DESCRI PTI ON  Process for Produci ng Biogas Technical Field [0001] The
present invention relates to a production nethod of biogas 5 which is
useful as an energy gas. Background Art [0002] Anaerobic fermentation using
m croorgani sms has been known as a method of converting biomasses such as
organi c wastes and organic waste water into energy. The anaerobic
fermentation is a fernentation 10 schene in which an acid generating step
froman organic matter and a nethane generating step of generating nethane

froman organic acid generated b ' erating fernentation usually
prched as multiple paraIIeI feriﬁ@gggfﬁﬁﬂﬂaﬁgreby a fernmentation gas

mai nly conp sed of ne c be obtai ned as an energy gas. 15 [0003]
However , the ;bggﬂ§ﬁﬁé8g OB8Y1 er combustion of nmethane is heat, so

that it is n uj t or applications requiring no heat wutilization,
but is lim tiécﬁﬁic@ Silégl({jl rectly utilizing the heat of conbustion, those

converting tt@[ﬂ into stea
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r oader an_gk wever, so-called reform ng reaction
for gt nFratiW 1???/ %egﬁ ﬁn%%i&?@ég " requi res a reformer and heating of a
mat eri al net han as. 1y, the heat of conbustion of nethane is
utilized as aﬁgg?oggﬂﬁ%@at herefor, and its thermal energy is collected by
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utilization al ﬁ%@ﬁ%ﬁ%ﬁ&%lﬁ@%ﬁﬂassés &9 &Yorganic wastes and organic
waste water into energy. The anaerobic fermentation is a fermentation

10 scheme in which an acid generating step from an organic matter and a
methane generating step of generating methane from an organic acid
generated by the acid generating fermentation usually proceed as
multiple parallel fermentation, whereby a fermentation gas mainly
composed of methane can be obtained as an energy gas.

15 [0003] However, the energy obtained by boiler combustion of methane
is heat, so that it is not suitable for applications requiring no heat
utilization, but is limited to those directly utilizing the heat of
combustion, those converting the heat into steam, and the like.
Methane fuel batteries convert the resulting energy into electric power,

20 whereby their usage is broader than the heat utilization. However, a
so-called reforming reaction for generating hydrogen from methane
requires a reformer and heating of a material methane gas. Usually,
the heat of combustion of methane is utilized as a heat source therefor,
and its thermal energy is collected by a technique such as warm water

25 manufacture from the viewpoint of effective energy utilization. As a

result, the methane fuel battery utilization also needs to use thermal



[0004] In the acid generating step in anaerobic fernentation, on the other
hand, a fernmentation gas mainly conposed of hydrogen has been known to
occur. Hydrogen is quite useful, since it is not problematic 5 in terns of
thermal energy |ike nethane. For exanple, hydrogen is advantageous in that
no reformng reaction is necessary when used in a fuel battery, so that a
| arge part of generated hydrogen can be fed to the fuel battery and
converted into electric power. Hence, a technique for generating a
fermentation gas mai nl y conposed of hydrogen and a 10 fernentation gas

mai nly conpoSBE&Sf net hane separately fromeach other at the tine of
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generating a fermentation gas mainly composed of hydrogen and a

10 fermentation gas mainly composed of methane separately from each
other at the time of anacrobic fermentation has been proposed (see, for
example, Patent Documents 1, 2, and 3).
[Patent Document 1] Japanese Patent Application Laid-Open No. SHO
61-8200

15 [Patent Document 2] Japanese Patent Application Laid-Open No.
2001-149983
[Patent Document 3] Japanese Patent Application Laid-Open No.
2003-135089
Disclosure of the Invention

20 Problem to be Solved by the Invention
[0005] However, even the above-mentioned conventional methods are
not easy to perform hydrogen fermentation smoothly at a practical level.
Namely, it has been reported that there are cases where biomasses to
become materials contain contaminant bacteria such as lactic acid

25 bacteria other than hydrogen-generating bacteria, and these contaminant

bacteria inhibit the hydrogen fermentation (Noike et al., Inhibition of



2002). [0006] As a nethod overcom ng this problem the above-nentioned 5
Pat ent Docunment 3 discloses a method of inactivating hydrogen fernmentation
inhibiting bacteria in a material by subjecting a bionass to be

hydr ogen-fernented to a heating/warm ng process beforehand. However,
thermal energy is necessary for such a heating/warm ng process, whereby it
does not becone a fundanental solution. Patent 10 Docunents 1 and 2 do not
mention the above-nentioned problemat all. Nanely, the first object of
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bi ogas, which can "surficiently snoothly perform hy gen ferrentation or
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fermenting mcroorganismto carry out the hydrogen f ation from an

organi c mattpgr Huafhah ferfldiBES (@Sa AhBRGERS MmBhg RBCcERY BEfDL:IRId. 25 the
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the material HQuédydi QREARAT DlerdPeisMBbeEdsaly | forobidNGr Fetipnguaphign of
t hermal energy such as heating/Warm ng. Mans for Solving tthe Problem
[0008] The i pipieker shepdtsiuet deedlidot daifonsd udhasldnmeraligolitiorachPateat t he
10 Documents | and 2 do not mention the above-mentioned problem at all.
Namely, the first object of the fermenting process for collecting an
energy gas from a biomass employed as a material is to process wastes
or waste water of the biomass. Therefore, the process must decompose
the biomass so as to reduce its volume greatly and lower the load due to
15 the waste water. In this operation, because of characteristics of waste
processing and waste water processing, an excess of energy input for the
operation and process greatly lowers the processing efficiency and
remarkably deteriorates the industrial usefulness.
[0007] In view of such circumstances, it is an object of the present
20 invention to provide a production method of a biogas, which can
sufficiently smoothly perform hydrogen fermentation or hydrogen
fermentation and methane fermentation when using a hydrogen-
fermenting microorganism to carry out the hydrogen fermentation from
an organic matter such as a biomass as a material or when carrying out

25 the methane fermentation after the hydrogen fermentation, without

subjecting the material to a treatment of the material involving



above-nenti oned object and, as a result, have initially found that 5

whet her the hydrogen generation by a hydrogen-fernmenting m croorgani sm and
growt h of the hydrogen-fermenting mcroorganism or the growth of a

m croorgani sm group such as lactic acid bacteria which adversely affects

t he hydrogen fernmentation and fernmentation by the m croorgani sm group
becone dom nant depend on the concentration 10 of a predeterm ned substrate
contained in a liquid to be processed Further studies based on this
finding have reveal ed t
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Further studies based on this finding have revealed that the above-
mentioned problem is overcome when the concentration of the substrate
in the liquid to be processed is kept within an appropriate range in
practice according to a correlation between the concentration of the
15 substrate and the rate of consumption of the substrate by the hydrogen-
fermenting microorganism, whereby the present invention is achieved.
[0009] Namely, the present invention provides a production method of
a biogas, the method comprising a first step of determining, according
to a correlation between a concentration of a predetermined substrate in
20 a liquid to be processed containing an organic matter and a rate of
consumption of the substrate by a hydrogen-fermenting microorganism,
a maximum tolerable concentration of the substrate consumable by the
hydrogen-fermenting microorganism; and a second step of generating a
biogas mainly composed of hydrogen by causing the hydrogen-
25 fermenting microorganism to hydrogen-ferment the liquid to be

processed while keeping the substrate in the liquid to be processed at a



5 concentration of the substrate in a liquid to be processed containing an
organic matter and the rate of consunption of the substrate by the
hydrogen-fernenting m croorgani sm and the concentration of the substrate
inthe liquid is kept at a |level not higher than the maxi nrum tolerable
concentration when perform ng hydrogen fernmentation in 10 practice as such,
the organic matter, which is a material, is predomnantly consuned by the
hydr ogen-fernmenting m croorgani sm whereby the growth of m croorganisns
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concentration en performng the hydrogen flernentation in 25 practice as
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the hydrogen ntation, ereby the hydrogen 5 fermentation can be
carried out gpyg -awttﬁéquia%aleﬁra&f@n@@élymoﬁh Hek-aflbg tthennarhhash of a

bi ogas in accordance wth the present invention Turther conprises a third

step of genefdli Bt aorcRhfafibat hierdaserf@iniing donkosed ffmieithioe by

causing a nethane 5 fernenting m croorgani smto nethane-fernment the

fernppted |igucBice as such, the organic matter, which is a material, is
predominantly consumed by the hydrogen-fermenting microorganism,
whereby the growth of microorganisms (contaminant microorganisms}
such as lactic bacteria adversely affecting the growth or activity of the
hydrogen-fermenting microorganism and their resulting fermentation

I5 are sufficiently suppressed. Therefore, the present invention can
sufficiently prevent the contaminant microorganisms from inhibiting the
hydrogen fermentation without a treatment of the material involving
consumption of thermal energy such as heating/warming, whereby the
hydrogen fermentation can be performed sufficiently smoothly.

20 [0011] Preferably, in the present invention, the substrate to become an
index of the hydrogen fermentation is a glucide. Using a glucide as an
index, determining its maximum tolerable concentration, and keeping
the glucide concentration at a level not higher than the maximum
tolerable concentration when performing the hydrogen fermentation in

25 practice as such can more reliably prevent contaminant microorganisms

from inhibiting the hydrogen fermentation, whereby the hydrogen



after the hydrogen fernmentation in the second step. \Wen the fernented
liquid after the hydrogen fernentation in the second step is subjected to
nmet hane fernentation, contam nant products are sufficiently restrained
frominhibiting the methane fermentation. 10 Therefore, a fermentation gas
mai nl y conposed of hydrogen and a fernentation gas nmainly conposed of

nmet hane can be generated separately and sufficiently snoothly. Al so,
providing the third step is quite useftil in terns of reducing the volune
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Plollach G et al. eported that "hop~beta acid restrained m croorgani sns
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(Plollach G , Einsatz von Hophenprodukten als Bacteriostaticumin
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10 Therefore, a fermentation gas mainly composed of hydrogen and a

fermentation gas mainly composed of methane can be generated
separately and sufficiently smoothly. Also, providing the third step is
quite useful in terms of reducing the volume of organic wastes, lowering
the environmental load due to organic waste water, etc.

15 [0013] The present invention provides a production method of a biogas,
the method comprising the step of generating a biogas mainly composed
of hydrogen by performing hydrogen fermentation while adding a hop
or hop component to a liquid to be processed containing an organic
matter so as to inactivate a contaminant microorganism inhibiting

20 hydrogen generation without affecting a growth or activity of a
hydrogen-fermenting microorganism.

[0014] Hops and hop components have been known to exhibit
antibacterial actions against wide ranges of microorganisms. For
example, Simpson, W.J. et al. reported antibacterial activities against

25 lactic acid bacteria, Lactobacillus brevis (Simpson, W.J. et al., Factors

affecting antibacterial activity of hops and their derivatives, J. Appl.



Zuckerindustrie, Zuckerindustrie, vol. 122, pp. 940-949, 1997; Ploll ach,
G et al., Neue Erkenntnisse zur Losungm krobieller Problene in

Zucker fabriken, Zuckerindustrie, vol. 124, pp. 622-637, 1999). On the 10
ot her hand, cases with resistivity were al so reported, whereby effective
functions have not always been established conventionally. For exanple,
Si npson, WJ. et al. reported that genera Pedi ococcus and Lactobacill us
exhi bited hop resistivities (Sinpson, et al. Canbri dge Prize
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i nvenpi on, WHRRr hand, cases with resistivity were also reported, whereby effective
functions have not always been established conventionally. For

example, Simpson, W.J. et al. reported that genera Pediococcus and

Lactobacillus exhibited hop resistivities (Simpson, W.J. et al,

Cambridge Prize Lecture, Studies on the Sensitivity of Lactic Acid

15 Bacteria to Hop Bitter Acids, J. Inst. Brew., vol. 99, pp. 405-411, 1993},
Sami, M. reported that Lactobacillus brevis strain exhibited a hop

resistivity (Sami, M., Lactic Acid Bacteria Deteriorating Beer, Journal

of the Brewing Society of Japan, vol. 94, pp. 2-9, 1999); and so forth.

The inventors studied this point and, as a result, have verified that

20 appropriately setting conditions such as method of utilization and
amount of use of a hop or hop component effectively suppresses the

activity of microorganisms which adversely affect the activity of
hydrogen-fermenting microorganisms and does not inhibit the growth

and activity of the hydrogen-fermenting microorganisms, whereby the

25 possibility of effectively utilizing the hop or hop component in

hydrogen fermentation has been clarified. The above-mentioned



usi ng a hydrogen-fernenting mcroorganismto carry out the hydrogen
fermentation froman organic natter as a material, the hydrogen 10
fermentation can be perforned sufficiently snmoothly without a treatnent of
the material involving consunption of thermal energy such as

heating/warm ng. Brief Description of the Drawings [0016] Fig. 1is a

bl ock di agram showi ng an exanpl e of biogas 15 generating apparatus
favorably used in the present invention. Fig. 2 is a graph showi ng the
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fermentation from an organic matter as a material, the hydrogen
10 fermentation can be performed sufficiently smoothly without a
treatment of the material involving consumption of thermal energy such
as heating/warming,.
Brief Description of the Drawings
[0016] Fig. 1 is a block diagram showing an example of biogas
15 generating apparatus favorably used in the present invention.
Fig. 2 is a graph showing the correlation between the number of days of
fermentation and the hydrogen and carbon dioxide concentrations in the
fermentation gas, which was obtained by Example 1.
Fig. 3 is a graph showing the correlation between the number of days of
20 fermentation and the hydrogen and carbon dioxide concentrations in the
fermentation gas, which was obtained by Example 3.
Fig. 4 is a graph showing the correlation between the number of days of
fermentation and the hydrogen and carbon dioxide concentrations in the
fermentation gas, which was obtained by Example 4.

25 Fig. 5 is a graph showing the correlation between the number of

fermentation sessions and the hydrogen and carbon dioxide



Fig. 8 is a graph showi ng the correl ati on between the nunber of days of 10
fermentati on and the nethane and carbon di oxi de concentrations in the
fermentation gas, which was obtained by Exanpl e 10. Explanations of letters
or nunerals [0017] 1...a hydrogen fernentation tank, 2...a nethane

fermentation tank, L1 to L5...lines 15 Best Mddes for Carrying Qut the
I nvention [0018] In the follow ng, preferred enbodi nents of the present
invention wll be expl ained in det ail. [0019] Fig. 1 is a block diagram

showi ng an ex b|o t|on appar.at.u f.er abl n the
present mve‘?ﬂﬁ%ﬁﬁ &S lﬁgﬁséﬁﬁ? Vi%?'llﬁ 35 @Bﬁ%ﬁ%(ﬂ%%%%y%%ﬂ%/édr ogen
fermentation.tank 1 and a nethane fernentation tank 2, thereby carrying out
hydr ogen/ met@rane t wo- stage fermentation by a continuous operation. [0020]
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Fig. 8 is a graph showing the correlation between the number of days of
10 fermentation and the methane and carbon dioxide concentrations in the
fermentation gas, which was obtained by Example 10.
Explanations of letters or numerals
[0017] 1...a hydrogen fermentation tank, 2...a methane fermentation
tank, L1 to L5...lines
15 Best Modes for Carrying Out the Invention
[0018] In the following, preferred embodiments of the present invention
will be explained in detail.
[0019] Fig. 1 is a block diagram showing an example of biogas
production apparatus preferably used in the present invention. The
20 apparatus shown in Fig. 1 comprises a hydrogen fermentation tank 1
and a methane fermentation tank 2, thereby carrying out
hydrogen/methane two-stage fermentation by a continuous operation.
[0020] The hydrogen fermentation tank 1 is provided with a line L1,
whereas a liquid to be processed containing an organic matter is fed to
25 the hydrogen fermentation tank 1 by way of the line L1.  The liquid to

be processed is not limited in particular as long as it contains an organic



10 in the liquid to be processed. Exanples of the hydrogen-fermenting

m cr oor gani sm i ncl ude anaer obi ¢ m croorgani sns such as dostridia,

Met hyl ot r ophs, Met hanogens, Rumen Bacteria, and Archaebacteri a;

facul tative anaerobic m croorgani snms such as Escherichia coli and

Ent er obacter; aerobic m croorgani sns such as Al caligenes and Bacillus; 15
photosynthetic bacteria; and Cyanobacteria. The hydrogen-fermenting

m croorgani sm may be either an isolated m croorganismor a m xed
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Secorboset o S TR Sl LBty TR o s
f8IOI2(2)Wi \r;ﬁene\gpre’_s?]l on (‘”’i%§t %ﬁg&@{mfﬁgé > 2CHSCOC]—I + 2C-:02 + 4H2 (1) 5
Lydr o]gen ferI:Er)@r@litSl lt[?ohgl&n{% é%@%ﬁ%gﬁf%ﬁgg@g?% ?‘gﬁ lflgd am::fé)}%g] ation

bet ween t he r ate ; r erm ned t -d - s d b
nlgﬂ%)g@ﬁ e RhatidnPr Gdeker T, STk rﬁ%’gldg;%l/l %‘éggléﬂtﬁﬂ-g to be

processed a € rate of consunption of the substra
hydr ogen- f er e RehdTE Gl SQTEFAE BYrSodrRfdrMenti9be fidfh ¢hd Orgaiieenattat i on of

t he substrate consumabl e by the hydrogen-fernenting
10 in the liquid to be processed. Examples of the hydrogen-fermenting
microorganism include anaerobic microorganisms such as Clostridia,
Methylotrophs, Methanogens, Rumen Bacteria, and Archaebacteria;
facultative anaerobic microorganisms such as Escherichia coli and
Enterobacter; acrobic microorganisms such as Alcaligenes and Bacillus;
15 photosynthetic bacteria; and Cyanobacteria. The hydrogen-fermenting
microorganism may be either an isolated microorganism or a mixed
microorganism group (microflora) suitable for hydrogen production.
For example, the hydrogen fermentation by an anaerobic microorganism
group can be performed by supplying an organic material such as a
20 biomass to a fermentation tank containing a hydrogen-fermenting
microorganism under a condition with a pH of about 6.0 to 7.5 and a
temperature of about 20° to 70°C. When hydrogen fermentation is
effected by such a hydrogen-fermenting microorganism, a fermentation
gas (biogas) mainly composed of hydrogen (H,) and carbon dioxide
25 (CO,) occurs, while organic acids such as acetic acid, butyric acid, and

lactic acid are generated. For example, glucose is decomposed by an

10



mcroorganismis initially determ ned. Here, the substrate to become an
index is not restricted in particular as long as it correlates wth the
hydr ogen generation by the hydrogen-fermenting m croorgani smand the
growt h of the hydrogen-fermenting mcroorganism A preferred 15 substrate
is a glucide. [0023] The "maxi num tol erabl e concentrati on of the substrate”
refers to the nmaxi mum val ue of concentration of the substrate allow ng the
substrate to be consuned predom nantly by the hydrogen-fernenting

Concent rat | oiFisR (e 2uBRURERR- B (B PRERk Y ST R8P prid
hyd f tak ' : Al
mh mm t of AL AHEOEIL R gBebnafTa Bn HioQHE 4 EokIgTe RADWIR. e

by the hydraogen- .ing mcroorgani sm whereby the hydrogen
fermentati on%gﬁgsgéﬂggif ormed sufficiently snoothly. Wen 25 the

t i fAh i
concentrati %ﬁ,ﬁ zgs&fg%g?%%m{g@gﬁg%ggﬁ)&n?? 0 m t ol gnabl e

concentrati act existing in the organic

LS R TR R S e o arariat o,

activities, ogen generdti on or

hydrogen-fe gﬁg@#ﬂ@ﬂlﬂ%&? rf&%ﬂéﬁt@ﬁobg%gﬂe O@%geﬂitaﬁw@ﬁﬁbho heegligg to a

concentrati strate can term ned by the folldw ng

procedure, fon. O8R! KetwdehSthe BoREHtBtidy oftf predtefnida Beboraeessed
contai ning respective concentrations of a substrate different from each

other are PRSI Wk a6l B 81d Al deaIBLEGNIRY dhusugirttiem and

anounts of hydrogen generation at that tine are determ ned. The
concentrati ogy Ofhet U@cﬁégéﬁff@hﬁeﬁﬁﬂ%bﬁliéﬁb(ﬁ higingd bymekangimngoldrablti | uti on

ratio of theliquidto be processed, or adding the substrate to the liquid
t o bep pr ocesgpbenWheont bftigbsbyteite consumable by the hydrogen-fermenting
microorganism is initially determined. Here, the substrate to become
an index is not restricted in particular as long as it correlates with the
hydrogen generation by the hydrogen-fermenting microorganism and
the growth of the hydrogen-fermenting microorganism. A preferred
15 substrate is a glucide.
[0023] The “maximum tolerable concentration of the substrate” refers
to the maximum value of concentration of the substrate allowing the
substrate to be consumed predominantly by the hydrogen-fermenting
microorganism for the hydrogen fermentation. Namely, when the
20 concentration of the substrate in the liquid to be processed in the
hydrogen fermentation tank 1 is kept at a level not higher than the
maximum tolerable concentration, the substrate is predominantly
consumed by the hydrogen-fermenting microorganism, whereby the
hydrogen fermentation can be performed sufficiently smoothly. When

25 the concentration of the substrate exceeds the maximum tolerable

concentration, lactic acid bacteria and the like existing in the organic

11



to becone an index is a glucide, for exanple, the glucide concentration in
the liquid to be processed can be enhanced if a polyner polysaccharide
such as cellul ose, hem cel lul ose, or starch; an 15 oligosaccharide such as
mal totri ose, cellobiose, or cellotriose; a nonosaccharide such as pentose
or hexose; or the like is added thereto. [0025] Next, neasured anounts of
hydr ogen generation are plotted against concentrations of the substrate,
whereby a correlation curve of the substrate concentration vs hydrogen

generati on anount obt d. 20 In t l.at i d
generati on dﬁﬁﬁg’t ﬁlh‘zba?‘?%teﬁﬁgsst@?ﬁﬂgﬁgg’ggﬁg@ ?%{é{%gﬂ%%{i r%ﬁ ﬁéﬁb {?gte inon
i ncreases, and. decre t t.t

concentrat i ot I%Flﬁ%et%{%l?@% ﬁ@éﬁ%g@ﬂg&g‘ﬁg&ﬁ Pafi gﬁﬁﬁ‘r#%&]gﬁle%sgooﬁer t‘gf rate of

consunption ,0of .t he ubst by the hydrogen-fermenting m croorganism the
concentrat i W@@%Peﬁe&nﬁa PﬁénﬁéQP]r&ﬁﬂ %}Er ue of hydrogen generation anount

itb e 12 23[)%@252%% L ﬁ% {15 @@F%@Lﬁ%ﬁ%ﬁ%ﬁ?&ﬁﬁ“ﬁt‘%ﬁndOI o
e proc

oronpsuch S BihEtEBydhe TRLbKEY URRIGRS FACHARRIER  Blrs? LDRISALOCT. ST
fermentation of ii"m@. {Jé hgeher 1%'06 E’r 2Bt q‘]?ﬁl%%@% AehePcHcdiputfpiEPepent do

not affect %cti €S 0 ogen- I'ng mcroorgani sm Therefore,

the addit!ofdhatdg; f*?@%n% J}ﬂ%a%ﬁrﬁmeﬁ%e bfedied) hdiolcheheRfRgpsed can

enhance the TrRXI UM 1ol ef ab e concentratio ‘e subStrate, thereby

further inpraype,hig Bgfds%gp?éinaén(ﬁ B dul1iT8 ofth %é&[ BeAgatide svapgen 10

ferrrentatlon |n practic iquid to b processed after the

Py oger TR gt oy CHORRRN Cenld kst st e

10 adjusted by changing the dilution ratio of the liquid to be processed, or

adding the substrate to the liquid to be processed. When the substrate

to become an index is a glucide, for example, the glucide concentration

in the liquid to be processed can be enhanced if a polymer

polysaccharide such as cellulose, hemicellulose, or starch; an

15 oligosaccharide such as maltotriose, cellobiose, or cellotriose; a
monosaccharide such as pentose or hexose; or the like is added thereto.

[0025] Next, measured amounts of hydrogen generation are plotted

against concentrations of the substrate, whereby a correlation curve of

the substrate concentration vs. hydrogen generation amount is obtained.

20 In this correlation curve, the hydrogen generation amount usually tends

to increase as the substrate concentration increases, and decrease after

attaining a maximum value at a certain concentration. Since the

hydrogen generation amount depends on the rate of consumption of the

substrate by the hydrogen-fermenting microorganism, the concentration

25 yielding the maximum value of hydrogen generation amount in the

correlation curve becomes the maximum tolerable concentration of the

12



can be perfornmed nore snoothly if this fernmented Iiquid contains a hop or
hop conponent. 15 [0027] Preferably enpl oyed as the hop or hop conponent
are chemcally nodified hops such as hop strobiles, hop pellets, hop
extracts, isonerized hop pellets, and tetrahydroi sohumul ones; hop a- acid,
hop a-acid; and the |like. [0028] According to thus determ ned maxi mum

tol erabl e concentration, 20 the hydrogen fernentation is performed in
practi ce. hbnely, the substrate concentration in the supplied liquid to be
processed, igectlve rates at which the liquid to be processed flows in
and out, et65 P@Ezadjusted such that the concentration of the substrate in

e 0e e ANR BB SoRTi B L R o it
St s ki )
has the sane d f

o i Uhi mt HE Wt G %%Baﬁewéﬁﬁqho%ﬂfﬁﬁ%?“%’%&tﬁﬁéh g8t S REiB of ™
dubstant i al 14 PHERGLeEE LRI Ao Mol Rodid B3ET: lﬁ@%&ﬁ@ﬁb"?‘?‘éﬁﬂﬂi be
Fre?ﬁgscs:gﬁt:ﬁuous kggﬁuﬁi%quga%é&herteiﬁdgﬁ]fg\%hgiere%?mat eS|rab%se‘ﬂl'?:!h!at(:a t he
2 o RSB R PSR R hnpeas, o

the flowin an rocesse t he consunption

of the organérﬂld}%{gt % 159&11nﬁﬂp§61é?étﬁ% c%hc@hﬁéﬁ@ﬁgﬁnﬂh%nﬁlbsﬁta@e tHet-atey

mi croor gani sm l'i'zat1on can make the m croorgani sm keepi ng arount
substantial | ﬂzrﬂféﬁwplbvmg frutfRabAgy hbihaidnaers prrfbrthgaké Oydrogert he
10 fermentation in practice. While the liquid to be processed after the

hydrogen fermentation (fermented liquid) is subjected to methane
fermentation which will be explained later, the methane fermentation
can be performed more smoothly if this fermented liquid contains a hop
or hop component.

15 [0027] Preferably employed as the hop or hop component are
chemically modified hops such as hop strobiles, hop pellets, hop
extracts, isomerized hop pellets, and tetrahydroischumulones; hop o~
acid; hop B-acid; and the like.

[0028] According to thus determined maximum tolerable concentration,

20 the hydrogen fermentation is performed in practice. Namely, the
substrate concentration in the supplied liquid to be processed, respective
rates at which the liquid to be processed flows in and out, etc. are
adjusted such that the concentration of the substrate in the hydrogen
fermentation tank 1 is not higher than the maximum tolerable

25 concentration, and a hop or hop component is further added thereto if

necessary, whereby the hydrogen fermentation is performed by the

13



material concentration (i.e., substrate concentration) of the liquid to be
15 processed within the hydrogen fernentation tank (fernmented |iquid) or
fluctuations in the rate at which the liquid to be processed flows in or
out. [0029] The material balance within the hydrogen fernmentation tank 1 in
a continuous operation can be represented by the follow ng expression 20
(2): V(dS/dt)=FSo -FS-V(-dS/dt)c (2) [0030] In expression (2), Vis the
volune of the liquid to be processed in the hydrogen fernentation tank, So

. h b ! g CH : :
o 1 T GoERBARBILE B T SR
uni i me. : i

fluctuation %ggéﬁ%pb%se th'izgééﬁﬁtsﬁ‘?r%iﬁ‘?oﬁ‘”&fyﬁ‘@%@#&’?ﬁ@%ﬁ%&“?‘ﬁ&% ate at

which the & Iauhdhoube andl GRFSSafhS tﬁ%paﬂr%d‘?g%@t‘i‘dtféﬁ?eﬂtéfiSnattarYﬁ‘i Gfe the

fermented |iqui ows i xed vol operation 1s assunmed. Nanely,

the left si %&{agg%aprtﬁéshﬁ{b&%) ng M&ﬁ@gﬁﬁnﬁl{gaﬁlﬁﬁgt E,ﬂisjti‘i‘irgt A gibstrate

consunption per nit tinme per a n tank; first termon the

rightsside ilgyedﬂa enarfeﬂﬁbnfaftiotrhfett bsisr afibstdARMIRY héld tesngEgond Lierm on

the right si [ t he anmount o e substrate fl'owi ng out, and the third

termon the 6&&{]{1}01,% r}aﬁoh@,eth%m?ﬂigﬁgt 1?{) R@gygéw@&aqg cohtinheusbfdd & e by

m cr oor gani sis. 0031 a fernme eration of generating an energy

gas froma lfebhofmsien FrmdnthiiBAT AR wiEleTBE|HE 2ontiRBoassr dischaszed
generation rate ger fermentation tank. In thirgg regard, f?{)m t hgﬁ%i ewpoi nt

of fernent atdhefefro@l ewhefebysitdRsdesibhlslct it theeliquir oortgaprscasked teng
anount in the fernmentation tank be nade as | arge as possible, and that the
ferment at i oncdraihuoigly geppleditiiile exkiag ateohnasf plos sidw-én anieRotheut
10 of the liquid to be processed, the consumption of the organic matter (or
substrate) by microorganisms, etc. Using  microorganism
immobilization can make the microorganism keeping amount
substantially constant without being influenced by fluctuations in the
material concentration (i.e., substrate concentration) of the liquid to be
15 processed within the hydrogen fermentation tank (fermented liquid) or
fluctuations in the rate at which the liquid to be processed flows in or
out.
[0029] The material balance within the hydrogen fermentation tank 1 in
a continuous operation can be represented by the following expression
20 (2):
V{(dS/dt)= FS, — FS -V (~dS/dt), (2)
[0030] In expression (2), V is the volume of the liquid to be processed
in the hydrogen fermentation tank, S, is the substrate concentration in
the liquid to be processed flowing in, and dS/dt is the amount of
25 fluctuation in substrate concentration per unit time. Subscript C

indicates that (-dS/dt)c is the amount of fluctuation due to the
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15 fermentation operation is regulated at a predeterm ned tenperature and
a predetermned pH the rate at which the substrate is consumed by

m croor gani sns depends on the m croorgani sm keepi ng anount in the
fermentation tank assuming that there are no disturbing elements such as
m ngling of toxic matters and | ack of essential nutrients, whereby the 20
third termon the right side, i.e., V(-dS/dt)c, is kept at a value as |large
as possible in practice. Exanples of techniques for holding the

el SSEQZ”LE%”@E Sih ﬁ%ﬁ?ﬁr#g?&@t@l@%ﬁ?é? Gafib ol PR ™
carrier; and_a SRS

filling the o€ rocafs%s%‘fqpﬂlé%{(anhg 1%@(%5{)?\;1{1?3 ?lfr%]dﬁfeﬁ%’cpﬁﬁgrel n. ﬁzugﬁnd
Lo concant TR o kv Bi®, apbPag U AANLAT™ NER.ML 8 BACkEPLr 2L 2

hi gh concent L¢2 R T hout i nob |2| ng

o ond SRSERTERIoS s Ak Adount PETRICHRA G f kst t%&*;dnﬁsﬁip%ézﬁpga;e{ e
desirabl e tomﬁmpﬂx rﬁeoff_%:d:ﬂ gﬁaﬂs@%ménmeﬁﬁ?a' ﬂem]'f Be t‘h%cﬂghﬂ@fae 50%21 In a

fermenting operatio produci ng an ’energy gas froma BGionmass or the

ke, €75 ABARE BRihd SubEEITE BbwARDH; AbSRbhUCARCHN LhEtigHRRde e

bi omass, whic ernmentation ria e processed stably for a

l'ong peri od, th%gaflﬁéuﬁpof) Qg ‘éﬁ@st?atteeﬂ@ﬁfméb'u@ rhlﬁ?ﬁl§ﬂ'ﬁﬁ!l Yer niQ)nFtHet Heht from

t he vi ewpoi nt waste water processing and the |ike, the |[oad
concentrat | Osrldbns ’éﬂ'éealﬁt)ﬁht'éﬂboﬂﬁﬁhpﬂﬁn‘%ﬁﬁhefshﬁﬁhéﬂelﬁ)ﬁ ufitid@eanibney.efore, it

is not desirable for variable terns on the left side of expressmn (2) to
fluctuate ungioahl yin §Qeﬁrﬁ@ﬁta¥1%h%15é1{aﬁbﬁaéﬁ Sen@REhatdroBBerpdf ﬁas frantant . 15

[ 0033] Here, keeping t bi omass material concentration such that the
10 biomass, it is unportant to maximize the energy gas generation rate per
fermentation tank. In this regard, from the viewpoint of fermentation
rate, it is desirable that the microorganism keeping amount in the
fermentation tank be made as large as possible, and that the
fermentation tank volume be utilized as much as possible. When the
15 fermentation operation is regulated at a predetermined temperature and
a predetermined pH, the rate at which the substrate is consumed by
microorganisms depends on the microorganism keeping amount in the
fermentation tank assuming that there are no disturbing elements such
as mingling of toxic matters and lack of essential nutrients, whereby the
20 third term on the right side, i.e., V(-dS/dt)c, is kept at a value as large as
possible in practice.  Examples of techniques for holding the
microorganism keeping amount in the fermentation tank as much as
possible include a process of immobilizing microorganisms in a
microorganism carrier; and a process of forming flocculating

25 microorganism masses, and filling the fermentation tank with them or

floating them therein.  Though there is a technique in which

15



bi onass material is not used for the growth and fernentation of the

m croorgani smgroup such as lactic acid bacteria is synonymous wth

keepi ng the substrate concentration Sin the effluent at a | evel not higher
than the maxi mum tol erabl e concentration. 20 [0034] Wen the fluctuation on
the left side is set to zero according to the view nentioned above,
expression (2) can be rewitten as expression (3a) or (3b):
(S-So)/(-dS/dt)c =V/IF (3a) F =V x (- dS/dt)c /(S - So) (3b) 25 [0035]

s poss bl o HIRORBATEREt 5 OB HUnKT B ﬁw@vﬁéoﬁqheﬁ%w%“q%“hﬂd a1 7o
LLLL;F{Z‘Bﬁsk%ﬁ]t pHd gt S%bﬁﬁﬁ% {8 o B Bl cululidtiop R n
substrate

he subst r ace eaegrioane gl & s il il Rl %%dgbéﬁbﬁeé%ﬁ‘e%%ﬁ cvel "
and operate he Stjeégsl cﬁhg g%%gn&y Oﬁ,h\é%g bilteistq{ Bele foe ergﬁgltos,; 0N tank

(left side vent rom [ 0036]

Perfo§ m ng §ﬂf¢ tgg%agﬁgﬁ 1111?15 mf}hgq&}{mﬂhge hydr ogen- fer menti ng

m cr oor gani enera es a~fernmentati on gas (bi ogas) 10 mainly

conposed o cgbgéﬁgﬁ@ya%ﬁn% ERBIoS bR Ct PROURGABUGS S PTOANBrAG] d. Such

as acetic a r-c aci actic a gene I 0gas is

taken out Ofblb{}%sto”fﬂ‘r g9ikd Ei; 'i’éepﬁgbh‘éﬂt IR ms BY appgbgt\@‘fx ef’ﬁc’:ﬂeﬂ |%Hat Though

t he bi ogas can euse ina attery or the estl in a
m xed gas Oftplctt‘?/ é’gﬁﬁhﬁe{@ Gk RN dizOfd deantatidR 1frﬂa|téﬁeﬂeﬁérﬁé0ﬂ510%@!sﬂd@1ped with

a pall adi um whi ch passes hydrogen therethrough and bl ocks carbon
di oxi de may fpgh|ysesl §0loRg perib8Ckat & aproduce a fermentation gas stably.

10 Further, from the viewpoint of waste water processing and the like, the
load concentration in the effluent must be kept from fluctuating.
Therefore, it is not desirable for variable terms on the left side of
expression (2) to fluctuate unstably, so that zero-fluctuation operations
are important.

15 [0033] Here, keeping the biomass material concentration such that the
biomass material is not used for the growth and fermentation of the
microorganism group such as lactic acid bacteria is synonymous with
keeping the substrate concentration S in the effluent at a level not higher
than the maximum tolerable concentration.

20 [0034] When the fluctuation on the left side is set to zero according to

the view mentioned above, expression (2) can be rewritten as expression

(3a) or (3b):

(S-S, Y(-ds/dr), =V|F (3a)
F=V><(--dS/df)c/(S—Sa) (3b)
25 [0035] Assuming that V and (-dS/dt), are constant since they should be

as large as possible and held constant as mentioned above, it will be
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col l ect hydrogen with a high purity fromthe m xed gas. Hi ghly pure

hydr ogen can al so be obtained by causing the m xed gas to pass through an
al kali solution and making the al kali solution absorb carbon dioxide. 20 On
the other hand, the processed liquid (fermented |iquid) containing the
organic acid after the hydrogen fernentation is transferred to the nethane
fermentation tank 2 by way of a line L3, so as to be subjected to nethane
fermentation. [0037] The nethane fernmentation tank 2 contains a

h r ) ’ ) L i X ; .
g‘géug:ifateiLsan”e}ﬁ%bxk?faafBe%gfé%‘ié&%ﬁ%aﬁl%ﬂﬁ%f‘eﬁ@%&%@%&%@@%&ﬁ@?hiﬂ‘&
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consea et ORGSR AT 0 ek ansfar o o

t he net hane i on he hydrogen fer tation Is

deconposed Q) nﬁﬁ@?e@iegﬁﬁygﬁéb%ﬂbgﬂr% d&ms_uﬁ'iﬁg?t‘?@nﬁ“ ReriablEet ke per

fer][relnt?tionfeztep_a rogen fernentatio step as such is quite
useful from fhg,Hi Yk It SRIUGT BUpEdaSiorP (2 Bsol egat it Mest es,
| owering the envelﬁr omn{&gfqéoag ugftoporgtanig vvastgS Q{/)vaq}er, e?c. 1|$ir1

addition to ﬂﬁg’[ufaﬁﬁ _that nethane can be obtained as an energy gas. [0038]
The liquid to be processed (fernmented |iquid) subjected to the nethane

fermentati oroppef P @Pbdm RNt B ShiditRnor feh@iRneaimondyt .thelShytlregées ment ed
liquid contg ni ?g a hop gir@hop co?r%g%jéént is preferablzI Si nce};t %an

rerfe I ec tn Lv]celaxr/ n@ﬁgﬂgﬁ@@g 1?gdlbbggérﬁ§m055 Nt gatgarisenfermuntitiomyas (bivigas) t he
used by the nethane-fernenting

10 mainly composed of hydrogen and carbon dioxide, and produces an
organic acid such as acetic acid, butyric acid, or lactic acid. Thus
generated biogas is taken out of the hydrogen fermentation tank 1 by
way of a line L2. Though the biogas can be used in a fuel battery or
the like while still in a mixed gas of hydrogen and carbon dioxide, a

15 film separator equipped with a palladium film which passes hydrogen
therethrough and blocks carbon dioxide may be used so as to isolate and
collect hydrogen with a high purity from the mixed gas. Highly pure
hydrogen can also be obtained by causing the mixed gas to pass through
an alkali solution and making the alkali solution absorb carbon dioxide.

20 On the other hand, the processed liquid (fermented liquid) containing
the organic acid after the hydrogen fermentation is transferred to the
methane fermentation tank 2 by way of a line 1.3, so as to be subjected
to methane fermentation.
[0037] The methane fermentation tank 2 contains a methane-fermenting

25 microorganism. A methane-fermenting microorganism group is

usually an ecosystem in which a plurality of species of methane-
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m When a hop or hop conponent is added to the liquid to be
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of organic wastes, lowering the environmental load due to organic waste
water, etc. in addition to the fact that methane can be obtained as an
energy gas.

[0038] The liquid to be processed (fermented liquid) subjected to the
methane fermentation preferably contains a hop or hop component.
The fermented liquid containing a hop or hop component is preferable
since it can effectively suppress activities of microorganisms which may
inhibit the methane fermentation caused by the methane-fermenting
microorganism. When a hop or hop component is added to the liquid
to be processed at the time of hydrogen fermentation, the hop or hop
component is brought into the methane fermentation tank 2 together
with the liquid to be processed. However, a hop or hop component
may newly be added to the liquid to be processed when the latter is
transferred to the methane fermentation tank 2.

[0039] The biogas generated by the methane fermentation is a mixed

gas of methane and carbon dioxide, and is taken out of the methane

fermentation tank 2 by way of a line L4. Though the biogas can be
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sed. Nanmely, by adding a hop or" hop conponent into the



affecting the growth or activity of the hydrogen-fermenting 20

m croorgani sm the present invention can effectively generate a biogas
mai nl y conposed of hydrogen. [0041] Though the above-nenti oned enbodi nent
relates to hydrogen/ methane two-stage fernentation by a continuous
operation, the fermenting/cultivating operation of the hydrogen-fernenting
25 m croorgani smmay be not only a continuous operation but also a batch
operation, a sem batch operation, and the |ike. The sem batch 19 operation

whi ch
eactor whorépadhss ety oatniile ROI i aed i P iSRG AR " 7l

aﬁgi;ﬂ: §E IZLC@?ESO & i ape ﬁ?ﬁﬁf%ﬁl Olkggmqﬂég{%éoﬁe@is%ﬁsﬁ?@Oﬁliﬁéﬁ ﬁlﬁia':] o
e, AP £ 0 AT M A s
![lhgu: d 3Irrgur}f ‘:i faphg%nf g‘ha?fhglélgt%%zf% é%ubtg}térg heerl (T%%lg&lénﬁ ra]tl onin
:j: gglh arlg chgﬁ{@ﬁﬁgﬁﬁg lgupp@e@&emﬁ e tne sorfIeo |r§{némlﬂté@1§:%5g?fsgggﬁﬁd§

quﬁ?l? e qh@tﬁa!ﬁ% ﬁf(?iﬂ%%ﬁf)hofhnﬁ(aﬁk %Jgusl ytlhﬁ% l‘|?5 mentRL 1 on

mat eri al i's"required e supplied contin e taking

account Of tf@ﬁn%h?a"ﬁ’"drp églgcpx"é;sﬁ}ﬁe isMb H@\hﬁ@' lrfeRpeyRduesd itWolume

m cr oor gani sis urpose of “fernmentation for 15 collecting
an energy gas &égmﬁaecpl onmass as a material is waste processing of
bi omasses such as organi c resource wastes and organic waste water or waste
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g efficiency. Exanples

10 embodiment. For example, though the above-mentioned embodiment
includes a step of determining the maximum tolerable concentration of
the substrate consumable by the hydrogen-fermenting microorganism
according to the correlation with the rate at which the substrate is
consumed by the hydrogen-fermenting microorganism, this step is not

15 always necessary when a hop or hop component is added to the liquid to
be processed. Namely, by adding a hop or hop component into the
liquid to be processed containing an organic matter and deactivating
contaminant microorganisms inhibiting hydrogen generation without
affecting the growth or activity of the hydrogen-fermenting

20 microorganism, the present invention can effectively generate a biogas
mainly composed of hydrogen.
[0041] Though the above-mentioned embodiment relates to
hydrogen/methane two-stage fermentation by a continuous operation,
the fermenting/cultivating operation of the hydrogen-fermenting

25 microorganism may be not only a continuous operation but also a batch

operation, a semibatch operation, and the like. The semibatch
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20 [0042] In the follow ng, the present invention will be explained nore
specifically with reference to Exanples, which do not restrict the present
invention at all. [0043] [Hydrogen Fernentation Inhibiting Action by Lactic
Acid Bacteria] 25 Exanple 1 Sludge collected froman anaerobic sludge bed
was acclimated in beer 20 brewery waste water (with a pH of 4, COD of
about 15000, glucide <concentration (calculated as glucose) of 4000 to 5000
ng/L, a lactic acid concentration of about 4000 ng/L, and an acetic acid
concentration of about 100
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about 2000 mg/l yric acl out 200 tic acid. The
ferment ed "deéhdt[h‘Qa%déféH lgﬁ ﬁlﬂdﬂm the %tfdﬂé’%%céﬁﬁﬁﬁ@ﬁ%'tﬁ@ ddareld, and

was cul tivat ture “nediumin which the beer brewery waste
vater was so|d.diif iRd Witlkea%Riid MBLAPYNSAKETBIMERREIORS tafk,Mhed ogkgani sm

col oni es Were e’t ected as 20 domi nant species in the cul ture i quid. Eight
speci es of gybgstrate concentration in the liquid. In the continuous operation, the
10 fermentation material liquid is continuously supplied, while the solution
is continuously discharged from within the fermentation tank, whereby
the fermentation material liquid is required to be supplied continucusly
while taking account of the flow-in, flow-out, and material consumption
by microorganisms. In general, the purpose of fermentation for
15 collecting an energy gas from a biomass as a material is waste
processing of biomasses such as organic resource wastes and organic
waste water or waste water processing, whereby the continuous
operation is rational in terms of apparatus operating efficiency.
Examples
20 [0042] In the following, the present invention will be explained more
specifically with reference to Examples, which do not restrict the
present invention at all.
[0043] [Hydrogen Fermentation Inhibiting Action by Lactic Acid
Bacteria]
25 Example 1

Sludge collected from an anaerobic sludge bed was acclimated in beer

20



m cr oorgani sns predomnant in the colonies were cultivated in an agar
culture nmedium for anaerobic fernentation, and base sequences of genes in
grown col onies were anal yzed, whereby five out of the eight species were
m croorgani sms of genus Costridium The sanme eight 25 species of

m croorgani sms were cultivated in an agar culture nedium for detecting

| actic acid bacteria (nodified GAM culture nmedium 21 available from Ni ssu
Phar maceutical Co., Ltd.), but no Iactic acid bacteria were grown. [0044]

ndust ri esy b8V ksfe“’%%é\fy‘tagéeezﬁ G P L TR BeapotE G e RISPRIE O e
Vako pure dsdieburlPRdsllaE) égﬁﬁ%?%f‘# @an%?§P%OQIH@ALN%H@% el The” ™
]Eneflﬂlt te!tsn? ¥ f?%fgﬁ‘?i?f%@#f bF AR 400 BT, AR 41 pédie ?@@‘?"#ﬁﬁ%@ w
erment ati on, (gf 100 ¢ ng}ir) OCnQﬁHllﬁEﬁﬁn\é" %ﬁ‘n%nﬁﬁgthhﬁ@rddlgé&h%@h' ch

y CcO uo

had been obtwaine y fernenting eer “brewery~waste water

for 1 nmonth \H&%e hﬁglafé%FQh%fe bat Caﬁ ﬁ)eta&c@nﬁllﬁfe 2RCa8id- %en&%’h@i%”t ation
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production rapi dly decreased. The amounts of 20 generation of acetic acid,
butyric aci dy gnbrimatdtiorpehatenl diquidl yasdpeifefnee foreabbautnentantion and at

t he respective tines when the first,

10 The continuous fermentation was carried out under a condition of pH
6.0 to 6.5 at 50°C.  Fig. 2 shows the correlation between the number of
days of fermentation and the hydrogen and carbon dioxide
concentrations in the fermentation gas. The organic acid generated at
the time of hydrogen fermentation was mainly composed of about 1000

15 mg/L of acetic acid, about 2000 mg/L of butyric acid, and about 200
mg/L of lactic acid. The fermented liquid was collected from a
continuous fermentation tank, and was cultivated at 50°C in a culture
medium in which the beer brewery waste water was solidified with agar,
whereby several species of microorganism colonies were detected as

20 dominant species in the culture liquid. Eight species of
microorganisms predominant in the colonies were cultivated in an agar
culture medium for anaerobic fermentation, and base sequences of
genes in grown colonies were analyzed, whereby five out of the eight
species were microorganisms of genus Clostridium. The same eight

25 species of microorganisms were cultivated in an agar culture medium

for detecting lactic acid bacteria (modified GAM culture medium
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second, and third batch fernentation sessions of the fermentation |iquid
mat eri al ended, whereby lactic acid was found to increase in the third
batch fernentati on as shown in Table 1. The m croorganismgroup in 25 the
third batch cultivation was anaerobically cultivated at 50C in an agar
cul ture nmedi um conprising glucose, yeast extract, peptone, nmalt 22
extract, and NaHCO3 (the fernmentation liquid material having 15 g of agar
added thereto), whereby several species of m croorgani smcolonies were

det ected as domi pant. speci.es.. Ni ne species of m.crqonganj -nr m nant
in the col orﬁ"é‘gil di IHI\?%{'EIeyh?Hnﬁﬁe‘étb%aﬁ @ﬁ"t%gsnebgﬁuﬂ?gﬁjfgg géejlt81 ect i Eg
| actic acid bagteria, and base sequences of genes of grown col onies were

anal yzed, V\/rhﬁc?ﬁa MrG&oY8und that, of the nine species, two species were
Lact ococcus [Igag}slgp two S ec:ﬁs wer,e ,Ent erococcus faecalis, and one
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mat er !Oal s differ g%'leﬁ%r&nd gggﬂk%{eﬁzr‘ggl\clge?ﬁfsgﬂ?ﬁgslg\é?nrele%f e ALRPEI | 65 of
resulting solution was subjected to steam sterilization at 121°C for 15
minutes, whereby a fermentation material liquid was prepared. The
10 fermentation material liquid was inoculated with a culture liquid which
had been obtained by continuously fermenting the beer brewery waste
water for 1 month under the condition of pH 6.0 to 6.5 at 50°C as a
fermentation material liquid in Example 1, and batch fermentation was
repeated for 24 hours each at 50°C.  About 60% of hydrogen and about
15 40% of carbon dioxide were obtained in the first batch fermentation,
about 50% of hydrogen and about 50% of carbon dioxide were obtained
in the second batch fermentation, and about 35% of hydrogen and about
65% of carbon dioxide were obtained in the third batch fermentation,
whereby the hydrogen production rapidly decreased. The amounts of
20 generation of acetic acid, butyric acid, and lactic acid were analyzed
before the fermentation and at the respective times when the first,
second, and third batch fermentation sessions of the fermentation liquid
material ended, whereby lactic acid was found to increase in the third
batch fermentation as shown in Table 1. The microorganism group in

25 the third batch cultivation was anaerobically cultivated at 50°C in an

agar culture medium comprising glucose, yeast extract, peptone, malt
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i nocul um was used. These two kinds of material liquids greatly differed
fromeach other in terns of glucide concentration. Nanely, it was
suggested that predom nantly grow ng m croorgani smspecies 20 influenced

t he gl ucide concentration of fermented |iquids. [0047] [Hydrogen
Fermentation Using Beer Brewery Waste Water] 23 Exanple 3 Wil e changing
the dilution ratio of a material liquid prepared by adding an easily
assim | atabl e glucide conposed of naltose and starch to beer bremery wast e
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when the glucide i'n the hydrogen ferrrentatlon tank was left w thout being
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10 group and the suppression of hydrogen generation occurred in

conjunction with each other.

[0045] Table 1

Acetic acid | Bytyric acid Lactic acid
(mg/L) (mg/L) (mg/L)
Before
fermentation 48 0 33
End of 1% session | 2600 1800 380
End of 2™ session | 2800 1900 190
End of 3" session | 2100 1400 3700

[0046] Comparing Example 1 and Comparative Example 1 with each
15 other showed that predominantly growing microorganism groups varied

when properties of materials differed from each other even if the same

inoculum was used. These two kinds of material liquids greatly

differed from each other in terms of glucide concentration. Namely, it

was suggested that predominantly growing microorganism species
20 influenced the glucide concentration of fermented liquids.

[0047] [Hydrogen Fermentation Using Beer Brewery Waste Water]
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concentration increased. Fig. 3 shows the correlation between the nunber
of days of fernentation and the hydrogen and carbon dioxide 25
concentrations in the fernentation gas in the above-mentioned hydrogen
fermentation. Table 2 shows the glucide concentration of the material 24
liquid, dilution ratio, glucide concentration in the hydrogen fernentation
tank, and concentrations of organic acids (acetic acid, butyric acid, and
| actic acid) in each period. In Table 2, the glucide concentration and
organic acid concen ration in the hydrogen fermentation tank in each 5
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Example 1 as an inoculum.
[0048] First, when the hydrogen fermentation was carried out with a
glucide concentration of about 10000 mg/L in the material liquid and a
dilution ratio of 1.0/d in the continuous fermentation (days 1 to 7), the
10 glucide concentration in a hydrogen fermentation tank became stable in
the vicinity of 800 mg/L, and the hydrogen fermentation underwent
steadily. Thereafter, when the glucide concentration of the material
liquid was set to about 22000 mg/L whereas the dilution ratio was 0.4/d
(days 8 to 13), the hydrogen fermentation still underwent steadily
15 although the glucide concentration in the hydrogen fermentation tank
slightly rose to about 1000 mg/L. When the dilution ratio was set to
1.2/d in the material liquid having about the same glucide concentration
(days 14 to 17), the glucide concentration in the hydrogen fermentation
tank became about 3800 mg/L, and the amount of hydrogen generation
20 decreased drastically. Namely, when the glucide in the hydrogen
fermentation tank was left without being consumed completely, the
amount of hydrogen generation decreased, and the lactic acid
concentration increased. Fig. 3 shows the correlation between the
number of days of fermentation and the hydrogen and carbon dioxide
25 concentrations in the fermentation gas in the above-mentioned hydrogen

fermentation. Table 2 shows the glucide concentration of the material
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[ 0050] [Hydrogen Fernentation Using Bread Bakery Waste] Exanple 4 Using
liquids in which bread bakery wastes were suspended in water at various
concentrations as a material, continuous hydrogen fernmentation 15 was
performed under the condition of pH 6.0 to 6.5 at 50C with the sane culture
liquid as that of Conparative Exanple 1 as an inoculum [0051] First, when
the hydrogen fernentation was carried out with a glucide concentration of
about 11000 ng/L in the material liquid and a dilution ratio of 0.7/d in
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fermentation gas 1n the a o tioned hydrogen fernentation. Table 3
shows the 15mg/]g_(:| de concent ratl on of the material liquid, dilution ratio,
glucide concentration in the hydrogen fernentation tank, and
concentrati @g T4Wlgani c acids (acetic acid, butyric acid, and lactic
aC| d) | n e i This Q_I_J_G_I__d_af ed f hﬁf 'I‘ hn h lrlr nnn(s\ 'F eF rmat u.l.; o Coul d
be mai nt ai ned Glucide rganic aci
Glucide Dilution | concentration in concentration in
Period concentration 1'atio fermentation fermentation tank
eHo in material (1/d) tank (mg/L)
liquid (mg/L) (n; Ly Acetic | Butyric | Lactic
& acid acid acid
Days 1-7 10560 1.0 300 1000 | 2500 0
Days 8-13 22360 0.4 1000 1800 | 6000 200
Da);tjj 14- 29360 1.2 3800 1500 | 5000 | 4000
Pays 101 24030 12 3800 1100 | 3300 | 6000
10
[0050] [Hydrogen Fermentation Using Bread Bakery Waste]
Example 4
Using liquids in which bread bakery wastes were suspended in water at
various concentrations as a material, continuous hydrogen fermentation
15 was performed under the condition of pH 6.0 to 6.5 at 50°C with the

same culture liquid as that of Comparative Example 1 as an inoculum.
[0051] First, when the hydrogen fermentation was carried out with a
glucide concentration of about 11000 mg/L in the material liquid and a

dilution ratio of 0.7/d in the continuous fermentation (days 1 to 6), the
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snmoot hly when the material concentration in the supplied material 20
liquid was hel d appropriately in the hydrogen fernentation tank. 26 [0052]
Table 3 A ucide Gucide Organic acid concentration Dilution concentration
concentration in Days of in material ratio in fernmentation tank
fermentation liquid ratio fernmentation (ng/L) (ng/L) tank Acetic Butyric
Lactic (ng/L) acid acid acid 1 11340 0.7 3050 2439 2904 64 2 11340 0.7
3470 1950 2428 0 3 11340 0.7 3390 1913 2043 0 4 11340 0.7 3110 1642 1704

0.35 3960 1A kRsioRsadtistie datitadod ;30 IGRd R0 20t sl s
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kept 40085‘?%);11?(106{5))3“&@ %ﬁﬁhﬂgggﬁﬁdgﬁﬂug&élﬁhoh%J&Ié@'ﬂg’él‘o‘aﬂw ank is
until 8 days after the higher concentration material liquid supply; on day
9 and thereafier, the amount of hydrogen generation decreased, and the
lactic acid concentration rose. In the fermentation period where the
hydrogen fermentation was performed smoothly without decreasing the
10 amount of hydrogen generation (days 1 to 6), the glucide concentration
in the fermented liquid was 3000 to 4000 mg/L. Fig. 4 shows the
correlation between the number of days of fermentation and the
hydrogen and carbon dioxide concentrations in the fermentation gas in
the above-mentioned hydrogen fermentation. Table 3 shows the
15 glucide concentration of the material liquid, dilution ratio, glucide
concentration in the hydrogen fermentation tank, and concentrations of
organic acids (acetic acid, butyric acid, and lactic acid) in each period.
This elucidated that the hydrogen fermentation could be maintained

smoothly when the material concentration in the supplied material

20 liquid was held appropriately in the hydrogen fermentation tank.
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hydr ogen-fernenting m croorgani sns based on beer brewery waste 10 water and
bread bakery wastes, lactic acid bacteria groups remarkably inhibiting the
hydr ogen-fernmenting m croorgani snms can be restrained from predom nantly
i ncreasi ng, whereby the hydrogen fernentation can be maintained snoothly.
[0054] Exanmple 5 15 While controlling the material liquid supply rate in
conformty to 27 changes in the glucide concentration in the fernentation
mat eri al quui d and keeping the glucide concentration at 3000 ng/L in the
hydr ogen mag @5 ank, hydrogen fernmentati on was perfornmed under a
condi tion of .5 at 50C._ Specifically, continuous 5 fernentation
was initially perforned f r. bou1 1 nont h iltdidd he| same Organlid avice |1 qui d as
t hat of Com)ar ative Exanpl'®'9 as g;x i_.noCwbidenirAticdn | mat esicahtrdtioguih d (\Wwhose
total glucifle pRRGENt | SONSHRUMED 1OMEONY/ L tg, 18390 nme/hntpioapaked by
addi ng mal t 0§82, ARdiiSt ar dhmetstiBeer  BHEwef yfem\{@ﬁattg,nwn er ingprger to ephance
the nicroorgani sm congentki@tidon {n(tde 10 fe ﬁanta A(é%lticl agﬁtghléuﬂag fer,
using materjal |iquids .

g g priegdried by add‘ng'(p%AL)oseyQ @C};d égg\:bag:e

brewery waste-wat-er—o{—nat-erial—Hguid =
suspended i p_wat by _at| va 13&91: ch nr@?n‘r at i 0Ad20 con ‘gu Arrn

fermentatioh in hich|thell380qui 0 sUppl y raB&/Gas dr%@o 122854 a8 to keep
a constant ¢l ucigle 15| concliédbrat|on).¥n {he B&90rent atli%f | atlk3was pertorned.
In the ferfrentation pf ahgut | hongh carriediut befgape| pemform pg { he

continuous Termentari pn WgHHCoNTTaj Fed| TTagksh supalMsga €518 Val ge of
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8 34890 0.35 " 4470 2792 | 1960 | 4106
9 34890 0.35 4550 3258 | 3861 | 4500
10 34890 0.35 5170 3229 | 6997 | 4991
11 34890 0.35 6850 2696 | 7826 | 5488
12 34890 0.35 6640 2382 | 9136 | 5824

[0053] Thus, hydrogen fermentation can be maintained smoothly when
a substrate concentration, a glucide concentration in particular, in a
5 fermentation tank is used as an index, and a material liquid is supplied
such that this index is adjusted so as to fall within a favorable range.
Specifically, when the glucide concentration in the fermented liquid in
the fermentation tank is kept at 4000 mg/L. or lower in the case of
hydrogen-fermenting microorganisms based on beer brewery waste
10 water and bread bakery wastes, lactic acid bacteria groups remarkably
inhibiting the hydrogen-fermenting microorganisms can be restrained
from predominantly increasing, whereby the hydrogen fermentation can
be maintained smoothly.
[0054] Example 5

15 While controlling the material liquid supply rate in conformity to
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(3b). Since the glucide concentration in the fernentation tank was
required to be about 4000 ng/L or less in order to keep hydrogen
fermentation as evidenced by Exanples 3 and 4, the control gl ucide
concentration Sin the fernentation tank was set to 3000 ng/L. Using 25

t hese val ues and the supplied material |iquid glucide concentration, a
control index value for the rate at which the material |iquid was supplied
28 to the fernentation tank was cal cul ated by expression (3b). Table 4
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waste water in order to enhance the microorganism concentration in the
10 fermentation tank. Thereafter, using material liquids prepared by
adding maltose and starch to the beer brewery waste water or material
liquids in which bread bakery wastes were suspended in water at
various concentrations, continuous hydrogen fermentation in which the
liquid supply rate was controlled so as to keep a constant glucide
15 concentration in the fermentation tank was performed. In the
fermentation of about 1 month carried out before performing the
continuous fermentation with controlled liquid supply rate, a value of
about 7500 mg/L/day was obtained as the glucide consumption capacity
(-dS/dt)c of this fermentation system. This value was used for
20 determining a control value for material liquid supply rate in expression
(3b). Since the glucide concentration in the fermentation tank was
required to be about 4000 mg/L or less in order to keep hydrogen
fermentation as evidenced by Examples 3 and 4, the control glucide
concentration S in the fermentation tank was set to 3000 mg/L. Using
25 these values and the supplied material liquid glucide concentration, a

control index value for the rate at which the material liquid was supplied
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11160 0.92 3 0.90 2689 1410 0.20 11160 0.92 4 0.90 3038 1366 0.18 8820
1.29 3 1.21 3120 1269 0.19 8820 1.29 4 1.21 3314 1328 0.20 10560 0.99 3
0.95 2823 1259 0.17 10560 0.99 4 0.95 2771 1366 0.19 22360 0.39 3 0.37
2984 1479 0.21 22360 0.39 4 0.37 3136 1383 0.19 38280 0.21 3 0.20 3359
1410 0.21 38280 0.21 4 0.20 3549 1527 0.21 15 [0056] (Effectiveness of
Hop and Hop Conponent) Exanple 6 After 20 g of glucose (nmade by Wako Pure
Chem cal Industries), 3 g of 29 yeast extract (made by DI FCO, 5 g of

ﬁggzggﬁ. je?‘:‘dm% EE‘I*PE%@'“%F&?(; S RS L VR S
Sheri i oat i oihd Eonudioitel] %nﬁfff’iiné%% IR YBERES Blpo by

on materi al
naoul at ed 't RS AdarogPRERGRME il hE SBRIAUARATRIA I ia AGRLE 1E° )

as an i nocul ,g%g@ﬁnppgrﬁmeg&étmm a9§35r§1¥@1§né&p£aa B ghoht hides)for 24

hour s each. gas conposi'tion was conposed of

about 510 53"?@&@%@@% mﬂgggga@ﬁﬂ indRKIP s eRERAN (01 Mehelfall gplds g bat ch

fermentation rogem production was nai nt al ne

composi ti Onsdﬁ?el%hg%h%eﬁﬁhﬂén engégkeq fowhahet VaRe¥oite3 ARy &8s no
great changes were seen I n eight batch fermentation sessions (Table 5).
Though the ghygl d&iCANGEME Adtdfal liqbidg. T erHEead®dl dilution ratios in Table

4 are values calculated from actual material liquid supply amounts.

The glucide concentration in the fermentation tank was near an initial

10 target of 3000 mg/L, and the amount of hydrogen generation was
substantially proportional to the amount of glucide consumption. This
showed that the hydrogen fermentation was maintained smoothly.

[0055] Table 4
Amount of
. ) Glucide hydrogen
Gluudc-i C:OHUOE Actual | concentration | Amount of | generated
concentration index . PP - ) -
. . o Days of dilution in hydrogen per unit
in material dilution | .~ . . o j
liquid ratio fermentation ratio fermentation | generated | amount of
(1/d) tank (mL) glucide
(mg/L) (1/d) {mg/L) consumed
(mL/mg)
11160 0.92 3 0.90 2689 1410 0.20
11160 0.92 4 0.90 3038 1366 0.18
8820 1.29 3 1.21 3120 1269 0.19
8820 1.29 4 1.21 3314 1328 0.20
10560 0.99 3 0.95 2823 1259 0.17
10560 0.99 4 0.95 2771 1366 0.19
22360 0.39 3 0.37 2984 1479 0.21
22360 0.39 4 0.37 3136 1383 0.19
38280 0.21 3 0.20 3359 1410 0.21
38280 0.21 4 0.20 3549 1527 0.21
15 [0056] (Effectiveness of Hop and Hop Component)
Example 6

After 20 g of glucose (made by Wako Pure Chemical Industries), 3 g of
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15 liquid was high, contam nant m croorgani smgroups did not increase in

t he hydrogen fernentation, whereby the hydrogen fernentation was not
obstructed. This elucidated that, unlike Conparative Exanple 1, the

addi tion of the hop conponent inhibited activities of m croorganism groups
havi ng adverse affects of suppressing the growmh or hydrogen 20 generation
of hydrogen-fernenting m croorgani sns, but did not obstruct activities of
the hydrogen-fernmenting mcroorgani sns. 30 [0057] Table 5 G ucide Organic

s G
116 7 9334 bgssag (Badm RaPIEEY ) bERf I r@@;%% S rhes?
by Eur opean Tyinalymes AR5 TRh b EaiPR i “P 'ltﬁ%rfﬁﬁﬁswa% 57y vag
reasured.  The, bl ggaggfﬁ%&msggpgwéma% eSS Rl 2P hop

conponent Croor gani'sm ~groups "suppressing the

oronch or o0, ETSTRELRY 8 CNGEREG hEGERAT DRI Seaotpapiaa a1
hydr ogen- ferMeqﬂgnﬂy,c{kféof&ﬂférﬁHﬁon [f9R%a] BRIR!Wad inoculated with the
same culture liquid as that of Comparative Example 1 as an inoculum,
batch fermentation at 50°C was repeated eight times for 24 hours each.
As a result, the fermentation gas composition was composed of about
10 53% of hydrogen and about 40% of carbon dioxide in all the batch
fermentation sessions, whereby hydrogen production was maintained.
When compositions of organic acids generated at that time were
analyzed, no great changes were seen in eight batch fermentation
sessions (Table 5). Though the glucide concentration in the fermented
15 liquid was high, contaminant microorganism groups did not increase in
the hydrogen fermentation, whereby the hydrogen fermentation was not
obstructed. This elucidated that, unlike Comparative Example 1, the
addition of the hop component inhibited activities of microorganism
groups having adverse affects of suppressing the growth or hydrogen
20 generation of hydrogen-fermenting microorganisms, but did not obstruct

activities of the hydrogen-fermenting microorganisms.
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A hop conponent was added to the culture systemof Exanple 4 having
drastically reduced the anmount of hydrogen generation,

its hydrogen generation.

reduced t he

supplied to the culture
was performed for

restore the
generation

gl uci de

200817 gt

recover.

3 days (days 13 to 15).
hydr ogen fernmentati on,
Therefore

15 [0060] Specifically,
concentration of the supply liquid was initially
system of Exanple 4 fromday 13, and an operation
However,
wher eby the anount of hydrogen gas
on day 16, hop pellets (Hop
Xx) were added to the fernentation

a mat

th

so as to restore
erial liquid having

is operation did not

J (M@Anid adid @bndelgadt@r Ment ed 1iquid. The

n day 17 and

Pellets Typ Ruf act ur ed by Bot ani

tank and t[he supply T} quiHchy 1

hydrogen production exhiRLtiEdiof tena%@gyfeglgeﬂtmver (o
thereafter,| aNdmbaad restored to [the | evel,atythe ting
hi gher condefirmentaigons5 terlal If

and t hereafiter, the gegegmﬁlago gg‘ﬁfﬂc Uﬁﬁtyggnp&g |0
| evel at the _tinme of st n-&mgﬁ‘ut He $i r 4 nt #4
supply (Table 6% Thik el (®3dat dd kAt |a 483 as Irﬁgllp
of 1 g per |[L L of ferpent®$7liqdi d23i6ﬁh| bi28d dctiliti
m croor ganijsm 106gr oupp wiapgiyesisiin@khe |grasagh jor 1hydr
hydr ogen- fermantyl Ng N crogysgani gnsyp4but] diglgndt opstr
hydr ogen- f lnemgng m RS T 21173:1?3270%0' GGy

acid conce
t ank
Acetic Buty

10

15

20

LIU.LIUIIIII

Period in materi al

ric Lactic

ratio in fernentation (m/L)

(my/L) (nmg/L) acid acid acid
[0058] Example 7

The fermented liquid of Example 6 was collected, and its bitterness

of starting the
20 (Fig. 6). On day 19
n was restored to the
n material |iquid

ts at a concentration
es of unfavorable
ogen generation of
uct activities of the
cide G ucide Oganic
ation fernentation
liquid (1/d) tank

(defined by European Brewery Convention, Analytica-EBC 4th ed., p.

E137, 1987) was measured.

The bitterness was about 13.

This

elucidated that the hop component inhibited activities of microorganism

groups suppressing the growth or hydrogen generation of hydrogen-

fermenting microorganisms at a bitterness near 13, but did not obstruct

the activities of the hydrogen-fermenting microorganisms.

[0059] Example 8

A hop component was added to the culture system of Example 4 having

drastically reduced the amount of hydrogen generation, so as to restore

its hydrogen generation.

[0060] Specifically, a material liquid having reduced the glucide

concentration of the supply liquid was initially supplied to the culture

system of Example 4 from day 13, and an operation was performed for

3 days (days

13 to 15).

However, this operation did not restore the

hydrogen fermentation, whereby the amount of hydrogen gas generation

did not recov

er.
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Therefore, on day 16, hop pellets (Hop Pellets Type



13 17010 0.55 unanal yzed 1089 4028 3393 14 17010 0. 55 4468 1310 3330 3055
15 17010 0.55 unanal yzed 1490 3768 3459 16 17010 0.55 3959 1614 3794 2706
17 17010 0.55 unanal yzed 1445 3393 1975 18 17010 0.55 8926 1446 3514 936
19 17010 0.55 unanal yzed 1522 3307 175 20 17010 0.55 unanal yzed 2154 3345
92 21 17010 0.55 unanal yzed 2679 3122 72 15 [0062] Exanple 9 For various
hop conmponents, effects of smpothly maintaining hydrogen fernentation were
i nvestigated. [0063] After 35 g of glucose (special grade reagent nade by

o 22y W B oy f Vi By oo
L U S e g
130 A dles s GO o ol SR IR o
coles TooshESiBGR SRR GBI Y L O IR o
(Pel I-\{;t S Tyﬂgatg@aﬁsmgngss@ﬁ%ﬁqr@(?ay 20 W 69U 490 B tRER kY, 13
the generated organic acid composition was restored to the level at the
time of starting the higher concentration material liquid supply (Table
6). This elucidated that a hop as pellets at a concentration of 1 g per 1
L of fermented liquid inhibited activities of unfavorable microorganism
10 groups suppressing the growth or hydrogen generation of hydrogen-
fermenting microorganisms, but did not obstruct activities of the
hydrogen-fermenting microorganisims.

[0061] Table 6

Glucide Glucide Organic acid concentration in
concentration | Dilution concentration fermentation tank
Period in material ratio in fermentation {mg/L)

liquid (Hd) tank Acetic | Butyric | Lactic

{mg/L) (mg/L) acid acid acid

13 17010 0.55 unanalyzed 1089 4028 3393
14 17010 0.55 4468 1310 3330 3055
15 17010 0.55 unanalyzed 1490 3768 3459
16 17010 0.55 3959 1614 3794 2706
17 17010 0.55 unanalyzed 1445 3393 1975

18 17010 0.55 8926 1446 3514 936

19 17010 (.55 unanalyzed 1522 3307 175

20 17010 0.55 unanalyzed 2154 3345 92

21 17010 0.55 unanalyzed 2679 3122 72

15 [0062] Example 9

For various hop components, effects of smoothly maintaining hydrogen
fermentation were investigated.

[0063] After 35 g of glucose (special grade reagent made by Wako Pure
Chemical Industries), 3 g of yeast extract (made by DIFCO), 5 g of
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B Hop extract 3.5g 12 (EX made by Kal sec) Isonerized hop pellets C
(I'sonerised Hop Pellets made by 0.5g 11 Botanix) D Tetrahop 180L 11
(Tetral one made by Kal sec) E Hop a-acid 50L 12 (Isohop nade by Botanix) F
Hop (3-acid 10L - (Beta Stab I OA nade by Beta Tee) G No addition - 0 10
[0065] Next, each of the fermentation material liquids Ato G was
inoculated with the same culture liquid as that of Exanple 1 as an

i nocul um and batch fernentation was repeated four tinmes for 24 hours

o the sampierenutraaedy TR kAl FAE Efala g5 3 LGRS gy oae

formentat orftgeetiogeney sl SRRy R RdRIp A Totemn disfobire 2dued

:Mnfz:] ggtsel ?\rll\erﬁlngg{)# %? h i{)sarrp s@]{eog%ﬁﬁﬁg h%‘gl‘gé)% @as %@%\%gﬁg%%gﬁgég%( 'rll'glli.)l e
Thi s el L@%ﬂ%ﬁ?{# '?.—1?%2 t| onf% fmﬁguge%b%% %1%%1‘11;%%15 Ngh A& ial

bltterness conmponent s |tterness of 10

or greater inhiRited, F%%l\e %legalﬁ{. fﬂnh%g%ﬁélnhém gf'e?hhl%ﬁtéiﬁjﬁ Rthtagyler se

affects of su pre55| ng t rogen generation of

hydr ogen- f enyrank (a,dk oo GRS W i et BRI Hbpa&HpbRERS Of the

hydr ogen-f er i Ng m croor gani sns.

was added.
[0064] Table 7
Fermentation Bitterness of
. Amount "
material Hop component fermented material
o added .
liquid liquid
Hop pellets
A (Pellets Type 90 made by Botanix) Ig 13
Hop extract
B (EX made by Kalsec) 338 12
Isomerized hop pellets
C (Isomerised Hop Pellets made by 0.5g 11
Botanix)
Tetrahop
D (Tetralone made by Kalsec) 180ul. 1
. Hop a-acid
E (Isohop made by Botanix) S0pL 12
Hop p-acid i
F (Beta Stab 10A made by Beta Tec) 10ul.
G No addition - 0
10 [0065] Next, each of the fermentation material liquids A to G was

inoculated with the same culture liquid as that of Example 1 as an
inoculum, and batch fermentation was repeated four times for 24 hours
each. Though the hydrogen production decreased while lactic acid
increased in the sample to which no hop component was added, about
15 400 ml of hydrogen and about 350 ml of carbon dioxide were attained

in all the batch fermentation sessions in the samples to which hop
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At an amount of addition of 10 L per 1 L of fernented liquid, the beta 10
acid was found to inhibit activities of mcroorgani sm groups havi ng

adverse affects of suppressing the growh or hydrogen generation of

hydr ogen-fernenting m croorgani sns, but did not obstruct activities of the
hydr ogen-fermenting m croorgani sms [0066] Table 8 G ucide Oganic acid
concentration Fernmentation concentration after fernentation materi al
liquid after (nmg/L) fernmentation Acetic Butyric Lactic (ng/L) acid acid

§Z'i§43§9%§‘%‘%36§§%%§%§%%ﬁ5 : éguuééélgzg%ﬁ%gglff@é%é Rsigndtie 4?;:‘3‘7;8
;engnE)redhlolp gloada(;&fl{ecnt ag’r‘%ﬁﬁgﬁ ln‘?@?ﬁ%ﬁ?aqr}gﬁi?fgge I?)lﬁﬁ W@?‘%}' f@b havi ng
Lglr ﬁgf ﬁfa:jof @%EEE%‘ e&f %ﬁgﬁle@%ji’ﬁ%% 1&&8&3@?@ eﬁﬁcéﬁ g& trPSt%hl y
hydrogen f e.i}?g%t%@Bgﬁ%miﬁi}gﬁﬁ%ﬁﬁlﬁﬂiﬂ@% I%I‘E1 ﬁb&q"g‘geﬁq}o ity Qﬁ on (rarat erial
cont aﬂ ni ng h%pn}g)grllén it sb}\,/va 5 5iHRRAdEdoFo1 NG greater inhibited activities of

microorganism groups having adverse affects of suppressing the growth

or hydrogen generation of hydrogen-fermenting microorganisms, but

did not obstruct activities of the hydrogen-fermenting microorganisms.

At an amount of addition of 10 uL per 1 L of fermented liquid, the beta

10 acid was found to inhibit activities of microorganism groups having

adverse affects of suppressing the growth or hydrogen generation of

hydrogen-fermenting microorganisms, but did not obstruct activities of

the hydrogen-fermenting microorganisms

[0066] Table 8

Glucide Organic acid concentration
. concentration after fermentation
Fermentation _
material liquid after . (mg/T.)
fermentation | Acetic | Butyric | Lactic
(mg/L) acid acid acid
A 16423 2390 3353 273
B 15916 2321 4613 149
C 15746 2376 4854 170
D 12491 2317 5172 109
E 14211 2005 4793 91
F 15546 2069 4409 61
G 17359 3515 4590 2191

15
[0067] Example 10
It was also found that subjecting a fermented liquid after hydrogen
fermentation of a biomass material having a hop or hop component

added thereto or contained therein to methane fermentation caused by a
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5 fernmentation systemof Exanple 1 in which the hydrogen fernmentation was
contam nated with m croorganisns inhibiting the hydrogen fernentation and
thus | owered the hydrogen production, so as to restore the hydrogen
fermentation, was subjected to methane fernmentation by nethane-fernenting
m croorganisms, and it was tested whether the 10 nethane fernentation was
mai nt ai ned smoothly or not. [0069] First, the fermentation effluent in

whi ch hydrogen fernmentation progressed normally w thout no hop conponent

added thereto jn anpl e 4 was subjected t t hak i

cogdiGti ?nlgf]:]etgﬂpef%iﬁgnq’n% 13{01‘99@%&%??&1998 ' n@%?]ﬁgirg I ueﬁ%ﬁgﬁggg% g
an 0 ydrogen feryentation in Exanple 4 as a hyd f [
ef f | uent (né@lFﬂé?fggFBPneﬁﬂg?i%‘h%Fl%?‘fvgl Tquid) . the methane 1 b oent At on

f | yi j Lgui: : @qﬁnﬁ
:‘:\EE UFE a? Lgﬁg{)iﬁzﬁif?Bﬁéﬁgt%gﬁﬁg&%ﬁ%;ﬁfg&eﬁygﬁ éﬂgﬁ%c\sﬂl t usgggltlai ned
fermentati oﬁel@ﬁ?ﬁﬁagﬁp éljf‘%tgfia g??’i‘)ﬁ%ﬁlﬁg H{& &Z%&lgﬁgg\gﬁﬁ%Epr%%ﬁt%ﬁhggfﬂg t he
ferment at | Ogelgﬁ%jﬁrgti?hdﬂs%ﬁ%mpgqnm S/h3ch FRY h9ar B&h&itatisdded

gpﬂut o% wa hane ernmentation. mely, using the
ents on, day : =hyde nt:at, N a - s a
hydr ogen fewntgql]}tgﬂ}lg%%éff lljtgnt1%(1‘?g§?$£rﬁéﬁan%h¥%ﬁﬁgmt§?i onﬂrily dri& g?i al

liquid), t h‘i‘eli‘iﬁél{&gﬂ‘ég éﬁmtlgwé;gd\eﬁ@ ﬁ@ﬁ?@%ﬂgﬁ%dd&%’ suRRl tol Rgtdrhe

material |iqu e nmet hane fer the dilution ratio was

0.40/d. Fig,8 }ﬁ;'ag en tf@lgﬁexéi‘tﬁtti%h[‘%§ gabilebfed fnysethAne fafinaddtation byg. 8).

[0071] As shown”i g e nmet hane f'ernmentati on caused by the

met hane-f er ﬁ@&hﬁﬁ@-f@hﬁéﬁﬁﬁg:ﬁi&%&g@hi@msﬁfdarﬁti) iabwar nekstédy inethbe the anount

of met hane generation even en using the effluents obtained

10 methane fermentation was maintained smoothly or not.
[0069] First, the fermentation effluent in which hydrogen fermentation
progressed normally without no hop component added thereto in
Example 4 was subjected to methane fermentation under a condition of
pH 7.0 to 7.5 at 37°C. Namely, using the effluents on days 5 and 6 of

15 hydrogen fermentation in Example 4 as a hydrogen fermentation
effluent (methane fermentation material liquid), the methane
fermentation was performed. When supplying the material liquid to
the methane fermentation, the dilution ratio was 0.43/d. Fig. 8 shows
thus obtained results (days 5’ and 6’ in Fig. 8).

20 [0070] Thereafter, the hydrogen fermentation effluent after performing
the hydrogen fermentation using the fermentation material liquid A of
Example 8 (having hop pellets added thereto) was subjected to methane
fermentation. Namely, using the effluents on days 16 to 21 of
hydrogen fermentation in Example 8 as a hydrogen fermentation

25 effluent (i.e., methane fermentation matetial liquid), the methane

fermentation was performed. When supplying the material liquid to
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after perform ng the hydrogen fernmentation by the hydrogen fernentation
mat eri al s containing hop pellets. This has elucidated that nethane
fermentati on caused by nethane-fernenting mcroorganisns is snoothly

mai nt ai ned al so when fernented |iquid obtained after 10 perform ng hydrogen
fermentation with a biomass material having a hop or hop conponent added
thereto or contained therein is subjected to the nethane fernentation. 36
CLAIMS 1. A production method of a biogas, the method conprising: a first

of “h predet dnnmeadas peinepistion Snf e Bl RIBEL, "Fis S RIERR, 2 "
nyar ogen: o/ fengPry B SRR TSRS BNl RAFOHEr abi e concent rati on of
2 Second St R0 aEneRahin 4 b eHErR e T g Th RRcaORy o 2nd 10
i 0 to bdopBaeaeRyChrT P DR ERI WRTI G, nO Y h IR 5, T e
Concant rat | GhoTe 5 M BphE bePtatlt BEgen Nt e R e i m 1

wher ei n theﬁ#;}éﬁ‘?@ﬁl@; %éjci rosen A fBFREHEGEIRN Bt hoe Ohydrddengas

according t urther Tonprising a third step of generating a

fernentatio j i CEHE idated that
2 (SRR RhifIndREP by CHE gk @lucidated t o
met hane-f er %ﬁ??ﬁg@&nlm%cr oor ga?ﬁ sm tgcr)rﬁrrg?r?gne-fer ment the fer_rrent gd l'iquid
after the athane fermentation caused by methane-fermenting microorganisms is
smoothly maintained also when fermented liquid obtained after
10 performing hydrogen fermentation with a biomass material having a

hop or hop component added thereto or contained therein is subjected to

the methane fermentation.
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hydrogen fernentation in the second step. 37

10

15

20

CLAIMS

1. A production method of a biogas, the method
comprising:

a first step of determining, according to a correlation between a
concentration of a predetermined substrate in a liquid to be processed
containing an organic matter and a rate of consumption of the substrate
by a hydrogen-fermenting microorganism, a maximum tolerable
concentration of the substrate consumable by the hydrogen-fermenting
microorganism; and

a second step of generating a biogas mainly composed of
hydrogen by causing the hydrogen-fermenting microorganism to
hydrogen-ferment the liquid to be processed while keeping the substrate
in the liquid to be processed at a concentration not higher than the
maximum tolerable concentration.

2. A production method of a biogas according to claim 1,
wherein the substrate is a glucide.

3. A production method of a biogas according to claim 1 or
2, further comprising a third step of generating a fermentation gas
mainly composed of methane by causing a methane-fermenting
microorganism to methane-ferment the fermented liquid after the

hydrogen fermentation in the second step.

37



