1 12 FEB 2007 | MPROVED BI OLOG CAL PRODUCTI ON OF HYDROGEN AND CO- PRODUCTI ON
OF METHANE Field of the Invention [0001] The present invention relates to
a process for the production of biogas from biological waste streans. In
particular, this invention relates to the inproved production of hydrogen
gas and net hane gas from bi ol ogi cal waste streans. BackgrddnidBadfllt he

I nvention [0002] The use of hydrogen as Lin alternative fuel source has been
receiving wide attention recently with increase in research and

devel opnment _into electric autonobiles and the devel opnent of clean fuels.
There have E%BR@W}EE@I:@&@(HMI(BR@B[E@TIG&IQFEIEXDB%EN&A;NBducti on
of hydrogen gas. One net hod that has enerated nore interest lately is the
bi ol ogi cal production of GW@@DQ&TfQN@FME&HAiNEbaMeH a. The met hod

utilizes anaerobic bacteria for fermentation of biological waste streans
to produce hydrogen. These biol ogical waste streanms may conprise of

muni ci pal wastewater treatnent plants having organic residues or waste
streans of food and beverage processing industries. Use of anaerobic

bacteria is subject to isolatingriig oftdinveagéeria to add to the
bi ol ogi cal waste streams and providing the right environnment and
condi ti ons bef &081% Héelpseseat inyentian relatdsde wipreceshion sy prafiugiiontnd bisiges Hgmeal

vaste o reart AoBECHELAL L9 G oSSR PR e,

produci ng hydrogen®have pro
hydrogen from bralwgos af hydsie gk hedieteabigal fbMbiolbgichllubdse st@insd wast e

resi dues, anmounting to about 1 - 5% by weight. Typically, the hydrogen
yield has been in the range of 0.08 mmol - H2/ g-DS(dri ed solids) as
di sclosed in the publication by Huang et. al. (2000) "The prelimnary
studi es of hydrogen production from anaerobic digestion with different
substrates and cultivations”, Batkgrétied 8bthelInViéstionat er Tech. Conference,
. Yulin, Taiwan® T0002] The use of hydrogen as an alternative fuel source has been receiving wide
attention recently with increase in research and development into electric
automobiles and the development of clean fuels. There have been many studies
done on the efficient and feasible production of hydrogen gas. One method that has
generated more interest lately is the biological production of hydrogen gas using
| anaerobic bacteria. The method utilizes anaerobic bacteria for fermentation of
biological waste streams to produce hydrogen. These biological waste streams may
~comprise of municipal wastewater treatment plants having organic residues or
waste streams of food and beverage processing industries. Use of anaerobic
bacteria is subject to isolating the right bacteria to add to the biological waste
streams and providing the right environment and conditions before the bacteria are
effective in degrading the biological waste streams and producing hydrogen.
| Further, present methods 6f producing hydrogen have‘ produced unsatisfactory
results in the yield of hydrogen from biological waste streams containing insoluble
solid waste residues, amounting to about 1 — 5% by weight. Typically, the
hydrogen yield has been in the range of 0.08 mmol-H,/g-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”.



12 FEB 2007 2 [0003] Another biogas generated during treatnent of

bi ol ogi cal waste streans is nethane. Methane has | ong been recognized as a
potential means for energy recovery especially during biological waste
treatment. Again the concern with nethane is that of a suffjcpmngyield
and of efficient recovery. [0004] There have been considerable efforts to

i nprove hydrogen and net hane production“and recovery from degradati on of
bi ol ogi cal waste streans using enzynes, controlling of environment
characteristi cs[o%o.:’b.A’F@H?felPlag%ﬁr gengrade Huting tlegtmeasofneblogin] tasteati@his gn of
vari ous chemc I ver,. there is still a lac of a sinple and
efficient net h?get;‘ﬁ%trlét ﬁé;ﬁ%rg%%d) B Restichecosuaid a4 palaHahmeans omensEICt i on

of methane fromebiverpghmelallyedirngSbiobaigal ORI tRAGni nﬁgéiﬂbéh cof rﬁiﬁii{ﬂ ate
phases such as Dbi Bl ogi ghal ?l udges. Sunmary of the Invention FOB %]r e
present i nvent i"BHAKER &hat wat yicklandeaheliindentetchuaty f or t he co-
production of hydrogen and net hane. [0006] Accordingly, in one aspect, the
present invention provides, a systemfor producing hydrogen and

co- produci ng mHeMdhelteoerhaves begy censidegalile RERSS W iRPHVE hyafcig%gsa%fﬁfmet ein
t he pre-processor fcgr recei ving a_biol ogi cal waste stream an or
produci ng at | ARFuEion #derssoyerrsem dagradation hE binlogiealswrstt ostrenmsaisitigng

s productton aRyBEE cBREARSEEEooAticnl HarRiGRHES ¢ "ottt S PR i on
provides, a sygsemlifasrthpaddition ngvarﬁmﬂrdhgﬁaﬁbaaﬂaal?fﬁs.pflﬁ%%r[‘&le?@fs%ﬂ% lack
urther conprising a

conprising:. a %re[f?ro]%es orf .the pre-processor I

pre-treat nent 0 & SHBP LS Y FHlisipatmethpd for the improyedprodudion efifydsogeprand essor
conprising a hydsdasionf 6f MAh&te & BRI 96kl wherein the
pre-processor for receiving a bio ogiatggréé}]\gagte‘ggggrsgrgﬁ?gn‘ﬁ) s Jradly at
| east one particulate phases such as biological sludges.

Summary of the Invention

[0005] The present inventiqn 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-praceésor
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



12 FEB 2007 3 pre-processed output, the processor for receiving the at

| east- one pre-processed output for production of hydrogen and

co- production of methane. [0008] In a further aspect, the present invention
provi des, a method for producing hydrogen and co-producing ggtggzﬁw t he
met hod conprising the steps: subjectingmg bi ol ogi cal waste f o]
pre-treatnent; subjecting a pretreated ste streamto solid-liquid
separation; hydrogen production; and nmethane production. Brief Description
of the Draw ngPr-D0wSpsed htrite thecprosedsoriforersoeivingt the apleasteorte provignedssad wi | |

b ful | ' f to the.d f which:
10010] Fia 1 PiRAEIRARE ol hidpb ] S EP e Ry M) S o i ¢

accordance with the present invention. [0011] FIG2 illustrates a
functional block diagramin accordance with FIG 1, [0012] FIG3
il lustrates a fMPOOREHB fugher aspestethsresant inventienaprowides, armethed fraweducing

i nvention; [00 Ny r I hart . of hydrogen production of
Fig.3 in accor ﬁh&gegva\lnﬂ? hé) £ E"zﬁﬁf?‘g@%ﬁaleﬁ\%‘g‘f‘?%ﬁ? “2 Sf%@ﬁfte%'éu ecting a
illustrates a fhicloghal vastt stredthan @retreatagdnt OsbRictifg 8 prédrdait dAGAHE Sadkaeto Wit h

the present inveption, Detailed description of the Draw ngs [0015]
Referring to Flsé} -ligyidsseprations dyydragen prstustien) apd ansthens prodeetiany dr ogen 15
and co-production nmethane 20 is shown. The system 100 conprises a pre 12
FEB 2007 4 processor 5 and a processor 10. The pre-processor 5 for
receiving at |east one input of a biological waste stream 2. The

bi ol ogi cal waste stream 2 ma% p(izﬁpri se _wast e
rief Description of the Drawings

[0009] A preferred embodiment of the present invention will now be more fully

described, with reference to the drawings of which:

[0010] FIG.1 illustrates a general block diagram of the system in accordance with

the present invention.
[0011] FIG.2 illustrates a functional block diagram in accordance with FIG.1;

[0012] FIG.3 illustrates a flowchart of the method in accordance with the present

invention;

- [0013] FIG.4 illustrates a flowchart of hydrogen production of Fig.3 in accordance

with the present invention; and
[0014] FIG.S illustrates a flowchart of methane production of Fig. 3 in accordance
with the present invention.

Detailed description of the Drawings

[0015] Referring to FIG.1, a system 100 for improved production of hydrogen 15

and co-production methane 20 is shown. The system 100 comprises a pre-



wat er havi ng di ssol ved organi ¢c substances with insoluble solid waste
residues anounting to about 1 - 5% by wei ght. Exanples of such bi ol ogical
waste streans are waste streans fromfood and beverage processing
industries, fromindustries generating biological wastes ang FremoT

muni ci pal wastewater treatnment plants. The pre-processor 5 lze-processes
the biological waste stream 2 and produces at |east one pre-processed
output for the processor 10. The processor 10 is adapted for receiving the
at | east one pPECEISOEeSBEd PERACHOr 101 die Drepiveessqrr ofoe seseivit atdenst ene input

produci ng of h . - produci of. t hane 20 0016] Referring
Po F1G 2 the Sya PRt R FRaR 2T ERL ARl Fidf Bert 2me cpiflprce Wkt
pre-processor Svatatrlidvig dideplved @3gani®sBbdtaRRs MEIN indBlibleesolRl Haste dedidicst
solid-liquid separator 40. The at |east one pre-processed output fromthe

pre-processor SMOBRRE fosaoull H3aby Wiehie Bxamiles of sesthi biolomisgbwaste Strramst
| t i i i { . - t
b the pre- i ompuate SueBhO Ol id MChE Rl NS, FELOORS, AL MFRET 56

The pre-treat mgeteratingibiologfcaf wastbesnd fibinl ﬂﬂlﬁ&ipblh@ast@ﬁ@d&aﬁﬁerﬁ?ﬁinw rTheat i on
and "Freezing and Thawi ng". [0017] The pre-treatnent effectively r:%dr ol yzes
or rel eases i nEHIBHICESSET §MRF-Brocsenss thimbiekogical wasth strogm &r angf profecepiablesgi cal

st St eem ZonTi b 3ot PR TYBLYER T 1 Ml U

bi ol ogi cal waste str ure ur e of
1.2 kgf/cn2 foreczboung ti80atnfiemttoms. pré-podddkselinmtpr tfhad tief preFreegssags andl for

Thawi ng" first requires.that the biological] waste stream 2 undergoes
conpl ete f reezPﬁﬁ‘%FWgé)%&ﬁEmgi%gaﬁ‘éoms&léwg@ifme&gp%a@- waste stream?2 is

then thawed. This "Freezing and Thaw ng" nethod rel eases considerable
anmount s of insol uble organic substances fromthe solid waste residues of
t he bi ol ogi cal [004€k Refarriparie P1G 3t thet dystewn$@ofBlGet is $HOOHON Mitwe detasl. t Theat ed

ol i d- 11 qur 0 SBRaPRPbeOGs Rinfist EPRETHaTe isast madvls ‘Serdarsofe it pep
2007 ~separator 40. The at least one pre-processed output from the pre-processor 5
comprises a liquid phase 6 and a solid phase 7. The at least one input of the
biological waste stream 2 undergoes pre-treatment in the pre-treatment module 35
and produces a pre-treated waste stream 36. The pre-treatment module 35 further

utilizes the methods of pasteurization and “Freezing and Thawing”.

[0017] The pre-treatment effectively hydrolyzes or releases insoluble organic
substances into the water of the biological waste stream 2. The method of

pasteurization involves maintaining the biological waste stream 2 at a temperature

of 121°C and at a pressure of 1.2 kgf/cm? for about 30 minutes.

[0618] The method of “Freeziﬁg and Thawing” first requifes that the biological
waste stream 2 undergoes complete freezing to about —17°C. The frozen biological
waste stream 2 is then thawed. This “Freezing and Thawing” method releases
considerable amounts of insoluble organic substances from the solid waste residues

of the biological waste stream 2 into the waste water.

[0019] The pre-treated waste stream 36 from the pre-treatment module 35 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 substantially of the solid waste residues and any insol ubl e
organi ¢ substances fromthe pre-treated waste stream 36. The || uid}phase
6 conprises substantially of wastewater having dissol ved orgkhtfd 20
substances with negligible insoluble saolid waste residues anounting to

| ess than 0. 1% by weight. The solid phase 7 and the liquid phase 6 are
then sent to the processor 10 for processing. [0020] The first solid-liquid
separat or 40 nd§PasRtediinto they sglide phassepaandt thegligidimhase SonBhesalipimesof such

separating nea : A ni ¢al _separation .using shakers and

si eves/ scr eens,eélélgﬁ'? ?SP %gestlgg%rggf@m Sé’glga?’si%gf?“ﬁ‘ﬁeﬁea“ﬁ et %é?)llul%te oqgla%i d
separat or 40 maybsumes fienatheoprditfatddawkstt Gtresh 36di Tig: ﬁ(ﬂﬁd Phésel 6 @ainpfsayast e
stream 36 and allowing the solid waste residues to either sink to the

bottom of the SHRRtRYYifKastswater having dissolvad osganicagbsigncashwith megkigiblst ed

waste stream 3 -l 0 . G ol SES y en.
fermenter 45 agndg og&?r%%%}éldng’%tgi[r%gcgfeg%hgé&ltfgéé %3%?%8‘5%%? r’%‘%ggtr' dglgeg?oslld
adapt ed to recehsse % el the tignid phliestar® thén @t folie piokésdor 100t ProseRaigat or 40

and al so adapted to receive a first inoculumdose 46. The hydrogen
fermenter 45 may be an anaerobic reactor and may further be a batch,

e bach o sanhl e ARS8y TP H O SRRl ™

further be provided w stirrers or agi may al’so

with a tenper &ourceexapmlésnof sughreepamting megislaas by iy éfempetionidal gepuritionn t he
hydrogen fernenter glfSﬁ L&PZZ{% The first jnoeculum dose 46 conprises -
bacteria i sol abSeshaffi Al Hetnssaicens. ceniadegss and dam separatorss The dist solid-

i dentified and HLROQERFAOIRIMLY aRS BE HIRS iy 1HeYre!

degr adati on of 1[E)lhe %{pganirc res?gues o? \g\gﬁg{@ﬂ]{gﬁlﬁﬁgl{dﬁﬁ%wg rth) gtgeidci% SteWaste
streans that wstrkamBésuidtallowingthe splid mastepesidussttd eithafsidkydrthe dottdi. of Thee

bacteria strain,th d,t duce the best lts js fromth
Crostri di um st PRI bpREE AR e CrBerolafe pbrorinainieam 26 O 1

[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 stitrers 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



[ 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 same strain
of bacteria 12 FEB 2007 6 isolated fromthe biological waste streamto be
uséd as the first inoculum46 for the system 100. Studies havefliBniillcat ed
that commercially available strains of Costridiumrequired incubation
periods of up to nore than sixty hours before beconi ng active in degrading
organi c residues and producing hydrogen 15. However, bacteria isolated
from t he bi ol odiodaipd fres thedriolegingl veasketiicam to Heaisad & the firs irosulutedt for the

i ntroduced int h rogen,.f erpent er. 45 the first,.inocul.um dose 46
and are dosed i(gﬂ%t(e)’%t Eé81 i gglfddesph%ee I@IC%B%?FE?%FWEH’%‘EIF% aéff‘hl?qlﬂ% S&ia’d’iﬁi of
phase 6, hydr @estrilihun Se@iiesuiRdbatlA0gdlodbsT Wt aRee diafestt§mhonts bfore

adapted to receive the solid phase 7 fromthe first solid-Iiquid separator
40 and al so adi’ﬁ?‘é‘alﬁ% aglyeily degrrding peganin gedidepsi and phadveing7hydrogan hé.

hydr ogen ferne . . I i gest.er 50.is further, . ,adapted to
Fecei ve a secompeysiaitis b o) BRDBlogid biyeshbaints AT B ablive
anaer obi ¢ reactonte @feg ar@intiddutdteintdbe dy f ferbfRiter 8816 heXrstGasduliH Adse
anaerobic reactor. The nethane digester 50 may further be provided with

stirrers or agitfangrae dased ipieytha ligeidinhasy 6y Upen feimentasion ofherliguis ghase 6,
regul ati ng nea tenperature within the nethane digester
50. [0025] Therillgceﬁco ﬁgqlgg%) tﬂ%ﬁén&gose 51 conprises comopn net hageni ¢ bacteria
that could degrade organic matter into nethane. The remaining |iquid phase
47 from the h drogeﬁlfer nter 45, the solid phase 7 and the second

i nocul um 51 t od®2AEThemgthage digegticy Qs adanted toheecpive thmeolish phase &rfremdhe hus
produces net hangs2Qlid 0920 scbhlaflr £ #8bis8Md i ‘ !
remai ni ng bi o- sl ?Jdge1 528f r osrfﬁJ6 t hé %efgﬁcgtﬁlesggﬁdggtse?g@ Iggélgggﬁ?% gérn?aﬁlzibgt%leqﬁg%nt
to a second solphdsd #quUremsbpdydtogen Fearmentdret®e Tatimethari digeser §f ar firthet 0 as

cake 57 is separated. fro rocessed liquid 5
P adaptegI to recrerfv% a secondemocu ﬁn dose ? 1. The methane digester 50 may be an

anaerobic reactor and may further be a batch, semi-batch or continuous anaerobic
reactor. The methane digester 50 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 45, the solid phase 7 and the second inoculum 51 together

(L undergoes digestion in the methane digester and thus produées 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



The processed liquid 56 and the cake 57 can then be further disposed of.
[0027] Referring to FIG 2 and FIG 3, a nethod 300 of produci ng hydrogen 15
and co-produci ng of nethane 20 is shown. The nethod 300 conpriﬁjggthhe
steps: subjecting the biological waste stream?2 to pre-treatﬂé €534 ,

subj ecting pre- treated waste stream 36 o solid-liquid separation 315,

hydr ogen production 320 12 FEB 2007 7 dnd net hane production 325. The step

of pre-treatnent_ 310 may further corrgrise t he met hods of pasteurization
and "Freezi ng aMimrHhane perdugton 33%udbe gtep Hf presireatmie 19maayt fusthepepmipisee

t 36 ist I .sol i1 d-li.guid. ' 215 b { Jrst
ol 1 qui d sasaaltBieRh BykiaRdhine AR TR sk S o
the solid-Iiqlhepsepedted inaste 3bkbarf 136(s itfentsaBiRcts eslsdlid-lidied séparsioaf3 1hper ogen
production. 320 and nethane production 325. [0028] Referring to FIG 4, the
steps in hydr oé@rf?fﬁtrﬁ?érddtquefhswwrrﬂ%@eélcm@hase G ol thgispld plase 7 dkpruthe t he
| i quid ph 6 : ' il |0 qui tor 40.tq t .
e o, CIPTRbE ARt S84 b S SERRIR B Bl o R

havi ng di ssol va20 andymethans phsluaiees2M t h i nsol ubl e solid waste residues
anounting to less than 0.1 % by weight. [0029] Next, the step of adding
415 the first inoculumdose 46 into the hydrogen fernenter 45 followed by

the fernmentingrp3d @k | fift : | Qi Ng
whi ch, the proéqc@d e§ rg g%ﬁg%gfggg% ?%@p@%ﬁﬁﬁﬁﬁg%ﬁﬁﬁﬁﬁgﬁﬁgﬁé%ﬁ%%ffﬁ%uid
phase 47 is semithd®@ding 41ibethenbijhinghade Gefedra thdhrst Ssliddliged Bypdrixer 40 myért or s
have shown that hydrogen productjon 320 using the liquid phase 6 as a
substrate hav ei‘?ﬁh}égﬁ%gﬂ% toF g g (ﬁ‘e diguidophase 6 fergprisgs sybstastially of veste; asr

T35, Lo R A AU SR A O
i nsol ubl e sol i & lgasthen Orl8s bywesghitn the |iquid phase 6 which is used as the
substrate for the fernentation to

[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.5, 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



produce hydrogen 15. The high yield is also further attributed to the
pre-treatnment of the biological waste stream 2 thereby hydrol yzing or

rel easi ng i nsoluble organic substances into the water of the bi ol ogical
waste stream 2. The pre-treatnent conprises the nethods of pQ$¢QBQMﬁation
or "Freezing and Thaw ng". [0030] Refer%%ng to FIG 5, the steps in methane
production 325 starts 505 with sending %10 the solid phase 7 to the

nmet hane di gester. Next, the second inoculum dose 51 is added 515 into the

met hane di gest 87 9opProfiHge megthans A9 ocrefsi andp frdlpaved7by theoprtrastingdlogfethe
fermenter 45 i &ﬁ@ ( he nmet hane di gester 50. Followi ng which, the
step of digest?ﬁg %%égﬁmpg%bSolid phase 7 and the remaining |liquid phase
FEB 2007 8 47 to produce nethane 20 occurs and followed by the extracting
530 of the produceﬂbngihane 20. [0031] It will _be appreciated that various
modi fi cations &931 Apray Srerpscigied the vameys mpdificaienssend isprovemeniscanthe ar t

W t hout depart mefﬂy%%ér% %ﬁ@#ﬁigqag gxﬁ%viﬂ{o%? 8%Bartiﬂ%t\rf§rgtﬂileo 'op%é{ ﬁgﬁé‘%gw 9

Claims 1. A system pr o ogen and co- ucl ng

conprising: aipveatipn.ocessor and a processor; said pre-processor for
receiving a biological waste stream and for producing at |east one
pre-processed output, said processor for receiving said at |east one pre-
processed output for production of hydrogen and co-production of nethane;
wherein said pre-processor further conprises a pre-treatnment nodule and a
solid- liquid separator; and further wherein said pre-treatnment nodule is
adapted to utilize the nethods of




pasteurisation. 2. A systemfor produci ng hydrogen and co-produci ng net hane
‘conprising: a pre-processor and a processor; said pre-processor for
receiving a biological waste stream and for producing at |east one
pre-processed output, said processor for receiving said at |egstFiBri8llpre-
processed output for production of hydrogen and co-production of nethane;
wherein said pre-processor further conprgses a pre-treatnent nodule and a
solid- liquid separator; and further wherein said pre-treatnment nodule is

. adapt ed tct#ﬁ$éize t he methods of freezing and thawing. 3. A systemin
accordance to claim1l1l or 2, wherein said solid-liquid separator is adapted
to produce a solid phase and a liquid phase. 4. A systemin accordance to
claim3, wherein said |iquid phase conprises water having djssolved

organi ¢ subst arft 8xstéinfor Rrefncinghdregencandeeaodupingmpthgne PMMISHE: t han 0.1 %

by wei ght. 5. %eﬁtg_i)trgégsg& aﬁﬁ%%rrﬁ@eggo?' toclaiml1 or 2, wherein said
0 y

processor furth nprises a rogen fernenter and a net hane di gester.

12 FEB 2007 1Gsafl pré-paycdseoinfbireacioiigdictisliogicl wistd stedm aMaefoeprodwirighht haegr ogen
fermenter is adapted for receiving a first inoculumdose. 7. A systemin

accor dance t o CQi&i PReTOGeIsed | QtRE daidyRrpersser fasr reeptving isaid i dpast @ng gpe-
fernmentation of ' re- u 0 o
pr e- processor t%é@éé%ﬁ“&é&@%‘?@ggﬁ&“ﬁf%&gg‘f% foﬁﬁlg)gégid&agr?ggeﬁkage’cl aim 3,

wher ei n saird nmewhaeie sdidpsigocessonfiafheecorhpises bgeeitréningend nRdokerndd iarsolidd um
dose. 9. A systenlén accordance to claim 3, wherein said nethane digester
i s adapted for liquid separator; and

further wherein said pre-treatment module is adapted to utilize the methods of

- pasteurisation.

2. A system for producing hydrogen and co-producing methane comprising:
a pre-processor and a processor;
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;
wherein said pre-processor further comprises a pre-treatment module and a solid-
liquid separator; and
further wherein said pre-treatment module is adapted to utilize the methods of

freezing and thawing.

3. A system in accordance to claim 1 or 2, wherein said solid-liquid separator is

adapted to produce a solid phase and a liquid phase.

4. A system in accordance to claim 3, wherein said liquid phase comprises water
having dissolved organic substances with solid waste residues amounting to less
than 0.1% by weight.

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

hydrogen fermenter and a methane digester.



digestion of said at | east one pre-processed output from said pre-processor
‘to produce nethane. 10. A systemfor produci ng hydrogen and co-produci ng
nmet hane conprising: a pre-processor, said pre-processor furthep Fepngfti sing.
a pre-treatment nodule and a first solid-liquid separator; and a processor
conprising a hydrogen fernenter and a nethane digester; wherein said
pre-processor for receiving a biologicaljgvaste stream and for producing at
| east one pre-processed output, said processor for receiving said at | east
one pre-processed output for production of hydrogen and co-production of
met hane; and further wherein said pre-treatnment nodule is adapted to
utilize the netAcgstah in pasiréaticesatclaii 3, Whereh Sidhyehvdenrfefnatiids aaple dsrogen
and co-produci ng net hane conpri sing: a pre-processor, said pre-processor
further conpri§FH§V@@ﬁ&@gﬂﬂéﬁﬂﬁﬁh¥mﬁndule and a first solid-liquid
separator; and a processor conprising a hydrogen fernenter and a nethane

di gester; wherein said pre-processor for receiving a biological waste

st ream and7f or Apyseitidn agcortiadceas cladne, pherefii RUEBREBOzUtAnterd@adhprddoessor
for receiving said at 12 FEB 2007 11 | east one pre-processed output for
production of MFHPERIREPILALISAHE ahIeagtiens pis-RpCcesspst P from daidure REICCHRR IR n
said pre-treat b &q@g{ S adapted to utilize the nethod of freezing and
t hawi ng. 12. Anizr?/s%em I nc%gcbordance to claim10 or 11, wherein said first
solid-liquid separator is adapted to produce a solid phase and a liquid
hase. 13._ A systemin _accordance to, cl.aim 12 wherein saj.d hydrogen
]E) ernent er $s agéﬁygaxlnfnlaraccor ance to claim 3, Iwhf:rein sai(? melthane dligeste¥ ?s adapted for

receiving a second inoculum dose.

9. A system in accordance to claim 3, wherein said methane digester is adapted for

digestion of said at least one pre-processed output from said pre-processor to

produce methane.

10. 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; and

further wherein said pre-treatment module is adapted to utilize the method of

pasteurisation.

11. 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



receiving a first inoculumdose. 14. A systemin accordance to claim12,
wherein said hydrogen fernenter is adapted for fernentation of said liquid
phase fromsaid solid-liquid separator to produce hydrogen. 1§ @hﬁ%ztem
in accordance to claim 12, wherein said nethane digester is ad %f r
.receiving a second i nocul umdose. 16. A systemin accordance to claim 12,
wherei n sai-d net hane digester is adapteq'for receiving a remaining liquid
phase from said hydrogen fernmenter. 17. A systemin accordance to claim 16

wherein said t hane di gester is adapted for , digestion of said,olid phase
fromsaid pr eﬁ%@@% é’rrg'%ocﬁ?%?&d@él?utn{@f R 9“‘1‘899%‘%98?‘\9%‘1 £0-BdBFHNYe t o
claim15, furth@emeyBrdsi ng a second solid-liquid separator. 19. A method
for produci ng hydrogen and co-produci ng met hane, said nethod conprising
the steps: subj phwyharehn shislgpreaireatme e motinkesim adepted do tutidiae thermethod of
subj ecting a prgtreate ste streamto solid-liquid separation; 12 FEB
2007 12 hydrogfi £ é}i\i\?ﬂ‘?ﬂlﬂg and net hane production; wherein said
pre-treatnent utilizes the nethods of pasteurisation. 20. A nethod for
produci ng hydrogen and co- produci ng net hane, said nmethod conprising the
steps: subjecting a biological waste streamto pre-treatnent; subjecting a

QLSt :rgﬁ]:ﬁley'\ﬁff) &%{:tfr:%ﬁ{rp a%goragrllécqblciﬁrlﬁl lq) grelol?q;v te}ecl)rp éaid ?ﬁ(& rsglq&ﬂqt%ﬁ%gﬁja%tbp n,

is adapted to produce a solid phase and a liquid phase.

13. A system in accordance to claim 12 wherein said hydrogen fermenter is adapted for

{ receiving a first inoculum dose.

14. A system in accordance to claim 12, wherein said hydrogen fermenter is adapted

for fermentation of said liquid phase from said solid-liquid separator to produce

hydrogen.

15. A system in accordance to claim 12, wherein said methane digester is adapted for

receiving a second inoculum dose.

16. A system in accordance to claim 12, wherein said methane digester is adapted for

receiving a remaining liquid phase from said hydrogen fermenter.

17. A system in accordance to claim 16, wherein said methane digester is adapted for

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

18. A system in accordance to claim 15, further comprising a second solid-liquid

separator.

19. 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;



wherein said pre-treatnment utilizes the nethod of freezing and thaw ng. 21.
‘A nethod in accordance to claim 19 or 20, wherein said step of hydrogen
production further conprises: sending a |iquid phase of said pre-treated
waste streamto a hydrogen fermenter; adding a first inocul um gdege)nt o
said hydrogen fernmenter; fernmenting said |liquid phase of said separated
waste streamto produce hydrogen; and ﬁgnding a remaining liquid phase
fromsaid hydrogen fernmenter to a netha digester. .22. A nethod in
accordance to clains 19 or 20, wherein said nethane production further
conpri ses: sendb g’iné’é?dl@tl%@é of said pre-treated waste streamto a
met hane di gest e, ngﬁkﬁ:second I nocul um dose into said nethane
digester; . recerving renaining |liquid phase from said hydrogen fernenter

to sai d met hanewhsteigaaidaire-t@atindgit gakizdsnke mafhddsSetl fastetiiaasionand said
remai ning liquid phase of said separated waste streamfrom said hydrogen
fermenter to produce nethane.

20. 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;

wherein said pre-treatment utilizes the method of freezing and thawing.

21. A method in accordance to claim 19 or 20, 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.

'22. A method in accordance to claims 19 or 20, wherein said methane production
further comprises:
sending a solid phasé of said pre-treated waste stream to a methane digester;
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.



