in glurry and other organic substrates to fertilizer prod-
ucts of commercial guality.

However, if decanter centrifuges are combined with the other elements of the GFE
biogas and siurmy separation systemn, in paricular the N-sttipping unit, it becomes of
35 major interest to farmers. The combination of the N-stripping and decanter centri-




process design of bioreactors. 10 In the fourth preferred aspect the

I nvention may be applied to produce |arge anounts of biogas froma w de
range of organic substrates including all types of anigft manur es, energy
crops, crop residues and other organic m?ﬁtes. The pre- £+ EEBREMRY M5 i ti es
of first and second preferred aspects allow the use of a 15 variety of
organi c substrates while the nulti-stage biogas plant allows a conplete

di gesti on of fudee nsados thz tie: maﬂnW%wrmgi%eq%még ield. N-rich and

| ci trant . , “poul t d |’} PERAAEE agde.
SRR L i e e AT B AU

nmesopi | e reatogke fEfmuddebdneatrlﬁped&ylﬂféa&gﬁérgé}qtﬁ{uﬁethe stripper tank and the
subsequent reactors. The pre-digestion ensures thHat the readily avail able
organic_matter is deconposed and the N released into solution as anmoni a,

The bul R of Thry dnibte tdeusndsdbbit mglﬁa{db%é&gmbE%HéﬁsptﬁhiééEg’%ig'lq%l?gﬁt and t he

recal citrantpgrgan rate bung deconposed
reactors of r'Ehel_ e'nltefrég%?/%bpﬁasﬁ@? tﬂlr?'éﬂﬁﬂftﬁwé“? (lecy eigtandakeg behintiiee deradneri ty of
t he subst r at@nifugamtyoughttes animaebsdsys | (ﬂb@n[h%ﬁf Rdord BRPLIaankLelore _
di gestion i mdhRRed HEACLIRitn T%}ﬁ rtesult i s that |arge anmounts of “Bi%gas is
bei ng produced, 1.e. typi Dhp) §AvaBtanes fyeimsigarg cenelirggtet teencszioamhai ned i n
slurry. 30 Thend pedpinengas emishions fﬁubﬁﬁ@@ﬁin@@ﬂsiﬁﬁ?@é,@% %t@ system furt her
ensureggthat the nutrients are re-circulated to agricultural |and. The
energy crops are digested in a separate reactor and the di gested bionmass
i s di verted T reinet water ppecotainka mbjor friit®n of Blakodiii pgenﬁrhiibo Srqlgﬁorrposed

be hy- d ysed an

during resi ' e reactor will be I %he
SonCa i | e b e BBl Thimains et Nocsanaiaretsre g 105

FEBRUARY 20651P6Rgfajpmmape andaegehaiad e 1 ere &6tib ke Be biork A8y 80 eHsed i n
t he product ieshrgh .. About 1-3 kg N per tonnes SiTage can
be reused. The ro]rgﬁﬁecﬁ%ﬁ{ee%?%ﬁ&@giﬁ Eﬁler%“‘f"?"@ﬂ’é%Fﬁ?@'fﬁditbwugbm{m@a‘ erably
stripped fo¥edrAso¥dsie wetenhi ch in particular at therrnopile tenperatures is
inhibitory to the biogas process (Hansen et al- 1998, Krylova et al. 1997;
Kayhani an 1994). The ammonia is stripped during the pre-treatnment, where
the bi omass!tican &P stimated ghat gt néetsedprizging Hiéa RIDEEES cﬁﬁ{é g}ggﬁﬂg&y be
split in a tdhek | Il e co nent 10 Dugba &and” Zhang
1999, Harr et 5@%%@?@%@%H%%%%P'.”%égiﬁ?’@éFh’%r’ﬁ?ﬁrﬁhadlrun&m&ﬁtnre.is gl ues
rise to i nc¥oelsdarmesrerapa pier aié-yearcheed ki ng stability, anong ot her thing

20
Irrespectively of the possibility of treating the reject water further {see section) some
farmers will undoubtedly be more than content with the N-and P-stripping with just
one single reactor for digestion of the slurry. Even the P-stripping by the decanter
centrifuge may be omitted because the N is concentrated leaving a dilute slurry

25 without N which may also be spread onto land a any time of the year, except on

frozer land.

tis very satisfying that parts of the total system can be offered to farmers whiie
others may be content with any combination more suitable to their situations. In any

30 case it is the N-stripping which make the use of decanter centrifuges interesting to
practical farming.

The reject water from the complete process may be subfected to a final treatment
depending on the market preferences.
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because the biomass resides longer in the bioreactors which allows the
nmet hane bacteria tinme deconpose the substrate. ft should be noted that

nore energy for heating is required as is a |larger tot |_une.
15 in addition to this two-step principlgthe plant sha F%@E@%j yet

anot her reactor to prelimnary digestion of poultry manure and simlar |
I'-containing biomsses. Also the energy crops shall be digested in this

react or bef oifeud, tind Crexliepiores S:aghé Rejt N vatGE ' this first

di gestion thﬁ]t gﬁti?]nnafc" alct'on of the réadil aval Dé‘g%gun%rble%rggﬁ\b@%tter S
deconposed and-the T FPOGE MeuAESEruSivnS the the FRBOMrMentnedr fohal-anmoni a
The ni t r ogenledga isnave treusstwallpRen fhaabang e hRP&ichh A0k | din the
N -traction Digested beets, muaize, cl Ever grasscet@?&%%r@?aaﬁ%gﬁﬁtu "1 kg N

per tonnes wet weight 25 and it is therefore inportant that this is

col | ect &d i nTheheolMidriadid followiRgul try manure is even nore NJ-rich and may

al so be digested in the pre-digester before further di- gestion in the main

bi ogas plant. The stripping and hydrol ysis ensures that also the

recal ci t r antA¢ratieres! surey ismad kaBwavad haklien ih AiresphbeN 2R, f_ﬁi\“%%qsunder
as pla

the pre-tre owi.ng digestion in the main bio nt
ensures a n:é{lggn@n@l,sgays]a%ﬁe+h'.geﬁwg'fifth aspect {animal welfare) 61 22

FEBRUARY 2005 In a fifth preferred aspect the invention may be applied to
ensur eq@pt i MRl A Moy lald An&,and heal th when stabled in the ani mal houses
while at the sane tineTeduc- H% em ssions of dust and gasses such as
ammoni a. This is achieved by flushing or re-circulating reject water

t hrough t he | i.t.h.the purpose, of cleaning 5 and rinsing sties,
floors, sl at%ﬁ?@”@ﬁ%ﬂ%ﬁ%ﬁé RReLATERREed far ofrtioAgokumn (PPaces
wher e odour sikintkerfaseaaathd wse usey diving wreararebrit Doy H180cAday- ai r. The
system furt hgr, ; f. oSt Law wi t hout i ncreasing the em ssions of
dust and ammﬁ?ﬂg#&%l%e”bgﬁﬁ%\fvgl?ogmgasGbgﬂ riigyid neps Ete it sayibad At abauh

parti clfi ar f162009i(bec80abd®9m| so for other animals- It provides the aninals
wi th digging and occupational material and structural fodder. The reject

wat er taken after the decanter centrifuge treatnment (the third aspect) or
possi bl y bel&enandiiherfdinisg odiageshatoam aat el icosibo RIS sle) ddcempBbdg Suited as a

means to fl lf'ég'marern et al. 1998, Burton et al 1998; Doyle and Noiie 1987, Garaway 1962:
Girnivan 1983, Blouin et al. 1888),
20
Thirdly possible remaining ammonia after stripping will be nitrified to nitrate (Arga-
man Y. 1984, Gonenc and Harremoés 1985).

This aeration shali be combined with filtration by employing new sewage waste

25 technology, i.e., a micro-filtration principle combining aeration and filtration aver
ceramic filters (Bouhabila et al. 1998; Scott et al. 1998; Zaloum et al. 1595; Engel-
hardt et al. 1998). An energy efficient aeration and filtration is achieved in ona op-
eration. The aeration is further used for cleaning of the ceramic membranes by "air
back flushing” (Visvanathan et al 1997; Silva &t al 2000,

30
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 fower energy costs, although some energy is used for the aeration.
35




15 the ani mal housings. The flushing renoves the straw and manure m xtures
fromthe slats, In further preferred aspects any conbinati on of the core
i nvention with the other aspects nentioned nay be pref fggg &ﬁ’ltdOrSSt
aspect is preferably included in all 20sgo0nbinations. ccor y, Tt wll
be clear fromthe above descriptions of preferred aspects and enbodl ment s
of the present invention that there is provided herein: 25 A nmethod for

i mproved bi ogasn PRRSMEEROMiraficH id nBELRAT 2SI # §émﬂ.a}éh nﬁtﬁgéd ¥ thd final

stripping N including ammonia from organi ¢ materi al manhures and
slurries theF'é*BF'“gé‘ﬁamBH{”iWtP‘iy"EﬁWF'd?f%q TRgaitRg W‘g]h?ﬂf‘ﬁmf’@tﬂtﬂrl al, 30 ii)
diverting the thus obtained organic material to a biogas fermantor and
iii) obtaini L}ﬁg?iq{ﬁas fromthe fermentation of the organic nmateri al . The
above mnet hod oW ASRET. (LasRPE@NERRY) st ep of separating the solids
resultimg 35 fromthe biogas fernentation in a separation step involving a
decant er cenf];i'_I 20% FEBRUARY 2005 Segar ate fractions of P and/or K,
preferably i F'ﬁ'ﬂh‘f‘%‘?@& BHPrelg e AsPastAEs P IpAIMER] Taciiiasnonsising ofehe
above net hodsnnppérrtemmemd £ e dbokn! arePaPiige and ruf step Ieiinsdre B-9ép)
recirculat- 5 in%.t?] e Il%w ds resulting fromthe biogas fernentation to
stabl es or aRi%vE Org Ctt‘f’rénally after a further purification step In
anot her preferred errbodl ment. the step of N including ammonia stripping
pref- erably rs,.sinmultaneou uent i II W|th i n any

or der, e' tewqﬁﬁv%'v l%[g%rfﬁ@aap%ﬂi%'ﬂ‘éﬁ““hﬂwiqe\%qpﬁ%% glilﬁ?/ 8i%an al kal |
hydr ol yS| S shmpuntefeebiegas Bory codide eingelfblypicei®str@keingluaing @Mty dfncr eased
t enperature and/ an increased pressure as%éj cri bed herein above. The
above. pref or PUTLTR RO 5185 CroRRER LR 3 DR OGEM6 AEEIES. pr obl ems  ae-
15 soci at ed WI th environnental contam nation by undesirable m crobial

or gani sns, | udi n Sal hi muri um DT104 and/ qr | ons

asSoc at ed w PRPERR dGles o ML A Sror PRI pefier AlPe e crot dg
manur eg5and edrigty umgm@smftratelsmrmamﬁéwmnltuemmlmﬁstplarﬁtmﬂn@be\cerrwgr | bed
preferred e od| rren solb{a i robl ens associated with an attaining a
sufficiently ﬁFﬂﬁ’”ﬁyg" érgtf" HrF T MAATHTLEHERY S an ani mal house. This

i s achi eved by reduci ng and/or el i m nating undesirabl e

M-rich and recalcitrant substrates such as poultry manure and deep litter is pre-
treated in the lime cooker. The cooked substrate is pre-digested in a mesopile reac-
20 tor before the substrates enters the stripper tank and the subsequent reactors.

The pre-digestion ensures that the readily available organic matter is decomposed
and the N released into solution as ammaonia, The bulk of the N is thus is thus col-
lected in the stripper tank and the recalcitrant organic substrate being decomposead

25 in the subsequeant reactors of the enargy plant. Alternatively, depending on the gqual-
ity of the substrate, it may enter directly into the stripper tank before digestion in the
reactors. The result is that large amounts of biogas is being produced, i.e. typically
5 to 10 times maore energy than contained in slurry.

a0 The treatment in the GFE biogas and separation system further ensures that the
nutrients are re-circulated to agricultural 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 he hy-
drolysed and the ammaonia will be collected in the N-fraction. The N contained in




m crobi al organisnms and/ or prions associated wth BE that are present in
organic materials including manures and slurries thereof. 25 In yet

anot her enbodi nent, the above described preferred errbodv%ﬁgasﬁ@g% %@é

probl ens associated with an excessive usgmof expensive Urles in a
sa- ble or an animal house, This problemis solved by re-using reject water
obtained fromthe decanter centrifuge separation step used for separating

sol ids and | | energlscropesa tiefiGeire-cfouide™d BhblaRY uQécFHtﬁ‘é‘hFEgiﬂ%q of 3 ani c
mat eri al and/or strl%ag i_ncl udi ng g and/ or

anaer obi ¢ f erfiERPREPEBH ﬁé‘gt"bpﬁ‘*éw silgge nan boreussd.  t he sarre tinme, it
IS possible to reduce and/or elimnate the occurence of m crobial

m croor gani s, N the reject water further purif ication steps. The
present invent] o?@%“'%ﬂ‘%é"@b??f@gdl%@é efrvenitan ig ereferablyctipped doradnhyionia

accept ab e 3Svrmtr'alnctmrtttﬂlarEhlh%rrh@pllaCié}hBéfrﬁﬁhr@é’lsP]'ikﬁﬁ:{g colr%Hg ijr?g% ngrcg thr;rggi a

stripping an RUARY 2005 ti

and K- cont ai gﬁ%§£e&%ﬁ?%§§é§rﬁ VAELRS 1% Eé%ﬁwwmﬂﬁﬁhaa‘mrgamamstﬁmmbw ng
pr et r eat ment dupngfrermbitieatnmer udherd e emBLs BNk dia] by drQtysis, 51n
anot her aspect of the present invention there is provi deasa net hod for

reducing the nunber of viable mcrobial organisns and/or BE prions present
in an or gani dhemetcess abn pedérdblpk ke |§foﬂi1§rhﬁnraﬂagaﬁé‘§n%sﬁﬂi% (Q%Hé% oRf ovi di ng

I d t d ,
' oatd or ganp e PR BREEReLA. BB Ram o' feeBaCatcranetalnian. and) o

BE prions by Issljiestrisago trht&aaseganmgy I"y‘&lc%@r‘@'wﬁr@in?)staﬁlhw %oﬁg%ﬁﬁgl’”ﬁn&ookl ng
erial is heate

step, and/or in the organic
pr edet er mi ned éailiegénﬁ@l? g%ﬁrggs rer?&%(ﬁtjmégﬁb]”et&g@!ﬂ”?@t%[s phisaelevaiiifeaeiiaegsur e
and/ or  subj battets tiveaddompase thé sbt&ﬁﬁts:)rft 0 U bea A P a2Rof e 1%9

resul ting |n artial sis of the organic materidl, wherein
sai d processi %mlg %Eequﬁ?d aR)® %G ot%le{ﬁag%mlur% mul t aneously, or

sequentidal Iy in any order, and 25 i ) obtai ning a processed organic
materi al Con}?wréc?dlt%% tn’ihls Ew%sétagpr[rgmgle the plant shall make use of yet another reactor
to preliminary digestion of poultry manure and similar N-containing biomasses. Also
the energy crops shall be digested in this reactor before further processing in the
energy plant. During this first digestion the main fraction of the readily available or-
20 ganic matter is decomposed and the nitrogen released into solution in the form of

ammonia. The nitragen can now be stripped in the stripper tank and coliectad in the
M-fraction.

Digested beets, maize, clover grass etc. contain about 1 kg N per tonnes wet weight
25 and it is therefore important that this N is collected in the N-fraction. Poultry manure

15 even more N-rich and may also be digested in the pre-digester before further di-
gestion in the main biogas plant.

The stripping and hydrolysis ensures that also the recalcitrant fibres are made
30 available to digestion as described under the pre-treatment. The foilowing digaestion
in the main biogas plant ensures a maximum gas yielg.

Fhe fifth aspect fanimal welfare)




nunber of viable mcrobial organisns and/or BS E prions, A wide variety of
m crobi al organisns can be elimnated by the nethods of the invention,

i ncl udi ng m crobi al organi snms sel ected fromani mal m crebipdpmiganizess. 30
i nfectious mcrobial organisns: and paragjtic pathogen mcrobial organi sns:
I ncl udi ng any conbi nati on thereof. Exanples include, but is not limted to,
bacteria such as Canpyl obacter, Salnonella, Yersinia, Ascaris, simlar

nm crobi al ang bfeted Q& e Bverfion Walylb Vibd WSensvild t%l%ﬁﬂné! he Iike.
64 22 FEBRUARY 206‘3’cr The Irn‘g&gookrﬁE s!t.'e Y e?)g Y] senrsve r%o sterilize the
1%

organi ¢ mat erwelfarg gngfigath whanestakgd U'i tEBIE"E""Fr"S'Ii s ayhilg A His same WHg iRE thi s

step of procaﬁéenﬁrssmm%fhuﬂ%na B@ésaéucw as GRS ik aefeasd blidshirgosisi st s
of GaO or Ca 5 Pref era ri ons or ot herSe\@rlons Eresent in the

organi ¢ mat errEacr'rca'raBﬂ% t”?re N8 ENINE! HOHSE S HYPe ol SFFRPYESi on
process. 5\Wenaridisthg sties, ﬂc@dsl‘élal@lﬂ'réhfure ferakORt afhiregacisSiie eamth@Eupr i ons

foll ow ng any one of t he above- nent i oned st eps edu tion be eg. a 90%
reducti on, arfag‘?ﬁ’/ﬁvp%'@lﬁ??%ﬁm”é“%%‘ig%&qy&? re@%@&“ ':E‘:I('E]l‘{ or a

reducti on of pref erably at | east 50% 10 It is pref erred i n one enbodi nent

to inprove t as by linme  pressure ookr the ani c
oty et oFel RibTe hustr Slonk BEB3e oY Bt Baege RS chE o gl D
However, the aid@nibaiasdhe seaakesd solisjaﬂitlaﬂiwﬁmairertbﬂtdpnﬁa‘n |alps&|cblerfdr@rgment ed

prior tq_bei bect strijppi,ng step. Wien _t he_ organi

ot or i a0 5. ORGHATEr HeATm st Bl dBR et wib oty atd BeRbRtalei ng
di verting to MNagibl g1 SiqictuFdidoresl | ed organic material of plant origin can
also be fernented prior to N stripping. Organic naterial to be ensilaged

preferably conprises annual fodder crops suet as beets, nmize, clover
grass, and mhﬂﬁ@md@amatéleﬁaiﬁbythbrﬁecémpr @dntrifiigs PphAmEst i thne byskeh orli me

pressure cookin the ani c fer erforned a
Penper at ur o ofoH DG e 160 eloegtenons ratrebos st g B ap et sy par
wi th additi ohechiThaimeusngd iToe@nshibPraneaeh tiee gravwaddieaodrefmieiratfouh i t o

about 12, and %Y'lsth 25 an operation tine of fromat |least one 1 mnute to
preferably ab% "l ess than 60 m nutes

In further preferred aspects any combination of the core invention with the other
aspects mentioned may be prefemed. The first aspect is preferably included in all

20 combinations.

Accordingly, it will be clear from the abave descriptions of preferred aspects and
embodiments of the present invention that there is provided herein:

25 A method for improved biogas production, said methad comprising the steps of

iy stripping N including ammeonia from organic materials including manures and
slurries thereof, and optionalfy hydrolysing the organic material,

30 iy diverting the thus obtained organic material to a biogas fermentar, and
113} cbtaining biogas from the fermentation of the organic material.

The above method may further comprise the step of separating the solids resulting

35 from the biogas fermentation in a separation step involving a decarter centrifuge.




The amount of added linme including CaOis preferably fromabout 2 to about
80 g per kg dry matter, such as fromabout 5 to about 80 g per kg dry
matter, such as 30 fromabout 5 to about 60 g per kg dris pREROARYSMBE as
from about 10 to about 80 g per kg dry tter, such as from about 15 to
about 80 g per kg dry matter, such as from about 20 to about 80 g per kg
dry matter, such as from about 40 to about 80 g per kg dry matter, such as

from about 5@ @a@@éﬁtmﬁ@oﬂ? Bﬁémkﬁ ﬂ'ébér ﬁ'l ranfated féth, afer%@@@ﬂBmGO to
about SO g per dry matter 22 FEBRUARY 2005 An exanpl e of

operating coftg F?Rﬂﬁ%"ﬂtﬂf t he Ilrre pressure cooker is a tenperature in the
I nterval of about 120t1 to about 22 a pressure from about 2 bar to
preferably about [ess than 18 bar, and an operation time of fromat |east 1

mnute to prEfaPam pethedd arpthersmbadinen Sompriseshe Eyrther siep ok refrcilgl ki ng

condi tigns i n@tHéiﬁau.as FROMRY AW tRe bﬁhgb@ﬁerh@h@[lyﬁto $hbled HOMMIRBMHLsdS00C t 0
about 200, whérein the pressure_is fromabout 10 bar to preferably |ess

than 16 bar, oRiRsIa8Y AftenRupReT RIEPFSYE % m about 10 to about 12. and
wherein the operation tine is fromabout 5 mnutes to about 10 m nutes. 10
The above net hod can be fol | owin a _nu f additional In one
Onbodi 11 ¢ ent In Shethal hr@epra s Ret L tre ok oF NenisuEam oy SRR Rt
processed or ﬁadlh:t},ﬁoocglﬁﬁﬂi'il,tﬁénefogslﬁ mhthogas“ethaﬂrmmuﬂn,,m bay orRy, ngep Imlom ocessed
organi c, material an urther step relates
SUppl erht | GO rERTB S BEh SrPBr LA LT HEP M G TRl 1 eld,
with the pr ooaﬁm@bsqag@maee BRdreht@hsed Bitetatiel Makntatihoeased drssuexaer nal
envi ronnent , |ncl u n?eér?n au%ri cultural field, can also be performed by
using the redpsik P B resulting fromthe fermentation of the
processed organic naterial, 20 Another further step is that of stripping

ni trogen i ncl udi ng anmoni fromsaid or anlc rior to

i vor oy on 1 Tt Bt S ahaimats s T e AP B REa T e Bietats s i n
an LHEF@NZEdsﬁﬂﬁleﬁh@tﬂ&vbﬂ:rﬁwﬁalnﬁmtﬂnﬁmatmﬁ bytinussumbmmgdm%dmme of N

ric 1 O sses to stri an Su e este | L ntors.
b oaae O1es S FewinaSaimone BRGNP rRt OT T04 Safle) pioBrahunratefatidri s Y oo

from at | eastargpieterttlin organic materials including manures and slurries thereof.

In another embodiment, the above described preferred embodiments solve the

20 problems associated with an attaining a sufficiently high hygienic standard in a sta-
ble or an animal house. This is achieved by reducing and/or eliminating undesirable
microbial organisms andfor prions associated with BSE that are present in organic

rnaterials including manures and siumes therecof,

25 In yet anather embodiment, the above described preferred embodiments solve the
problems associated with an excessive use of expensive water resources in a sta-
ble or an animal house, This problem is sclved by re-using reject water obtained
from the decanter centrifuge separation step used for separating solids and liquids
resulting i.e. from either pretreatment of organic material andfor N stripping includ-

30 ing ammonia stripping and/or anaerobic fermentation leading to biogas formation. At
the same time, it is possible to reduce andfer eliminate the occurence of microkial

microorgarisams in the reject water by further purification steps.

The presant invention alse provides cheep ferdilisers of cammercially acceptable
35 standards. This is achieved by N-stripping including ammonia stripping and separa-




25 the N, including amonia. The stripped nitrogen (N) including anmonia is
preferably absorbed in a colunm before optionally being stored in a tank,

When bei ng absorbed in a colum, the stripped nitrogenﬁé | '

ammoni a is preferably absorbed in a col yggp 30 conprisin e%?%pﬁgﬁqgﬂgacidic
solution, preferably sul phuric acid, before optionally being stored in a
tank. In one presently preferred enbodi nent there is provided a nethod

conpri si ng t‘mmDmemamfngi’gﬁaﬁﬁatagaﬁgﬁwﬁ]@&%n% S Rl aek 3Gt | vating

and/ or reducin 40 sai d r(ﬁganl c material Fobi al
or gani sns anfﬁ'g? “%ﬁ'%‘rfP'&% HYredgament |Hﬁ§fﬁr&bfYé”@H@jamﬂ‘@rmatma}kalrtm-5 a) a
| i me pressurédrobgaki ng step, and/or b) a step wherein the organic materi al
is heated at a predeterm ned tenperature and/ or subjected to a
predeterm ned pressure and/or subjected to addition of base or acid.

and/ or %0 c)'naﬂrwtmaembfﬂhagaresanaméra@ﬁtmmrémbmaargrn%wféd %rPédJcP.S or gani ¢
mat eri al , V"htl%%'uﬂw %ﬁaéﬂr%}r ocessi nlg? bg and c) can occur

si mul t aneou RS Mieiphic fﬂa'a 6?‘31’8? Sk prieny presetppengradnic

i ncl udi ng anmetmal séid omtsed chnprrizirgthedi=ps@hni ¢ material, iii) diverting
the N stripped organic material to a biogas fernenter, iv) fermenting the N

stripped organic material, and 20 v) obtaining biogas and a fernented

organic materi &l at prcefm'ug frawigagicanatedl eoRerisgT B8 HldoiigibSank cr obi al
organi ggs and/or BE prions. It is nuch preferred that essentia Ty no BE
prions are present in the organic 25 material resulting fromthe

fermentation. TThe stapcbf, stsaidpyadc niaitérﬁgeﬁb fibberi A Glabdi Rgrdgioni a, is
preferably performeté& n|t|aIE{ n anount of |line to the organic
material suffici entg 0}413#&@5!!0& E#epmﬁﬁbgeﬂ*ﬁ@df'@ e giaens rgtedaktenper at ur e
of preferably above 40, such as a pH val ue
a) a lime pressure cooking step, andfor
Th
b) a step wherein the organic material is heated at a predetermined
temperature andfor subjected to a predetermined pressure andfor
subjected to addition of base or acid, and/or

20 c) a step resulting in at least partial hydrolysis of the organic material,

wherein said processing steps a), b and ¢} can occur simultaneously, or
sequentially in any order, and

25 i) obtaining a processed organic material comprising at least a reduced
number of viable microbial organisms and/or BSE prions.

A wide variety of microbial organisms can be eliminated by the methods of the
invention, including microbial organisms selected from animal microbial DrgAnisms,

30 infectious microbial organisms, and parasitic pathogen microbial organisms,
including any combination thereof, Examples inciude, but is not limited to. bacteria
such as Campylobacter, Salmonella, Yersinia, Ascaris, similar rmicrobial and
parasitic organisms, as well as virus, viroids and the lika.




30 of above 10 at a tenperature of preferably above 40 , for exanple a pH
val ue of above 11 at a tenperature of preferably above 40, such as a pH

val ue of about 12 at a tenperature of preferably abov ZﬁlpE red
enbodi ments, the tenperature is preferably above 50, sﬁzc Eéﬂégq’ezfogée 55

, for exarrpl e above 60, 67 22 FEBRUARY 2005 The operation tine is in one
enbodi nent from2 to 15 days, such as from4 to 10 days, for exanple from

6 to 8 days. TH®|iRX ve
from 8-12, aTt e_lrlwgle?giaﬂr e o?%oéﬁ?%é?\é%%rsqgﬁéét%ﬁgﬁgggaze¢az nh@h'%ﬁ %5%1‘ ess

than 1,400, Bh¥a ﬁr@is@:b!ﬁPm"ﬁww%tb@ﬂewofduwssm&m lived: prederabldi t i ons
can be geneécﬂﬁﬁ%egbré&%nﬂﬂlﬂ%sﬁ&%ﬁﬂa@%ﬁmﬁhe pH is preferably

i ncreased by adding C90 or .2. The organic material can conprise
solid and/or liquid parts such as e.g. manures 10 and slurries thereof,

crop resi dueﬁrefﬁhblﬁ%y@mﬁnmﬁrﬁrmer %Eﬁ\f?—ﬁégént% iHe rﬁéﬁl@ﬁ%tﬁhﬁr S aiso

sl aught er house ,wa and bone neal , i ncluding any conbination
DS?FLBH?'

thereof. In W‘i‘éﬁ@tﬁd Py theotteriaplionrioenssalVhen ihare isea redustion ®um of 50%

solid parts, mfnﬂ:ﬁbaaﬁlb@g?ﬁ?ﬁ@n@alﬁ%ﬁ AdhY fﬁlloﬂﬁf@aﬁ?'dng oP fHel shove WdhtiBRePatBR i mum of
30% solid pﬁrts f.or exanp maxi num of 20% solid_parts. The organic

material can¥5eclion B & %aa?%ﬁ’ﬁ Gdreiog: ap V%rmadediapr @ % edesicmbeh 10%

sol i d parts.redbgioor gedr=iubRiresfippdfecdly dt Wdshsgesconpri se straw, fibres or
savvdustm and in one enbodinent the organic material has a high content of

fibres,“preferably nore than 10/0 (ww) _ The organic material can al so

have a hi gh Icianire®ire@in mﬁmﬂnaentqanﬁmy@lr@t;ﬁ@ﬁma%f@b@& GElirhéll 0se,
and/ or hem cel | ul 0ses nd/ or rﬂm n, such preferably nore than 10%

(Ww. Lime PPaelereo hﬁﬁga%q aﬁeagléﬂeéﬁﬁtt%ﬁ HOAGC MateahIsSURiRcEad tale resul ts

in a disintedsippipg stdp. ERWUOBR i BreddRé bosNall AN ShidEattFiabiifalsdige f Or m C
acid, aceti grBam the like. The organic material can al so

conprise de rW?’ﬁ?%P”?frm EFHE’JFF%&#%WWF%O'”Q 8Pespecial |y fromcattle,
pi gs amfl poultry holdlngs- Addltlonally, animal organic material can be

used, such ani ma es or .fractions hereof, slau t her house
wast e, meat a‘&ﬂﬁ" ﬁt?rflig%%mﬂ EB'I”"g BRRALPHgIR 1 canyprelarakivheemied befereyi nat i ng

from ani mal %eirg tﬂkertnagltﬂ} M@h'rppﬁ\b ﬂﬁaé @ﬁéﬂ@di oMfahlt rhas e GF plaft bifn B SR al
presence of %En-ﬁ) 94”} o
nted pnor tc- stripping. Drgamc material to be ensilaged preferably
comprises annual fodder crops such as beets, maize, clover grass, and wherein
20 optionally the top of the plants s included.

Lime pressurz cooking of the organic material is preferably 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 8 to about 12, and with

25 an operation time of from at least one 1 minute to preferably about less than 60
minutes.

The amount of added lime including CaQ is preferably from about 2 to about 80 g
per kg dry matter, such as from about § to about 80 g per kg dry matter, such as

30 from about 5 to about 60 g per kg dry matter, such as from about 10 to about 8G g
per kg dry matter, such as from about 15 to about 80 g per kg dry matter, such as
from about 20 to about 80 g per kg dry matter, such as from about 40 to about 80 g
per kg dry matter, such as from about 50 to about 80 g per kg dry matter, such as
from about §0 to about 80 g per kg dry matter.

35
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30 In one enbodi nent the organic material conprises or essentially consists
of solid parts of less than 10 cmin length, such as solid parts of |ess
than 5 cmin length, for exanple solid parts of Tess than 1 cmin |ength.
68 22 FEBRUARY 2005 The organic material ggan pref er abl y?bEERREERA 2eD%ef or e
being treated in the line pressure cookér, preferably by using a screw
conveyor equi pped with a nmacerator, preferably one nmade of rust and acid

e e e i

cooker where [ i.C rial is preferably

i nj ection, ng;fﬁteg\{aggﬁ?qoﬁfiﬁ@%@ ahp "G Heplersee Gookatiout Phapy conbi nati on
thereof . TheP®&igably@bouttiess thhn ¢8BaRlaR oA UMRIHSS ALk §LNS,0r sim.| ar organic
mol ecul es CB%TL3§|.}"M$§| emﬁ ts, includi ngﬁgﬁ#'n’gt"g‘g%gﬁ'ognaa?%ﬁ{l)inﬁgqtpﬁs
thereof, conStitutfng il MBS i ons  or other prions, and wherein said
BSE pri éns or ot her prions are elimnated or destructed directly or

rendered avahhahk truction by linme pressure cooking and/ or
subsequent fer manrteea aﬁ‘r@r'le,dgfisyﬁodﬁﬂﬁfcﬂ@d'%é?weé a fesyeesttratin tre. infehe er gani c

mat eri al of TN @ROUCKOEE o arcat 206HY, Whbas: Rehy - f . nitrogen (N),
preferably ’Wé%réﬂha@ség—?m The orr_ﬂa}gei C rrg?jé%%g i l#abh%mfu&?%ﬂ?t%a l'i quid
slurry can be obtal ned by t UGN e B evpbis diomaantiub 10 wabiesut donarai ni ng a
| ow concent risrein tf opergtion tmeratias about B rihet=akl ¥ Ddt95§nib han 10% sol i d
parts. 1Jhe added water carp be recycled water, water con PR ng a low

concentration of organic material obtained fromthe silage plant, and/or
wat er 20 colThedbeue fsthasiiangbedbiainng gy 8 husibaPbesidri t%l%l ﬁ]aa{%ng of
ore e N

ani mal s, an r ined fromthe fernmentation
stripping pr gg;reogﬁﬁé@nta?%ﬁgﬁbv dt%@&f’ﬁ"eﬂeﬁﬁrﬁlwwhe worcesdEdOgganipr oduci ng

plants, andfHeR@ies biogaafamenty fementing MeSitbsaki P fertilisers,
and/ or wat egb&mj@% Jal:1s¥ ggrﬁr{]{% congent rna|t§)on ofé%é€g$%hcin§%trgrs'%‘l d/ or
collected rain wa er_._Ei T o AleP riBlsditersunpleraenting dnandgmalr ef er red
that the waEeYirangen;iatidingareagidultaiangsld y{:imqmggr&%g&qis?,}%ﬂg%uten%l_pl ant, or

rej ect wat efpno0La) I centration of fertilrsers, OFwat er
obt ai ned durin @%ﬁ@g’ﬁfg *r"‘%’wgﬂggﬂei” Brermesk srelugingem agsictibaalfaic) can

also be performed by using the residual material resulting from the fermentation of
the processed organic material,

20 Another further step is that of stripping nitrogen (N), including ammenia, from said

organic material prior to diversion to g biogas fermentor of the organic material. This
results in an increased and stable biogas production. This also allows the use of N-
rich biomasses to be stripped and subsequently digasted in the fermentors, Biogas

is produced from the fermentation of the organic material freed from at least part of
25 the N, including ammonia.

The stripped nitrogen (N} nciuding ammonia is preferably absorbed in a column
before optionally being stored in a tank YWhen being absorbed in a column. the

stripped nitrogen (N) including ammonia is preferably absorbed in a column

30 comprising water or an agidic solution, preferably sulphuric acid, before optionally

being stored in a tank.

In one presently preferred embodiment there is provided a method comprising the
steps of

35




water. 30 It is preferred that any or nost of the urea and/or uric acid
present in the organic material is converted into to anmmonia, wherein the

anmonia is optionally collected follow ng absorption t
described el sewhere. 69 22 FEBRUARY 2005;4Addi ti onal ste%s %@pggg%%?ﬁe

pressure cooking is nmesophilic and/or thernmophilic fermentation.
Accordingly, the organic material which has been treated in the linme

pressure cookerjy can eﬁ%ﬁggﬁéawaﬁ:}% SHV &b & ehird g%atﬁo% |gmfaPJriaFﬁ§°phi lic

and/or thernophilic fernentation before or a he“organic nmaterial is
subj ected to N 5 st rlUpiheng! visbie migrabinkoroanismn ang/opBSE erinesibpyubiediagt er i al

popul ation capabl e afic BRGARMAtEGaI®S thernophilic fernmentation,
respectively. The fernmentation is in one enbodi mrent an anaerobic

fermentation. 10 The fernmentation is preferably perforned at a tenperature

of frongabout YC to a)psehepaddsyrd @skink2ep, ah@dt 65, such as at a
tenperature of fromabout 250C to referably | ess than about 55, for

prer, ! )
exanpl e at a tenper & uf 8BTS gaRNIQEmatenal siheetadallapredsiermineth about

45, 15 The fernent ati oeniperaiiei=iah s)bipaeh o %d%@rmﬁwa@%fré&ﬂr@énc?&ﬁe from

about 5 to preferably Ibz%gec{ hand%gng%gsj such as for a period o

time from
about 7 to preferably Y4 LE & FFECHAFEN s i n one enbodi nent

provi ded a nmethod, wherein the biogas production is perforned in one or
nore plkants by a mcrobial organis referably a popul ati on of bacteria,
and in&@l ves an ana&i o?)?t?pf‘é?@@ﬁt”ég} '85“6’@” Qiﬂy%Pléj@ﬁiﬂgtW@m%mateﬂ%
bacteria preferably produce mainly nethane and a smaller fraction of carbon
di oxi de when fernenting.the organi.c naterjal. The bi ogas production can be
25 performed in one"SENbFEd BIERESNG HP0E ah RbAgd ByeaDactHr b aneaE Bt
fermentation of theefquegniycn@ayerdedl . 1 n one enbodi ment,. the biogas
production is perfornmed in two plants by anaerobic bacterial fernmentation
of the organic material, initially by fernentation with

15 i} stripping N, including ammania, from said processed organic material,
i} diverting the N stripped organic material ta a biogas fermenter,

v} fermenting the N stripped organic material, and
20
V) obtaining biogas and a fermented organic material at least having a
reduced number of viabie microbial organisms andfor BSE prions.

Itis much preferred that essentially no BSE prions are present in the organic
25 material resulting from the fermentation.

The step of stripping nitrogen (N}, including ammenia, is preferably performed by
initially adding an amount of lime to the organic material sufficient to increase the
pH value to above 9 at a temperature of preferably above 40°C, such as a pH value

30 of above 10 at a temperature of preferably above 40°C, for example a pH value of
above 11 at a temperature of preferably above 40°C, such as a pH value of about
12 at a temperature of preferably above 40°C.

In preferred embodiments, the temperature is preferably above 50°C, such as
35 above 55°C, for example above 50°C.




30 thernophilic bacteria in a first plant, followed by diverting the
thernmophilicly fernmented organic material to a second pl ant, wherein
fermentation with nmesophilic bacteria takes place. 70 The
t hernophilic reaction conditions prefer a?}y i nclude a rgggggéﬁﬁt%g% ture
rangi ng from 45C 75, such as a reaction fenperature ranging from55 Cto
$WC. 5 The mesophilic reaction conditions preferably include a reaction
tenperature ranging from20C to 45 such as a reaction tenperature ranging
from3Mto 35C The thernophilic reaction as well as the nesophilic
reaction i s pPePerEley timgds Momesambaskmentdem Btm‘(ﬂﬁaﬁagmh afodm agoflor about
7 to 10 days dayd) ¥ ikappleomdr 8t EC&% T4 B |

L oAl Plo ORI PRI of i ol SRS B B e o

elimnated by the addition of polyners,
more salts, PriétBvelsr fom &t Ebﬁerﬂpﬁfﬁhﬁ"ﬁé’fff'émrﬁﬂ“@faﬂ?@,rfeilmud to gHsaatiablt s

preferald y cempihser ano, %?lﬁ%'ﬂtdp%Htl)én%%sdf%BoﬂfT %gs?%é“?ﬁlme%('n%@s carp A

desirable floccul ati on of substances and part bl ogas productlon
i's  pref er abP§ I8MAtRRY WlingrpyLage diorevsr. tb%PUll%m&fﬁiﬂ@FmEé bef forni ng
cal cium bri dggisg bateer gq.g{ml c and inorgani c substances in solution or
suspen5| on, wherein sal calciumbridges resulting in the formation of

“fl ocks' of particles. The addition of calciumions further results in the

precipitati OTl'h@ErgynlchﬁﬂﬁﬂﬁlRﬁﬁtcﬁmpng@sd}!ﬂ(an'dﬂirr]@u@' ?ﬁ?gg(&%%\{éne%rﬁur?ﬁi chis

prefera% |y pre(i Bltate as cal ci.um phosphat e
preci pi Pat ed2eAplITEh B W&P@%‘F‘%ﬁ%?'&lﬂﬁﬁ?@nﬁ“'h‘@ cajgRysengetiactiora sl urry.

The obt ai nedhéree astaiterhGusdiwad, %a&gn@beaérr@agm&mdﬁ@%@'c%n%ﬁna%ﬁducI ng
heat 25 and/or electricity. The heat can be used to héat |1 ne pressure

cooker and/ of"efgfd '"P@Pﬁﬁ]ﬂc’gtm% the graenizdagterialcreIPiEes Fﬁﬁ@?um ek2q%r and/ or
the one or nesi@ ﬁyn@g@sexmh.a@ta(;ﬁax.ﬁnﬁvd?m@»ﬁ%u@%ﬂ@lsueﬁg@%(rﬁaxuﬂm/d?rsn% human

resi dence and/ or heating water to be used in a househol human
resi dence. THAIANAEE for gXampie gmadmameas 2P éeold gans ding W@CE@W%&%I net

for di g&ri bubisdBes 864l laty ahdlcAMSSRI LhakiiRsh SMROLLERMars30 the remaining
N stripped, sterilised and fermented organic material i's spread on

agricultural fields. In addition to i) reducing and/or elimnating
undesirabl e Theb@RahR!mREEAREE Mthel tdmprise straw, fibres or sawdust, and in one

embodiment the organic material has a high content of fibres, preferably more than

10% {wiw). The arganic material can also have a high content of compfex

20 carbohydrates comprising celulose, andfor hemicelluioses andfor lignin, such as
preferably more than 10% {w/w). Lime pressure cooking celluiose containing
organic material results in a disintegration of cellulose into small organic acids such
as formic acid, acetic acid, lactic acid, and the like.

The organic material can also comprise deep litter or manure from animals,

25 especially from cattle, pigs and poultry holdings. Additienally, animal organic
material can be used, such as e.9. animal carcasses or fractions hereof,
slaugtherhouse waste, meat and bone meal, bloed plasma or any such produce
ariginating from animals, risk- and no-risk material with respect to the potential
presence of BSE-prions or other prions.

30 _

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 iess than 1 em in length.




35 inproving the production of biogas, and iii) providing a highly usable N
stripped, 71 22 FEBRUARY 2005 sterilised and fernented organic material,
the invention in another aspect pertains to a nmethod fep FpRpdENIORS
conprising fertilisers from organic nategFals conprising a N source, said
production conprising the steps of i) collecting N including anmoni a

stripped fromthe organic material in an N stripping step, ii) absorbing
said N5 'nclﬁ@&ga.ﬁmmrm Lah MRlRAbIPbe AhcaGhdl Kersrel arigaPeatEinara iy
conprising sulphufic acid, and 1i1) obtaining N-fertiliser which can be

spread on agraresAUEPeaker HRfEraplydy YNGR FIRWICRIVRYPT SHYeRR W3 BleCeivi des a
met hod for pripgifdniGot b ef rubfand scpobsdttd, Tis Edrive pTcdnldy@ihe bainicc

materials conprising a P source, said production 10 conprij Si ng t he steps of
i). divertingn@Pifligothelfa corken aseredhrerrapic meigna '%er_&i%'?'@sm TPy
separatifg t heedr iHENbe Cor Oy SRR INBERS RburRiSthelie @BkeoF gRNidintimdtoRi al
into a solid _ and a mainly liquid fraction, iii) obtaining a mainly solid
fracti on conph$®hg a part of the P, preferably in the form of calcium
phosphat e Ca3(PO) 2, and organi ¢ phosphates suspended in the slurry:
wherein said solid fr actti on IS IcaEabI e of 1%62{}92 i lé{)used. as. @ I? fertiliser
capabl e of beﬁﬁg"@%’?"éﬂ'@ R S FEUPPTIPERE RS EANEH BIEPIC THY BT Fhe
separ at or f orcohgpiRingtdlatgerdts endigfinpahieg adgamdeonbirationd thesohalohstitsting
i nor gani eri jnto a.solid and, a_ nainl Lguid fracgtion. is preferably
" Gecant: caht Bt ns O fdhaidhey At ndfRirsak pof g pAahicHons ¥
optional | y beslefinftied bodsstradied eliractBlhrgémfntdiesilabaps destrgetanmyflierd i | i ser,
e.g_ by allowing the P-fraction to conpost .in a._m/le store. under an air
perireabl o shdBPSR CRRALIE TFYR! SHEEEE BB BIAI K B BRI bi ogas
pr oducéI ion agdn?élﬂat%pah;ﬁbig@ﬁifcfrﬁaﬁmiﬁ@F hﬂlonr/acmm@_ paart]ﬁrstznrgaala_s prejredrablnt dbe
re-used in the fer tatjon of sila nd/ or in the i me pressure
cooki ng proc&%ﬂwgﬁgrp@lﬁrﬁhﬁem@?'?ggﬁng process and/or in the biogas
pl ant amgl/or in cleaning of the stable and/or is spread on |and and/or is
lead to a caqpventianal  se reat.ment plant Accordi.ngly, . the nethod in
anot her aspe2&%‘?"8@‘?'&wt?r%qﬁ%%ﬁw&ﬁ?ngr?“w%9(51 ¢! %ﬂ %éﬁefdgﬂ@aﬁ?r ej ect
wat er, said paatdusid/erwvatenghisning atlde coiepsatain of orgesiaimpiengl, pfafaablyhe
separator, preferably. a decant centrifuge liqguid fractipn c rising
el ect vat o FEATAG LA sPIA Bty e R Eb et e e i eRA A ph e PRI [ 2o
than 5% (w g lowsteeherteative abotghain niatéfi| whigjnedffmm theafpjepibets and/heana@r 1 %
f)}N/ \Sll)or eg fggaciog%ﬁgigoélgm%a G?E’EI?‘I?F‘I%O stéage’s a%@%r%%saﬁﬂtg'c%nlﬂi arlls?aﬁgféF%gﬁarcapabl €
obtained from the fermentation before the N stripping process, andfor water

obtained from one or more biogas producing plants, andfor water abtained during
cancentration of P fertilisers, and/or water obtained dunng concentration of K

fertilisers, andfor collected rain water.

25
It is in one embodiment particularly preferrad that the water is reject water obtained
from a biogas producing plant, or reject water obtained during concentration of P
fertilisers, or water obtained during concentration of K fertilisers, or collected rain
water.

30

It is preferred that any or most of the urea and/ar uric acid present in the organic
material is converted into to ammaonia, wherein the ammaonia is optionally collected

following absorption to a cellumn as described elsewhere,




35 veterinary vira, infectious bacteria, parasites or other infectious
agents, including 72 22 FEBRUARY 2005 B SE prions and other prions. For
sonme enbodinments it is acceptable if the reject water Rep b es8od han
10% of the N and P originally obtained ipgthe slurry. I%% anot her aspect of
the presnt invention there is provided a nethod for producing 5 potassium
(K) comprising fertilisers fromorganic materials conprising a K source,
sal 4 product| ARHGASRELS Bltidok i/ SELRIChId s Msofiieaid/nnbrapriibe 11 1 s!
separation step (used In t e separation cont ai ni ng{ organic materials
as descri bed fﬁ@mtatmnaamt}mnla, taegmﬁ@ifdngféﬁawdtl%fﬂﬁ%tt@a raaiqd igdralima€i ng t he
[ I Ni NG OF QAL ABShicet BT Qﬂd%b&ué?ﬂ%@%‘nfeh@ﬂ it B o bl bhd/dr

obt ai ning a raction conprisin wherein said solid fraction is
capabl e of bdhergapsiid f%rmeatahoggﬁtore PYS@EFHWHBF@C sretesial pubiestedda Mon
agricul tgral g%dmen appr opriate. The second separation step preferably
conprises subjecting the K conprising fraction through a ceramc mcro
filter operating with an intermittent aeration and 15 filtration of the

reject water Eé’&ﬂ%ﬁhéﬁtéﬂoﬁﬂ@ﬁé\#ﬂrbﬁe&%% il &fbd@’tl@ﬁ'ﬁgﬁ&)le demesmmiictoron of
t he remai ni ng{hor ganic material and Settl.i n&gr i norgani c flocks. In another

aspect t her e N&MREGYF frmestaiap. H'S%P%‘Fe'br"'d@ Wt@lﬂééﬁ'”r%]'?&f'ﬂb%é{'ﬂ%fﬂ an

wherei n the obaaidbederRémaiormater is treated in an aerobic treatnent system
capabl e 20 of elimnating and/or reducing the content of N and P within the
wat er ah preferably al so deconposing the remaining organic material and

snel | conponerieSerméthtainng ,Bﬂaférﬁbl? PG RS atQSE PEiatlrk Yof frﬁﬁ%bﬁ)np’m"w t@nd P,
wherein said reject water erabl% capabl e of belcﬂn.g read
585

agricul tural RrEREPRRNESRS %B@BB‘H fé SuGh gl adeppefatre gl i W?éncé‘?n mal
houses. 25 Thﬁe@mw;ﬂeg@mah%aﬁt FHC ofoh XarEHIe abs tdpfidrauresk int Bb@lt mespheri c

air during 2- ate rature of about 2CPC and a |liquid-gas ratio
of about 1: 20@@9%1‘95%“13?%3#?8'%@% can be collected and diverted to the
absor ptiimn col um descri bed herein el sewhere. 30 By being able to clean
ani mal house th the reject ter treated in. t i hvention
2156 pr ovi desTIefeTuRTaRG b 8rera 8ok SErTTHEL OB PPUTY SO gooNe Rygl ene i n
an ani mal hoygéefeibhaiesd Maha sfdals BEABE Sor SRR IoIRMe eREMoLE 1S pafdraBlyi N

I :
¢l eaning less than 10 days,

20 There is in one embodiment provided a method, wherein the hiogas production is
performed in one or mare plants by a microbial organism, preferably a population of
bacteria, and involves an anaerobic fermentation of the organic matenal The
bacteria preferably produce mainly methane and a smalier fraction of carbon
dioxide when fermsnting the organic material. The biogas production can be

25 perfarmead in one or mare plants, preferably by bacterial anagrohic fermentation of
the arganic material.

In one embodiment, the biogas production is parformed in two plants by anaerobic
bacterial fermentation of the organic material, inftially by fermentation with

30 thermaphilic kacteria in a first plant, followed by diverting the thermophilicly
fermented organic material to a second plant, wherein fermentation with mesaphilic

bacteria takes place.




the stable with the obtained reject water. The cleaning involves cl eaning
and rinsing 35 e.g. sties, floors, slats, manure canals, ceilings,

ventil ation canals, scrubbing 73 22 FEBRUARY 2005 exhaust FEBRUASLE 2009S
wel | as reducing the emtting surfaces wkgre odour, ammonia and dust may
be released into the environnment of the predetermned | ocation including
the stable 5 The cleaning of the stables is in one enbodi nent preferably

performed w tf,J S hin\e’ﬁ‘é@&ioﬁ%@diﬁtﬁﬂ Sr Ok REudEE FBHiak tefperiturRNer gy
crops or obtained fo ﬁ owing the fernentation to gr oduce, bi_o ag ,:_g:egar ation
of solids andangigairas 4r'Clefe&t sualh 8 2 reastian HREPaTRtgIA réma'aséwﬂb dtdes in the
system 10 Itgisg al so possible according to this aspect of the invention to
i nprove aninmal welfare in a stable by utilising strawin the stable as it
provi des the animals with digging and occupational material and structural

fodder. kt sty @bespiar resctieRoRdiadi prefktathoincidiy 8 réadtibe tahpermtugnpr i si ng
organic material fromthe stable to t '

] he |i.me, pressure cooker hydr ol yse
the organic rad@ng HeMd Gria 4p s SHER apA seadien F%T'F'EAWH{%'@PQW A ?6&%5(0
obj EPL! ?/_e of s?gbirmmwﬁml cr@ﬁct@ﬁid’éaﬁiell\/ﬁtﬁﬁmlésbphim: rehethings p&s%rdbﬁ iﬂ t he
possibility of being able to_ spray the api s Jnh.arder to reduce the
nunber of mi cResiFAERd ?%rag’ﬁﬁti émEQE%P& 3§P°B%’E?”tifnt°t1ﬁé%ﬁ'ﬁ'rs of the aninals
and sinultaneously reduce the tenperature of the animals. 20 In this way,
there is_provided a nethod, i ntegrating gnaeroblc er ren &tﬂ%g%df an*rral

manur es 19enerQy eetepe! formatioly cag R RAUCg AN ar gliina Won gt i hement
of nutrient spdiphérsi Sndibienight@ns ted/dpionaas motodsditel pristaratey slanf oitianmeforial
quality, in conbination wth_ obtaini ng%ecl ean rgjgect tgfﬁﬂ 25 The

nt egr ai ed metiHBer AbJERBLE PRETENR CABRUR PERIRTELY SoOWR PLRPGE i Hiponent s,
or a sel ectiggoMy,such conponents, as described herein in nore detail

el sewhere. In one aspect, the systemconprises 30 a first device,
preferably ani mal houses or stables for holding and/or breeding ani mals,

preferahby fanmesm@iccuRobnel Ngstaves aml gaticleadiring, biodmnseductigoat s, sheep
0o PO SReh S B0Aln U , ASFRIS5Y  Bra R
sai d organic wRigesiretwarneirgarabhyd BoRfhics@sstddces in solution or suspension,
wherain said calcium-bridges resulting in the formation of flocks' of particles. The
addition of calcium-ions further results in the precipitation of orthophosphates,
20 including dissolved (PO,™), which is preferably precipitated as calcium phosphate
Cax{PQ,):, wherein the precipitated calcium phosphate preferably remains

suspended in a slurry.

The obtained biocgas can be diverted to a gas engine capable of preducing heat
25 and/or electricity. The heat can be used to heat the lime pressure cooker and/or the
fermentation piant and/or the N stripper reactor and/or the one or more biogas
plant(s) andfor the animal house(s) and/or a human residence and/or heating water
to be used in a household or human residence. The electricity can he diverted and
sold to a commercial net for distributing electricity. In one preferred embodiment,
30 the remaining N stripped, sterilized and fermented crganic matertal is spread on

agricuitural fields.

In addition to i) reducing andfor eliminating undesirable micrebial organisms, ii}

35 improving the production of biogas, and iii} providing a highly usable N stripped,




5 10 22 FEBRUARY 2005 ani mal manure and/or animal slurry and/or plant
parts, wherein said plant parts preferably conprise one or nore of straw,
crops, crop residues, silage, energy crops, and optionahlgi 2005
carcasses or fractions hereof, slaugthechouse waste, meat and bone neal:
bl ood plasma or any such produce originating fromanimls, risk- and
no-risk material with respect to the potential presence of BS or other

prions, and/ OgtEIJIHSb% aﬁ? ?A?Heqtegecﬁ&ﬁc mQE EPEI‘%Qh-Yerﬁan W@r{cﬂyergsa\g& pRRARAE & ' ng

an |rrproved ano mass conprising organic material,
in which the 4 memoddewroéucarmwmwgmag fﬂtllwafé:rm pmamﬂ@atﬁrlaﬂg CHMEISRY for e of

floors, slatsy 36+H085 ai H[l@tlﬂ%%ﬂ@?lsmg%éjétéﬁs Sﬁréﬂl@mnﬂw iRl RiincPdeimonia

ventilation canals o use“or a stab 15%sai d cl €ani ng
i nvol vi ng thetatﬂwdo‘fﬂrntmﬁa@CVM&ﬂﬁi inganc stripBing stapy ix awetting saiddpor t t he

cl eani nggwat ehq, QR s %’m' & Jnoefc'&@éolﬁ‘ho%'#éFeYabEféHersﬁig%Iﬁuﬁém ng

wat er and organi c romthe ani mal house or to the second
devi ce, 20 | rﬁ%ﬁ@ﬁ Irﬂw@tm@mwcfe@ésﬁr@@wémwrhw%Draaﬂrl%verab'ﬁedt r eat ment
tank, preferably a stripper tank for i) stripping N (nitrogen), including
amonia, fromthe slurry diverted fromthe first device 25 to the second

devi ce, or iiThesinversionityeal ancier asnashRraviden pdnethedior sfadrne PhAsRIF (R
di verted froman, At kifaaRs f@ﬁ%r%;érﬂ@hﬂﬁmalst @Jarhar@i‘n tave sﬁm@@ nhidignetision

wherein the first pre-treatnment tank can optional é‘éa so be used for

hydr ol ydPng twmsgwrthesmafs@fi}awen@a@)%wfw B Piogag dBraleh Iue FRRAPEAY t ank,

preferably a ddpaPatingteSEHhENtEQR nmfrﬂétenﬂmruﬁéuya%,l.mgah.awayemmaﬁ hsbmny
organic material diverted fromt first device to the second devi ce];

wher ei n sai d AR B1ady Lawiiies, 'I'I'rPtEiI” PiRg R4PRIRY solid fadien FaiPAE e #dapiC
reducing in ngater r@é%nw@m.e%m 6f:§&%.@\h pﬂ&ﬂﬂ@t@ﬂﬁg{P@r}(}@ﬂ da@émgem c

subst ances present in the slurr a part thereof, and
phosphates suspended i the 5Iurr1.r wherein said solid fraction | |s capable of being

15 used as a P fertiliser capable of being spread an agricultural land when appropriate.

The separator for separating the fermented organic material as well as inorganic
material inte a solid and a mainty liguid fraction is preferably a decanter centrifuge.
The mainly salid fraction comprising P can optianally be dried to produce a .

20 granulate comprising a P fertiliser, e g. by allowing the P-fraction to compostin a
mile store under an air permeable sheet or cover.

The reject water obtainad from the bingas production and the separation from solid

components can preferably be re-used in the fermentation of silage andfor in the
25 lime pressure cooking process andfor in the N stripping process andfor in the

biogas plant and/or in cleaning of the stable and/or is spread on land and/ar is lead

{0 a conventional sewage treatment plant.

Accordingly, the method in another aspect provides for the production of

30 substantially clean reject water, said production comprising the steps of I} obdaining
from the separator, preferably a decanter centrifuge, a liquid fraction comprising
reject water having only a very limited content of N and P, preferably iess than 5%
{w/v}, such as less than 1% (wfv}, for example [ess than 0.1% (wfv), such as less
than 0.01% {wfv), and essentially no sources capable of spreading zoonases,

35 veterinary vira, infectious bacteria, parasites or other infectious agents, including




75 22 FEBRUARY 2005 c) at |east one tank, preferably a silage tank for
generating ensiled plant nmaterial conprising at | east one or nore of
corn/ mai ze, energy crops, beets, and crop residues, angh@rpgrifBrRbob£ast
one second tank, preferably a pre-treatnept fernentlng tank to fernent
silage and/or |ime pressure cooked organic material, in which the
fermentation conditions are sel ected fron1nesophi|ic fermentation

condi ti ons ng qum&@ﬂ%f'oﬂdnﬁsfﬁr@%%@lﬁ%lrﬁ@rﬂglﬁé S3ptabl@ if Re\Wjeah the

third device conprises | east one bio fernmenter to which

sl urry and/ orwaegemitansigse thaal 108mal the N and R ptigigalfyrplainetindee 88 Y devi ce for
fermenting the organic material under either mesophilia fermentation
condi tions and/or ther m)ghl lic fernmentation, said fernentation resulting

in the produdnisaathef aspesyaithe srasnt Ereryiomiieir s PrawdedAdnelfer BF PERUERY| east
one tankgfor ;ﬁﬂéés‘ﬁ_ﬁﬁ Eﬂ%oﬁfprlgin@gﬁlﬂse@@tﬁrﬁ|dﬁdﬁ&nb@ﬁhlslc&w@ﬂ§.lh9 A kyurce,

connect ed to an outl et di stributjon of hbi nected.to a gas
engi ne, and/ O?E'Q:D‘roﬂt‘diﬂé'é?mflﬁ'ﬁ@gﬂllq‘ﬁ” Agthg 'awB?r%C?%fr ‘f)]'s%ﬁe(ﬂ‘éf?zyﬂf'er

centrifuge i nghiERdtiMGe deBhnMEt 80P BBAEHIr orhdrddmihisiaktad RRsHbeaRrBinogas
fermenter is separat ed into anp essentlalalé%qqgéﬂw d fraction in fhe form of

rej ect wat er,ahava) 9P eacopn epparalion dep.iiy sep ¢ rRARIRIBY RreaficAnd| i d
fraction comﬁb@aﬁ.cs;@hipesnn&oﬁamﬁe ﬁcﬁ’)id aﬁ n@eymmg 508 Picien lcamgn@lng ROr gani ¢
material , and/or d) | east one sec rg%rjat or, Rr efer ablﬂ%ab? ramc
mcro-fiPter H""ﬁ\ﬁrﬁﬁl%ﬁ $d fraptionele capak "eF’1= l?‘?' 3asasA Kifertiiser Gapatls pieing
separator is gpmeidet a@r@m@@s@dﬁ whgﬁgbgrogbém by aeration and filtration,
wherein said processing results in 30 renoving at | east sonme and preferably

a majority of one or nore of odour conponents, nitrogen (N) conpounds and

pot assi um ( K) Tie0garans déparaﬂhﬁ%’[@p Preséraply %Gﬁh@!‘l@ésl sm;efcumg herk c@apidirg i n the
one ,or nore

generation of_ reject ter ris ar g unt. . of an
of odour conp&REAR&rou ?F‘(’)r& rr% h*g%ﬁﬁﬁwgg ﬁ B ﬁﬁv%aﬁﬁ'oewounds as
conpar edst o tfigation of the reject water, wherein preferably said aeration provides

decomposition of the remaining organic material and settling of inorganic flocks.

In another aspect there is provided a method for producing clean reject water,
wherein the obtained rejiect water is treated in an aerobic treatment system capabile
20 of eliminating and/or reducing the content of N and P within the water and
preferably also decomposing the remaining organic matertal and smell components,
obtaining reject water essentially free from N and P, wherein said reject water is
preferably capable of being spread on agricultural land when appropriate, or re-

circutated through an animal houses.

25
The above-mentioned asration can be performed with atmospheric air during 2-4
weeks at a temperature of about 20°C and a liquid-gas ratic of about 1:2000. Any
eliminated N can be collected and diverted to the absorption column described
herein elsewhere.

% 1H

By being able to clean animal houses with the reject water treated in this way, the

invertion also provides in yet another aspect a method for improving the hygiene in

an animal hause or a stable for animals, said improvement consisting in cleaning

the stable with the obtained reject water. The cleaning involves cleaning and rinsing
35 &.g. sties, floors, slats, manure canals, ceilings, ventilation canals, scrubbing




35 anount prior to separation. 76 22 FEBRUARY 2005 The system preferably
conprises pipe lines constituting a closed system preventing or leading to
a reduction in em ssions of any one or nore of dust, m GhQiHedh ARy 9BHE SIS,
ammoni a, air, liquid or any other constitdent within the systemﬁﬁ ﬁ‘?%ui d
fractions or reject water fromone or nore of the at |east one silage tank,
the at |east one pre-treatnment fernenting tank, the at | east one biogas

fermentor, th&natstdicagt, a@.%nfaisr@(]gueﬁ%o@é%wm@%écge wilerd , SRGorigcond

separator is preferably re-used for cleaning of the aninmal house or the
stable. 10 THMdWEHMaY é%‘ﬁ?%ﬁ?‘s'”'@rth?éj“é@t"“\ﬂﬂ?@frth? pedetaipinsddoastionor e of t he
at | east one iﬁ&lhmﬂgthé@é‘lﬂﬂe_ the at | east one pre-treatnent fernenting tank,
the at | east one biogas fernentor: the at |east one first separator and
the at | east one second separator is preferably re-used in any step of the

slurry sgpar atHeafleztiv 6fithg bR AN Gnk Ambbalinsers bRt BiyFRHB R Wi Rt 9ani ¢
material in a proper, fl%u d ,cor}dl tion. The system makés it possiblé to add
lime, incl udi‘ﬁﬁﬂr BRATYIBYNE FeranjBion heperay copg Ahritaingd &llomnasBor e sai d
organi ¢ mat erfehergstioarts pkdiRics bidghP Sépdraita dfeblide driddRuiE oNrejbdi el ng

amoni a, preferably by adding an anpunt of |linme sufficient to generate a 20
pH val ue of fﬂi’&fw(?i%%?% E'%tEfB'%&B?ﬁ}f‘ WS 8Y84¥ onal |y in conbination with a

heating step and an aeration of the slurry including the organic
remains in the stripper tank of

material.!. The organic, terial preferabl : _
t he sysﬁ%m fgfﬁé‘f &E’PP'S@B%F"@?’}QJE’)ME 3§@F§t¥§‘ﬂ€W”§§t'°?7 gdperoverrginal Wk ur e
i PS} de t hg Stif ggm%b%gﬂmsing sBawih ﬁfﬁtﬂlﬂé)ﬁsl&@iﬂ\md 1A anmiifls ﬁ@?}@igginﬁ%n_ﬂmunt
0 rom about r.am r ry matter in the organic
material is W@?%B?W%ﬂﬁ%@”ﬁ%@ﬁ@%%ﬁﬁ?@% Arad4n “Pﬁe["}li’@d@ﬂwgcber t ank
or before saidieprtbaairewEBingrising cRRhRRatbRE fishT theREbd RMKe lITBreassiem
facilitates Col %oct i ﬁn of s%ri{g{ged N i n_cl u‘%i nqteammni a fromthe stripper
30 tank and dPOEFAGAYYPIYEG NG LoRTHREIER! PEoTE UdhelproGsaS A Ateter dreraldi ng
arr:mﬂi ald s albfch ﬁﬁnﬂthe:‘mrever}aéntaalnamaia?m@pwﬁrt ﬁ@td&[)ﬁe@ﬁéﬂlr%hé%@é_ ibifityNg
sul phuric aci an ion al so storin e absorbed, ammonia in a
Cank The N dbesPBanistR Spabe dalhin2iddi E i 4R T Ao PL PVRSORIG
preferably useghrésnaad eel bt U8&in théfurs of the animals and simultaneously reduce the
temperature of the animals.

20 In this way, there is provided a method integrating anaerobic fermentation of animal
manureg, energy crops and similar organic substrates, as well as refinement of
nutrients held in the digested hiomass to fertilizers of commercial quality, in
combination with obtaining clean reject water.

25 The integrated method described herein abaove requires a system of components, or
a selection of such components, as described herein in more detail elsewhere.

In one aspect, the system comprisas
30 ) a first device, preferably animal houses or stables for holding andfor
breeding animats, preferably farm animals including cows, pigs, catile,

horses, goats, sheep and/or paultry, and the like, and/or

i) a second device, preferably at least one pre-treatment plant for pre-
35 treatment of organic materfal, said crganic material preferably comprises




22 FEBRUARY 2005 The linme pressure cooker of the systemis preferably an
apparatus which is initially capable of cutting the organic material into |
segnents and subsequently capable of diverting the segreH=ghIMERANNGS

material to a chanmber wherein said segneryed organic material is heated

and simul taneously exposed to a high pressure due to 5 the el evated
tenperature. The organic material to be treated in the Tinme pressure

cooker is added an apRpi nf%fnu“'eié]ﬁiu’nridﬁﬁhé!@itﬁ@ PR PR Qén%@@'@iﬁsaiﬂri or to
or after entry into the [1nme Pressure cooker. Prefgrably CaO is added to

the |ime pressure co#léstPans RIATCERN FRMISSEA 519D OhSIrary GRAS RGPdry natt er

in the organic nﬁteri‘@didue@"ﬁlagﬁﬁé 8h<412f8 optiordlly GAREN ahrdassesfor bet ween
O'C and 220, such as e.g. D -C.to 200"

C. The te eratuhe IS Etug ned
according to the or gdAFIONFRRERS LI esRoYsEREsER Mgt ARG Repe 'E"E%b Bure is
chosen tge higher thgaeanterhy elictplobubosindingiieas dninarersiaadd hbggkn is in
the organic material, or a'F:ﬁ%her ten%)erature i S chofjf%oaccordi } to the
risk of infectious 153 @& ¥BI &rr6FJa NSRBI RIFTELET ARSI el udi ng
B SE prions in the okgamd andipt erial, The pressure is between preferably
between from2 to preferably | ess than 16 bar, such as from4 to

preferably less than 16 bar, for exanple from6 to preferably |less 20 than

16 bar, such asiiifir omaliird Gevites haf@vably anaserdyipaamt Leéndating atengrgeédm oper at es
at the Sl evated tenperature for abou&?.S to 10 m.nutes, . but, |l.onger
treatnmen? times can 2HIPSBtY&EMGEYIGR P Hmﬂsﬁﬁmgﬂﬁﬁ%f}?aﬁcrq‘%lﬁg ‘in the lime
pressure cooker id whigh efechirgbiaviceaohpeited 25 and diverted to a col um and
absorbed as described herein el sewhere. The systemin one enbodi ment
facilitates diversion of silage such as e.g. nmize, energy crops, beets,
gng/ or CL op resiat}anfesystéx?fr&drl]mmmrleim nﬁﬁrefuhﬂdri]cfm;ﬁrété,isﬂ:ies, rﬁmu;ensmm,gn t ank
efore the material 1s further diverted to the stripper nk. 30 The system
can also fact | at o i G Priteepibo RaeR 55 AR AT e e 2PPRI Lo
a mesophglic or tdwd cleplind insoivingrtve niabf desrirankatebahdioe the material is
diverted to the stripper tank. 78 22 FEBRUARY 2005 The system al so
facilitates the optim zation of the fernentation of the organic

b} a system to transport the cleaning water, optionally in the form of a slurry

comprising cleaning water and organic matertal, from the animal house or
stable to the second device,
20
in which the second device comprises

a) a first pre-treatment tank, preferably a stripper tank for i} stripping N
{nitrogen), including ammoniz, from the slurry diverted from the first device
25 to the second device, or i} stripping M, including ammaonia, from organic
material diverted from an additional pre-treatment tank of the second devise,
wherain the first pre-treatment tank can cptionally also be used for

hydrolysing the organic material, andfor

a0 b} asecond pre-treatment tank, preferably a lime pressure cooker for
hydrolysing slurmy comprising organic matenial diverted from the first device
to the second device, wherein said hydrolysis resulis in eliminating,
inactivating andfor reducing in number any viable microbial arganisms
andfor pathogenic substances present in the slurry, or a part thereof, and/or

35




material and the production of biogas by providing a pre-treatment plant
conprising facilities for stripping N including amonia and/or perform ng
al kal'ine hydrolysis under predetermni ned process paranetgt IFfFle

| evel , tenperature, aeration, 5 durationggfoaminhibiti tgg F?r%:“l o%ghﬁgtl on
of suspended material. The systemin anot Rer enbodi nent ensures optim sed
conditions for the population of mcrobial organisns contained in the

bi ogas produci ng) fRidRNERS Gank THeRrdbly a %&fm@mpgﬁ% ?lm tn\éﬁéﬂj sterilised

or sanitised slurry fromthe stri bi ogas
fernmenter, wher ei'Pl8dR FoaPEEINg Pégélmdiﬂeﬁﬁ"qrﬁ sbepraimpizey Ed@FQM@[DHth&&jSt or
harm t he popul at | GmdQUroPieR@RSs ARHACi Ng m crobial organismin the fernenter
In particular, organic material fromwhich N including ammonia is
stripped, can be diverted to a biogas reactor in which the fernentation

condi ti oIS SUPPEY t=t kst HREQRBhY tmf ﬁ@f@%ﬁﬁ:ﬁh'pﬁ’@tre%t khﬁeﬂfrgqahhctonﬁt erial

has been subj ecteg to a F11 mesophi | ic fernentation, ganic material is

preferably divertétMe"g }?@pfurﬂmg@ggssygeawed BTQE‘FWE,‘“%‘?B@'eHﬁ‘]Wh“Fh i ch the

fermentation condifémahSatiohSof@Ne fe QblecBU MRAT hbSEhHAic BRI HRRIMN doRditions
fermentati on. The tgﬁﬁ%‘p ilic 1zreactl on conditions include a reaction
rm E'fb&

t enper at ur e rangl Jretanernddiens.such as a reaction

t enper at ure rangi ng from about 55" C to 600. The nesophilic reaction
condi ti gps incl.ud ctjon te rature ranging from about 20' G to 45,
i ncludi hg a reaE't %EJr “ﬂﬁeep '5??19 from about 30C to 35. 25 The

system al | ows far abcyabt drheebmmfanmtént@ whm@urgmm drgmmelgmal J:dbncbei t
such as or abou or a

reaction to occurdwfgLF ? or afLEfe'aStf 3_

| east 7-10 days, CPFEPRIEn) @ Seoqnd encs for grmentng tg Arpanic ARl yaderdevi ces

capabl e of pr eventeltng rﬁem:pmﬂlol’eraiehmﬂan vhefiteing apdiof thed@opleNd RAReERorcapabl e
| ant .oils, incl rape . oil and/ or

of adding e.g. pol d/or

different salts, sﬁm% er@fﬂggglre %dﬁm%ﬁ”ﬁaméabﬂﬁﬁlaﬁ C%p“ﬁ'ftg B9&lem makes
it possithble to remmhm-tedrma:st part of the fernmented organic naterial from
the biogas reactors in that sane reactor, wherein said fernmented 79 22
FEBRUARY 2005 organic material functions as an inoculum of the popul ation

of microbial orlgaat &ast mrtémmsr B@lektieh tﬁf&j’dﬂjﬁ@t ﬁhdzr@ﬁh théf &ﬁ‘nkﬁyﬁﬁtﬂ:ﬁa kes it
possible in one eggr?rgec -:: an auﬂet for élﬁiﬁbﬁtlﬂ%rgf%ldggg or cnnger:ted ta agas
angine, andfar
20
¢) at least one first separator, preferably a decanter centrifuge in which the
fermented material from the at least one biogas fermenter is separated into
an essentially fiquid fraction in the form of reject water, and an essentially
solid fraction, wherein said solid fraction comprises salid phosphar (P)

25 compnising erganic and inorganic material, and/for

d) atieast one second separator, preferably a ceramic micro-filter in which the
reject water from the at least one first separator is further pracessed,
preferably by aeration and filtration, whersin said processing results in

30 removing at lzast 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 ene or more of odour components,

nitrogen (N} compounds and potassium (K} compounds as compared to the
35 amaount prior to separation.




5 conprising solid parts, to a fi rst separator for separating the solid
materials including a limted fraction of the liquid fromthe main part of

the liquid fraction. Said mainly solid fraction conpri Rqﬁm'
inorganic material including P (phosphoky and corrpound?%grgeo . \gezu

mainly solid fraction can be further dried and conprises a fertiliser. The
first separator of the systemis preferably a decanter 10 centrifuge. The
systemal so allows reject water fromthe first separator to be treated in a

second separaltor, sai d fecond separator conprising a ceramc mcro-filters
in which the ESIYateM piglasably pynprsss ping les sepsfitging @ ¢lesed systesr pgvetiagsed by

aeration and ot feddidg tbatre@ution i &RRSIohY of S S rAdHY of 88dtdMRkogour
conponents, any residual nitrogen onpounds and/ or .any conponents

C : any
cont ai ni ng K YRV Ay g,y fighid ghanvedbenfonaituent witsiithe sysem. wat er
conprisifg essentially none of said residual conponents. 20 The system
makes it posii. bl. vert the rgrjgect water fromthe therniophilic biogas

tg di
feactor of f ISR Trections O FelagtMaler Samcne Sapete &l B atlpashonmplagaitets e 1 i of d,
to a waste \mhlemst dnecmbmatmaitagrimentng anpUthe bYicag dedidgasTermienbroinagit cal
treatment pl sgats forf.fkjrther ${ﬁ{]ihfiﬁﬁtion | f r%ﬂui red. 25 The systemor the
met hods of t heohPRS ERE SSRAAIAG FEHNG 2hIepst qReseePR searaiphisPeBlablideiusAR t he
eni ssion to tdrelemng sinmeatimal helisgtor tHe sagbi al or gani sms,  anmoni a,
contam pated air, liquid or any other constitution within the system

especially from ani mal houses. 30 inprove the utilisation of the energy
cont ai ned i n Taellizoiotiestidrscrusbagvasgdm any 68é 6f male of ik 2t BREARG:2005

i mprove the production of biogas,conprising nethane gas and et hane- bearing
gas. Said gaga”%abhebaé?%atsg?%edprieageat"aﬁ&??r%“ﬁ% ta&'ﬁid?’ﬁrat g"&'ﬁt W PR ted to a
commer ci al nédrmehtodi tae bt Ratt o1 fgasepSraphtaall thesgNedstbRe EE@Fki 2P&raedr idN
(nitrogen), P hosphor ) . and t ent.j al K_(pot assi from organic
materi al s- s&[eggﬁﬂﬁﬁ T%%&'”a?r%'psg?p %&hﬁé@?é?éﬁ%mﬁ‘an%W%@%w ised as
fertiliers sgstémndndimeindgs oigahicuaériainta bapef fuld tus@liorcr ops. obtain an
| nproved ani mal wel fare and i nproved hygiene in anima | stables and in

The system makes it possible to add lime, including Ca0 andfor Ca(OH)., to the

organic material before said organic material enters the stripper tank for stripping N

including ammonia, preferably by adding an amount of lime sufficient to generate a

20 pH value of from abaut 10 to about 12, optionally in combination with a heating step
and an aeration of the slumy including the organic material,

The organic material preferably remains in the stripper tank of the system for 2
period of 5 to 10 days, such as 7 days. The temperature inside the stripper tank is
25 preferably between 80°C. and 80°C. An amount of from about 30 and 60 gram
Ca{OH), per kg dry matter in the organic matenial is preferably added to the organic
material in the stripper tank or before said organic material enters the stripper tank.

The system faciltates colloction of stripped N including ammonia from the stripper
30 tank and diversion of said stripped N to a column in which N including ammaonia is

ahsorbed in water or an acid solution preferably comprising sulphuric acid, and
optionaily also storing the absorbed ammonia in a tank. The N absorbed in water or
an acid solution in this way is preferably used as a fertiliser.




10 accordance to output fromsaid animal stables. Said output conprising
manure, slurry and aninals to be slaughtered- The clean aninmals reduces the

risk of infection of neat when the animals are slaughtgp BFR.B{F?{’QD
procedure for rendering ani nal carcases fractions hereo meat

bone meal or any other produce fromanimals avail able for di Sposi ng off to
agricultural land in the formof refined fertilizers and thus to benefit

frommcro- afg infBekesurd thold Rk ﬁle'ﬂa%nﬁs?:% biyRE A Ratd ggﬁﬁﬁg@i@;l tural

or horticultural plant production 25 30 5°81 al ms 2005
1 A net hod fd&apﬁ'@a@épwgﬁamQﬂﬂ#ﬁj@ma&maw@tﬁwmﬁn&&w subseasly sapabine or

prions DIt tha sﬁé‘mgﬁtga% éj%ni@ﬁwﬁtrehﬁﬂtn aSPafbBPWAGEICPEd g dled NE St eps

of 5i) ii) 10 15 5 providing an organic nateri al
conpri sing scﬂrg%i"“aﬁ’éﬁﬁw 'Fl“&ﬂ‘ieé %&ﬂ@““@%&‘f‘éﬁﬂm’@&@w @Whgﬁ?ﬁﬁ@rﬁwﬂ-ﬁeﬁﬂl al to

the processinge 8koRgd @ém@éraiuké‘ﬁh@r&@aﬂﬁ @.a@ﬂghbr& t@ate@i ih Wﬁﬁ@w&s@u@f
between 100'C and 220C resultin drol ysis of rgani c, material,

wherein | i me GP8KeES3 @jigez:l aLMHP r@f; mgH@ng a0 and!or Ca{DH}z prior to or after
entry into the lime pressure cooker.

Frefarably Ca0 is added to the lime pressure cooker in an amount of from 5-10 g
10 per kg dry matter in the organic material. The systerm operates at a temperature of
between 100°C and 220°C, such as e.g. 180°C to 200°C. The temperature is
aligned according to the arganic material to be treated, a higher temperature is
chosen the higher the content of cellulose, hemiceflulose and lignin is in the organic
material, or a higher temperature is chosen according to the risk of infectious
15 microbial organism or pathogenic compounds including BSE prions in the organic

material,

The pressure is between preferably between from 2 to preferably less than 16 bar,
such as from 4 to preferably less than 16 bar, for example from 8 to preferably less

20 than 16 bar, such as from 10 to preferably less than 18 bar. The system operates at
the elevated temperature for about 5 to 10 minutes, but longer treatment times can
also be used.

N including ammonia stripped in the lime pressure cooker is preferably collscted

25 and diverted to a column and absorbed as described berein elsewhers.

The system in one embodiment faciiitates diversion of silage such as e.g. maize,
energy crops, beets, and/or crap residues, to a mesophilic or thermophilic
fermentation tank, before the material is further diverted to the stripper tank.

30
The system can also facilitate diversion of lime pressure cooked organic material to
a masaophilic or thermaphilic fermentation tank, before the material is diverted to the

stripper tank.




b) stripping amonia fromsaid |[inne pressure cooked organic nmaterial,
wherein |inme added in connection with Stripping of anonia and sanita- tion
of the organic material precipitates dissolved orthophosphgisguand 2005
obtaining a processed organic material cegprising a reduced nunber of

vi abl e m crobial organisnms and/or prions. The nmethod of claim 1
conprising the further Steps of diverting. the processed organi C materi al

to a biogas f erg:;@{e% ama?édmméémMmmeﬁeﬂ%e%m@n&meh@ﬁnﬁtcﬁgarw’% and
obtai ning a bi og The thod of claimcornprising the further steB
ia

suppl enent i ngﬂaﬁ"ﬂ@j\dltbﬁaPt%ﬂﬁ'!ﬂ“qué‘!%awbﬁlﬁrQW%?B _ereBt R At CMREEE

The met hod ofy ell.t?ésrfb;zstﬁm NShM.ﬁ@mmmw@tp@ﬁomwumal.@wmms an
agricul tural Tal eld with the residual materi al releT‘I tlﬁhg?fro

fermentati on Wider predeignptied PEerest gaimetera By ang ey WBW%F &AL

wherein gaid &Drﬁt"d?@\’céﬂm mhmmhm b MRh I Eiondediimatesial.al and  zoonot ic
pat hogens 6. 7. . 15 10. 2011. 12. 25 13. 14- 30 15- 1. 82 22
FEBRUARY 2005

The system in another embodiment ensures optimised conditions for the population
of microbial organisms contained in the biogas producing fermenters. This is
achieved by e.g. diverting sterilised or sanitised slurmy from the stripper tank to at

10 least a first biogas fermenter, wherein said sterilised or sanitised slurry do not inhibit
ar harm the population of biogas producing microbial organism in the fermenter. In
particular, arganic material from which N including ammenia is siripped, can be
diverted to a biogas reactor in which the fermentation conditions supports a
mesophilic fermentation. Once the organic material has been subjected to a

15 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 thermaphilic farmentation.

The thermophilic reaction conditions include a reaction temperature ranging from

20 about 45°C to 75°C, such as a reaction temperature ranging from about 55°C to
60°C. The mesophilic reaction conditions include a reaction temperature ranging
from about 20°C to 45°C, including a reaction temperature ranging from about 30°C
to 35°C.

25 The system allows for both the thermaophilic reaction and the mesophilic reaction te
occur for about or at least 5-15 days, such as for about or at least 7-10 days,
preferably at least 7 days.

The system comprises devices capable of preventing foam formation, wherein said
30 devices are capable of adding e.g. polymers, andfor plant cils, including rape ail,

andfor different salis, including sal{e comprising CaO and/or Ca(OH)2.

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




The met hod of claim1; wherein said m crobial organisns are selected from
I nfectious m crobial organisnms, and parasitic pathogen m crobial organisns.
The nmethod of any of clainms 1 and 2, wherein said organiz¢ HEgrReIARY 2005
conprising solid and/or liquid parts is sglected frommanures and slurries
t hereof, crop residues, silage crops, aninmal carcasses or fractions here
of f, slaughterhouse waste, neat and bone neal, including any conbination

thereof. The :{Fﬁéme%a@ériaﬁtﬁ‘akﬁﬂr%’asﬁ"?ﬂﬁ@&dﬁﬂﬁ RethRi P astioP b ikedbid Brgamishur t her
i mproved by 'me pressure coogking said organic material before the organic

material is Remetgde tesmantalithoni a stripping step in a stripper tank. The
met hod of claim8, wherein the line pressure cooked organic material is

fermented prior to being subjected to an ammoni a stripping. st The t hod
of claim2, wh&®isiEn n@%%waﬂ%%b'ﬁawﬁ%mb%#'msrfaiﬁtdwsrfi%qwf@@ﬁ@sr-ﬂtﬁl“’ efore

it is digerteshriisty IIPLIHS 16 bt Beprah P seddratimpthbedidmatsralsm 10,
wherein the ensiled qrganic materjal of.plant oriqgi Is fer ted.prior to
an anmoni a st'PF'HﬂFﬂ&q'E'tq@B f?ﬁg'ﬁrh%tth%lﬁq%q frgqnjg o F\‘?ﬁ{g‘?féb%"cﬂlﬂ%@&@ﬁ g%d

Sthri ppi ng ammaiinﬁa,scin@ fr@@tidnﬁdmﬂlise@ﬁrgiaﬁictdnalirrqgadﬁm@r'ahinalnﬁhw of linme to

the organic erial to increase the val ue above 9 at t rature
of abose 40 BHESHROIY SRoRGTS paraS SREEARY Al ARG Rag oP L s GBS0 The
met hod of cl ain dotapridles adirmiliddneTHeHirstadoprater ot bevaystein Ehecferibhoaldefantdrai m
12, wherein the tenperature is above 50- The nethod of claim 12, wherein

the templrat M9 %p0ve 60. 83 22 FEBRUARY 2005 17. The nethod of claim
12, wherein the operation tinme of the anmmobnia stripping stepis from2 to

15 days. 18_ Ih hod of, claim 12: in th Lop tige of th
anmony & st7i D RGTEY aolofs it <pie T6Rpdre e R Rt Rto8l €1 ai m 12

wherei n the ogbad ceparbioraef sdched sspmatoacorsrisimpa oerasiepidshitarom Ghitlo 8
days. 10 20, The nethaqd of claim 8, wherein the pHlevel is 8-12, the
temperature 7 e_rEJBr:t,w%ﬁref(r?qm &lﬁa'lagltet'fapa%@mr'%hﬁngef Eroﬁ%sssﬁ%ﬁgﬁra%gz@&g and t he
oper ati ag ti nitratiori, bgtionally removing any residual odour components, any residual nitrogen
compounds andfor any components containing K {potassium},' leaving an
essentially clean reject water comprising essentially nene of said residual

campanents,

20 The system makes it poszible to divert the reject water from the tharmaophilic biogas
reactor or from the first andfor second separator to an agricultural field, to a waste
water treatment plant, or a purifying plant, or a biclogical treatment plant far further
purification if required.,

25 The system or the methods of the present invention can be used to

aliminate or decline the emission to the environment of dust, micrebial organisms,
ammonia, contaminated air, fiquid or any ather constitution within the system,
especialty from animal houses.

30
improve the utilisation of the energy contained in 2 biomass including organic

material.




anmoni a stripping step is about 7 days. 21. The nmethod of claim 12, V\,herei n
the organic material conprises a maxi mum 15 of 50% (w'v) solid parts

The method of claim 12, wherein the organic material cogprH$es m
of 30% (wWv) solid parts. 20 23. The rret ?d of claim 125§fhere|ﬁﬂq{23¢§u
organic material conprises a maxi num of "10% (w'v) solid parts. 24. The

nmet hod of claim 12, wherein the stripped anmonia is absorbed ina colum

before being; Rf%qhé AubRAKF 2 2ombsi f ak V\?ﬁ_ rein the
col um corrprl Ses vater oF an a(%lﬁygg e g'i?surtqq9 ﬁ%n@ %h g |m 25,
wherein the ﬁﬁdﬁ@ldgéﬁmardw §taredn Mﬂj’rkl'@ﬂaé{ifﬁddmt%@ﬂmtﬁ drvemedr@tanod of any of

clainms 24 \Ahq‘rc,ﬁ;rﬁbramloadg,(bh ARy |ime pressure cooking is also
absorbed in said colum before bel ng stored in a tank. 28. The nethod of

any of clains 1 to 12, wherein the step of |inme pressure 35 cooking the

organi c ter Bl @t f
FEBRUARYgrEOOSdbgAZIBlaéFLé;g%rf% pr etgsN u?]gh%@ﬂg %Hﬁ%hgh Jnﬁ%é%g!c}{jﬁ ﬂ?ﬂ%%ml i me

sufficient tdom E@éﬁ'ﬂdniiﬁr'ﬁ}%ﬁ?éd factions Aregeficgrmmerciahieplug ans ean kspdhiged on time

of the step Qs fehilid®s B RAMLE Sgf@REiaNInPhodié MitAkrdpgast | mnute to
preferably I ess than 60 mnutes 5 29- The nethod of claim 28, wherein the

tenperature is in the interval of 1800 to 200, wherein the pressure is

from 10 bar ttduess wﬂ&@ﬂeci@mb@rwemg@ﬁa nnprbb@j mﬁlér@valanirmfe.fa@msmldt:@ 12,
and wherein the operation time of the ste pressure cooking is

from5 M nut &&crgangs ﬁ%%m%érﬂmm'cémm?hﬂaﬁé% r%?drﬂ Bhﬁtpetl GMRMSES MH#BI@i n t he

organi ¢ mat ersmh.: afrwrérrmms@@a@enaa@ﬁeréae\me biehit hindls EBOsEhE FigkbEat tl e, pigs
and poultry 1 he met hod of claim 28, wherein the organic materi al
furt her Corrpr“i' §§t§n of meat when the animals are staughtered.

obtain a proceedure for rendering animat carcases or fractions hereof, meat and
18 bone meal or any other produce from animals available for disposing off to

agricultural land in the form of refined fertilizers and thus to benehit from micre- and

macro- nutrients in the animal produce in the agricultural or horticultural plant

production.

20

25

30

35




15 proteins constituting BSE prions or other prions, wherein said B SE
prions or other prions are elimnated in the |inme pressure cooking step.
82- The nethod of claim 28, wherein the organic naterlaézﬁgéhhghngﬁgrlses
straw, fibres or sawdust. 20 33. The nethpd of claim 28 erein

organic material has a content of fibres of nore than 104 (ww 34, The.
nmet hod of claim 28, wherein the organic material has a content of 25

conpl ex carbgﬂy tes conprising cellulose, and/or hem cel |l ul oses and/ or
l'ignin, of nore *han 101 % (w w) 35, The nethod of claim28, wherein CaOin
an anount of from2 to 80 g per kg dry matter is added 30 36. The net hod

of claim 28, wher g,hrﬂetgg fdrr?eé’nfb r@‘qﬂﬂ'ﬁhwﬂer &F%Iéﬂ@?&:@%g&%mgéﬁdfﬂ%ﬁ er is

added. 37, The nmet hod o ai s , Wherein the drganic material is
macerated 35 bef @ﬁ@p@ﬁn@ntan@amw mﬁtqﬂﬁbswrimaaetb%@@wr@lr@daﬁéwpwé 5 39.
10 40, 1p41- 42. 20 43. 44. 25 45. 3046. 47. 85 22 FEBRUARY 2005

i} providing an organic material comprising solid and/or liguid parts,
iy subjecting said organic material to the processing steps of

10 a} lime pressure cooking at a temperature of between 100°C
and 220°C resulting in hydralysis of the organic matenal,
wherein iime is Ca(CH); and/or Ca0, and

b) strinping ammonia from said lime pressure cooked organic
15 material,

wherein lime added in connection with stripping of ammania and sanita-
tion of the organic material precipitates dissolved orthophosphate, and

20 i) obtaining a processed crganic material comprising a reduced number of

viable microbial organisms andfor prions.

2. The method of claim 1 comprising the further steps of diverting the
processed organic material to a bicgas fermenter, fermenting the processed

25 organic materiat and gbtaining a biogas.

3 The method of claim 1 comprising the further step of supplementing an
agricultural field with the processed organic material.

30 4. The method of claim 2 comprising the further step of supplementing an
agricultural field with the residual material resulting from the fermentation of

the processed organic material.

5. The method of claim 1, wherein said microbial organisms are veterinary

35 micrabial and zoonotic pathogens.




The nethod of claim37: wherein the organic material is macerated by a
screw conveyor equi pped with a nmacerator which conveys the organic

material into the line pressure cooker where the organi §; BPRERU#Y s¢nsheat ed
by steaminjection, or by steamin a capgy,around the |ine cooker, or a
conbi nation of both. The nethod of claim 28 conprising the furt her step of
diverting the organic material treated in the Tinme pressure cooker to a

fermentor fop Mesguhhdihéd mam.‘nw thQF‘t—ﬁr’iTQQBHlér%blaf@r@ﬂﬁ@ﬁwé‘%’r&%l@ﬁ@@fr@mt he
organic rraterlal i's su1ected ammoni a stripping. The nmethod of claim

39, wherein the fé?fﬂﬁwvﬁm'@ﬁblﬁ'sﬂfﬁéwfﬁﬁr@'@Rf‘}"ﬂ%t'ﬂ Rrdleqasni raicrobiRh arcanisBs.  The
nmet hod of claim 39, wherein the fernentation is an anaerobic fernentation.
The net hod of claim 39, wherein the organic material of animal origin has
an anount of- ni t NO§EMFag ofanyes clairemiand Bowletieln saidrprgapistbeNabf cl ai m 39,

wherein 4 he fer ”e%ﬁ‘ttphélﬂg gél.dﬂﬁdff&rs. rej Fﬁhs% dIEHRENGh Whghuds dfPousRE to

preferably |ess than . claim39, wherein the fernentation
is perforned at athﬁtréﬁp‘é@ﬂﬁﬁ*@e@fs‘fﬂﬂéﬁ@sv@'ﬂ’@* 'fﬁ‘@#%?ﬁﬁﬂfﬂfft@ﬁ%h?ﬁ&ﬁ 550C

The method of cl aispudfhertWhee Nadtel RRal &ﬁmwe%eﬁrlinuﬁdrngrafq?wfﬁe.naﬁma
tenperature of from35"C to |ess than 45. The method of claim39, wherein

the fermentation it®&rformed for a period of tine from5 to less than 15
days. The nethod of claim 39, wherein the fernentation is perfornmed fora

period of time from7 to |less than 10 days 48. 549. 50. 10 51. 15 2052,
53. 10 8. The method of claim 2, wherein the' biogas production is further improved by

lime pressure cooking said organic material before the organic material is
subjected to an ammonia stripping step in a stripper tank.

g, The method of claim 8, wherein the lime pressure cooked organic material is
15 fermented prior to being subjected to an ammonia stripping step.

10. The method of claim 2, wherein the organic material of plant origin is ensiled
before it is diverted to an ammonia stripping step.

20 11.  The method of claim 10, wherein the ensiled organic material of plant origin
is fermented prior to an ammonia stripping step.

12, The method of claim 8, wherein the step of stripping ammonia, is performed
by initially adding an amount of lime to the organic material to increase the
25 pH value to above 9 at a temperature of above 40°C,

13. The method of claim 12, wherein the pH value is above 10.
14.  The method of claim 12, wherein the pH value is above 11,

30
15. The method of claim 12, wherzin the temperature is above 50°C.

16. The method of claim 12, wherein the temperature is abave 80°C.




25 54 5 30 56. 86 22 FEBRUARY 2005 The net hod of claim 10, wherein the
organic material to be ensilaged conprises annual fodder crops such as
beets, maize, plover grass, and wherein optionally thes$epghi)dfiezmisant s
i's included The method of any of clainms ggto 12. wherein the biogas
production is perfornmed in one or nore fernmentors by m crobial organi sns
and i nvol ves an anaerobic fernentation of the organic material. The nethod
of claim 49, er ej ] j i " cing mainly
met hane and éwgrraﬁ{lhe%rrﬁ%}ﬁ%@tjf%%mo g@% %ﬁl@@fﬁ%@ngﬁﬁéﬁgﬁnﬁﬁﬂ t he

met hane product i orstrighpéng $tew isdram Agp thdavs ganic material . The met hod of
claim49, wherein the biogas production is perfornmed in two fernentors by

anaerobi c bacterial fernentation of the organic material, initially by
f er ment ati on 1 t h Theenetbphpl ¢ainbbd tderan (e aperationdinteehf A 8HMoNi of | owed by

diverting the therggppiid &) % rfdpf ARNi@dapy ganic material to a second
fermentor, wherein fermentation with nesophilic bacteria takes place. The

met hod of claimb51, wherein the thernophilic reaction conditions include

a reaction te@gper aftdRethad el A8inf 12 WhéreiftHeQpbratioh lithe RO dmafondd ai m 51,
wherein the therrnophilic reaction conditions include a reaction

t enperat ure rangi ridiApiNgrEtesisdrapbdpe e net hod of claim 51, wherein the
mesophiiic reaction conditions include a reaction tenperature ranging from
200C to 45, The nethod of claimb51, wherein the nesophilic reacti %g

condi ti ¥hs i M8 udehednepleae of eam Srper et thePhl lavgl B g-t4 818 'soestaursgV Ghe

met hod of clai m SloedhRE §hid td'gad Ri65 TORK fhaf 174RC bhdfhel cheRfbh BHERs thor 5

to |5 days. 57.
ammonia stripping atep is about 7 days.

21, The method of claim 12, wherein the organic material comprises a maximum
15 of 50% (wiv) solid parts.

22. The method of claim 12, wherein the erganic material comprises a maximum
of 30% {wiv) solid parts.

20 23, The method of claim 12, wherein the organic maternial comprises a maximum
of 10% {wiv) solid parts.

24.  The method of claim 12, wherein the stripped ammonia is absorbad in a
column before heing stored in a tank.

25
25.  The method of claim 24, whergin the column comprises water or an acidic
solution.
26.  The method of claim 25, wherein the acidic salution is sulphuric acid.
30

27.  The method of any of claims 24 wherein ammonia stripped by lime preasure
cooking is also absorbed in said column before being stored in a tank.

28 The method of any of claims 1 to 12, wherein the step of lime pressure

35 cooking the organic material is performed at a termperature of frem 120°C to




58- 5 59- 1060 61. 15 62. 20 63, 25 64- 3065. 66. 35 87 22 FEBRUARY 2005
The nmet hod of claim51, wherein the thernophilic reaction is perforned for

7 to 10 days. The nmethod of claim51, wherein the rnes i1 Lon is
performed for 5 to 15 days. The met hod cl aimb51, \/\hg?gé#mé%%hl lic
reaction is perfornmed for 7 to 10 days. The nethod of claim 51, wherein

any potential foamformation is reduced and/or elimnated by the addition

of pol ynmers and/ ora«pb | r - . d of
ol al'm B0, whor el n Recsat = SrSHs: 23990 or. Wi RaRB: chimg UGERRIS
wherei n a desi r abl'82¢ »eHEke B foarS oubs end sl aarmgeratian timel dfshedsiep oy bi ogas

broducti on i achi estebitrs BBodtitbilioRla0adal i ilio pANSIa6RRAR] Bafbof or i g

cal cium bridges between organic and i norganic substances’in so on or
suspensi on, said dAN¥¥®Em bridges resulting in the formation of "flocks' of
particles. The nmethod of claim62, wherein addition of calciumions further

results in the precipitation of orthophosphates, including dissolved (PX4
), which is 29. ° The method of claim 28, wherein the temperature is in the interval of 180°C

to 200°C, wherein the pressure is from 10 bar to less than 16 bar, wherein
the pH level is from 10 to 12, and wherein the operation time of the step of
lime pressure cooking is from 5 minutes to 10 minutes.
10 '
30.  The method of claim 28, wherein the arganic material further comprises
deep litter or manure from cattle, pigs and poultry.

31, The method of claim 28, wherein the organic material further comprises
15 proteins constituting BSE prions or other prions, wherein said BSE prions or
other pricns are eliminated in the lime pressure cogking step.

32.  The method of ¢laim 28, wherain the arganic material further comprises
straw, fibres or sawdust.
20
33 The method of claim 28, wherein the organic material has a content of fibres
of more than 10% (wiwh.

34, The method of ¢laim 28, wherein the organic material has a content of
25 complex carbohydrates comprising cellulose, and/or hemicelluloses andfor
lignin, of mare than 10% (wiw}.

33.  The method of claim 28, wherein CaQ in an amount of from 2 to 80 g per kg
dry matter is added.
20
36, The method of claim 28, wherein CaQ in an amount of from 5 to 80 g per kg
dry matter is added.

37. The method of any of claims 28, wherein the organic material is macerated

35 before being treated in the lime pressure cooker.




preferably precipitated as cal ci um phosphate a3(PX) 2, wherein the

preci pitated cal ci um phosphate preferably remai ns suspended in a slurry.
The net hod of claim 62, wherein the obtained biogas is di Eﬁ&% as
engi ne capabl e of producing heat and/or gkectricity. Thgh\r%{ 0 %fz@?%i m
64, wherein said heat is used to heat the Iime pressure cooker and/or the
fermentator and/or the amonia stripper reactor and/or the one or nore

bi ogas react ojg(s) BRI, RECIQn 5P fhefdl ; f. claim
64, wherein said el ect%hg?t yC |9is_ di:ver‘_aféewc}i@nﬁagﬂﬁﬁg?%lageq%%@m%@%@ﬁ net for
di stributing el ect3f®Y e9nvepq eqs@ped with sevaceralopehioh conveyaBivvorgasic 30 74_ 35
88 22 FEBRUARY 2005t iTBUAIOfnO breddire Sholliaiiithe thelPadd HARKEI § Hola

m crobi al organisns include the bacteria éanpy?o ac?er. al nonel I'a,
Yersinia, Ascari s,tWAtgan Birption wiby SteanTines sarerayeurst thadimesiookérapnd 2 to 12
further gonpri si nGehitztibeR: Bdthpr oducing nitrogen (N ) conprising
fertilisers fromthe organic material, said production conprising the
steps of i) collecting amonia stripped fromthe organic material in an

anmoni a stri @i Ng THeGRethbd b GAROIDEMoRRgtha AIFMF Steb &ﬁ%@ﬁﬂﬁﬁb{ orBB cidic

sol ution conprising sulphuric acid, and i'ii) obtaining t tiliser.
The nmethod of any "SHeEI dieatedin the fime prapsiie coRksmyt 7 &rgntonor snaserbilic
produci ng and/or thermophilic fermentation before the organic material is subjected to

10 ammonia stripping.

401, The method of claim 39, wherein the fermentation is performed by a
bacterial popuiation.

15 4. The method of claim 38, wherein the fermentation is an anaerobic
fermentation.

42, Tha method of claim 39, wherein the arganic material of animal origin bas an
amount of nitrogen (N} of more than 10% (wiv).

20
43, The method of claim 38, wherein the fermentation is performed at a
temperature of from 15°C to preferably less than 85°C.
44 The method of claim 39, wherein the fermentation is performed at a
25 temperature of from 25°C to preferably less than 55°C.
45, The method of claim 39, wherein the fermentation is perfformed at a
temperature of from 35°C to less than 45°C,
30 4G, The method of claim 39, wherein the fermentation is performed for a penod

of time from 5 to less than 15 days.

47 The method of claim 39, wherein the fermentation is performed for a period

of time from 7 to lees than 10 days.




phosphor (P) conprising fertilisers fromthe organic material, said
production conprising the steps of i) diverting slurry fromthe biogas

fermenter to a first separator, ii) separating the fer rﬁfq(f!i '
material and inorganic material into a s jf.,—id fraction a?g a |%§ﬁ9p§5action

of reject water, 1ii) obtaining a solid fraction conprising part of the
phosphor as cal ci um phosphate Ca3(PO )2) and organi c phosphates initially

suspended i n 4ghe StHA ¥ hod WhakLie It ' : ' ' of being
used as a P fertiliser. %he élﬁh%%eﬁfﬁé#%%ﬁlém?@ %ﬁ%@?ﬁ%@r ator is a
decant er centri f ud®MPIRES ARTUFLPIEE" CPRS FHOBPS Rsiss BlaiTet Hoverdrass, Bndict i on

conpri sing phosphayheréin oﬁﬁamymteF@fiwﬁ ahtdisaidhdie conprising a P
fertiliser. The method of any of claim®69 and 70, wherein the reject water
obtained fromthe separation step has a content of nitrogen (N) and

phosphors (P) 49f  ITe@sméthed ofanly daclathy » to TREnHEBRER A Bbgsd BbEhdRn iwvher ein the
t ank and ?or

reject water is diverted to the stripper re-used stripping

ammoni a f rom or gamegematLiPione of more erweptofpar micreli oroRmsmEntbibvelves| ai m

72, wherein rej ectanvdaefobiclefleriSRA Ji e SL8ARNRReR Stable. 89 75. 576. 77.
10 78. 79. 15 80. 20 81. 25 30 22 FEBRUARY 2005 The nethod of claim7,

wherein the reject water is free from sources
50. The method of claim 49, wherein the microbial organisms are bacteria

10 producing mainly methane and a smaller fraction of carbon dioxide as
compared to the methane production when fermenting the arganic material.

21. The methad of claim 43, wherein the bicgas production is perfarmed in two
fermentors by anaerobic bacterial fermentation of the organic material,

15 iitially by fermentation with thermophilic bacteria in a first fermentor,
followed by diverting the thermophilicly fermented organic material to a
second fermentor, wherein fermentation with mesophilic bacteria takes
places.

20 52, The methad of claim 51, wherein the thermophilic reaction conditions include
a reaction temperature ranging from 45°C to 75°C.

53. The method of ciaim 51, wherein the thermephific reaction conditions include
a reaction temperature ranging from 55°C to B0°C.

25
54. The method of claim 51, wherein the mesaphilic reaction conditions include
a reaction temperature ranging fram 20°C to 45°C,
55, The method of claim 51, wherein the mesophilic reaction conditions include
30 a reaction temperature ranging from 30°C to 35°C.

5E. The method of claim §1, wherein the thermophilic reaction is performed for 5
ta15 days.




capabl e of spreadi ng zoonoses, veterinary vira, infectious bacteria,

parasites, BSE prions and other prions. The nmethod of any of clains 69 and

70 conprising the further step of stripping amonia frgg&;ﬁﬁyéﬁﬁgﬁ@%water |
in a steamstripper. The nmethod of clai 6, wherein th ni a |
I's condensed in a tw step condensator, The nethod of claim 77, wherein
ammonia i s condensed in a first step in a counter current of cool ed
ammoni a condegysat eppal; - ' , by nni. t condensed
in the first step igrﬁ?gﬁggﬂggap§%%géb%tg épggﬁ{?@ﬁpggggggﬁﬁ%ﬁ¥@e$ﬁ%ﬁ?a
reverse osnosi s stied0dd¥ed for extracting potassium (K) fromthe reject

wat er obtained fromthe nethod of claim®69. The nethod of claim76
conprising the further step of diverting the stripped ammonia to the

col umm on whi®h anhfEinethed ehelaimes T, wheteimtheonesopbiic regstion istpemormsd i Sor bed.
The nmet hwd of any t9hs¢kad m8 69 and 70 conprising the further step of
produci ng potassium (K) conprising fertilisers fromorganic materials, said
production conprising i) diverting the potassium (K) conprising liquid
fraction of mej ectTheah&@hod 60N WhiRlin FRIAEMHAR (S8 !sgaa%ﬁﬁ&d)f&‘?r
separation step, II& separating the remaining organi c and 1 norgani c
conposi tion from the?9R¥uid fraction, and iii) obtaining a liquid
concentrate conprising potassium (K), wherein said |liquid concentrate
conprisjng K_.s capable of being used as a K fertiliser. 82. The nethod of
clai m 8, “whéPei n TPR&LROHF AR Whetsin aterotenisbioasdermationiecaduned t he

pot assi um (K) conprist 8Emink@di i t Egﬂgg ) ke | ating
with an intermttent aeration t:‘grzlﬁd‘é ?ﬁ'?‘?ﬁ?ﬂ%ﬁ of ?ﬁcgﬂ?r @?@c@'bvﬁgﬁg ?F%@I 22
FEBRUARY 2005 whef®% 585 d aeration provi des deconposition of the remaining
organic material and settling of inorganic flocks, 83_ A system conprising

51i) a first device, preferably animal houses or stables for hol ding and/or
61, The method of claim 60, whergin the plant oil is raps oil.

15
62, The method of claim 49, wherein a desirable flocculation of substances and
particles during biogas production is achieved by the addition of calsium-
ions capable of forming calcium-bridges between organic and inorganic
substances in sofution ¢r suspension, said calcium-bridges resulting in the
20 formation of Tlocks’ of particles.

53. The method of claim 82, whergin addition of calcium-ions further results in
the precipitation of orthophosphates, including dissolved {PO,*), which is
preferably precipitated as calcium phosphate Cas(PO,)., wherein the

25 precipitated calcium phosphate preferably remains suspended in a slurry.

64.  The method of claim 62, wherein the ohtained biogas is diverted to a gas
engine capable of producing heat andfor electricity.

30 B5. The method of ¢laim 84, wherein said heat is used to heat the lime pressure
cooker andfor the fermentator and/or the ammonia stripper reactor and/or
the one or more biogas reactor(s) and/or one or more animal house(s).

86, The method of claim 64, wherein said electricity is diverted and soid to a
35 commercial net for distributing electricity.




breedi'ng animals, preferably farmanimls including cows, pigs, cattle,

hor ses, goats, sheep and/or poultry, and the |like, and/or 10 ii) a second
device, preferably at |east one pre-treatnent plant for

organic material, said organic naterial pggeferably corrprzggggé"mgﬁgianure
and/or animal slurry and/or plant parts, wherein said plant parts
preferably conprise one or nore of straw, crops, crop resi dues, sil age,

ener gy crops,s7and BRihenal byadbi®ims a4 r hereof %T

sl augt her house waste, neat a?lﬂné one e 'ICI%%%%}F% tqea@(réréab%ﬁl% SERINC% oduce
originating from 3dh¢ hagteria PF’%‘E’NOE@F&EM§3W‘?S1E||$rél’f@$ln!al Asgarih, mmwﬂoﬂmtda t he

potential presence of 3S E-priors or other prions, and/or iii) a third
devi ce, pref%rabl an energ?/%ri)l ant generati I_&ean irrproved anount of 20
energy from £%i ongE<NeBADPT vy cligRAte 134t FéthPﬂ&if'fg/ﬁhE(ﬁt&ﬂwf@r:ﬁducm

devi ce c®nprises ajtrayesyN @im;fmyngsée&mé\ér@ﬂ-nﬁf‘tﬁe%m dﬁat@f'lalf% 285 Podughé S

sties, manure canals, 25 slurry canals, aninmals, vent on "canal s of
an ani mal house or-CPEFIRGHe StE%%?fd %q]|§‘é3mgrf{!)ﬂmﬁ@'6lswpﬁgdfrhm the ergshicc| eani ng
wat er, and/or b) ma&ﬁﬁélmrﬁ QmHoﬁMﬂﬁﬁméQ@in %ﬁéﬁrﬂ@g‘@'ﬁfdeémmgr% n?ﬂﬁé}'y |n
theformof aslurrg nprising cleaning water anic materral, fro

t he ani mal house &F “@6‘“&%*'@”@8@%”@@@9%‘% @l iip nbtﬁiﬂlrtm'fhEHI‘é second
devi ce conprises @nigmefirst pre-treatnment tank, preferably a stripper tank
for i) stripping N 35 (nitrogen), including ammni a, fromthe slurry
diverted fromthe first device 91 22 FEBRUARY 2005 to the second device, or
i) strippingghi, TheehdiRbder Wemsiwm mm qa%ﬁepcuf)gﬁ{aﬁﬁaﬂgf rom

an additional pre- treat ment tank of the second rst
pre-treatnment tankNeSAhopdticoRErpipg fertilsepeiren s ‘T*Féﬂﬂlﬂ Iﬂ}ﬁhreﬂl yagichpyotiionr gani ¢

material, and/or 5mla}:r| d@ﬁ@%?@baﬂff% AP By HaRne B’iﬁgése{eﬂ%e(toﬁto'd et
pressure cooker for ysing slurry ‘conprising ofgani c mat
diverted fromt hes?ﬁ“?’gtﬁ)" die SeRagatingghe F%W@@@érwwmé@namlemaelau d

hydrol yigi s resul t maltéhaﬂntd% 8aild Pbtion k@S kYR HaBEARIERE WREHGH BBt 1umper

any vi able m crobi al ani sns
a s-::rln:i fr ction comprising part of the phosphor as calcium phosphate

{Cay{PO,)z) and organic phosphates initially suspended in the slurry,
wherein said sofid fraction is capable of being used as a P fertiliser.

20 7. The methed of claim 69, wherein the separator is a decanter centrifuge.

71 The method of claim 69, wherein the solid fraction comprising phosphor is
dried to produce & granulate comprising a F feriliser.

25 72, The method of any of claim 89 and 70, wherein the reject water obtained
from the separation step has a content of nitrogen (N} and phospher (P} of
fess than 0.1% (wiv).

73 The method of claim 72, wherein the reject water is diverted to the stripper
30 tank and re-used for stripping ammonia from organic material in the stripper
tank.

74, The method of claim 72, wherein reject water is re-used for cleaning a

stable.

35




10 and/ or pat hogeni c substances present in the slurry, or a part thereof,
and/or c) at |least one tank, preferably a silage tank for generating

ensiled plant rmaterial conprising at |east one or nore.,gf i
energy crops, beets: and crop residues, Egnd/ or 15 d) atZQIFgﬁ{Bmég%%ond
tank, preferably a pre-treatnent fernmenting tank to fernment silage and/or

| ime pressure cooked organic material, in which the fernentation
condi tions arm selBE Reihby Qg e ' | tions _and/or
thermaphilic fernentation fCTE(:)inI .??E*n%@’éﬁ%%ﬁ%%%ﬁ%%ﬂ% F'YERA ce

conprises a) at | &ABARIERESRPAYAS zo@nosentvsterinaty viai ofectibusr bacteriad/ or or gani ¢

material can be @aysitktedbdr 8RR NHIdSH iodevice for fernmenting the organic
mat eri al under 25 either rnegophi lic ﬁ%}g}rﬂlﬁeht ation conditions and/or

thernophilic fernmentation, said fermentation resulting in the production

of D10g2 come! I SIThg rBhad i Rl AR BOSRT0 Bl Bhoih 8L A0S i Tor

col l ection of biogas, wherein'the tank I1s opti ed to an

outlet for distri GtHAPEE BRMeRiafan sak rejest water étla steam gdmperengi ne, and/ or ¢)
at | east one first separator, preferably a decanter centrifuge in which the
fernment ed ma?gri al fron}'the at | east one bio gas fernmenter is separated
into 35 an ed€ent i"ARIMEIDOGof dpimi t8awheesin the stippet @mwartia isgjoodensedtien, and an
essentially 92 5 1o 8tkp cbhdet@@Ryr. 2b86. 22 FEBRUARY 2005 solid fraction,
wher ei n D;ai d solid fraction conprises solid phosphor (P) conprising

or gani ¢'%nd I norganic material, and/or d) at |east one second separator,

preferably a7geramhe nfétedPor dldifn€r7, whedhH &AmbhS is condensed in a first step in a
counter current of cooled ammonia condensate.

79, The method of claim 78, wherein ammonia not condensed in the first step is
15 condensed in a counter current of permeate from a reverse osmosis step
uset for extracting potassium (K} from the reject water obtained from the
method of clairm 69.

80. The method of claim 76 comprising the further step of diverting the stripped
20 ammania to the column on which ammonia from the first ammonia stripper
tank is absaorbed.

a1, The method of any of claims 63 and 70 comprising the further step of

producing potassium (K) comprising fertilisers from organic materials, said
25 production comprising i} diverting the potassium (K) comprising liquid

fraction of reject water from the first separation step ta a second separation

step, i) separating the remaining crganic and inorganic composition from the

liquid fraction, and i) obtaining a liguid concentrate camprising potassium

(K), wherein said liquid concentrate comprising K is capable of being used
30 as a K fertiliser.

g2 The method of claim 81, whetein the second separation step comprises
subjecting the potassium {K) comprising liquid fraction through a micro filter

operating with an intermittent aeration and filtration of the reject water,




reject water fromthe at |east one first separator is further processed,
preferably by aeration and filtration, wherein said processing results in
renoving at |east sone and preferably a majority of one.gr f &iur
conponents, nitrogen (N) conpounds and p@bassi um ( K) co%gg%,&‘mg in
said separation further results in the generation of reject water
conprising a reduced anount of any one or nore of odour conponents,
nitrogen (N compaufienand RpARAYIIAdS oot RIBALNNIST AS 1 SRIRAL Phd: LN
amount prior to separation. A systemaccording to clalim 83, rein liquid
fractions or rejectaigaal@ndpeting dioreaniadrcksof the at | east one silage
tank, the at | east one pre-treatnent fernenting tank, the at | east one
biogas ferrnentor, the at |east one first separator and the at |east one
second separ &Bor ifSYSERTSRAPHYNG ¢l eani ng of the ani mal house or the
stable. A system according to claim83, wherein the system conprises pipe
lines constituting a closed system preventing or leading to a reduction in

eni ssi ons of Yany GEsisevics: Fefiraliy spimakheyseionrtablegfon holling amdfoni a, air,
liquid or any ot heredmsaifERNbrevrall FarfSia¥s Rl St Bigh AGHR ding to
y

claim 83, wherein liquid fractions or reject water from one’'or nore of
the at |east one $PIee§edtathisheemandier nadist aph &redike. andierat nent f er ment i ng
tank, the at |east one biogas fernmentor, the at |east one first separator
and the at | east one second separator is re-used in any step of the slurry
separat{%n afili bi (ﬁ‘%%&gﬁiﬁs PEFierahyaé iaeboiraprAttEne i @lagofibtni ¢ materi al
in a proper fluiduyeafbrtioPBrgaié malorl daRi®a5S5E hltstt ' geier ein
lime including GaO and/ or %5%2 s e ot B%é%hlﬁl%na 2?%(% bef or e
sai d organi ¢ nat e@N&18 BfRWFEARGY anipalishisarandigiolany pars. MhspimgaiN Mant | udi ng
amoni a, pr ef er ablosrtd preAstHbIp GoRPriso BURbreQ steb Wit fid 29 fegerate a
pH val ue of from gbou? 10 tg abg_ut %3 22 FrEBRLSJ,&RY ZFO%%cl{%églglfl%%r?a y In
conmbi nation with ENHELETRS. Srbprtiopalyaninal @y sasrener frardionshereely i ncl udi ng

the org@ni ¢ mat er gRALgth8fhoude waste, meat and bone meat, blaod plasma or any such
produce originating from animals, risk- and rio-risk material with respect to

the potential presence of BSE-prions or other prians, andfor

i} a third device, preferably an energy plant generating an improved amourt of
20 energy from a biomass comprising organic material,

in which the first device comprises
a) a system for cleaning one or more of floors, slats, sties. manure canals,
25 slurry canals, animals, and ventilation canals of an animal house or a stable,
said cleaning involving the use of cleaning water, and/or
b) a system to transport the cleaning water, optionally in the form of a shurry
comprising cleaning water and organic material, from the animal house or
30 stable to the second device,

in which the second device comprises

a) a first pre-treatment tank, preferably a stripper tank for i) stripping N

35 {nitrogen). including ammonia, from the siurry diverted from the first device




89. 1090. 1591. 09. 93. 25 94. 30 95. A systemaccording to claim 83,
wherein the organic material remains in the stripper tank fora period of 5
to 10 days, optionally 7 days, A system according to cl t he
tenperature inside the stripper tank isghetween 60- angh?é%%u’“%f?@%
according to claim83, wherein an anmount of between 30 and 60 gram Ca(OH)?2
per kg dry matter in the organic material is added to the organic material

th t t t. th t
ank A ZyélQﬁe;ccg?ﬁ.‘ﬁ?ﬁagéﬁ“ﬂég’ U5 PR8N0 B Rem HEPOB! g
ammoni a is col | ecPAEN dberted dosan afsitionpbprk-teeatinetit vanic @dhd socand alevisy, | N
which amoni a i s vaRséh lﬂﬂéjﬂrht’br}é@rteﬁfmé?{t &ﬁ'ogstnérﬁ)dllwal] EBJE%FE%&N y

conprising sulphuric acid op t|on 'd anmmonia in
a tank A system acWeio§isHg tb%ﬂﬁaaéllﬂrﬂ"@?ﬂmmeﬁf@rn the | ! absorbed in an acid
solutiorg is utilised as a fertiliser A system according to claim 83,

wherei n the I|m=) pressure cooker is an gara’gus which first cuts the
organi ¢ materi aP |W°%@Wﬁ%mﬁﬁda%@&fﬂa tialdisne preshresegkerritred or gani ¢

material to a champemlyshgrsfirh; Mﬁfﬁnﬁwﬁgteﬂa%@r&d’?ﬁo l'{eq‘lrst'a%arheat ed

and si rrultaneousli l«Zﬁposed to a h™ pressure due t
tenperature. A sy3? EWsscerst dpvis. t"@efﬂ"'aﬁﬁf 8girolypie reduits irmelinunatingi ¢ nat eri al

to be treated in Méamdnha%ne!u%e%%ﬁgw%ﬁ&eﬂ %%?edmfc%ﬁﬁ%ﬁﬁ sgﬁ lime, A
eri al e

syste rTjg]ccordlngto cl aim 83, whererin the org n|c ma treated in
the Ii pressureHEWSRB?thFaewmtamﬁ%pﬁEﬁemth@trfecﬂmmoformamer@r( andar 94

¢} at least one tank, preferably a sitage tank for generating ensiled plant
material comprising at least one or more of com/maize, EBNergy crops, heals,
and crop residues, andfor
15
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 seiected from mesophiiic fermentation conditions
andfor thermophilic fermentation conditions,
20
in which the third device comprises

a) at least one biogas fermenter to which slurry andfor organic material can be
diverted from the second device for fermenting the organic material under
25 either mesophilic fermentation conditions andfor thermaphilic fermentation,
said fermentation resulting in the production of biogas comprising mainly
methane and/or

b} at least one tank for collection of hiogas, wherein the tank is optianally
30 connected to an outlet for distribution of biogas, or connected to a gas
engine, andfor

c) atleast one first separator, preferably a decanter centrifuge in which the
fermented material from the at least one biogas fermenter is separated into

35 an essentially liquid fraction in the farm of reject water, and an essentially




22 FEBRUARY 2005 96. A system according to claim83, wherein the organic
material to be treated in the line pressure cooker is added CaO a 97. A
system according to claim83, wherein the organic material ed in
the linme pressure cooker is added CaO of 45-10 g per kg EF%%‘P%&%
organic material, 98. A system according to claim 83, \/\herel n the
tenperature of the organic 10 15 99. 100. 20 101. 25102. 103. 30 104. 35
material in the |idfRyBa@shliRe f'E'Iﬁj: 00, Said
tenperature is aligned accorﬁl ng to t‘%ﬁ f%ﬁ'%%‘#&%@%% S%ﬁg &)eat ed, a
hi gher tenper at uré’f’i"ﬁi‘"éﬁaéi&?nﬂwmﬂ@géﬁlﬂtnmiemﬂj,rﬁr@mr of cellul ose,
hem cel lul ose and ligninis in the organic material, or a higher
tenperature is chosen according to the risk of inf ectious m cr obi al
organi sm or pat o géfast onrRseNA deraraier. pisfagbBE srrEmItIMicTp- tiltﬁeirbwgianrﬂte
materials A syst cmjaecite M i &lGiTORS irrbsIRLB, kRl BRGEalY © of the
organic material in the |inme pressure cooker ibetwe 30" f'fand 200 A
system accor di ng P6>BIeRIRYSAralgReand fitrative, %*F%’@@Uﬁﬁéi mﬂm%@gdﬁgdism mat eri al
inthe lime pr essué@aﬁﬁ@&ﬂ&am%g%tmeﬂeé%nﬁmﬁéﬁrlﬁ%f one ot Y& cﬁﬁfd' ng to
00 i's

claim 83, wherein N the organic materi al me pressurec
treated with the EPEPIREYsiMiasn{yFeMPNds and pemsplmIEe sompowyist em

according to clai WRdinwhigisepdratibioHHel BELIRTAMY %?lﬁ?étfuﬁ%?pe%&w é}e lime
pressur1e0 cooker is collected and diverted to a colum and é sor
comprising & reduced amount of any one or more of odour components

nitregen (N} compounds and potassium (K) compounds as compared to the
amount prior to separation.

84, A system according to claim 83, wherein liguid fractions or reject water from
15 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 re-used for cleaning of
the animal house or the stable.

20 85. A system acconding to claim 83, wherein the system comprises pipe lines
constituting a closed system preventing of leading to a reduction in
emissions of any one or more of dust, micrabial organisms, ammaonia, air,
liquid ar any other constituent within the system.

25 88. A system according to claim 83, whergin liquid fractions ar reject water from
any one or more of the at Ieast 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 re-used in any
step of the slurry separation and biogas production system to maintain the

30 organic material in a proper fluid condition.

87, A system according 1o claim 83, wherein lime including Ca0 andfor Ca(OH),
is added to the organic material before said organic material enters the
stripper tank for stripping N including ammonia, preferably by adding an

35 amount of lime sufficient to generate a pH value of from about 10 to about




as described in claim9l, A systemaccording to claim83, wherein silage
of, but not limted to, maize, energy crops, beets, and/or crop residues,
is diverted to a nesophilic or thernophilic fernentati e
further diverted to the stripper tank. Aggystem accordi 28*%%%
wherein |inme pressure cooked organic naterlal Is diverted to a nmesophilic
or thernmophilic fermentation tank, before further diverted to the
stripper tank. 95 B2oHRREHARoRRABILO%N S ai m 83,
wherein the fernent atﬂlion HA he or 'anl c 5 %gﬁf%ﬁ%ﬁ@ ﬂfg%f'aﬁ 109. 110.
25 111, 30112. 11@'”%‘5[@‘&“?"&@ tr@ﬁﬁﬁﬂh‘én}??ﬂﬁ@hctlon of biogas is optimnised by
pre- treat ment conprising stripping N including amonia and al kal i ne

hydrol ysis at,, conditions including 3£roper pH | evel ; tenperature,
aeration, dufBtiof SYEEENALGARIIRG tq %ﬁ”’a whegai theatr anic mfatams;mmwmlmmm erial.
A systers accordI N@tripPeiatk PBr@ervh of 5t an' sm condi tions

I n the biogas produrt(??ng fermeﬁ{ ers Is op? E%{%E{rﬁm%l? | ng sterilised or
sanitised slurry fromthe stripper tank to the first b| ogas fermenter,

said sterilBoed ovsy@R bbdRInGlolisidh 20 whkoid (i tBibe/QfurdfHsMe! Aﬂs‘s{?ﬁggn ) ation
of bi ogas produckﬂnrggsnl)crobl al _organismin the fernenters,

according to cl ai GMERR ARG B S0ani ¢ material from which N

10 90. A system according to claim 83, wherein an amount of between 30 and 60
gram Ca(COH). per kg dry matter in the organic material is added to the
organic material in the stripper tank or befare said organic material enters
the stripper tank.

15 a1. A system according to cfaim 83, wherein the stripped N including ammonia
is coflected from the stripper tank and diverted to a column in which
ammonia is absarbed in water or an acid solution preferably comprising
sulphuric acid, and aptionally storing the absorbed ammaonia in a tank.

20 82. A system according to claim 83, wherein the N absorbed in an acid solution
is ulilised as a fertiliser.

83. A system according to claim 83, wherein the lime pressure cooker is an
apparatus which first cuts the organic material inte segments and secand
25 diverts the segmented organic material to a chamber wherein said
segmented organic materfal is heated and simultaneously exposed to a high
pressure due to the elevated temperature.

94. A system according to claim 83, wherain the organic materiai to be treated in
30 the ime pressure cooker is added an amount of lime.

85. A system according to claim 83, wherein the organic material to be treated in

the flime pressure cooker is added lime in the form of CaQ ar Ca(OH),.




i ncluding anmonia is stripped, is diverted to a biogas reactor in which the
conditions is nesophilic. A systemaccording to claim83, wherein the
organic material which is nesophilic fernented, is div I ogas
reactor in which the conditions is thergpphilic A systggkggg%ﬁﬁ?%gb@%
claim 108. wherein the thernophilic reaction conditions include a reaction
tenperature ranging from45"C to 75T. A system according to claim 108,
wherei n the tgaer myephishd £ - I b ' tilo .
Fomperat ur e rangi no (1 oo @ o BB oy e TRl p BT e Bete
wherei n the nesophid (fee peassHieswokerie pedeshiSaOi ncl ude a reaction tenperature
ranging from2CC to 45 A systemaccording to claim 108, wherein the
mesophilic r%ﬁction conditions include a reaction tenperature ranging from
30"C to 359077A sYsPEHRMAEEH N elambhivheros thaweanic matdrial toHe tremsphinl i ¢

reactiorsis perf ohgfle bRsssirelRoRANS addekficad bPs.1 Ja% e 15119.
120. 20 121. 25 122 305123. SR s SR P gt K i hhterd e 1 ng to

cl ai m 108, wher ei §"%3W DAEFAbphilic reaction is

a8, A system according to cfaim 83, wherein the temperature of the organic
material in the lime pressure cooker is between 100°C and 220°C. Said
10 temperature is aligned according to the organic material to be treated, a
higher temperature is chosen the higher the content of celluipse,
hemiceliulose and lignin is in the organic material, or a higher temperature is
chosen according to the risk of infectious microbiat organism er pathogenic
compounds including BSE prions in the organic matenal.

15
99. A system according to ctaim 83, wherein the temperature of the organic
material in the lime pressure cooker is between 180°C and 200°C.
100, A system according to claim 83, wherein the pressure of the organic material
20 in the lime pressure cooker is between 10 and 18 bar.
101. A system according to claim 83, wherein the organic material in the lime
pressure cocker is treated with the elevated temperature for 5 to 10 minutes.
25 102. A system according to claim 83, wherein N including ammaonia stripped in
the lime pressure cooker is collected and diverted to a column and absorbed
as described in claim 91,
103, A system according to claim 83, wherein silage of, but not limited to, maize,
30 energy crops, beets, andfor crop residues, is diverted te a mesophific or

thermophilic fermentation tank, before further diverted to the stripper tank.

104. A system according to claim 83, wherein lime pressure cooked organic
material is diverted to a mesophilic or thermophilic fermentation tank, before

35 further diverted to the stripper tank.




perfornmed for 7-10 days. A system according to claim 108, wherein the
mesophilic reaction is perfornmed for 5-15 days. A system according to
claim 108, wherein the nesophilic reaction is perfor A
system according to claim 108, wherein a oot ent i al foan?% EEE&L(%% ?@53
Limted by adding polyners, and/or plant 0ils: and/or different salts. A
system according to claim 108, wherein the plant oil is rape oil. A system
according to4gkai | WhekShd Ca(0OH) 2
system accor di ng tog’%Feé'T m 11@ g\/f#'gn{s@d ggﬁgﬂganf?ﬁem%gp gﬂ"? QIRIE rent ed
mesophi | ic and th&ateimand theerroshidtion Oéblﬂn@alstunﬁmm;léay ple-gysttesmt according to
cl ai m 83, wher ei ncBgptisiA s{f 4i§ waFTEl! t he bi ogas
reactors is reused i ri? th é Iaﬁm{] CEP ! ggact or, Qm:l lﬁ]fke@jmr#%?’torgam c

mat eri al function Cagd'%ﬁﬂsuﬁ%wmmpmer RE |@*€ﬁbd¢fap$r@mr©faeranmrdma¢n dwayani sm
perfor miag the [ ermmidH drRMocfuite SBuassRkdiled o aim 83, wherein the
fermented organic material conprising a slurry including a liquid with
solid material, is diverted to a first separator, separating the solid

materials i nghgdi AGsy8tel Q&doﬁﬂné fcAG i ?{ eFE.h?thelnng}ﬁbgal I:rrggmshp&:n%'cﬁs ﬁart of

the liquid fraction Said main sol action conprises organic a
i nor gani ¢ mat eri al” FRoEEE ﬁﬂ’qﬂcwﬁlﬁ%ﬁ]ﬁﬁiﬁ@ IsRimisasiyclivedéncheedised ogai d

mainly solid fraCEérﬂf‘sa@%r?ﬁrﬁrﬁ”ﬁﬁé@ﬁpﬁUﬂtm t@?‘s’e ﬁrg ssfgﬁné]'ntélegél liser, A

syst em accor di ng to claim wher ei n t se rat or 1s ecant er
centrifliige. 97 22%iepinadqreaniiens slouy danslishibihpriarort empmfatum @fubm@s

wherein the rejechrofdkiRh nﬁér@%hﬁ]ﬁarﬁéﬁﬁﬁ theSFSRﬁérﬁérQr is treated in a second

separator, said second Separat or Ising a ceramic mcro-filters to
which the reject water fromthe flrst separator is further processed by

aeration andmltﬁ.as%@ﬁma&%l 'é@fm%%”ﬂ%éﬂ%ﬂadthéwa%arnﬁsﬁw%ﬁ%rfPJ %&Hr

conponents, any residues of nitrogen co onén
cont ai ni ng K ( pot B§&ENGAMMenia issinrped) tsaiwanepé@a twgtﬂélreactor in which the

19 conditions is mesophilic.

108. A system according to claim 83, wherein the organic rmaterial which is
mesaphilic fermented, is diverted to a biogas reactor in which the conditions
is thermophilic.

20
109, A system according to claim 108, wherein the thermophilic reaction
conditions include a reaction temperature ranging from 45°C to 75°C.
110. A system according to claim 108, wherein the thermophilic reaction
25 conditions include a reaction temperature ranging from 55°C to 80°C.,
111, A system according to claim 108, wherein the mesophilic reaction conditions
include a reaction temperature ranging from 20°C to 45°C.
30 112, A system according to claim 108, wherein the mesophilic reaction conditions

inclugie a reaction temperature ranging from 30°C to 35°C.

113. A system according to ctaim 108, wheregin the thermophilic reaction is
perfarmed for 5-15 days.




S

125. A system according to claim83, wherein the reject water fromthe
t hernmophi li ¢ biogas reactor or fromthe first or secon;j separator | 'Sf .
diverted 10 to the land, to a waste water treatnent p r.a purifying
plant, optionally a biological treatnmenggplant. WreBr Ay 2008
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114.

115.

116.

117

118.

119.

120

121

122,

123

A system according to claim 108, wherein the thermophilic reaction is
performed for 7-10 days.

A system according to claim 108, wherein the mesophilic reaction is
performed for 5-15 days.

A system according to claim 108, wherein the resophilic reaction is
performed for 7-10 days.

A system according to claim 108, wherein a potential foam formation is
limited by adding polymers, andfor plant oils, and/or differert salts.

A system according to claim 108, wherein the plant il is rape oil.

A system according to claim 108, wherein the salts comprises Cal andfor
Ca{OH),.

A system according to claim 118, wherein the organic material is fermented
mesophilic and thermophilic each for at least 7 days.

A system according fo claim 83, wherein part of the fermented grganic
rmaterial 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,

A systern according to ctaim 83, 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
liquid from the main part of the liquid fraction. Said mainly solid fraction
compnises organic and inarganic material including P (phosphor} and
compounds hereof. Said mainly solid fraction can be further dried and
comprises a fertliser.

A system according to claim 83, wherein the first separator is a decanter

cantrifuge.
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125,
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A system according to claim 83, wherein the reject water from the first
separator {s treated in a second separator, said second separator
comprising a ceramic micro-filters in which the reject water from the first
separatar is further processed by asration 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,

A system according to claim 83, wherein the reject water from the
thermophilic biogas reactor ar from the first or second separator is diverted
to the land, to a waste water treatment plant or & purifying plant, optionally a

bitological treatment plant.




