; NOe3eKH\ x66T26 | MPROVED Bl OLOG CAL PRODUCTI ON OF HYDROGEN AND

CO- PRODUCTI ON OF METHANE Fi el d of the Invention [0001] The present
invention relates to a process for the production of bi ogmm“lmmmmmmr)gl cal
waste streans. In particular, this invention relates to t

production of hydrogen gas and net hanelgas from bi ol ogi cal wasieest reans.
Background of the Invention [0002] The use of hydrogen as an alternative
fuel source has been receiving wide attention recently with increase in
resear ch aMRROVEDBIOLOGIEAL PRODUCHHON €F HYMDROGENAMNDent of
cl ean fuels. There have been many studi es done on the efficient and

f easi bl e production of KyQrBRO TION QFMIETHANKas generated nore
interest lately is the biological production of hydrogen gas using
anaerobi c bacteria. The nmethod utilizes anaerobic bacteria for fernmentation
of biological waste streans to produce hydrogen. These biol ogical waste
streans may conprise of nunicipal wastewater treatnent plants having
organi c residues or waste streapRlPéfthePavaitionbever age processing

i ndustries. Use of anaerobic bacteria is subject to isolating the right
bacteria to al@0toThepreserdlimsintan relates © sproeeaydomthe pprdugtion ngbitoa@s fromht
envi ronnment apd,conditions before the. bacteria are effective,in _degradi ng
The. bi of ogi cal ST P SrEha Th Padis iy Ty SrBulaR refRe irne Jrptelsd

nmet hods of prpdgaétie dhgdagen chomel méhsheced fons Bioldpicat hasts siregtd.ts in the
yield of hydrogen from bi ol ogi cal waste streans containing insoluble solid
wast e residues, amounting to about 1 - 5% by weight. Typically, the
hydrogen yield has been in the range of 0.08 muol - H2/ g- DS(dri ed solids) as
di sclosed in the publication by Huang et. al. (2000) "The prelimnary
studi es of hydrogen producti @ackgrimdrndehiohiventiogesti on with different
substrates and cult'vatiggs" at "The 25t" st.ewat er Tgch. Conf er ence,

vul'in, Tai wanl0002 The pemehydipgsnmsranqplisgativg dielsapesq has PesiyrecP gt of
o1 0l ogi cal Waghenihr PR Swilh! R Afse 'Yﬁtllé@@ﬁ@aa}d' AB¢IPRAENY GHRIALARR as 2

potential neans for energy recovery especla uring ogi cal waste
treat nent . Agaitomobdesamt therdewelopment bfaciean fueldhaThert have bédn masptstudies| d and

f efficient . -+ 0004 he, h b id f t
rior ove. hydr ofjGHF S BN an FESHEONCHRE oF BEGORH S, e aBy Rt B of
bi ol ogi cal Wagéfrsibd BRIFE ittSleBOlaR WHRE :bi(ﬂ@@i’élﬁl%rbalﬁtgioﬂofelﬂf‘d'kdgéﬁ@gtusi_ng

characteristics e.g. tenperature ‘and pH levels as well as the addition of
vari ous cheni sederghi¢ dagtstis. THpwmedod uthiges anacrebit |Hactgrip fok fermeatagionpife and

efficient nmethod for the [inproved pro tion hydrogen .an opr tion
of mothane 11 BRORG oF B PreRl BN eR, Shere S OAED Bl SBRRRRU o0c
phases such agofapfbcodf adiniGpalogegewsisntRatmedt pldhes havigptor@amié Qe IdesTdre

present invention seeks to provide a systemand nmethod for the co .

producti on of Wa§ier srsamsagiafaest angh beveradropiocpesing ndugiries. | Hso ok anagrebic, t he

present '!Wean(?%i?ﬁsOXﬁbﬂ%&!to.‘S}S(ﬁ;Xt?rEafmef8 PSR (3%, Q)rﬁlgerﬂoﬁ)gﬂza_l waste .

co- produci ng nethane cormpri sing: pre-processor and a processor, erein

t he pre-processaimsand previding thg righténviroginead andashditiohs Befbreathe bhaeripareduci ng

at | east one pé_e- processed _outtggt ,. The Pr ocessor for%é]ece' ving,the at | east
diie ar

one pre- pr oceSHeg Ui degrpdingy fogisa SYastfy B GEen 224 -CH}%)Bﬁ@PgS‘h of
methane. [ Oooﬁhrytbé}, g%%ﬂte@eﬁﬁw‘a@%f?rw@ci%?ﬁ%%eh BAG0 ok Sfhcld WsARTactérySyst em

for producing ogen and co- produci ng e conprising: a
pr e- pr ocessor resttheinpthe ypaid o£Bpdrogdnufroh driologinalrwastagjreamsrcontaireng imsolublendul e

and a first solid-1iquid separator. and a processoy; coO i si-ng. a, hydrogen

fer ment er ands%hcfré‘faﬁ%nr@s'&fl sat"é?u,ntWﬁe'iog?l?'P"{%hle m?%b}!dﬁ%@@ r ”lgvg)}ca}léc ®ving a

bi ol ogi cal wag{grogth S2HANE BeRh iRl BEUGhED 010,08 8FholOMSg-DS(dried solids) as
disclosed in the publication by Huang et. al. (2000) “The preliminary studies of
hydrogen production from anaerobic digestion with different substrates and

cultivations”, at “The 25" Wastewater Tech. Conference, Yulin, Taiwan™,

A
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3 pre-processed output, the processor for receiving the at |east one
pre-processed out put for production of hydrogen and co-production of

net hane. (0008] In a further aspect, the present invention provides, a

met hod for produci ng hydrogen and co- produci ng net hane, the nethod
conprising the steps: subjecting a bio?ogical waste streamto
pre-treatnent; subjecting a pretreated waste streamto solid-liquid
separati on; He3pghnothenbiogas generated dueng tragtmenbdfibiolegical Brastsf stagwsris pt i on

of the Draw ngs.[ 000 referred enbodi nent, of th resent invention wll
now be rore. THRPTGIedtPBBH B PEREEHEECDS: AU IR TS (OUAPGE
[0010] FI G 1 febdwty capRtally GG BlolddiQd Kyddtageamenl, Wi 1R &Rcém with
accordance with the present invention. [00ll] FIG2 illustrates a

functional bl®ethars isdhatef psuliisieot ighandwfeHigRentracovgno12] FIG 3 illustrates
a flowhart of the nethod in accordance with the present invention; [0013]
FIG4 illustrates a flowhart of hydrogen production of Fig.3 in accordance

wi th the prespods]i T@BHa08 bean dodsidttdle RfGHsith lithptdvat rdragdn ot hrtianef
met hane production of Fig. 3 in accordance with the present invention.
Det ai | ed descRiogustinn ard tregovepafionyslegadation réfiplopicgl st sireamsaugipgt em

100 for inpr 0&&9111@5,%%&1&“1&@ P entVHNRIE Bnarcteristics e.g. temperature and pH levels
as well as the addition of various chemical catalysts. However, there is still a lack
of a simple and efficient method for the improved production of hydrogen and co-
production of methane from biological waste streams containing insoluble

particulate phases such as biological sludges.

Summary of the Invention

[0005] The present invention seeks to provide a system and method for the co-

production of hydrogen and methane.

[0006] Accordingly, in one aspect, the present invention provides, a system for
producing hydrogen and co-producing methane comprising: a pre-processor and a
processor; wherein the pre-processor for receiving a biological waste stream and
for producing at least one pre-processed output, the processor for receiving the at
least one pre-processed output for production of hydrogen and co-production of

methane.

[0007] In another aspect, the present invention provides, a system for producing
hydrogen and co-producing methane comprising: a pre-processor, the pre-processor
further comprising a pre-treatment module and a first solid-liquid separator; and a
processor comprising a hydrogen fermenter and a methane digester; wherein the

pre-processor for receiving a biological waste stream and for producing at least one



and co- producti on nethane 20 i s shown. The system 100 conprises a pre 4
processor 5 and a processor 10. The pre-processor 5 for receiving at |east
one input of a biological waste stream 2. The biol ogical waste stream 2 may
conpri se waste water having dissolved grgani c substances with insol uble
solid waste residues anobunting to abou? 1 - 5% by wei ght. Exanples of such
bi ol ogi cal waste streans are waste streans from food and beverage

processi ng i nerggirpéasssd dutpm, ithel padcessos forereseiringthebitdeasyionalprevasicessednd
from runi ci pal ewat.er.treatnment plants. The pre-processor 5

pre- pr ocessesoqtﬁ@ts%f qugac;tto&omgr% eg?pcg%pn?daﬁbonquﬁaﬁﬁgg at |east one
pre-processed output for the processor 10. The processor 10 is adapted for
receiving the at |east one pre-processed output fromthe pre-processor 5
and for produl®P9f) bra firthepgenects theaprasand impieader preyidss, araeHmwdeloporoduoing 6]
Referring to S m | i i re.detai.l. The
bt e- pr ocessor EEn rdohRTd B, Behanbd BN Tnk e R Bt oy
solid-liquid siehgial WasttOstredtetoqireltRaghendNEibicEinBaOseEeRed MabPlttrehham t he
pre-processor 5 conprises a liquid phase 6 and a solid phase 7. The at

| east one i npiflidgfquihgepprasionghydaoeenpseducon;anmnetipig QBB e- t r eat ment i n
the pre-treatnent nodul e 35 and produces a pre-treated waste stream 36. The
pre-treatnent nodule 35 further utilizes the nethods of pasteurization and
"Freezing and Thawi ng". [0017] The pre-treatnent effectively hydrolyzes or
rel eases insol ubl e organi c _sybstances i ni %St he water of the biol ogical
waste stream 2. The net hod BuefJdeseeintion gt the Pragipgy, es i nt ai ning t he

bi ol ogi cal S\ : of
12 kgt o Torlph et P REREI A bkl i i oERoNYT

Thawi ng" fi r sdescubrd, math refesnce hethbidodvapgoel whielst e st ream 2 under goes
conplete freezing to about -17C. The frozen biological waste stream?2 is
then thawed. This "Freezing and Thawi ng" net hod rel eases consi derabl e
amounts of | ”?‘a@’ld}bFKi.@ﬁH@é@ﬂafes%Péé%Eﬁ[‘B%’ékH‘i&%rﬁQ? tIROLyisbmBSiRof bR Of
the biol ogical waste stream 2 into the waste water. [0019] The pre-treated
wast e st ream Be@réseniinvensiopr e-treat nent nodule 3 5 is then sent to the
first solid-liquid separator 40 where the pre-treated waste stream 36 is

5 separated into the solid phase 7 and the |iquid phase 6. The solid phase
7 conprises spbsf]anlG.alillystafes kifénciohalblovksdiggra@sh dosedaae wayFIGNg ol ubl e
organi ¢ substances fromthe pre-treated waste stream 36. The |iquid phase 6
conprises substantially of wastewater having dissolved organi c substances
with negligib jn id ' ' . 0.1 %
by viel gt . ThEOA PR SRR £ qUORR, SR AT AIPURLIANS Gk B2 prlat 1
processor 10 fnwentpmgpcessi ng. (0020] The first solid-1iquid separator 40 may
utilize a variety separating neans. Sone exanpl es of such separating neans
are by way of nechani cal separation using shakers and sieves/screens,
centrifuges apgsr pm.aqﬂ@s&aiegrasﬂqmﬁ@nfomgarog&h bfbdugiibitlorRaiRaREorfifhoany

al so be a holding tank tor standing the pre-treated waste stream 36 and

al | owi ng t he withitht prasenéinvestiahyesdt o either sink to the bottom of the

hol ding tank or to float to the surface of the pre-treated waste stream 36.
(0021] The processor 10 further conprises a hydrogen fernenter 45 and a

et hane di gesfo844]5P1G.% hgudiatts Qs wdhar BT M Ehand productidARE Bk, BdnlBesHMRet he
liquid phase 6 fromthe solid-liquid separator 40 and al so adapted to

recei ve a fi rwithithroprasentrinyestéord6. The hydrogen fermenter 45 nay be an
anaerobi c reactor and may further be a batch, sem -batch or conti nuous
anaer obi c reactor. The hydrogen fernenter 45 may further be provided with
stirrers or agitators and may al so be provided with a tenperature

regul ating means to regulate the tenperature within the hydrogen fernenter
45. (0022] The first i nocUlespileshdescriptionppthedReavyngs eria i solated fromthe
bi ol ogi cal waste streamthat has been identified and predeterm ned to be
the desired bacteria for the degradati on of the organic residues or wastes
found in the [oots]oBefeadingvasFI. 51 a satesn 1 0@ forvimproledgsraddction dfthydoyppen itim
production of h droge& 15. Thg3 bacteriag strain that halz) proved to groduce
the best resufdd cpPredustionmetyape (40 i thavet r &ihs, systame i 091 SHMRFIES AP di um
bi fernentans. (0023] Even though the strain of bacteria is known in the
art, commercially



avail abl e strains of these bacteria are not as effective as the sane strain
of bacteria 6 isolated fromthe biological waste streamto be used as the
first inoculum46 for the system 100. Studi es have indicated that
commercially available strains of Clostridiumrequired incubation periods
of up to nore than sixty hours before Becom ng active in degradi ng organic
resi dues and produci ng hydrogen 15. However, bacteria isolated fromthe

bi ol ogi cal waRrPeesseneandka propesgoml G. ol heepragroogsson Ader tehelyingraé leasitaneduwed i nt o
t he hydrogen fernenter. 45 as the. first .inocul um dgose 46 and are dosed into
the I qu 4 prochPieiahivarE imeatt 21 1108 bigtOPRA VAt ap A sE SomRes Sagh 15 1 s
produced. [ 00R4der hagingedibMddbi@anicedubs@ntss WHRRARAuUBIE sofidah¥te bdxeduee! i d
phase 7 fromthe first solid-liquid separator 40 and al so adapted to

recei ve the r¥peHningdo pbeptild- waight. r lGxanes ofysiel finlogied! easteestreass The

met hane di gest.er. I r r i ] NOCE ose
51 The met nans e ReariEi N E IR BEydiaud BEELhLAAREAEE S BHAIERE e
a batch, semni gdnatating diologinili wastesand e alahivigat aatewatel ReatihhplastsdiTgest er

50 may further be provided with stirrers or agitators_and nay al so be
provi ded wi t hPIS-RIQYRSENT Y PicePrpessssane hiplogistlovasts stesgm Amad ﬂ)ﬁ@urc@welmt ure
within the rrer{'éa]&%_ I C I

conpri ses conémn maét1 R%S‘E%‘f{é“tgg%{f%??%ﬂ%g%%gﬁgl gﬂ%e%@g%g!)%p%gsﬁ?{apﬁdt tioér into
met hane. The ree¢imingi thg ak leusi ongppresrodesséd ontptihfromyitie ggeprdcessve st #id 5, t he
solid phase 7 and . .the_second jinocul um 51 together undergoes digestion in

t he met hane dPigeYes Oféli‘iﬁjr%ﬁﬁswﬁ’r“éﬁﬂdggg"%?ﬂgw‘%ﬁ%etb@e 4%026] After digestion
in the nethane digester 50, remaining bio-sludge 52 fromthe nethane
digester 50 can further be sent to a second solid-liquid separator 55,
where solid rieeteduBeferrisfectorid€h.2,dhesystenk d 06 of FG deip shewe in fmooerdgtaibc dbs ed

liquid 56. Th Liquid 56 and th 57 t furth
i Sposed o [ 08 HORERE D Tk omarResh BiscHkarae morokE T SBe st figtci ng
hydrogen 15 agglafaorP4®@dUticnd 104st BReReSHrelbsiedl SPUN from theBrleiRdcedolt 5

conprising the steps: subjecti ng the biol ogical waste stream?2 to
pr e-t r eat ment cauErises @hliqwd iphgspp endemselitl phasee’. s lhe aanlewt oe doputdf] theui d

separ 2t on, St el 0950 RS Bhod By BB AEABREG ARG HORR, 385 T

pasteuri zat i candaprddiides agite-figart dvakitasiican 3GASTEY preLitaate@andduds 35 Titeher
pre-treated waste stream 36 is then subjected to solid-liguid separation

315 by the fi'tiizesBicimcthodpafpasiewrigation andidfreqzing andglhavipgase 6 and t he
solid phase 7 fromthe solid-liquid separation 315 step is then used in the
steps of hydrogen production. 320 and net hane production 325. [0028]
Referring to P013]4Thd Ipec-gtatpsent rffeydvaygdiydpolgaescor oele@26 insoléblE @dgatiar t s

405 with sending 410 the |iquid phase 6 fromthe first soljd-1iqui
separator 40 PSteREe i db@ ek HE ee_:b“’dggw%]h@’aﬁtf?q%’!’e&mp s the %@W@es
substantial | y?d%feu\‘@é;ﬁ(ﬁl PH@BI?ES Hﬂiﬂtﬁﬂing!tﬁégiogdﬁca@w | stretBLANCRDe M hr@

i nsol ubl e solid waste residues anmounfing_t ess than 0.1 % by I ght.
[0029] Next, ¢hi21&€Capd afa prsiungofitl’ kgfiemf for aboutd@auinutesdose 46 into the
hydrogen fernenter 45 followed by the fermenting 420 of the liquid phase to
produce hydrogen 15. Foll ow ng which, the produced hydrogen 15 is extracted
425 and the r@iFH TR nletittd &F PitBSAng 4nd ?hﬁ@rﬂfgﬁ‘ﬁ@t fQuirbe iR kAR 1bige st er
50. Studies by the inventors have shown that "hydrogen production 320 using

the |iquid phwasse 6iream 2 upddrgoasaomphey fregding theabonesin®Cs ok frqzen biodogical

mol - HZ/ g- DS(dri ed sol i ds Thj s i vast inprov nt . oyer current nethods
produci ng onl‘j}'aﬁﬁégfa‘@.?oé)%ﬁb% D%bﬁr iﬁfté'ﬁeg& P@ﬁawm% rflgt?lagg? #tfed to
the | ow am)unéo?xsf?iferdb@é?hélﬁhseoﬁﬂédl@bl%?ﬁa‘ﬁicr KIBLEIMRS fioth tHeSolid A riihRe 6
which is used as the substrate for the f

ermentation to produce hydrogen 15.
The hi gh vyi el of the bilegicdl wastestream Lrintothewasto wakee. pre-treat ment of the

bi ol ogi cal waste stream 2 thereby hydrol yzing or rel easing insoluble
organi ¢ substances into the water of the biol ogical waste stream 2. The
pre-treat nent [0IPThé ple-frdiedRaftOdfedth 3BFEI R thd gralttcAfm&it médige35 igthend
Thaw ng". [00301 Referring to FIGS, the steps in nethane production 325
starts 505 wi $ait kehgifirgt $10-liqwd senaratopthvdere the prabested Maste stiegasioas .
Next, the second inoculum dose 51 is added 515 into the methane di gester
50. The remaining liquid phase 47 fromthe hydrogen fernmenter 45 is sent
520 to the nethane digester 50. Foll ow ng which, the step of digesting 525
of the solid phase 7 and the remaining |liquid phase 8 47 to produce

nmet hane 20 occurs and followed by the extracting 530 of the



produced nethane 20. [0031 ] It will be appreciated that various
nodi fi cations and i nprovenents can be nmade by a person skilled in the art
wi t hout departing fromthe scope of the present invention. 9 Clainms 1. A
system for produci ng hydrogen and co-produci ng net hane conprising: a
pre-processor and a processor; wherein %aid pre-processor for receiving a
bi ol ogi cal waste stream and for producing at | east one pre-processed

out put, said peparatslointd dhe sebiéiphasg 7saiddthet lifjeidsphasaes. prihepsatiepbasd Dut put

for production of hydrogen and co-production of, .methape. 2. A system.in
nccor dance. t o RIS sttty SO S RSE Buges a Aay TesTNY cegic
pre-treat ment g B&th®sFhn 3he Ble-HediéAWatte SRRANAPT ThS1iqMdSPIHE® ddhprises

accordance to claim?2, wherein said pre-treatnment nodule Ts adapted to
utilize the neubgastialy phwasewatenhaving dissoled ysgame substances sarcregligibdé ai m

2, wher ei i.d -treatment _mdul e is .ad d.t jlize th th f
reosing and i soBE VAR rePlies fndiii JRAGE b (b Bf Selgfedr A0,
solid-1iquid shasy Ph&d theJiqaRPpHaSsls b2 tREPEHAE® the PRIckShoP D@ER pRotdsding.i qui d

phase. 6. A systemin accordance to claim5, wherein said |'iquid phase 6
conprises water

[0020] The first solid-liquid separator 40 may utilize a variety separating means.
Some examples of such separating means are by way of mechanical separation
using shakers and sieves/screens, centrifuges and drum separators. The first solid-
liquid separator 40 may also be a holding tank for standing the pre-treated waste
stream 36 and allowing the solid waste residues to either sink to the bottom of the

holding tank or to float to the surface of the pre-treated waste stream 36.

[0021] The processor 10 further comprises a hydrogen fermenter 45 and a methane
digester 50. The hydrogen fermenter 45 is adapted to receive the liquid phase 6
from the solid-liquid separator 40 and also adapted to receive a first inoculum dose
46. The hydrogen fermenter 45 may be an anaerobic reactor and may further be a
batch, semi-batch or continuous anaerobic reactor. The hydrogen fermenter 45
may further be provided with stirrers or agitators and may also be provided with a
temperature regulating means to regulate the temperature within the hydrogen

fermenter 45.

[0022] The first inoculum dose 46 comprises bacteria isolated from the biological
waste stream that has been identified and predetermined to be the desired bacteria
for the degradation of the organic residues or wastes found in the biological waste
streams that would result in the optimum production of hydrogen 15. The bacteria
strain that has proved to produce the best results is from the Clostridium strain,

particularly Clostridium bifernentans.

[0023] Even though the strain of bacteria is known in the art, commercially

available strains of these bacteria are not as effective as the same strain of bacteria



havi ng di ssol ved organi ¢ substances with solid waste residues anounting to
|l ess than 0.1 % by weight. 7. A systemin accordance to claim1l, wherein
sai d processor further conprises a hydrogen fernenter and a net hane
digester. 8. A systemin accordance to claimb5, wherein said hydrogen
fermenter is adapted for receiving a fi&st inocul um dose. 10 9. A system
I n accordance to claimb5, wherein said hydrogen fernenter is adapted for

f erment at i on afolaed front the badogical evastesstipamde be askdoastthaifirst irmrubiai 46 for the

pre-processor to pr ce_hydrogen. . 10. systemin accordan to claimb5,
wher ei n sai d ﬁﬁftﬁglnggﬁ‘i g%%')fééqs g Veaﬂéb‘faééa ft%é’rt FURRBPIF é’ VARV FUHHECH um
dose. 11. A sygb&RUium REaRFHaRER BN Petiols of upher Bbft 8Rh LB RARE pekopest er

is adapted for digestion of said at l'east one pre-processed output from
sai d pre- pr ocdsseming agtived irc degradingnergank. residugs tandh produpingdbipdrogerthytdr ogen

and co- produci net hane .conpr.i si.ng: ,a pr.e-processor, sal re- processor
further conpr i}gqq%ed' 4 I‘bﬁfgr g r‘g(;j?tﬁé !,q:[oghgnaﬁ%lo ﬁﬁlo‘é{a%%? Ft&args?# :gﬁglf‘ﬁa ??F geuve
separator; ancnge e S mBodGRANhoThe ﬁ@o@&ﬂfe@@@ﬁtei £5 BRiNeSirsARoutuiiRolane
di gester; wherein said pre-processor for receiving a biological waste

stream and f o46pndduc ilongd anto|thearliquid mhassr G- Ypeor fesmentation plithe ligwidipimsebessor

for receiving ' l. east, one pre-processed output for production of

hydr ogen and gga%%%@&%%ﬁ%ﬁd%ﬁeahet hane. 13. A systemin accordance to claim

12, wherein said pre-treatnment nodule is adapted to utilize the nethod of

pasteurisation. 14. A system in accordance to claim_12, wherein said

pre-treat ment [OR24LITde; methang digasteroSQiis adapted: taaeerivyh B wilidrphase 7 fepra e

t hawi ng. 15. y e ' - ej [..sai.d:fi .

sol i d-1i qui d ?é%a?‘}éﬁ?r‘d‘pgasgg@%g’gd%t %@?@%%@@%‘gg‘élf% %lﬁglgeﬁg%aﬁlgé ﬁiutqc‘]‘hdu d

phase. 16. A phated? ifromatloohgdogen faneher S15Thevhetiaing digesterh§0disofypether

f t i ted f i Vi first j I d .

ermenter 1s % g;?teg to regcr:ivé g%gclo\lllldri] OC%IUIIII Eigse § lr.lqﬁl% r}ljallan%scﬁgester 50 may be an

anaerobic reactor and may further be a batch, semi-batch or continuous anaerobic
reactor. The methane digester S0 may further be provided with stirrers or agitators
and may also be provided with a temperature regulating means to regulate the

temperature within the methane digester 50.

[0025] The second inoculum dose 51 comprises common methagenic bacteria that
could degrade organic matter into methane. The remaining liquid phase 47 from
the hydrogen fermenter 435, the solid phase 7 and the second inoculum 51 together

undergoes digestion in the methane digester and thus produces methane 20.

[0026] After digestion in the methane digester 50, remaining bio-sludge 52 from
the methane digester 50 can further be sent to a second solid-liquid separator 55,
where solid residues referred to as cake 57 is separated from processed liquid 56.

The processed liquid 56 and the cake 57 can then be further disposed of.

[0027] Referring to FIG.2 and FIG.3, a method 300 of producing hydrogen 15 and
co-producing of methane 20 is shown. The method 300 comprising the steps:
subjecting the biological waste stream 2 to pre-treatment 310, subjecting pre-

treated waste stream 36 to solid-liquid separation 315, hydrogen production 320



11 17. A systemin accordance to claim 15, wherein said hydrogen fernenter
I s adapted for fernentation of said |iquid phase fromsaid solid-liquid
separator to produce hydrogen. 18. A systemin accordance to claim15,
wherein said nethane digester is adapted for receiving a second inocul um
dose. 19. A systemin accordance to cl dim 15, wherein said nethane di gester
I s adapted for receiving a remaining liquid phase from sai d hydrogen
fermenter. 20 and\rrs;lgme praduction 32 Hathbe stbp of pmi-matt@pntvﬁ"lé)rraa)n figthied compphisene

di gester is a di gesti on of i d soli ase

pre- processorg[l &\9{5}&8@!’ Oné‘fd r‘?ﬂ?g’tge‘i‘ﬂdlﬁ %"E‘Egrﬂﬁrﬂnbsgufsﬁd@la‘al}% 12,
further conpr iThe pge- ﬁe@t@&%ﬁe%ﬁbéﬂ‘%'lﬂﬂkq sﬁﬁ@@t@&ﬁ@%hdzﬂqmd\s rdtRA 18 by
produci ng hydrogen and q(;{lfi)ro uci ng met hane, said net conpri si ng the

steps: subj ecther@Shdemddi wlaramﬂOe Tediquid ph@sep6 end ﬁl@&bh@ph@ses?dqudta ng a

Bnd ot hane. proRblBaePoSiSR ke skhd® I IRRT Il M p AR B SHkEbh

said step of RByokedsRtHAROProduEEIh T8 t her corrprl ses: sending a liquid phase
of said pre-treated waste streamto a hydrogen fernenter; adding a first

I nocul um dose into said hydrogen fernenter; fernenting said |i qui d phase of

sai d separate 5@3&? i n
| i qui d phase ?Oro Sa,%ﬁ%ﬁ%ﬁ?f%@%{%ﬁpwg %g rOd{ﬁ aneﬂgﬂges oot d; 24. A
met hod i n accwithesendinict 10! the ligrid, phabe 6 dioin st ﬂrsnactlhﬁh@mrsephmbr 40 t6 viret her

conprises: sending a_solid phase of said pre-treated wasfe streamto a
met hane di geshgdroger frmgntgr éé—c dhe hnwédq!amﬁ aergrrisessebsiantiallinof nuasle watgest er ;

receiving r e”ﬁhﬁh@%égbl%& Br ARRIELIARID SRNdn MO SAHI T diles hfo Rt

nmet hane di geste
to less than 0.1% by weight.

[0029] Next, the step of adding 415 the first inoculum dose 46 into the hydrogen
fermenter 45 followed by the fermenting 420 of the liquid phase to produce
hydrogen 15. Following which, the produced hydrogen 15 is extracted 425 and the
remaining liquid phase 47 is sent 430 to the methane digester 50. Studies by the
inventors have shown that hydrogen production 320 using the liquid phase 6 as a
substrate have yielded results of up to 0.9 mmol-H,/g-DS(dried solids). This is a
vast improvement over current methods producing only about 0.08 mmol-Hy/g-
DS(dried solids). This is attributed to the low amounts of insoluble solid waste
residues in the liquid phase 6 which is used as the substrate for the fermentation to
produce hydrogen 15. The high yield is also further attributed to the pre-treatment
of the biological waste stream 2 thereby hydrolyzing or releasing insoluble organic
substances into the water of the biological waste stream 2. The pre-treatment

comprises the methods of pasteurization or “Freezing and Thawing”.

[0030] Referring to FIG.S, the steps in methane production 325 starts 505 with
sending 510 the solid phase 7 to the methane digester. Next, the second inoculum
dose 51 is added 515 into the methane digester 50. The remaining liquid phase 47
from the hydrogen fermenter 45 is sent 520 to the methane digester 50. Following
which, the step of digesting 525 of the solid phase 7 and the remaining liquid phase



di gesting said solid phase and said remaining |iquid phase of said
separated waste stream from said hydrogen fernmenter to produce nethane.
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1. A system for producing hydrogen and co-producing methane comprising:
a pre-processor and a processor;
wherein said pre-processor for receiving a biological waste stream and for
producing at least one pre-processed output, said processor for receiving said at
least one pre-processed output for production of hydrogen and co-production of

methane.

2. A system in accordance to claim 1, wherein said pre-processor further comprises a

pre-treatment module and a solid-liquid separator.

3. A system in accordance to claim 2, wherein said pre-treatment module is adapted to

utilize the methods of pasteurisation.

4. A system in accordance to claim 2, wherein said pre-treatment module is adapted to

utilize the methods of freezing and thawing.

5. A system in accordance to claim 2, wherein said solid-liquid separator is adapted to

produce a solid phase and a liquid phase.

6. A system in accordance to claim 5, wherein said liquid phase 6 comprises water
having dissolved organic substances with solid waste residues amounting to less

than 0.1% by weight.

7. A system in accordance to claim 1, wherein said processor further comprises a

hydrogen fermenter and a methane digester.

8. A system in accordance to claim 5, wherein said hydrogen fermenter is adapted for

receiving a first inoculum dose.
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fermentation of said at least one pre-processed output from said pre-processor to

produce hydrogen.

10. A system in accordance to claim 5, wherein said methane digester is adapted for

receiving a second inoculum dose.

11. A system in accordance to claim 5, wherein said methane digester is adapted for
digestion of said at least one pre-processed output from said pre-processor to

produce methane.

12. A system for producing hydrogen and co-producing methane comprising:
a pre-processor, said pre-processor further comprising a pre-treatment module and
a first solid-liquid separator; and
a processor comprising a hydrogen fermenter and a methane digester;
wherein said pre-processor for receiving a biological waste stream and for
producing at least one pre-processed output, said processor for receiving said at
least one pre-processed output for production of hydrogen and co-production of

methane.

13. A system in accordance to claim 12, wherein said pre-treatment module is adapted

to utilize the method of pasteurisation.

14. A system in accordance to claim 12, wherein said pre-treatment module is adapted

to utilize the method of freezing and thawing.

15. A system in accordance to claim 12, wherein said first solid-liquid separator is

adapted to produce a solid phase and a liquid phase.

16. A system in accordance to claim 15, wherein said hydrogen fermenter is adapted

for receiving a first inoculum dose.
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18. A system in accordance to claim 15, wherein said methane digester is adapted for

receiving a second inoculum dose.

19. A system in accordance to claim 15, wherein said methane digester is adapted for

receiving a remaining liquid phase from said hydrogen fermenter.

20. A system in accordance to claim 19, wherein said methane digester is adapted for

digestion of said solid phase from said pre-processor to produce methane.

21. A system in accordance to claim 12, further comprising a second solid-liquid

separator.

22. A method for producing hydrogen and co-producing methane, said method
comprising the steps:
subjecting a biological waste stream to pre-treatment;
subjecting a pretreated waste stream to solid-liquid separation;
hydrogen production; and

methane production.

23. A method in accordance to claim 22, wherein said step of hydrogen production
further comprises:
sending a liquid phase of said pre-treated waste stream to a hydrogen fermenter;
adding a first inoculum dose into said hydrogen fermenter;
fermenting said liquid phase of said separated waste stream to produce hydrogen;
and sending a remaining liquid phase from said hydrogen fermenter to a methane

digester.
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adding a second inoculum dose into said methane digester;

receiving remaining liquid phase from said hydrogen fermenter to said methane
digester; and

digesting said solid phase and said remaining liquid phase of said separated waste

stream from said hydrogen fermenter to produce methane.



