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a valuable tool in the quest for sustainable agriculture and horticulture.

Compost can also safely be used in landfill or land reclamation projects.

25 The quality of compost produced by the composting process, in
particular its composition, stability and odour, is largely dependent on the ability
to control oxygen level, temperature and moisture during the process. For
example, low oxygen level and low oxygen circulation inhibit aerobic
decomposition and increase anaerobic decomposition which is slower and is

30 accompanied by an unpleasant odour, whereas, low moisture and excessive

temperatures inhibit microbial activity leading to an unstable product.



The present invention also provides a device for carrying out controlled 20
conposting of waste material, said device including: a closeabl e chanber
for receiving said waste material, said chanber formng a controllable
conposting environnment; one or nore sensors for neasuring the value of one
or nore paraneters of the conposting environnent, said paranmeters being
selected fromthe group 2s including ténperature, pressure, noisture
content and garherenpestordanyly eesexsd forrarceff@ctivierand beomsmigat bormpastiiged val ue
with a predeterm ned setpoint value or setpoint range; and adjustnment neans
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i nportant and tenperature nma
i of the comr;;gsting environr%ent, said parameters being selected from the group

25 including temperature, pressure, moisture content and gas composition;
means for comparing the or each measured value with a predetermined
setpoint value or setpoint range; and
adjustment means for automatically adjusting the or each parameter, if
necessary, such that the measured value of said one or more parameters
30 agree with said setpoint value or setpoint range.
It has been found that the effectiveness of the composting process can

also be dependent on the properties of the waste material itself. Table 1 lists



accordingly be allowed to decrease below the preferred range. Oxygen
concentration in the gaseous atnosphere of the conposting environnent can
al so be an inportant consideration. Typically, the oxygen s containing gas
which is used in the process and device of the invention is air.
Accordingly, the maximumlikely concentration of oxygen in the gas is that
of air, nanely around 21 % Wile highér concentrations nmay be used, they
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well as a ey al absor substantially retain noisture
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over time, however, as the temperature inside the device increases and
20 moisture containing air is vented fo the outside. Preferably, the moisture
content of the waste material is maintained in the range of 10 to 70 wt% HO.
More preferably, the moisture content is from 10 to 50 wt%, even more
preferably from 15 to 35 wt%. The optimum moisture content is around 25
wi%.
25 Other physicochemical conditions can also affect the composting
process.

The temperature of the composting environment can influence the
quality of compost produced. It is preferred that the temperature is maintained
within the range 50 to 70°C, more preferably within the range 55°C to 65°C, at

30 least for the first approximately three days of the composting process. During
this period, the compost typically undergoes pasteurisation and accordingly

effective temperature control is highly desirable. After the pasteurisation stage



s or concrete. The size of the container will be determ ned according to
the anticipated volune of waste which is to be conposted. However, it is
preferred that the height of the container does not exceed 3 netres so as
to allow proper aeration of the waste materials during conposting. The
container typically includes one or nore side walls and a base. It to
preferably also includes a top wall, whAich nay be integral with the rest of
t he cont ahaelcontileteapasmpletatutdeohadl Veldss Mipseamr b€ tenfleatfurefmébl exi bl e
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wi thin the container. 7 Tenperature Were the nmeasured tenperature is

| ess than the setpoint, the oxygen containing gas is continually

recircul ated through the conposting waste s material w thout introduction
of cool er, anbient gas. This ensures that heat produced by exothermc
reactions taking place during the conposting process (i.e. the
"thernophiiic" conposting stage) is allowed to build up to the optinum
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is Oxygen Level If the oxygen level in the container falls below the

set poi nt, oxygen containing gas (typically anbient air) is admtted through
one or nmore inlets to induce aerobic conditions in the container. If
desired, recirculation of some heated gas can be naintained at the sane
time in order to avoid a drop in 20 tenperature. Pressure If the

at nospheric pressure within the contaifer exceeds the setpoint, excess gas
can be vented [hott slod8sdYamPeappitafiis @it HR - inVBRtidIECthd CatBMati@dmeESS gas
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ei t her mafend levebbelgut theerondainey; such as by using a FM (frequency

nodul at ed) co - L ative
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The particle’ size and texture of the fresh conpdst produced by the
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again. After optimsation of thecﬁgrticle size and texture of the conpost,
t he conp&entaines; #isprefeiatheprpyidedwith pagiasmore reliet¥d¥es.n which the fresh
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air or other oxygen containing gas may be introduced into the container.

Preferably, air is forced into the container under pressure, such as by using an

air compressor. The inlet(s) is preferably closeable, such as with a valve.

Preferably the container also includes at least one outlet through which gases

30 inside the container may be vented. The outlet(s) is also preferably closeable
such as with a valve or a flap.

The container also preferably includes one or more sensors for

measuring physiochemical conditions therein during the composting reaction.



9 may be preferably conducted in open windrows in which the conpost is
piled up and turned over periodically (e.g. once a week) for aeration. The
optim sation of conposting conditions via the present invention provides a
honbgeneous environment for naturally occurring mcroorganisns s to convert
solid waste into an organic conpost. Moreover, the prolonged heating of the
waste material concurrently pasteurises the conpost and ensures that the
conpost iTypesatierduchl sendore énciide @t tengseratuaa dsemsed $e.gT leermarrpoter), rendor ocess
and device of the resemrg i nvenption can adva tageousl accel erat e natural
aer obi ¢ @@n%gqnn@grbfform b cRAtAINEaMaY ISP INGUES & PFesSUET SERSPT 3R] aThe
present iawaBk 98n&sh accordingly reduce a nornmally five week thernophilic
stage of a con*)ostl ng process into approxi mately one week. Furthernore, due
t o t he aer obi dheoratitéinenalstepreferabbdineiudies rcirchatioomhaangrtypichlly adany | evel
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to recycling of waste In confined areas and in Close proxinity to sensitive
r ecept or sircilatienviaeanshis positiensd i oy @st taforagy the axygent eentaliéng egasdi at i on
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means, t ligropyRaRs peraizable babe andethrbugh tapeste neatbriguivdempsxggersisch as
soft drinks which are rich in materials |ike phosphorus and sugar.
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10 DETAI LED SCR| PTI ON OF THE, PREFERRED EI\/B,C']?Zi)I MENTS The invention wl|
becone nEha&efdlaar [QMagHain desiretierieerairedwiig ths capiaingr- description in
connection W trigel Ghtafrie? TRARYY MMe%%on@nﬂo.%X@gﬁé&rs for 'ﬁ%é‘sﬁ{ringgthbo Figure
1, there is illustrated a conposting device 10 conprising a cloSeable
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is defi neg an %Ut &rﬂr}ati cael I% 8ofnt ro%lgabl e co%(ﬁti ng envg ogment 14. The
cont ai nePANPIREY AN Feledad JoP Yie 9ouR, NGding enipefatule e PISSSUEY, gas
and | i quintbifterereenlent kagehd@idityhahl gasrAnpSsitie. ThstrRed&ired valudsof( not

€
shown). The contai ner 19 is provided with an inlet 20 through which oxygen
cont ai ni e gere copPEe npareongietss siie, themi autoneaticalivy compargd owildea i nto

o anti eASSterined BidhhailP ok SefRante Y ryRicall it fedlielhaNeDT ner 17
is abso piensutied vaiuels are fad deinpld intbrarugttivehieedbgels regulatexy colrpateront ai ner

12. The flow of gas through the outlet 24 is controlled by a, 6 valve 26. The
cont ai nePrAFafTiRg.HSUC n@ﬁuﬂ'@é Sﬁ’é‘“?ﬁrcﬁﬂyea%'f?ig? surdgmp i’ tigde BaMBer at ure
sensor 28cafgpa i i resand
oxygen coirees - o MRS By AppeahCind RN | COmpOShSe! BITBR] oy e

ci r cul at compaeechsvithothe ipsedetarminiedi satpeiat! viaiue 32 raogat el thevmneaswanh of t he

air inlet 20. Downstreamfromthe fan 32.i rrovided a humdifier 34 which
2ot s Lo VAlR-atPem oM spBamnvale oF faik WA AP SRR TahuS pdne At ner
12. Begl oddifcdtidhBTake @nbreitméatdl SoAditieAs Withm &@) cdthineB afBABGegsaMpr | sing a
vessel 36 which includes an inclined surface, nanely the vessel floor 38.

Leachat e Qrhitiegn qibers dandhiifothgh mersused evalge/s| differ dean thee setpsintfsedtheur f ace

58 1s a0calButchDrRmnl Aotanchy’ At BB B3R, | cave
the cont @'Pp&)“pr'@lfldirb@rd@irwaidgm@mda%tjﬁémadd setpdintrvaheds/s Mtocrpecment. The

control of the physicochenical conditions inside confainer 12 wll| now be
described.  TheTHQllavinge dgeCrirRtily RIRMIdES MSXSMMRS i oRMALOR ol the

meas '§§ ech%g‘SE r#g&?%@frﬁégﬁg ﬁfﬂbﬂ%& tt%ﬁvér'i}ﬂxé BAVIEARLHES c\b?xhﬂﬁmissvaftﬁiﬂ to a

conputer pr e neasured tenperature 1s less than a
pr edet er theneahtaitepoi nt, in this case 58C, valves 22 and 26 are cl osed and



s valve 42 is opened. This ensures that air inside the container travels
through fan 32 such that it enters vessel 36 in the direction of the
arrows, travels up through the perneabl e base 18 and through the waste
material, then back via sensors 28 and 30 and recircul ated back to the fan
32 via conduit 44. Heat generated by exotherm c reactions taking place
during the conposting process to (i.e.7the "thernophilic" stage) is allowed
to increase until the tenperature of the conposting environnent reaches the

setpoint (again, in this case, 58C). Wien the tenperature has exceeded the
set poi nt maer , valve 42 is closed and val ves 22 and 26 are opened,

anoi ot a1 DAETS o R E e Be AT R Yhon 388 LA e BB Lot o

t he set patartaimrigueyes rlstbmrstlmmle feciculated vttso@@h amé 2ongpastingenadtd o draw
in oxygen rich air fromoutside, thereby induci ng aEI’ObI C con itions. fn
or der % o Batar@l M'tnﬂunl'W‘%@C&'oﬂr‘éfpc@?\'ef’e%'ﬁ dhis gaswessbat hgakl so be

kept ope u t he
pr essur o RSIEEBY Aortnld 2okt baby 3*““{@ e g F1BE2ES cxceeds
a set poi nfi.e(the 'tthersncmtaleo"actormbm!mfﬂage) jor &lloavacelo buikkap tgdise optimiaen vent ed
to the outside either by opening valve 26, or opening a flap 46. EXAMPLE 2s
A wast e 8Wﬂ03|t|on of 16 wt % chi cken manure and 84 wt % woodchi ps were

mi xed toget heroanfls tAELAahAL B tﬁec’tﬁaﬁﬁébmﬂ& c@%&%ng%tag@% ¢BRG ettt h
Figure 1. The conposting device was thermally insulated and included a

wat er10r esand/or theldemperaiare dfast Baceedecbélnerws@nt i reciredlation cothpuygare air

or cat er SRPBBGE [ PAPhETRECAhHeBod SRR Bl Pl ed "

t enper at Lthﬁbuqtpbﬁe R HERA ghSsodL rsts at Pysically, dreser hibre hfaseelpdutletof 58C.
The thernophilic conposting process |asted for five days. The resulting

conpost ec@rAedls iapened o alioye gas dhaated dyviel thermerbiie stagri te Nenkin the

process t}ﬁﬂ Hgnl mal or no odour generation. Finally, it is to be understood
that variouS alterations, nodifications and/or additions may be introduced
i nto tshe Qxywdn lueigions and arrangenents of s parts and/or steps previously

descri bed w t hout de artin fromthe spirit r ambit of the invention. It
shoul d be al sg?ﬁ'n%lé? 08B dleVRhin {Rﬁe qcmt%@er g/ %@?&Wpth?ow BPINt.HEXYGRENt i on

i's not it il r el ve
f eat ures whi cﬁmgrgaﬁpgﬁkm ?ﬁ%lﬁﬁﬁlrliﬁoﬂlgegﬁgm dné’% h&il I\@\é&p?d A

cont r ol | dbdeceprecshic cbodltmsplosmengomamee nHt desired, wacﬂmﬂimtum oheomeeps of :

s placing said waste terl auto tlcaII nt r ol Ie corrpostlng
onvi r onnieted gifectn Bg Saieined. & ik S g R el st e B

peri ofi cabhipermara!l i Ng the val ue of one or nore - paraneters of the
conposting environnment, said paranmeters being selected fromthe group io

i ncl udi nd:i'ém ature, pressure, noisture content and gas comnposition;

comparing the pg, LA IBRRSHY Brhakdd within th& dBhBsife! BRI RCEEROM:

excess gas can be vented to outside by opening an outlet. The need to vent

excess gas is greater where the top wall of the container is provided by a
25  flexible covering, such as a plastic canvas. The outlet may be closeable by a
hinged flap which is operable to open once the pressure inside the container
exceeds the setpoint.
Moisture
If the moisture level in the waste materials falls below a setpoint, a
30  humidifier can be operated so as to impart a greater water level to the oxygen
containing gas. Typically, the humidifier is positioned at or near an inlet for
oxygen containing gas, and is preferably located downstream of the circulation

means.



or setpoint range; and automatically adjusting the or each paraneter, if
necessary, such that the neasured val ue of said one or nore paraneters
agrees with said setpoint is or setpoint range. 2. The process of claim1,
wherein said one or nore paraneters includes the tenperature of the
conposting environment and said predeterm ned setpoint range is from50C to
70C, preferably from55C to 65C. 20 3. 8The process of claim2, wherein said

step of aut omapkGblibudyi mehtitked, s EREIIBESh AEarisoils ;ﬂrefé@ébl%rﬁ[)rlo%dltsast
three days after commencenent of said conposting process. 4. Thé process of
any one otirallaentheloxyged, conlgining gasi thrarghast theraontaingar Hrefesallyithel udes

concent r seTanete Wi Jeof B8R BRAEREN AT on i 1) SEKY BAVERE: ati on
i s great efunintpef H¥phpsieberabical Rehwtions atithih the Yoatinglcah b30efectédtie
process of any preceding claim wherein the pressure of the conposting

envi ro‘hrrehy VayIng B'Eﬁesﬁflﬁda@fnﬂ%ﬁﬁ@fi C pressure. 14 7. The process of any
preceding cl ai ﬂ!s.d:"?@ibﬁbf} iR ,utrhgdb%aé WE 4l BtFha"s u:?r'efél:%fg/ I‘?cgfié‘m?t ers
imto a €edbac g y conput er pragranre,

is fed as input n’active regul ator
whi ch conpermesatiéasnwal as aghsy pémeeabie hse as dosatopoliquide (hereinafientcatladige and

automatical ly adjusts each paraneter) if necessary, unptil s the asur ed
val ue agr@%%g%tglﬁ z’Qmj_ Bt YEISIR ’_6‘?"%'@ p%*i‘fﬁgeréﬁlg%%/s%.tﬂq'f%hrﬁt‘—'gge_srs?m any
precedi “gpér'n?éraﬂileVl!.'ib"s.feeléq pPéY%re_{tﬂ% 'rég?\PJteglaéHw& t g_&édﬁ&g?&/eﬁ iBeIWea'tH‘ th§e waste

material 1s om 20:1 to 40:1; erably from25:1 to 35:1, nore
pr ef ettabl gordbiner. Boeferahly colledting means sse pfovided pelowcthierperoiexible baber ei n

t he average ti.cle size of the waste material .is less thap 10 ¢

br ef o abi 1 €leclifiledbBsten Wit PRRES FRHDHlak, °, Hif e BRing dmeghs The
process OprefdrabRf ReRid30ak | iAtiRed bgifadd) (SUth BB VE58e| AR tan0indlifed wast e
material 1s from10 to 70 wt % H20, preferably from 10 to wt % H20, nore

pr ef er abl foarbsech thatdeachate flomsodown theningdined surface cadey theyinduenee®f r ol | ed
commest el 23 BN el e g et BB R TSR chrber

15 may leave the container and be discarded or retained for further processing as
a liquid compost.

Waste materials may be loaded into the inventive device either
manually, or automatically such as by using a FM (frequency modulated)
controlled conveyor belt system. The homogeneity and relative proportions of

20 constituents making up the waste material may be controlled efficiently by
using a loaded cell housing which feeds to a mixing unit. In such a manner,
each mixture of waste materials may be prepared according to a predetermined
“recipe". Furthermore, to ensure thorough mixing of the constituents, a multi
auger blender can be used.

25 The particle size and texture of the fresh compost produced by the
invention can be optimised by subjecting it to grinding and screening.
Preferably, the fresh compost is subjected to a high speed hammer mill
shredder and then a rotary trommel screen. Large compost particles may then
be returned to the inventive device to go through the composting process

30 again.

After optimisation of the particle size and texture of the compost, the
compost preferably undergoes maturation, a process in which the fresh

compost cools and matures so as to improve the quality of the compost. This



formng a controll abl e conposting environnent; one or nore sensors for
nmeasuring the value of one or nore paraneters of the conposting
environnment, said paranmeters being selected fromthe group 2s including
tenperature, pressure, noisture content and gas conposition; neans for
conparing the or each neasured value with a predeterm ned setpoint val ue or
set poi nt range; and adjustnent neans for automatically adjusting the or

each par %ﬁE%QTe pidfe RBME 86AdYGted U pehakindiéw saasiHics thalcatmpdst $bfle@ne or
nore paraneters 3o agree with said setpoint value or setpoint range. 12.

The devi cleoandctwraedm@r pariediealty éapdontes avsike ferreertieni s provi ded by a

15 e devi oo UARRARY JREFabRAME BEBRHT, Mo, R slreat Eheflion nor
exceed appooiies®d Gloyncheneloussenvirohfhent tfer datiras o@tumng mlitﬁ'o@i(fiqa(hh@hsfs 11 to
13, wherein said contalner includes one or nore side walls and a base,

pr ef eablt) ePRvashselidswaste e an QigaNipeFermpdtte. MamoveretigePrelengsd cl ai m
14, wher g{n,, ﬁ’\ SRRCHe! Syl ang?eg %e& u??enltlﬁaﬁést%glﬁ%eé Oth@l ¢ mp%sl?aér‘?d

preferably sa 9d space 1'S orrre vat| sai ase Wlt respect to

ground | esreduréstiavtisecdmpost ale'ssenuélfy frédef ﬂamogenefanalnye@dm of clainms 11
to 15, further |ncI udi nqg{ at | east one gas i nl ?t t hr ough whi ch oxygen
cont ai ni ng gas'h& GRIAPPSIEY (PEOGaRS @HRpEEVicRy Of sthenPressiiteiventiony” ¢aN | east

one gas %&Jaﬁia e’oﬁsbfrgé‘c%i@?é't&ﬁ ﬁfrancéé}bmcl@ompeﬁir@ aﬁagﬁe EYER ai ni ng

gas is air, e tfed under pressure, such as by using an air
conpr®ssdo.a mtca”&f f“VBe Thevpresent ingértion ¢ ammndmgily padutei ametmalndﬁ‘(mt | et

are each cl gsgabl e ﬁrefterabt\% flarp. . 19. . The device of
oy oo oredt Hitiopafoadd ot ebbinbslng Brédesdind endPiimetan Pls bEekK
t enper at LFLﬁ‘t}‘&,‘?ﬁﬁﬁé, AU tATheOX1@BIt SEHIESNS MRintained within the container, the

odour level is minimised due to production of oxidised gases such as H,O and
CO,, instead of anaerobic gases such as methane, ammonia and hydrogen
15 sulphide. These features mean that the present invention is ideally suited to
recycling of waste in confined areas and in close proximity to sensitive
receptors.
Moreover, the present invention may be used for the remediation of
hazardous waste, like oily sludge, tank bottoms and hydrocarbon-contaminated
20 soils. Further, due to the leachate collection means, the process can also be
used for composting liquid waste, such as soft drinks which are rich in materials
like phosphorus and sugar.
Virtually any type of biosolids may be used in the inventive process, as
long as the waste materials are adequately mixed and preferably have the
25  desired C:N ratio.

DESCRIPTION OF THE DRAWING

Figure 1 is a schematic cross-section of a composting device according

to the present invention.

30



20. The device of any one of clainms 11 to 19, further including a gas

circul ation neans, preferably conprising a fan, nore preferably conprising
a multi-speed fan, for circulating said oxygen containing gas through the
waste material. 30 21. The device of claim 20, wherein said circulation
means is positioned so that, in use, said oxygen containing gas passes from
sai d space through said 16 gas pernedbl e base and upwards through said

wast e natBETAIL MO EESCRIPTIQN GF THESPREFERIREBEMBPDIMMENTS 22. The device
of claim2l, wherein reactant gas resulting fromreaction of s said oxygen

cont ai ni ng gas! e tiAventian walk thecagiee maere, rﬁaﬂ"é!l apRarentfren ther flgWingi d at
I b f
further rastor @y NeskRel HKpA onf i o ahuduiia ey B of"
claims 1lExampi2. wherein the neasured value of io said one or rmre

araneters is as in I nt active feedhack requl atory co er
Brogr amre whi cé P@Uﬁ’?ﬂart@g i%erriaée‘?"@d 1% d %rwahasﬁ?@%@ﬁ' ‘X‘FV' )
set poi nt RGeS mggélvgpééém&' eahbmeadwsa@s%%oo%ﬁﬁe f§esfaﬁnl8§§%?éé\ry’

until the neas ue agrees wth sald setpolnt or tpoint range. is
24. The desideethsf cohmmar232 lmmad adj agtomaticaly ctom:pﬁableucempesmg ect ed

b t | t t h ' t
mat or1 al | SHVHOBISSE Tt {HpORSioar e iBrHfte & si96 wahhiS depogeb /e an 23
wher ei n @é%&ﬁegés Qﬁdtllﬁ M&)Ié bagé f1‘8CWﬁblp¥u;?;5brFé)ﬂfe' WHSeShiterial

i ntroducing fresh oxygen contalnlng gas through said one or nore inlets,
and veént i(ngt shewin).eact ant gas through said one or nore outlets. 26. The

devi ce of clal £ f _ox r n fected
by 1 ntr oduct ng 15 SORTH5IR BoRBHIR it R RS Ta SBAERGH, Al obdnd o<
inlets tcconr@hi@@sgasnwmpﬂsmgmmresswraml’ént Ehendyabeqmroau@émrmm@f
clains 14 to 26, wherein a collecting neans is provided beneath the

per meabl canaiaer Je. c&h?e’é‘iqtr%o I'Seé’@ﬁ e by apyalvenes i whichothe: flgwinpb 7,
wher ei n Sfrrgleﬁf’éfr?r%t chﬁ geb%@(gh; @dl ned surface, such that said
oWs

| eachat e e |n face un er the influence of gravity, to
an outsl et t hr oiigh cohfairterst ds blsacﬂmt/mienlawth earv outléte24 dhtoaighewhich gas

may exit the container 12. The flow of gas through the outlet 24 is controlled by

a valve 26.

The container 12 further includes one or more sensors comprising a

temperature sensor 28 and an oxygen sensor 30 for measuring the
20 temperature and oxygen content, respectively, of the composting environment
14.

Air circulation means comprises a multi-speed fan 32 located
downstream of the air inlet 20. Downstream from the fan 32 is provided a
humidifier 34 which acts to increase the moisture content of the air entering the

25  container 12.

Below the permeable base 18 is a leachate collecting means comprising
a vessel 36 which includes an inclined surface, namely the vessel floor 38.
Leachate which passes through the base 18 flows down the inclined surface
under the influence of gravity. At the lowermost point of the vessel floor 38 is

30 provided a leachate outlet 40 through which the leachate may leave the
container and be discarded or retained for further processing.

The control of the physicochemical conditions inside container 12 will

now be described.



TABLE 1 Material Type of Value% N (dry weight)C: N ratio (weight to weight)%
C (dry wei ght)Misture content % (wet wei ght)Bul k Density (pounds per cubic
yard) Crop residues and fruitl vegetabl e- processi ng wastesApple filter
cakeTypi cal 1 21315. 6601, 197Appl e

pomaceTypi cal 1. 14852. 8881, 559Appl e- pr ocessi ng

sl udgeTypi cal 2. 8719. 6591, 411Cocoa shel IsTypi cal 2. 32250. 68798Cof f ee

groundsTypi cal e femperature of the composting environment 14 is measured by the
cobsRange0. 4- 0. 856-1232_2.4-98 .49.0-18. 0 _Average(Q. 69858. 816557Cor n
st al ks Ty gPEWENRtYr®. S1R0732838nd8 the 1meaediachnsiry is fed to a computer

e i AL A A S

rice hull's N
| eaves) TypedaiedmifEtbdetpoiituin thistaaiseeS8YRi valvdSB281and 26 &reuclosed and

Wast esRange0. 9- 2. 620-4918- 127 . 462- 88Averagel. 440 680d i ve
husksfypi‘%i\fel.g%-'i.oﬁ§09353 I, £NSHres. .t@-'rpalg&éothsrwge@ﬁhgavels through
sl udgeTygi TSR . : /

g yﬁéﬁ%?%@%:ttﬁgg%hgé_rﬁo\}ﬁ_@%[ %glﬁ%é cﬁ?eiﬁanfbfahgearrows, travels

hul | sRangeO- 0. 0185- 219Aver age0. 312136. 1420u2080ybean
meal Typi dhtough-theqermemble Bage 48. and thratigh ghe seasié mptarist, dTgmbeak 4icb11

N49. 562V t abl Typi | 2. 71951. 71,585V t abl .

naot coqy ansPE B0 46 A s eialoR teck R nBon 3 YRR SndbdodHRRL t es

g f\ garg Bts fgeéh@\v@t@r dséeotRBENIE re86tidHsCRMIND plaea | dlting4Re TopisbstiRgbrecdss 00Cr ab
wast e¥Rarye4the-"themaphiic] stage)4q afiowed tarerages until thedeaperatuorobthenr eadi ng

T WAt OBl RS ol SoABUM 571 ol 2304 o vest e
016. 9- 7150- 81-&en aige idmperabird. Has/6Rdeceiddstha ugpsinh@es 68°C), valve 42 is

closed and valves 22 and 26 are opened, thereby stopping the recirculation of

heated air and drawing in cooler ambient air.

15 If the oxygen level sensed by oxygen sensor 30 falls below the setpoint
value (in this case 15%), valves 22 and 26 are opened to draw in oxygen rich
air from outside, thereby inducing aerobic conditions. In order to avoid or
minimise a drop in temperature, the valve 42 can also be kept open, thereby
allowing some recirculation of heated air.

20 If the pressure sensor 31 measures a pressure inside the container 12
that exceeds a setpoint (in this case at atmospheric pressure) excess gas can

be vented to the outside either by opening valve 26, or opening a flap 46.

EXAMPLE

25 A waste composition of 16 wt% chicken manure and 84 wt% woodchips
were mixed together and placed into a composting device in accordance with
Figure 1. The composting device was thermally insulated and included a water
reservoir downstream of the air compressor in order to hydrate air entering the
device. The temperature of the composting environment reached greater than

30  60°C within the first 12 hours until feedback from the temperature probe
reduced the temperature to close to the setpoint of 58°C. The thermophilic

composting process lasted for five days. The resulting composted material



wast eTypi cal 7 0-10. 02. 0-4 014. 0-40 OMussel wastesTypical 3 62.27.9263Poul try
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5 placing said waste material into an automatically controllable composting
environment;
subjecting said waste material to a-composting process;
periodically measuring the value of one or more parameters of the
composting environment, said parameters being selected from the group
10 including temperature, pressure, moisture content and gas composition;
comparing the or each measured value with a pre-determined setpoint
or setpoint range; and
automatically adjusting the or each parameter, if necessary, such that
the measured value of said one or more parameters agrees with said setpoint
15  or setpoint range.
2. The process of claim 1, wherein said one or more parameters includes
the temperature of the composting environment and said predetermined
setpoint range is from 50°C to 70°C, preferably from 55°C to 65°C.

20 3. The process of claim 2, wherein said step of automatically adjusting is
carried out for a period of at least three days after commencement of said

composting process.

4. The process of any one of claims 1 to 3, wherein said one or more
25 parameters includes the gas composition of the composting environment,

preferably oxygen concentration.

5. The process of claim 4, wherein the oxygen concentration is greater
than 10%, preferably between about 15% and 21%.

30
6. The process of any preceding claim, wherein the pressure of the

composting environment is close to atmospheric pressure.
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8. The process of any preceding claim, wherein the ratio of carbon to
nitrogen (C:N) in the waste material is from 20:1 to 40:1, preferably from 25:1 to
35:1, more preferably about 30:1.

9. The process of any preceding claim, wherein the average particle size of
the waste material is less than 10 cm, preferably less than 7.5 cm, more

preferably less than 6 cm.

10. The process of any preceding claim, wherein the moisture content of the
waste material is from 10 to 70 wt% H20, preferably from 10 to 50 wt% H,0,
more preferably more 15 to 35 wt% H»O.

11. A device for carrying out controlled composting of waste material, said
device including:

a closeable chamber for receiving said waste material, said chamber
forming a controliable composting environment;

one or more sensors for measuring the value of one or more parameters
of the composting environment, said parameters being selected from the group
including temperature, pressure, moisture content and gas composition;

means for comparing the or each measured value with a predetermined
setpoint value or setpoint range; and

adjustment means for automatically adjusting the or each parameter, if
necessary, such that the measured value of said one or more parameters

agree with said setpoint value or setpoint range.

12.  The device of claim 11, wherein said closeable chamber is provided by a

metal container, preferably made from aluminium or stainless steel.
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includes one or more side walls and a base, preferably the base is gas and

liquid permeable. -

16.  The device of claim 14, wherein a space is provided below at least part
10 of said base, preferably said space is formed by elevating said base with

respect to ground level below said container.

16.  The device of any one of claims 11 to 15, further including at least one
gas inlet through which oxygen containing gas is admitted to the composting

15 environment, and at least one gas outlet.

17. The device of claim 16, wherein said oxygen containing gas is air,

preferably admitted under pressure, such as by using an air compressor.

20 18. The device of claim 16, wherein said inlet and outlet are each closeéble,

preferably with a valve or a flap.

19.  The device of any one of claims 11 to 18, wherein said sensors include

at least a temperature sensor and an oxygen sensor.

25
20. The device of any one of claims 11 to 19, further including a gas
circulation means, preferably comprising a fan, more preferably comprising a
multi-speed fan, for circulating said oxygen containing gas through the waste
material.

30

21.  The device of claim 20, wherein said circulation means is positioned so

that, in use, said oxygen containing gas passes from said space through said
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22. The device of claim 21, wherein reactant gas resulting from reaction of
5 said oxygen containing gas with said waste material, is either vented through
said at least one outlet or is recirculated back through said permeable base for

further reaction with said waste material.

23. The device of any one of claims 11 to 22, wherein the measured value of

10  said one or more parameters is fed as input into an active feedback regulatory
computer programme which compares the measured value with said setpoint
value or setpoint range, and automatically adjusts each parameter if necessary,
until the measured value agrees with said setpoint or setpoint range.

15 24. The device of claim 23, wherein adjustment of temperature is effected by
continuously recirculating said reactant gas through said waste material, in

order to increase temperature.

25. The device of claim 23, wherein adjustment of temperature is effected by
20  continuously introducing fresh oxygen containing gas through said one or more

inlets, and venting said reactant gas through said one or more outlets.

26. The device of claim 23, wherein adjustment of oxygen concentration is
effected by introducing fresh oxygen containing air through said one or more

25 inlets to increase oxygen concentration.

27. The device of any one of claims 14 to 26, wherein a collecting means is

provided beneath the permeable base for collecting leachate.

30 28. The device of claim 27, wherein said collecting means includes an
inclined surface, such that said leachate flows down the inclined surface under
the influence of gravity, to an outlet through which said leachate may leave the

container.



111 119$!1 109& ()-! 109 ()-Y! 109%& () - @L0% () -

109& ()-' 1109 ()-iiijXjjdEYNC 111 I1- 109%& ()-

@' 109& ()-*: 109& ()-)109%& ()-s' MLOY ()-940% ()-j 3kYKKKI hl dEYNC 1!1
11891 10% ()-5 10%& ()- Y4! 10%& () - 2MLOY%E () -

1: 10%&' ()-y/:109%& ()-hi 111111 nmbnbC 111 11 #10%&' ()-Y Z

109& ()- & 109& ()-S109%& ()- 10 10 10: 109 () - bmmmiZnn! oNo~ @C 1!1 !!
109& ()-y' ! 109& ()- 1S#10%

& ()-3! @H#10%& ()-310%& ()-9! 10%& () - Nooo. pQoppdEbC 1! 1

1Y-10% ()-*!10% ()- ' G TABLE 1

109&' ()-| %@109& ()-3"' 109%& ()-!!109& ()-pqqqgzZr[r\r]rdYNC 1!1 !! 10 10

107&! 10YEMeERNGI0VE () -[FRROYE | N1& JT@sakp- v/ | COVR (| Mojsturs dbBakt ] ~<YNC
111 Value (dry (weight to (dry content % | Density
| (SH109&] () - 109&' () - 9&! |10%& ( )|-veishBom Weigh ook |(Weiaht 1(}4’&*%- ~ fpﬂ'\”l%"lvva?YNC
weig per cubic
yard)
Crop residues and fruit/vegetable-processing wastes
Apple filter cake Typical 12 13 15.6 60 1,197
Apple pomace Typical 1.1 48 52.8 88 1,559
Apple-processing Typical 2.8 7 19.6 59 1,411
sludge
Cocoa shells Typical 2.3 22 50.6 8 798
Coffee grounds Typical - 20 - -
Corn cobs Range 0.4-0.8 56-123 224984 19.0-18.0 -
Average | 0.6 98 58.8 15 557
Corn stalks Typical 0.6-0.8 60-73 a 36-58.4- 12 32
Cottonseed meal Typical 7.7 7 53.9 - -
Cranberry filter cake Typical 2.8 31 86.8 50 1,021
, {with rice hulls) Typical 1.2 42 50.4 71 1,298
1 Cranberry plant Typical 0.9 61 54.9 61 -
-(stems, leaves)

: Cull potatoes Typical - 18 78 1,540

} Fruit Wastes Range 0.9-2.6 20-49 18-127 .4 62-88 -

f Average |14 40 56 80 -

i Olive husks Typical 1.2-1.5 30-35 36-52.5 8.0-10.0 -
Potato-processing Typical - 28 75 1,670
sludge
Potato tops Typical 1.5 25 37.5 - -

j Rice hulls Range 0-0.4 113-1120 0-100 7.0-10.0 185-219

! Average | 0.3 121 36.3 14 202

i Soybean meal Typical 7.2-7.6 4.0-6.0 28.8-456 |- -

! Tomato-processing Typical 45 114 495 62 -
waste
Vegetable produce Typical 27 19 51.3 87 1,585
Vegetable wastes Typical 2.5-4 11.0-13.0 27.5-52 - -

0

{ Fish and meat processing
Biood wastes Typical 13-14 3-3.5 39-49 10.0-78.0 | -
(slaughterhouse waste
and dried blood)

0
Crab and lobster Range 4.6-8.2 4,0-5.4 18.4-44.3 | 35-61 -
wastes

! Average | 6.1 49 29.89 47 240
Fish-breading crumbs | Typical 2 28— 56 10 -
Fish-processing Typical 6.8 52 35.36 94 -
sludge
Fish wastes (gurry, Range 65-142 | 28650 16.9-71 50-81 -
racks, and so on)

Average | 10.6 3.6 38.16 76 -
Mixed slaughterhouse | Typical 70-100 |2040 14.0-400 |- -
waste
Mussel wastes Typical 36 22 7.92 63 -
Poultry carcasses Typical 24b 5 12 65 -
Paunch manure Typical 18 20-30 36-54 80-85 1,460
Shrimp wastes Typical 9.5 3.4 323 78 -
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