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METHOD AND APPARATUS FOR TREATI NG WASTE The present invention relates -

to-a-met hod and appar at us for treating %a§te, and particularly for
treating solid 5 and liquid waste in two stages. Abattoirs, farns,
food processing plants and the |ike regul arly produce solid organic

wast e which needs to be ME‘I’HCSlf eﬁ‘?d“i’ﬁﬂggﬁe% ﬁ?gﬁ\r/?hqﬁ&%ls le for

di scharge into 10 the environnen nown for
di gesting such waste is described in British patent nunmber 2 230 004,

the contents .. of %’ggghta&%dé?{ﬁlaﬁ | FEP4 L5 LR DYnéLAGH CARA. applFatud
docunent descrfg%s B Wo st age di gestion process which uses , an )
insfal | ati on cdfmy i tragting wagded ARd| BATFESAGRrly tom Fregkipg solid

di gestion vgssel [¥\/n1 fi ewsopBechetwo sthoesi.her. The solids digestion
vessel is ib‘re\ then orfn&%f -~ a tower or other fixture which is located in
or on the 20 ground, and the fluids digestion vessel is an adjacent

tank. Bacteri alhyresitys Wz, Stbed fpoorebsihbuipkants dndesthen Migssel
L0 e, S0l 05 & GPEll 91y eaith Wb hrannsbe U 0 Tt HEeag) s e
di gested sol i dste#téd itherdernbeetengerhips shditaple £oraddsicharge into
fﬁ2d|t|on;gfidgﬂa?ggg?%%%ﬁggggérPrﬁher batch of solids waste is addéd.to
One method which is known for digesting such waste is
described in British patent number 2 230 004, the contents
of which are hereby incorporated by reference. This
15. document describes a two stage digestion process which
uses an installation comprising a fluids digestion vessel'
and a solids digestion vessel which are connected
together. The solids digestion vessel is in the form of
a tower or other fixture which is located in or on the
20 ground, and the fluidS'digesfion vessel is an adjacent
tank. Bacterially active waste is fed from the fluids
digestion vessel into the solids digestion vessel until at
jeast some of the solids have been sufficiently digested
to be environmentally acceptable. The digested solids are
25 then removed, perhaps for use as a soil conditioning
agent, and a further batch of 501i§s waste is added to the

solids digestion vessel.

| A problem with this process is that the organic waste

30 material which is to be digested must be loaded onto a

transport container where it is produced, and subsequently

transferred from the transport container into the solids

digestion vessel. 'Typically the waste producer uses a
skip into which the waste is tipped for transport. The



A prob] em wi t Wwa $é/mopr ocess is that the organic waste 30 nat er ipghyoMdbgsh S
to be digested nust be | oaded onto a _transport container where it Is
produced, and subsequently transferred“fromthe transport contai ner
into the solids di gestion vessel. Typically the waste producer uses a
skip into which the waste is tipped for transport. The WO 96/ 23054 -
PCT/ GB96/ 00184 . - 2+ . reat ed_ wast e
often el s of FEFEFTESE ¥agee, SE5°R.omells, 2f7snsive, 1T ey Bey,
is an obj ect ofhazardeesch® headk®Rion to provide a 5 process for
digesting.solid waste materi‘al which reduces t he above nentioned

probl ens, and apparatus for, use in carrying out the process.
According to a ¥trif RpeehlefttRé thR cRFeSAMNt 1BVeRhirR to iprepvideded a

process forsdi gasdddds ar6p! ddgustify solhBl dste MAEEFPL OGRSSHCORRGLESS:
a. collecting waste naterlal.contalnlqg bi odegr adabl e ~solids In a
sol i ds di gesti di§e2bEVe@entdigngd groblems) sanq (apparatug  forr #89oini ng
the solids di gesdroninvgsost tie spsecassl. | ocation-at which is sited
a source of organic ‘mat eri al undergoi ng anaerobic bacteria
digestion in ' _ .
According to a first aspect of the present invention there
10 is provided a process for digesting a solid waste

material, which process comprises:

a. collecting waste material containing biodegradable
solids in a solids digestion vessel at a first
15  location; ' '

' b. transporting the solids digestion vessel to a second
location at which is sited a source of organic
material undergoing anaerobic bacterial digestion in
a fluid phase digestion stage' to produce a fluid

20 fraction containing active bacteria; '
c. feeding at least part of the fluid fraction from the
fluid phase digestion stage into the solids digestion
" vessel to provide at least part of a fluid phase in
the solids digestion stage; and
25 d. recovering at least part of the environmentally more -
acceptable solids fraction from the solids digestion

stage.

Preferably the process alsc includes the step of
30 transporting the solids digestion vessel away from the
second location. The solids digestion vessel is
preferably transported back to the first location,
although it may alternatively be transported'to.another
site.
35
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contalnlng active bacteri a; c. feeding at |east part of the fluid :
fraction fromthe: fluid phase digestion-stage into the solids

di gesti-on vessel to provide at |east part of a fluid phase in

the solids digestion stage; and 25 d reCovering at | east part of the

envi ronment al | P uid which 2 BPLRIE I Hle Y AN L6 50!
e BroraraEryiehe S bR

di gesti on process al'so 1nc

step of 30 traﬂ§porfﬁr®13ﬁ%‘: sdll¢%i% dalg@é@ronnv@ee@mt&/vawqromm hesolids
second |ocatig E gestidh vaRiddls, digestion vessel s preferably
transported back“to the first |ocation, although it may alternatively
be transported to another site. 35 WO 96/ 23054

PCT/ GB96/ 08184py using a mobile solids digest3on vesselTﬁﬁethede“ﬂthbes
transferred fromthe flyid sqQurce Q%% al so transfer heat and/o
nutrients to tRke288eH gdirectyiyyedf & e|vessek @t ussr%br%enobﬁ'-ll‘%r§9% ds

di gestion vessgkdubdn¢athe ampuhe of naterdtdldi handlingnhactbeaygssnl thé

source, thereby. reduc nount_.of t eri,al s_ha dI|n necess in

t he proces§ CBFF her#&%&he%ﬂ% Fessare n’g’%%glsﬂ%}(a tan§§€;¥%

during transposbaiedasdanm@dmms@@rascsspeasf to reduce the escape of
10 odcur into the. env1ronment. ‘

An additional benefit is that the producer of the waste
may readily have the treated waste returned to him in the
same vessel. The treated waste may then be unloaded at
15 leisure, and a new load of waste loaded into the vessel.
This reduces the handling_required for the solid waste
products, and it ensures that the waste producer will
receive back his own treated waste, and not someone else’s
treated waste of unknown origin and therefore unknown

20 composition.

‘It is preferred that the solids digestion wvessel is

. connected to the fluid source by a pipe or other conduit

means so that the feeding of fluid from the fluid source

25 to the vessel may be conveniently carried out. It would

however be possible to feed the fluid to the solids

digestion vessel by other means, for—example in one or

more buckets. For convenience hereinafter the invention

. will be deéescribed with reference to at 1least one

30 connection for feeding fluld from the fluid source to the
solids dlgestlon vessel. '

The solids digestion vessel may be either wholly or
- partially mobile by being mounted on, or part of, a



10, odour i ntwowgére308avir onment . An additional benefit is ddi9&BIdD184
producer of the waste may readily have,the treated waste returned to
himin the sane vessel. The treated wadt e may then be unl oaded at 15

| ei sure, and a new | oad of waste |oaded into the vessel. Thi s reduces
the handling required for the solid waste products, and it ensures that
the waste pro | e cel a L S tar ed_ waste d,n
soneone el se' g}%cj\flgr'eaf"gg m%a’géf‘g%f gn%r%)é/]\&méjé{r?%%i r:]Log% tPer 8 Frat nﬂ‘f‘gé% 20
conposition. wWagondt js preferred that the solids digestion vessel is
connected to the fluid source by a pipe or other conduit ‘means so that
the feeding of fluid fromthe fluid source 25 to the vessel may be '
conveniently &% i chreterial: ddgeFtion hohgverNBLrSRisi bl Pub - f asdobhie
fluid to tdhe slddbrion rHPesddPPiINRSIRY B A iRate pbcexanpl go#g one
or nore buckets. Fqr. conveni ence hereinafter the invention W be
descri bed wit'¥ ee'rengﬂrtoeéia-nf t SE’Q 1ron¥REteon A& fREEfAyaPLy d

fromthe flui remparidal Ihe digesbeids fbmgessevarabssdays, andhetfghi ds

di gestion vessg|, . be gith aql Ly or .. partially mobile by bein
mount ed on, o ;i%g%ﬁ§3€? Qg£°E@8mB Essdnmy £6r' Somd ToPe Qays.’t Fir
PCT/ GB96/ 00184xample abattoir waste may be anaekobically digested for

10 seven days, and then aerobically digested for seven more

days.

The preferred digestion'times will be influenced by the
nature of the waste which is being digested and the use to
15 which the digested solids waste is to be put. For
composting for examplej it is preférred that anaercbic
digestion is carried out for one to four days, and aerobic |
digestion from 10 to 25 days. For soil conditioning
agents, typically anaerobic digestion will be maintained
20 for four to nine days'followed by 7 to 14 days of aerobic
digestion. For convenience the invention will be
described hereinafter with reference +to ' anaerobic

digestion.

25 Different  types of bacteria predominate at different
temperatures in anaerobic digestion of organic waste.
Mesophilic bacteria operate in a relatively 1low
temperature range, usually less than 40°C, and they have
a relatively slow rate of digestion. Thermophilic

30 bacteria work effectively in a higher temperature range,
around 40° to 65°C (the thermophilic range). Digestion in
the higher temperature thermophilic range occurs more
rapidly than in the lowér.temperature-mesophilic range,

- and it gives better control or elimination of pathogens

35 and parasitic organisms.
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The bacterial di gestion is anaerobic, gut aerobic 5 digestion may

addi tionally be used in the process.. Sone waste, for exanple
abattoir waste, is preferably anaerobically digested for several
days, and then subj ected to aerobic digestion for sonme nore days.

For RPN 0L SRS PEe209C1 QbR AGTRERY M W e

days, and then ‘aero ested seven
preferred di geheakeri ﬁ@g Wﬁmlbﬁ Fhel vasdtesl matentdal durmagutheofjddmay

waste whi ch is ekl Guvd kil o2 thid Lecdl dbddiadll 99kl saldds

waste is to be put. nposting for exanple, 1t s pré
anaer obi ¢ heajelng oﬁfl sthay F“’aéa'-eouhe BF oFR tP95r uBaythe addg@értomrt:

di gestion fg omghihdds2p tltSaby ﬁaaucﬁmd O Pt 18N time A98BSheati
typically anaerob| Zdel St O‘;eﬁ'%icﬁ refnatntal ned 20 for four to nine gys
fol | oned by 7 3% é%r EILectyy§ e dANT OF FLlowWAPERNeNSe b he
i nvent 13 on Wl |ad13bﬂn£ng ebaecen:bad ther eiopairiatie W?‘hg tied erﬁﬂé@mcojbﬁllltc
anaer obi c i gest i of, bacteria . predom e
at different n%f tglﬁef Lﬁ’%%g tatjr?a ?‘c%'it %baé(sﬁlcﬁ? gn é'j‘
Mesophi I iC baqimmeass ppd'ren &he messal diel sonEcted Itm/vthe flu&mDSb&Wee
range, E5%hals O[err h rel agivel | ow
rate L‘@J | gest1 o?ﬁal ihfehr m% erﬁgghﬁg.%:t e?’?égnpv\%rit@e%ef ‘ect | %‘Fy ?Qﬁa%er
hi gher terrper atpres exakyky heatar'@mwae‘f:er tp to BSirerjdixe hint tkenmpphige c
range). Digesti od h IC g S
nor e rapi dlzglﬁt%an |0nct h:alfa \/\ng.%%ﬁggrsgt&é’ue&nég #Wcltr ar:&gé1 Speiﬁﬁé' t
gi ves better cdmemoriikic Fangson Thepapidgams temPerature range which
will be used in practice will depend on the tolerance to

15 , temperature of the bacteria which are used to digest the

waste. The heater may be independently powered, or it may
be powered direci:ly or indirectly (for example by the
vehicle battery) from the dynamo of the vehicle engine.
When the vessel is connected to the fluid source, its
20 heater may be connected to an external power source to

avoid draining the vehicle battery.

A plurality of vessels may each be connected to a single
fluid source, thereby reducing the number of f£luid source
25 containers required whilst keeping the solid wastes
substantially separate from each other. Each vessel may
be directly connected to the fluid-source, or the vessels
may be connected to a common manifold which in turn is
connected to the fluid source. '
It is preferred that the total volume of the or all of the
| solids vessels is approximately equal to the volume of the

fluid source.
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PCT/ GB96/-:00184 The solids digestign_.vessel is preferably provided -
wi th'a heater for warm ng the waste material during the journey
fromthe first location to the second | ocation. This pre- heati ng of

the waste helps to speed up the digestion 5 process, thereby reducing the
retention timgppelh&igal i B@urce Hay beopdiiiisell ar | yoatbaetbng10n1kaagqor

sl ow j our neys é),y : gléom%gj rgiRgcteri a io &ger te in.  the

Uher mophi 11 ¢ 419t aRorERR W Ee, 3 THemRLEEelY &5 1ares bankcaeantatg ( he
process, when the vessel is connected to the fluid source, 10 to maintain
a thernophili te ature, e heater.. - fepably heats. the waste
to a tenperat 3%9 iﬁgg%eyrfan%oemp l&"z‘g ?% gd@:esatnigérgaﬁfi ?h‘%arsf Il eVeshsl y
to the optd numateriahaayophi increasgd. b¥agipathomdwniyg dhe erowegs.whi ch
will be used i At ] q%&g Xo' g lLe ceqtoe .l rature of
t he bacteria whi g‘hsag?lg%%sf\gg e'ltg | ggg-teﬁgﬁgg% mem%% ggl?ﬁe;f ﬁggﬁggsnﬂflgge _

i ndependent | y meais £OT agitatang 1ts contedker-od Thier agitating meanechnay '
(for exanpl e Rorfidse anyehsGh€abab! anedns’ ot hadhmnamff bhe. 1\{8{}%1;9

engi ne. When t he vessel is connected -Eo the fluid source, its

heater may be St e8°Fo S¥PERIRr Ml PRERLR sBOF cSRIFTing, ameaasdr §p1i ng

the vehiale balierihg gas thropghrshét ¥odidaess srlahsmmoe aaisREngonigaigd to N

containers &Stk OB WAPFORSh SR EO LERE: S5 (RPORR L 0T VIBHARAGNAI | y
separate fromwastle osdkidsEacllivessprefierred - embodiment the agitation .
means comprise means for blowing gas through the solids,
because this may be achieved by recycling gas produced in
15 the digestion process. |

The agitating means is preferably mqunted in the vessel
and can be connected to an external supply of power or gas
~according to its modenOf'operation. A benefit of passing
20 gas or liquid up through'the'solid waste to agitate it is
| that this may be achieved without the use of dedicated
agitation means, thereby allowing a simplification of the
design of the apparatus.

25 Anaerocbic digestion producés a methane rich gas in the
solids and fluid containing vessels. This gas can be used
for agitation of the contents of either vessel or both
vessels. It may also be used to equalise the pressure in
both vessels, and to transfer heat from one vessel to

30 another. Excess of gas may be used for energy .generation,
for example in a combined heat and power plant (CHP), or
it can be flared off or vented to the atmosphere.

At least some of the fluid phase in the vessel is
35 preferably returned from the vessel to the fluid source so
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connected to a conmmopn nmani fold which in tury LS - connected to the fluid -
source. 30 It is preferred that the total volune of the or all of the
solids vessels is approximately equal to the volume of the fluid

sour ce. WO 96/ 23054 S

PCT/ GB96/ 00184 that the THAuild Uitdactaif € rEc LN Soudh CHREN AN
liquid . digester;, for exanple a_conpletely_stirred tank reactor

The rate of cofiEasArRf ShH i onTBESt HEeSBFildNFasPé Ligaidr jaldsmrhse
i ncreased by agidaHdfur dofi hgathe rumenssts and ldctivd hBaetereap ik,

that the vessel,.is provided with nmeans for agitating i'ts contents. The
agi tating meandBfay’eSS€1%yprise any suitable means for separating or
novi ng s solids; for exanple a paddle for stirring, neans for 10

Chrough the sofAle BP MERRE T oPEbEBpar LRy Yt Enihdl iisrisnesl ol P g

preferred enbodiamheridhamtiantliiguid orgasuit washes sanapdes afdded tanithe

gas through th | 4 & hi,Sg 'qg@ by recycling gas
produced in 15%13%5 ?ogue%"t"el oan r%%:@%,_ hirésEEXTﬁg g-g%?;tua i%g' means i s
preferably nounted in the vessel and can be connected to an external

ggpggsga JRPYERIY Fthe £ACEP Uil d @i b4S BEEGesh BRE2LL9A- sofirBENghl!

- the vessel may be carried in a single umbilical or other

connector. For example a Singie connector could carry two

ligquid and two gas pipelines, for two-way flow of liquid

and gas between the fluid source and the connector. The

15 use of a single connector for all the fluid connections is

| convenient. It is also safer than independently making

all of the fluid cdnnections, where forgetting to make_oﬁe
connection could lead to a loss of waste material and/or

gas. For safety reasons it 1is preferred that the

20 connector unsymmetrical so as to ensure that the

connection may only be made when the connector is in a

single correct orientation. ' '

The flow of liquid ahd/or gas may occur by virtue of
25 gravity or gas pressure, or one Or more pumps may be used.

The envirbnmentally more acceptable solids fraction is
preferably recovered by stopping the passage of fluid from

the fluid source to the vessel, and draining fluid from

30 the vessel. The drained fluid is preferably returned to
the fluid source. When the treated solids are adjudged
sufficiently drained, the vessel may then be moved to a
location remote from the fluid source, typically back to
the first ldcation, and the treated solid waste removed

35 from the vessel. It would however be possible to remove
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may be achi eved without the use of dedlcatgd agitation neans, thereby .
allowing a sinplification of the design of the gpparatus. 25 :

Anaer obi ¢ di gestion produces a nethane rich gas in the solids and

fluid containing vessels. This gas can be -used for agitation of the
contents of eigher +euxRla osoDoliNwaste VEESR! She | VelBY1AISO BRaUSRIL]
equal i se the pressuce in bot h vessels nd to‘%iansfer heat fromone
vessel to 30 L1AGRHEPR- Bkt It PVERS AR £9loid

for exanpl e |rwas'cenbsnadsnaatryamdtm@wertnﬂrarﬁ :é@tii’al, fibre ofl R:h‘éarflliﬁd
| east sone of the fluid:.

fl d of f ted to,th t h
phggg ?n t ﬁre 1\%%25@? rgsaégegpgg’%gr %’%‘Iay sohif n%%ﬁ??bn?Fh@W@?sé’latFS g
fluid sourge Soe added Y@ BBL280%dd waste.

PCT/ GB96/ 00184 -7- t hat the fluid
fraction recycles through the solids dlgestlon st age. Thi s
recycling of I¥futhe saebid waste is tenbeepegoicallndigenties afiteactthes

bacteria bet“@ﬁﬂaerob%éh&1%€§§f$ﬁ stage thﬁgk?OEBFQQEEBblgpéﬁggﬁkéiﬁhed

contai ning nutrients ria and
be added to tHeY stoppimg theriefiew/ of fheidednsp §§er§@&pﬂ§dd1gestlon

‘10 vessel, and allowing fluid to drain out.  Air is then
pumped into the solids digestion vessel so that it
percolates over the surface of the solid particles. The
air may conveniently be introduced through a gas inlet
pipe that has been used previously for feeding methane

15 rich gas into the vessel. A layer of wood chips or other

~ suitable odour absorbing material may optionally be laid
over the top of the solid waste to reduce odorous
emissions during the aerobic digestion stage. '

20 The invention also provides apparatus suitable for
carrying out the above described process.

Accordingly, a second aspect of the present invention
provides anaerobic digestion apparatus comprising a fiuids

25 digestion vessel, a solids digestion vessel, and means for
feeding fluid between the two vessels, characterised in
that the solids digestion vessel is detachable from the
fluids digestion vessel and transportable.

30 The solids digestion vessel is preferably'provided with
wheels for ease of transport, for example by being mounted

on a trailer.
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vessel may be carried in a single unbilicalg r other - - connector. For
exanpl e a singl e connector could carry two |l iquid and two gas

pi pel i nes,

for two-way flow of liquid ~ and gas between the fluid sou

and the connector. The 15 use of a single connector for all the fluid

CONNECcti ons iSphe inRRAMAMEMi11! hdv ﬁés%nﬁa&?értaé%cﬂ@%&e'wnbk r?f

all of the flurd connections, where forgettlgg to_make one con
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e followingryirawings in
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I ng
on

iwnhpeeferred that the 20 connector wunsymetrical so as

that the connection may.-.only be nade when the connect or

in a single correct orientation. The flow of |iquid and/or gas
may occur Hy virtuer@uﬁé ligiavat §iagrgamapies fliow dilagaran @f ANe JUINS

may be used.

0 ptabl e solids fractjon i
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fluid is preferably returned to the fluid source. When the treated
solids are adjudged = = sufficiently drained, the vessel may then be noved
toa - location r%m%ef20h$t§ediﬁﬁrém§§§ﬂ-§eflt°§ﬂplddélglr§anbmttl'm solide
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Figure 3 is a diagrammatic flow diagram of another
embodiment of a process in accordance with the
present invention. '

The fluids digestion vessel shown in Figure 1 is a
conventional liquid digester. Fluid waste is passed into
the fluids digestion vessel through a sieve to remove
large particles, and the fluid is maintained at a
temperature of around 55°C by a heating and cooling coil.

Cooling fluid is fed through the coil if the rate of

digestion is too high so that the temperature is raised
above a preset limit. Other temperatures could also be
used; for example'a temperature of around 35°C could be
used for 'digestion by mesophilic bacteria. The fluid
waste is subject to anaercbic digestion in the presence of
bacteria to provide an outpuf which is biologically
active, but in which much of the environmentally
unacceptable material has been converted into acceptable
material and methane gas. Some of the gas produced by the

S

S

The drai ned

digestion process may be returned to the fluids digestion-

vessel via a sparger to help agitate the fluid. The fluid
digestion stage will typically require the presence of a

bacterial inoculum to initiate digestion, and this may be-



the treated Swbo6aste fromthe vessel at the second | oc #OTEEBIGI0D18U4L
is convenient to handle the treated solid 10'_ waste as a slurry rather

than a solid, more of the fluid may be retained with the solid waste,
or extra water may 5 be added to the solid waste.. If the solid
waste is to be aerobically digested after the anaer obi ¢ di gestion

stage this i's prefalql Yopcoon®! istiiartion oty BRoRRRNGy NErLBLLAW SlydbUi d
into the solids %est l,on” 10 vesseJ and aI | oW ng f

Air is then 51_ edD i FRY IRLItiR] | & ‘%F’g%%tlon °\V§§’§é1: §het hﬁlulﬁt
percol ates oveQilgestiwr acks of prheegably padslbeﬁé.ﬁéd T%ntlnuo%.'srlynay and
conveniently be intr.oduced thro¥§g a gﬁﬁ nrgt B gg % at has been_used
previously for PRGSHIRY HSt RETEC HchRGaBE PHES Sy n8°y E88E| 1T 1S |usRaldy
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2% lsg: gns. duri %glet %g%a?;e%%m 8%1r%&éﬁdol%‘%\@géeﬁbfoéggET%%&go{ilgﬁt |. on also

provi des apparatus suitable for carrying out the above descri bed
process. [ S 0 e v,
provi des anaer égqg?gegg{%ﬁtggggfggﬁgiégﬁrr%%.le s%ﬁu}ﬁ ?%u?d&g rét?]]'rgé% &%’ﬁ

vessel , a sol i #Fadilgsst ikAF ek | loadednwditd replid wastgi mgterdad ledt ween
the two vegsel fenehtdl afé@e{ﬁ}?&d 'nThe éaaidghm%@gﬁi&:rdlG@ééépnP&%S%@%%ﬁs

det achabl e fromthe gestlon vessel "and transportab

The solids di g@é"talr’&?%@?é’e Yl %7 S P66 88 ARch adiacgide te £ dthease
of transport, fFauidgéan@igedyidei vesu@Int ed A hedltex T18i Ifunted in the -

solids digestion vessel, and maintains the temperature of
the solid waste at around 55°C. The heater is powered by

15 the lofry battery in t:ansit, and by an external power
source when the vessel is connected to the fluids
digestion vessel.

Connections are made between the solids digestion vessel

20 and the fluids digestion vessel for the passage of fluid
from the fluids digestion vessel to the solids digestion
vessel, and vice versa so that the fluid fraction recycles
through the solid waste. The fluid input to the solids
digestion vessel is preferably via one or more spargers

25 located at the top of the solids digestion vessel to
assist uniform distribution of fluid across the surface of

the solid waste. The fluid percolates down the solids
digestion vessel and covers the surfaces of the solids
within the vessel, thereby subjecting the solids to

30 Dbacterial digestion by the bacteria within the fluid. The
| fluid need not flow over the solids under gravity, but may
be pumped to increase the flow rate. It is also within

the scope of the invehtion for the fluid to be pumped so
és'to flow up or through or across the solids digestion

35 vessel if desired.
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-9- The invention will now be further described by way SFTIGBIGI00184

exanple, with reference to the foll ow ng ~drihwi T ngs in whi ch: 5
Figure 1 is a diagrammatic flow diagramof the solid and fluid -
di gestion stages of a process in accordance with a first

embodi ment  of t&?}ﬁ%ﬂﬁ%&ﬁgnare a%sclrllja e El:gu]i:.ﬁe aggl 2 amrat &-g;gél %}Vé

di agram of the 'S drgesti on &
accor dance fluids mq\emm teessal o &ttﬁ)@qms cﬁlqdr&atmrvexdsm g

Figure 3 is a djgu &C flc%‘(]& dqggfé‘ﬂﬂi%a@i’l%s the solldgm&(g.%e Nt o

a process in accordance vmth resent | nventi
flui ds di gesti oiesaskeViasiRRP OF FROKS e SPATISXs soO c@ﬁvm i apbtateqdine

di gester. [ ui Goppsdrisd s°9a§§edsbmtias dlgets*tqcfﬂ Wré’ésélgs%if'oﬁoéﬁsﬁ@ all
through a sieve to,renove 20 large é)al’th es, and

mai ntai ned at ©fa its YQUWMR& at ur r85nc935%[ &Y P8y useeaf PR emergy
cool ing coil. rodtﬁﬂﬁd:rlilg Etoirdaj, s d‘l@iznérqhwhtbh%méphéré hgofatha(ifed

digestion is to 2&% tgat thetegperature IS % above a preset
limit. Oher & R Lo F° 5= BEeg: PSr eQ)’?E%I prgduction,
t enper at ure of’ smmmrui- 2 leraf] €heoeheryy produced may be used directly or
| 10 indirectly to provide heat for the heating and cooling
coil. For CHP it is preferred that the daily output of
gas exceed about 1000 cubic metres.

The pH of the solid waste and/or the ligquid waste may be
15 adjusted to suit the bacteria which are carrying out the
digestion, by the incorporation of suitable inaterials, for
example ground chalk or lime. These materials may be
added to the solids waste when it is loaded into the
vessel at a first location remote from the fluids
20 digestion vessel. .

The solids digestion is carried out until the solid waste
has been digested to a sufficient extent. This will
usually be achieved when the solid is acceptable for
25 direct discharge or use in the environment. After the
| solids digestion has been carried out _sufficiently, the
passage of fluid into the solids digestion vessel is
halted, for example by disconnecting the connecting pipe,
and fluid may be allowed to drain from the solids until
30 the solid waste has reached a suitable consistency for
‘handling. .It is not essential for this further drainage .
to occur, and all connections may be disconnected
immediately after sufficient digestion has occurred if
desired. '
35



used for di gRPPHAYG nesophilic bacteria. The fluid wastRCT/SBeMmiact
to anaerobic digestion in the presence of 12 -pacteria to provide an out put -

which is biologically . active, but in which nmuch.of the environmentally
30 unacceptable material has been converted into acceptable mat eri al
and net hane gas. Sone of the gas produced by the di gestion process nmay

be returned toAfkerf |djiskonneretionnof theesselidsadigeptigar vesded pfrom
agitate the fIgSQ 'Qy%de|gGurce?|g@g@(ﬂggﬁf&g mhléegxngMIﬁ%%%?&ure the

presence of a bacterial inoculumto initiate digéstion
WO 96/ 23054 transported to another location ey «pit, Beysbe emptled

- 10 - aRAaoYeded 1 wWianaddifuraihed mtéhabfyséifatﬁgsééwage .
sl udge in the initial material. However, - the f digestion is
preferably operated continuously, and naterlal Is recycled in the

process, so thgt @mmml | yof 5 somtgzsneo@sgesylbﬁ Prasdsia AN pAGCUl wen
during start the ollo peri of. shut,” down,
A sol i ds d.ges€F8ﬂ598§§8F I}%ﬁ“?%ﬁ%ﬂfagL t%ﬁ%t F%rgse Eoc@ﬁ%ﬁﬂeﬁ

has been | oadethei £huiddl sduneet asnshewnainaFiguta 2r eribéree ) d:mfe@rsolle@
lids d h
Sou oo scan 1 8a¥ERIBh WRRSE) nave BdaRSPILREN MICRORINAS MRy

t he 30l dtrdngpgﬂtsﬁ vE9sethe ankpmtmau neft hehe erfhlariatsur eimg‘est:.ont he '
solid waste atyacQuid SHaRi ldo1{He ci‘f‘@é&hbﬁ PegEEEIRAK Bl '&ﬂorlnoeféefe |
battery in transit, and by an_exterpal™ power urce when t vessel

connected to tHe Fhﬁ(§¥U1d5 digrstion vessel by means of an umbilical
: connection which houses four pipe lines comprising: fluid

in; fluid out; gas in; gas out. .When the solids in a
15 solids digestion vessel have been sufficiently digested,
the umbilical connection is removed, and the solids
digestion vessel 1is transported to another location,
optionally after the removal of some or all digested solid
waste material.
20 N
Referring now to Figure 3, a fluids digestion vessel is
permanently located underground, and it is connected to
three solids digestion vessels. "Each solids digestion
vessel is detachable from the fluids digestion vessel and

25 transportable.

Each solids digestion vessel is connected in the same way

to the fluids digestion vessel, via a sump, and to a
 biogas line via a gas meter M. For simplicity all of the

30 connectlons are illustrated for the 1left hand solids

dlgestlon vessel only.

Fluid waste is continuously recycled between the fluids
_ digestion vessel and an adjacent standpipe, by means of a
35 pump. A band heater is controlled by a thermostat to keep



Connect i ons AY@96&¥&4 bet ween the solids di gestion vessel

di gestion vessel for the passage of fluid 313 ~ fromthe fluids digestion

vessel to the

sol i ds di gestion ~vessel, and vice versa so that the

20 armbt)bmﬁdo@éﬂs

fluid fraction recycles t hrough t he solid waste. The fluid input to

the solids

di gestion vessel is preferably via one or nore spargers 25
| ocated at t hethap fafuidetompétstdirges oth¥estindgipe a8sSirgund

di stribution of f|UId ro %m%g%aégé%?ce o%%géii éﬁgtiﬁyéfquﬁ%‘%U??%Eé%nof

per col ates dowfi® Pﬁéngm

the solids

vasshlntbhbevassahd 561&r.eby subjecting the solids to 30

i £ 98
T%g ?}Uld

bacterial digestion by the bacteria within the fluid. The fluid need
the solids under gravity, but may be punped to increase

not flow over.
the fl ow réte.

Fluidj yasgiteo (ilgvar) istpumpedpeoutt ofiethryvethindpife amd

fluid to be pU&'}?Q‘Qr?Buted %%twefa Ouhé'pta&ew@&giggrdaa(e%%%_ohh%ésoééﬂg

di gestion 35

PCT/ GB96/ 00184The ligquor is - shown here entering the top OfO&hﬁﬂﬁ¢lﬁ¢sare

al so made for 4 e@ﬁiéﬁgae@fseq&s fHaryde it cadlta dg1 £l gsét @4 led o
t he solids digesiion ve vice versa. Gas_preferably enters the
solids di gesti®how in \Fig |q1%n€°BF°ﬁnr & Rroeide sagatationgiang & he

vesse desired. - VWO 96/2

5 contente ofunbEosr! sdmdsgesbmoahéegsea ateth® HotHondldf the visddB.
vol une. Excess of gas may be used f or energy production, stored,

di scharged to

directly or

15

20

25

30

35

at nosphere, or-flared ~off. If the excess of gas is used
for energy prdhettop,of the fdneds dalg‘esﬂldnhevmgw.ﬁ)rmhnmtémytdamed

top of each solids digestion vessel by gas pipes. This
allows'equilibration of pressure in each vessel by passage
of gas in either direction. Excess of biogas is collected
in a gas holder (top left of diagram) or wvented or
connected to apparatus for'gaé use (top right of diagram).

Liquor which passes down through the solid waste in each

solids digestion vessel is collected in a sump, from where

it is pumped back into the fluids dlgestlon vessel for the

cycle to start again.

Occasionally, for example once a day, the solid waste is.

agitated by pumping gas through the liquor outlet piping

in the bottom of the solids digestion vessel. This is
done by closing off the valve in the liquor outlet which
is closest to the sump, disconnecting the gas outlet from
the biogas line, and connecting a gas pump between the gas
outlet and the liquor outlet. Operation of the gas pump
locally recycles gas through the grid at the bottom of the
solids digestion vessel,'causing agitation of the solids
therein. On completion of the agitation the reverse
procedure is followed to restore the fluid connections to
their usual operative status as shown in the diagram.



10 indirectinpodem3psovi de heat for the heating and cooling PCTREB96/00189
CHP it is preferred that the daily output fq gas exceed about 1000 -
cubi c netres. - The pH of the solid viast e and/ or the liquid waste may
be 15. adjusted to suit the bacteria which are carrying out the

digestion, by the.i ncorporat lon of suitable materials, for exarrpl e

ground chal k % SEF‘HQ&e dgl ¢ @hﬁﬁ&ﬁw e dBYg b§equent§ﬂ§'.§? ba fa%

wast e when it vessel at "a first ocat | O rem)
from the fl ui def2@hedigpkidondigestion. vesselsnooFo|9afd dyQese] oRalys be

carried out unbilyiBgaSRitH Wask@icatehagakeqmuni gested to a sufficient
extent. This w | usual |y be achi eved when the solid is acceptable

for 25 direct discharge or use in the environment. After the- sol i ds
di gesti on das Peeancaltietatiles ks ittieenide/,of hae gas pampagagtiftafﬂlld:irﬂ gmto

h l'ids di | i b h
connect i ng pi pEie SOLERE Y % ASPAEVed e ey ol fed e Lot e
until 30 the sohpd tmstegiastheadliegior soutileite papesst encyedah solids
g bt i hiIokETBRIRELERLL O b 1L A bULEIC bl HPAE predkir iBettilgas 27

all connecti I'Scon ter
di gesti on has amdurisd tiferefonesprefersed for pgfesy230sasons.  The

PCT/GBQG/£@184pump1ng may be steady or in- 1§ﬁlses to achieve more
vigorous agitation.

The gas outlet at the top of each solids digestion vessel
may be connected to ahy one of three pipes-(illustrated 
15 for the vessel on the left in Figure 3). One pipe is a
simple vent to atmosphere or for sampling or collection.
A second pipe connects to the biogas line via a meter M.
‘Each gas meter M may'be used for measuring the rate of
local gas production when liquid pumping is stopped. The
20 third pipe is used for féonngcting the gas pump for
agitation of the solid as described above. The three
connections are shown separately for the purposes of
illustration; but they could be combined together in a
singlé housing and different connections made by means of

25 a three way valve.

All of the fluid connections are snap tight wvalve
connections.  The valves are open when the connection is
_ correctly made, but each half of the connection is sealed.
30 Dby a valve when not connected. It is preferred that the
gas pipes are of different diameter than the liquid pipes,
to avoid accidental connection of a gas pipe to a liquid

pipe.



After di.sconnavop@28084 the solids digestion vessel from t hepd¥/GB6k/00184

source, the solids digestion vessel -is _ qgransported to another |ocation -
where it may be enptied and refilled wih a further batch of solid

wast e. A plurality of- solids digestion vessels may be
transported, separately or together, to the |ocation of the fluid

source as ShomItnlglﬁ&f@laul&My ?Lféf&?réel tHS.t the ﬂhﬂsﬁﬁn X&ﬁéﬁkg {Jﬁ"e

been | oaded with solids waste transporte oca I-on

fluids digestibhRe 92s pdPdag ll_sa(ﬁF%%tF?Hs H?Be’ﬁ‘?&n ofedds Memuidepiping

connected = fertbasél vEdFi8wgesFoen exaupdle bihé’fﬁg"e@ ;§>i &4 ﬂﬁ@ ﬂ,éc?
connecti on which ‘gogﬁes f.our, .pipe |ines %orrpfsg I NQ; L
out; gas in; ga¥" SWhAUL e PEBES  BAY, JOT R ?ﬁ'ﬁiét‘iibﬁm9§§§el have

been sufficgently digested, the unmbilical connection is renoved, and

the solids n vessel tJa to anot . | ogat i on,
optionally afte?&%gg#%ﬁo éﬁ solﬁéi &gﬁgsgﬁg&st‘éﬁs% s %libr&gt gtwo-
material. 20 thMertOnghnew-qnathm'sef&,lladﬂ salsidl q&ﬁ@mw%sﬁémd}ﬁe
pernanent|y | oc er ug, N ted e solids

di gestion vesse?6 EA Bﬂ sglelgds G S % |éor}1 éb&e\gggge Ftsf%(?gt éc(#]a{}% poﬁy%ﬁ?%e
fluids di gesti ot vEBgesided ofs the afipddsasiigestion ¥agael ofitdsisdi fekledn
vessel is gonnegied hBt! NG GwARE #¥dm thel m&aglagés@wﬁswgee\ie%aﬁel endi @

a sunp, and to a _ biogas_line vig g gas neter For sinmplicit

the 30 connect§ARd B?Eerl | §8Er 5?&?11?16?‘3 (HRAPRFEIABR2ZE then madﬁrge%nd on
vessel only. agit&tibofl pespeoiwvidedntienwedgtlixddcycl ed between the fluids

di gestion vessel and an adjacent standpipe, by neans of a
If aerobic digestion is required after completion of
15 anaerobic digestion, this may readily be carried out by
draining liquid waste from a solids digestion vessel,
disconnecting the pipe connections, and blowing air
through the liquor outlet pipe at the bottom of the solids
digestion vessel. '
20 _
The apparatus shown in Figure 3 will digest a maximum of
about 15,000 tonnes per annum of solids waste, and can
economically digest 5,000 tonnes per annum or less. This
compares to a fixed ‘installation which would not
25 economically be used to digest less than around 10,000

tonnes per annumn.

The invention therefore provides a convenient method of
treating solid and liquid wastes, ‘which reduces the amount
30 of handling of the untreated solid waste.



35. punp. A twanab/Besster is controlled by a thernostat to keep PCT/GB96/¥¥1s4
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- 13 - the fluid tenperature in the standpi pe at aro f

causing the tenperature of fluid in the fluids digestion Lﬂﬂ@ﬁmnﬂrﬂ!ﬂmm :
around 55C. 5 Fluid waste - (liquor) is punped out of the standplipe ands =
di stributed between the three solids di g€SRIMS vessel s. The liquor is
shown here entering the top of the solids di gestion vessels; however

it could also be arranged to flow in through the bottom to provide
agitation and tlo 10 A RHSIGRAE SO dIgrESAnche gﬂ%d-daﬁ"atslts patevirdf, whéch

vessel . : EiedhP mpresdd ui ds digestion vessel is connected to the

top of each sol'ids digestion vessel by gas pipes. This al'l ows

equi l i bratPon of pressure in each vessel by passage 15 of gas in either
direction. Exggss(&oiléﬁﬁﬁhdSwﬁ@té@ﬁaﬁhrial'H@ﬂ%dﬁﬁiﬁ%ﬂﬁ@%deéﬁ%ﬁahf&t
of diagram or vemgﬁiéaé 3 conngﬁﬁfd éggggga[agus for  gas use (top
right of diagran.. LitGuof iR tH*Pa BRRTt hY t B¢ s8l i §inast e
in each 20 solids digsstiony vessel is collected in a sunp, from where
L8 pumped back | bfdiesld gl SR dE58SEi8 vhbEe o SYELEH
10 _ location at which is sited a source of organic
| material undergoing anaerobic bacterial digeétion in
-a fluid phase digestion stage to produce a fluid
fraction containing active bacteria; |
c. feeding at least part of the fluid fraction from the
15 fluid phase digestion stage into the solids digestion
| vessel'to'prpvidé at least part of a fluid phase in
the solids digestion stage; and _
d. recovering at least part of the environmentally more
acceptable solids fraction from the solids digestion

20 | stage.

2. A process as claimed.in Claim 1, further comprising
the step of transporting the solids digestion vessel away
- from the second loccation. '
25

3. A process as claimed in Claim 2, wherein the solids

digesﬁion vessel is transported back to the first location

so that the treated waste is returned to the producer of

that waste. | '
30 '

4. A process as claimed in any one of the preceding
claims, wherein at least part of the fluid phase from the
solids digestion stage 1is returned to the fluid phase
digestion stage. ' '

35 '



Cccasi onal | y,whegrsesanpl e once a day, the solid waste is 25 agé ‘

punpi ng gas through the |iquor outlet piping, _ In the bottomo

sol'i ds di gestion vessel. This is - done by closing off tgﬂm IIMI

the liquor outlet which is closest to the sunp, disconne l Ili””"l
outlet from the biogas-1ine, and connecting a gas punp betWweé n the"gas *

30 outlet and she | pqupocudd ehs cPGhid ognofaﬁlheoggs o@rrﬁae rec Al Iﬁy

recycles gas through the_grid at .the bottom of the : estlo
vessel , causi ngCh@tPsari ¥R F%@%IV%@ is Sphigcted 9 Bﬁnﬁldétllfénm@fl

t he agi tation t&eageveEsterobicpidgedtioni.s followed to restore the fluid
connections to 35 their usual operative status as shown in the diagram
WD 96/ 23054 o PCT/ GB96/ 00184

-f 14h- I f‘a A6 si nghe pracemapasay lad meskediseqmnt oné | )afontmélypgrega)d!inﬁ
t
dedi cat od gas pTApins; WHEERC LS, oferRlEd UTP Ble (BlnpEraturE] SARGE Y ks °

agitation of 65t0e solids may be achieved by punping |liquor back fromthe
sunp through the liquor outlét pipes in each solids di gestion vessel .
This avoi ds the use of pressurised and is therefore preferred for
safety reasons.7. Thd PFOGH&HHI ¥ ﬁgﬁlgédst@ady’myr one gl sthe t praceddng

mor e i §JOT Quifa Skt at 'vﬂféreln thbe dassealt! gls atnbhgelop RIr /7N %HE' ds
di gestion vessel % connected to.any one of three plpes
(illustrated transpor atlon step b

8. A process as claimed in any one of the preceding
‘claims, wherein a plurality of solids digestion vessels
15 are connected to a single liguid digester.

9. A process as claimed in any one 'of' the preceding

claims, wherein all the fluid or gas connections between

the solids digestion vessel and the fluid phase digestion
- 20 source are carried by a single connector.

10. Ana.erobj_.'c digestion apparatus comprising a fluids
digestion vessel, a solids digestion vessel, and means for
feeding fluid between the two vessels, characterised in

25 that the solids digestion vessel 'is detachable from the
fluids digestion vessel and transportable.

11. Anaerobic digestion apparatus as claimed in Claim 10,
wherein the solids digestion vessel includes a heater for
30 heating the waste during transport. '

'12. Anaerobic ‘digestion apparatus as claimed in Claim 10
" or Claim 11 in which _thé solids digestion 'vessel.,_ is
provided with wheels for transportation.

35 '



15 for the ve¥x¥/238% the left in Figure 3). One pipe is a “*‘IE&HB£§@M§%E~——-—
to atmosphere or for sanpling or collectianyg ~ A second pipe connec

the biogas line via a meter M Each gas neter My be us

measuring the rate of | ocal gas production when |iquid pummﬂ"mu"""Il””m
stopped. The 20 third pipe is ‘used for connecting the gas punp

agitation of theassol l&a%i’diﬁ&ﬁﬂl@@itﬁhﬁvappafﬂﬁxé hﬂiﬂﬁtantlaqql?nﬁgt hepaigl €

shown separately for .th pur oses, of tion,_ but they could be-
conbi ned t oget h8ESGF4 a gﬁ%f?ﬁﬁﬂﬁ%g 3hgg $F3W§ﬂg S¢onnecti ons made by
means of 25 a three way valve - Al of the fluid connections are snap

tight val ve onn%ptkgﬁgﬁfghefgﬁlvgi ALe § % n whgglﬁ §3€§Ct%£€ar§al

correctly made, ut éac nec I's Sed
when not coﬁnecsaéstaﬂth&i%ﬂfﬂ%rhene@na@ﬁﬁﬂilbedgﬁstplp@ieaaaaﬁ to the

di f f er ent dlanehggw&g@@ the liquid pipes, to avoi d acci dent al
connection of a gas pipe to a I|qU|d - pi pe. . WD.96/ 23054

PCT/ GB96/ 00184 - 15 - It is
particularly preferred that the i nternal .di aneter of the gas piping is
greater than that of the liquid piping for ease of flow For exanple
the gas pipes nay be 25 nm and the liquid pipes may be 19 nmmi nternal
dianeter. 5 Typi cal ly each solids digestion vessel is filled two-
thirds to three-quarters full of solids waste at a renot e | ocati on

for exanple an abattoir. After transportation



tothe site g{, gggfady ui ds digestion vessel it is filled 10 wgdr/dBYe0bisgui d
s digestion vessel or the - st andpi pe. The remai ni ng -

fromthe flui _
connections are then nade, and agitation is provided as required.
| f aerobic digestion is required after conpletion of 15 anaerobic
digestion, this may readily be carried out by draining liquid waste .
froma solids digestion vessel, di.scé|7h3ecti ng Zhe pi pe connections, and
bl owi ng air- through thegki quor outlet pipe el bott om of the solids
di gestion vessel. 20 Thex appar at us she [ nag"" 3 wll digest a
maxi mum of about 15, 0ghLonnes per N0 .'s.'.d@@s aste, and can
economical ly digest 5, 0003 @gAnes peL.-a mory |l e ....gT j S conpares to
a fixed installation FOaSOul d not 25 \ecopolically be used to
di gest | ess than around 10_80Q Y tonnes pef \annumy ~ The invention
t herefore provides a conveni eng Yef#od ofgr reat+ng solid and |iquid
wast es, which reduces the} anp N\, Of dlARg of theé'untreated solid
wast e. WO 96/ 230% o _
PCT/ GB96/ 00184 =11 TS |
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pr ocess %6orrpr MR %6/2305 a. coll ecting waste material cont Q"Cﬁ?élﬁ)s/ooxs‘;

bi odegr adabl e : solids in a solids dirgestion vessel at a first .
| ocation; b. transporting the solids digestion vessel to a second 10

| ocation at which is sited a source of organic. materi a
under goi ng anaerobi c bacterial digestion in a fluid phase

di gestion stage to produce a fluid 2 fraction containing active
bacteria; C. feeding at |east part 68 the fluid fraction fromthe 15
fluid phase digestion stage into the solids digestion vessel to
provide at |east part of a fluid phase in the solids digestion

st age; and d. recovering at gRaPSs N ESTUN'GV§§SEES”EM ally nore

acceptabl e solids fraction fromthe solids gestion st age.

2. A process as clained in daim i_Sing the step of
transporting the solids digestio vessel the second

| ocation. 25 3. A  as cl ai t he solids
di.gestion vessel is trangported pack to so that the

treated waste is returneg@ to the| producqr. of | t hat paste. 4,
A process as clainmed in @ny one pf the.greceding ~c{ ains, erein at
| east part of the fluid phase frpmthe sol ijds di geption stjage is

ret ur ned to the fluid phgse di gestijon stag¢. 35
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5. ARSTERS00M

clainmed in any one of the preceding clains, wherein the waste is

subjected to an additional - stage of aerobic di-gestion. 5 6. A

process as clainmed in any one of the preceding cl
operated in the tenperature range 40 to 65[err] C

ains, which is

7. A process

as claimed in any one of the preceding 103,clains, wherein the waste

heated during the transportation stepab.

8. A process as

clainmed in any one of the preceding - claims, wherein a plurality of

solids digestion vessels 15 are connected t
9. A process as clainmed in any one_of .th
all"the fluid or gas connections b
and the fluid phaSg digestion 20 Fpource ar
10.. Anaerobi c digepti on apparatus fonprisin
a solids digestioN¢vessel, and ngaps for

e |liquid digester.
clainms, wherein

ijds di gesti on vessel

is

by a single connector.

di gest iggm vessel ,

fINA d between the two
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11.", \naer obi ¢ di gestion apparatus as cl ai med | n Clhai m 10, ]
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D Abstract_

A process for digesting solid waste material comprises collecting the waste from a first location and transporting it to a second location
where a fluids digestion vessel is located. At least some of the fluid fraction from the fluids digestion vessel is fed to the solids digestion
vessel so that anaerobic digestion of the solid waste occurs in the solids digestion vessel. At least some of the digested solids waste is
recovered, and the solids digestion vessel is preferably returned whence it came. The invention also provides apparatus for use in process.




