PROCESS FOR SOLID-STATE METHANE FERMENTATION OF BIOMASS MATERIALS AND
FERMENTATION APPARATUS SYSTEM THEREFOR BACKGROUND OF THE INVENTION The
present invention relates to a process for acid fermentation and methane fermentation of a solid
biomass material without using water as well as a fermentation apparatus system which is to use the
process. A wet methane fermentation process wherein a solid biomass in mixture with water is
subjected to anaerobic fermentation is widely put into practice as a method for methane fermentation
of biomass under an anaerobic condition. In such wet methane fermentation process, however, there
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methane fermentation by the aid of anaerobic bacteria is thus proposed for removing such drawback.

According &@L@Mﬂl@ép:q\-;p_?éimqém{gmentation tank necessary for treating 1 volume of the

starting material is approximately 1.5 times so that it is possible to minimize the apparatus to a certain
degree. However, there is also a drawback such that it takes a long period of time to evacuate air
existing in the starfiing qoiesdndimasnticiardh s ta keepess dmnacititecoretifatioreeessary for
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solid biomass material, facultative anaerobic bacteria propagate themselves within a short period of
time while 3T MEALREP NRRRARH Y SERE WAHGTLIS IR HREUREPR QFRS] decomposition by the

aid of the facultative anaerobic bacteria is promptly accelerated to permit production of a great deal of

organic acids, thusas{ifine Sl 40 & ferfidist IR pFOEe L HETR TP 2SS BIRPBAAHAR OiAMethanogen
growing within an alkaline rtan eis |mh|l?|t8c{ or stogpegl with the result that trae forma{tlon of a biogas
will take aﬂ'ﬁ%‘? %ﬁbtv%%g@sawbjec ed to anaerobic rermentation is widely put into
practice as a method for methane fermentation of biomass under an anaerobic
condition.

In such wet methane fermentation process, however, there is a
drawback that cost for facilities becomes higher as a fermentation tank of
approximately 15 to 20 volumes per volume of the starting biomass material is
necessitated, thereby increasing the capacity of the facilities.

A dry methane fermentation process wherein a solid biomass material
is subjected to methane fermentation by the aid of anaerobic bacteria is thus
proposed for removing such drawback. According to this method, the
capacity of the fermentation tank necessary for treating 1 volume of the
starting material is approximately 1.5 times so that it is possible to minimize
the apparatus to a certain degree. However, there is also a drawback such
that it takes a long period of time to evacuate air existing in the starting solid
biomass material so as to keep an anaerobic condition necessary for methane
fermentation. In case garbage or waste food residue rich in moisture is
coexistent in the solid biomass material, facultative anaerobic bacteria
propagate themselves within a short period of time while oxygen in the air
existing in the solid material is consumed, so that decomposition by the aid of
the facultative anaerobic bacteria is promptly accelerated to permit production
of a great deal of organic acids, thus shifting pH to an acidic range. For
these reasons, propagation of methanogen growing within an alkaline range is
inhibited or stopped with the result that the formation of a biogas will take at
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With respect to a dry methane fermentation process, the prior art includes a process for efficiently
generating methane wherein a device is made for the composition of biomass material and the
reaction conditions comprising mixing a solid side-material with a granular or sludge-like organic
waste material, in the course of methane fermentation of a biomass starting material under anaerobic
conditions, to prepare a waste mixture possessing air-permeability and fluidity, and thereafter bringing
the mixture to an anaerobic fermentation (cf. JP11-309493A), a method wherein the C/N ratio of an
organic wasigshnabeyigl dhadjesied to 20 to 250 (cf. JP2001-347247A), a method wherein an organic
waste material is mixed with an inorganic porous material and the mixture is introduced into a
methane fermentation tank (cf. JP2002-320949A) and a method wherein an organic waste material is

mixed with a carbidEtBr@ame flileAedeysTs e de rReMatiarRieresD e PIPDEA5-230624A). In
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c
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JP2002-320949A) and a method wherein an organic waste material is mixed
with a carbide and the mixture is subjected to methane fermentation (cf.
JP2005-230624A).

In all of these process and methods wherein a biomass starting
material is mixed with a separate side-material and then the fermentation
conditions is adjusted, however, expense for acquiring the side-material and
addition of the mixing step could not escape increase of cost. In addition, it
was difficult to carry out completely control of the facultative anaerobic
conditions or semi-aerobic conditions prior to conducting the methane
fermentation and also control of absolute anaerobic conditions at the time of
methane fermentation.

On the other hand, also known is the so-called two-phase type solid-
state methane fermentation process wherein photosynthesis bacteria are
cultured under an aerobic condition in an acid fermentation tank and the
reaction in a methane fermentation tank under an anaerobic condition is
promoted by utilizing the heat generated during the acid fermentation tank
thereby generating methane efficiently (cf. JP2005-81182A). In the dry-
process, the two-phase solid-state methane fermentation process is preferred
due to the moderate controllability of the oxygen concentration in the step of
acid fermentation and the possibility of keeping the absolutely anaerobic
conditions in the step of solid-state methane fermentation. In the
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2 aforementioned method wherein the aerobic condition and the anaerobic condition are jointly used,
it is difficult to set a diametrically opposite conditions so that it is not realized hitherto. SUMMARY OF
THE INVENTION The present invention has been completed with an object to provide, in efficiently
conducting methane formation by a two-phase solid-state methane fermentation process, a method
for the generation of methane with high efficiency by controlling the aerobic conditions during the acid
fermentation and controlling the anaerobic conditions during the methane fermentation without
addition ofzfoseextratienad mathtalsvib éheistthbrachabinss nuiitienmind s renak efbie extensive

investigatigRs i P FIORYINR RIGEESR 18 aRRAIEROSBEI Ans FLARISANy gbadapecost n the

two-phase solid-state metharie fermentation, it has now been found e above object can be
achieved 5P RAUHRRESOrIRARY dReidealizediAitIRItRd into a pelletized form to an acid fermentation

zone into which air has been introduced, subjecting the biomass material in the zone to acid

fermentatiaf ju iR B3cdiative eaee ERie eppditions or semi-aerobic conditions, compressing the

pellets to eliminate a gas containing a very small amount of oxygen and shifting the biomass pellets

to a methane fermentation zone where the biomass pellets are compressed under anaerobic
conditions and subjéedrtesenttinventiemiasdieenir pietedingth gasadyjetditingra vidsg, small

amount of SiGeRyTESHIGSERE IRV R REAB C RV RIIRE -ph AR Ratia otae akanafiading. In
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ensifying the pellets by compression to remove the oxygen from amo
As a result of the extensive investigations for developing a process for

producing methane efficiently at a low cost in the two-phase solid-state

methane fermentation, it has now been found that the above object can be

achieved by feeding a crushed biomass material shaped into a pelletized form

to an acid fermentation zone into which air has been introduced, subjecting

the biomass material in the zone to acid fermentation under facultative

anaerobic conditions or semi-aerobic conditions, compressing the pellets to

eliminate a gas containing a very small amount of oxygen and shifting the

biomass pellets to a methane fermentation zone where the biomass pellets

are compressed under anaerobic conditions and subjected to methane

fermentation while removing a gas containing a very small amount of oxygen.

The present invention has been completed on the basis of the above finding.

In accordance with the present invention, there is provided a process
for producing a biogas by solid-state fermentation of a solid biomass material
which comprises the steps of:

(1) pelletizing the biomass material into pellets;

(2) introducing the pellets into an acid fermentation zone;

(3) subjecting the biomass material in the pellets to solid-state acid
fermentation under facultative anaerobic conditions or under semi-aerobic
conditions kept in an oxygen concentration of 0.01% to 5.0%;

(4) densifying the pellets by compression to remove the oxygen from among
the particles of the biomass material,



the particles of the biomass material; 3 (5) transferring the densified pellets into a methane
fermentation zone; and (6) subjecting the biomass material in the densified pellets to methane
fermentation in the methane fermentation zone under anaerobic conditions, and an apparatus system
for producing a biogas by solid-state fermentation of a solid biomass material which comprises: an
acid fermentation tank having a means for pelletization of the solid biomass material and an air inlet
with a movable valve; and a methane fermentation tank having a pellet compressing means
connected(®)ttra asfdriéng énéatien sifiddt religts dntcoaabletivatve fernseptatitinrzdnghamdoresaid acid

fermentatiop g1 dbe ROUAPIRENASR S RHEN!FARAE HLRDRIRI TGRS feckitivmanacrobic

conditions%r semi-aerobjc conditions is ysed for a?éustln the partial pressure of oxygen in the zone
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Fig. 5 is a ghaph shomnacted elatendesdvreem EmaibRUaHKa DAY Rt 20 08BRaINEIgpand the
concentration of methane obtained in Reference Example 3. DETAILED DESCRITION OF THE

PREFERRED EMBUDIMENTS 4 Next, the present invention will now be illustrated by making
reference to the annexed drawings.

In the aforesaid acid fermentation zone, the solid biomass material
shaped into pellets under facultative anaerobic conditions or semi-aerobic
conditions is used for adjusting the partial pressure of oxygen in the zone lest
the temperature should be raised due to occurrence of excessive acid
fermentation.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow chart showing an example of the process of the present
invention.

Fig. 2 is a schematic side view showing the apparatus system of the
present invention.

Fig. 3 is a graph showing the difference in the biogas evolution in the
lapse of time with the 3 kinds of the pellets prepared in Reference Example 1.

Fig. 4 is a graph showing the difference in the biogas evolution in the
lapse of time with the 3 kinds of the pellets prepared in Reference Example 2.

Fig. 5 is a graph showing the relation between the cumulative amount
of biogas evolution and the concentration of methane obtained in Reference

Example 3.

DETAILED DESCRITION OF THE PREFERRED EMBODIMENTS



Fig. 1 is a flow chart showing an example of the process of the present invention. This process
consists of a coarsely pulverizing step (a), a pelletizing step (b), an acid fermentation step (c), a
methane fermentation step (d), a fermentation residue-recovering step (e), a secondary pelletizing
step (f) and an energy-producing step (g). A starting biomass material (A) is supplied to the step (a)
and treated through the respective steps. Finally, the treated material is exhausted as a combustion
residue (D). In the course of the steps, a biogas (B) is formed in the step (d) while a pelletized solid
fuel (C) is obtaineNexthéhstqudfeAlsithe ataoting i omadsenidisiicd texdbeys raitied e fbesstep (a), any
of the majgrigls lét}{ﬁgﬁefgrcﬁmmggnaterials for methane fermentation can be used which are
selected from ordinary organic waste materials of animal or plant origin hitherto used as fermentation
materials. Illustrative of such materials are, for example, agricultural wastes such as straw and dry
grass, grime of a pugifiédsvattovackastwhgwininas) fowhwestes tiergswygessstdsthauphesehtmbering
materials 3RgAISING MAISIHSc e iarls RXST8MedsarlaE pUIFERSIMidRapYEs), and excrements.
Among thes hat contain large %mount of water, EUCZ a}farimegs1 and xcremg%r%(s? is dried and
solicified BESLAIES e AR P A menA0a SRSk Amethans FRresBERRRS 8 mm in
the step (d)dané flesmpolietioad asiteastgsQyeRingrstenKed Imsesoniaay iratiatizing steodd) if
necessaryaiﬁuaarﬁmw@t%nbwiﬂ@@letp Ryp. bassthaimig® imasisef g sipdlipg)materials. In the step
(b), the matergla.ayeonelelped by way ol poybic-serpw S uder g plslgn presaiyie fpedec or the
like under %r&)sure o1 a3 a or, usually, in1He range RO 6 S a hrou@ﬁ a'die having

a diameteftkstatad nodtatial mhexdiarsdathrsor eRMRYSHe ik regidided Mcilittidheljtetmemodf alkalinity
of the bionagsstiegtsrial bid §ae MEIhaferfasacniatiersebsayvaiidatbe el &rsendfias. Itis

preferable tay ic.tabl re.and cooking tools such as a piece of kitchen knives, forks,
spoons by@ﬁgﬁfaamu%thraﬂpﬁgn% nt B'magnet or the like, which may be existent in the material prior

to crushing.
As the starting biomass material to be supplied to the step (a), any of

the materials utilized for starting materials for methane fermentation can be
used which are selected from ordinary organic waste materials of animal or
plant origin hitherto used as fermentation materials. lllustrative of such
materials are, for example, agricultural wastes such as straw and dry grass,
grime of a purified water tank, sewage grime, food wastes, forestry wastes
such as lumbering materials and thinning materials, livestock excrements,
fishery grime, old papers, and excrements. Among these, what contains a
large amount of water, such as grimes and excrements is dried and solidified
before use.

These materials are coarsely crushed to have a size not exceeding
100 mm in the step (a) and then pelletized in the step (b) where slaked lime or
quick lime can be added, if necessary, in an amount of about 0.001 to 5%
based on the mass of the starting materials. In the step (b), the materials are
pelletized by way of a double-screw extruder, a piston pressure feeder or the
like under pressure of at least 0.5 MPa or, usually, in the range of 0.5 to 80
MPa through a die having a diameter of 7 to 100 mm. The slaked lime or
quick lime is added to facilitate adjustment of alkalinity of the biomass material
in the methane fermentation subsequent to the acid fermentation.

It is preferable to remove metallic tableware and cooking tools such as
a piece of kitchen knives, forks, spoons by the aid of a ultra-permanent
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In the pelletizing step (c) carried out for degassing the air contained in the starting biomass material, it
is necessary that since the shaping condition for pelletizing varies according to the water or moisture
content of the material, the size of diameter of the die has to be selected to obtain a proper shaping
condition. It is preferable to conduct the pelletizing step at a low water content of not more than 40%
wet basis. By the term "% wet basis" is meant a percentage ratio (%) at room temperature under
normal pressure of a total of a dry mass of the solid content contained in the biomass material and the
water contemagm eteowther likentehtci meac nfeistersition thie pn@aledial thrombsheneshéngentation step
(d) are carried out under the same reaction conditions as adopted in the known methane

fermentation; i.e. the step (c),is.carried out usually under an anaerobic condition or a semi-aerobic
condition kept at 051K EHJAT SO C AN AHh G SRR o D AL SULAINRS o
absolute atkesliaiding idamass thatetaldhiiomscesshsiatbahsinaadierslkapitgr;enditigas
Dfedo_m'nafﬁiy;fé}%ﬁ'ﬂﬁg mtag%&fmmgd&m@ e F FHysiire Qf@ﬁft&'rﬁ ﬁ‘%ﬂ@ﬂ?aﬁ%rﬁ%ﬁ’,_mat'on
contains ammonia ar}dgﬁndlggest%q %%aé}lctﬁ)gngj? SHChs as buté{r{g %g)lgq.ﬁroplcl),mc ac#%gnd the like and
emits an inqéﬁssézt?aa SHRINESS AL S5 28 perO(?u%%% amed sHBr I RAIGHI RH‘geatment
cannot beGeditienefidialf PTélerablade conied theneglledsigoiter pteskaw watetion is free from

such bad sgagltamdas subiaeird titan IBERNEBHDL RSKetizing treatment in the step (f) where the resultant
pellets can be used beneficially as solid fuel pellets. In the foregoing steps (c) and (d), the yield of the

biogas and the velocitéhof the b‘i%qas %ener_atjqn are influenced by the particular oxygen partial
pressures so that BiaBNBHETEMt &6 WBkhasiE dFfereAtt Fshrrcesiade hativeeh iatdeamps. This

pressure digenpeeatisreaintained dhereinreibhdbtokbeetipdryideddicorens bollisteps and a
movable v Xﬁtg}ﬁ’tu@ézﬂ)é%glfir?'ﬂln@g?ofh\:é§é‘?ﬂa€iéﬂ%ﬁ‘%‘ﬂdﬂ?ﬁ‘éiﬂ5¥é¥xgo@8m$ %tﬁ'éfva/\é%eﬁxcept N

the case o th(te p(illet eing remove e concentration of methane in the aci
content.

The acid fermentation step (c) and the methane fermentation step (d)
are carried out under the same reaction conditions as adopted in the known
methane fermentation; i.e. the step (c) is carried out usually under an
anaerobic condition or a semi-aerobic condition kept at 0.01 to 5.0% oxygen
concentration while the step (d) is carried out under the absolute anaerobic
condition. In the conventional solid-state methane fermentation, a biogas
predominantly containing methane is formed but a residue remaining after the
methane fermentation contains ammonia and undigested organic acids such
as butyric acid, propionic acid and the like and emits an intense bad smell so
that the carbonized product obtained after the carbonizing treatment cannot
be used beneficially. The residue obtained in the process of the present
invention is free from such bad smell and is subjected to a secondary
pelletizing treatment in the step (f) where the resultant pellets can be used
beneficially as solid fuel pellets.

In the foregoing steps (c) and (d), the yield of the biogas and the
velocity of the biogas generation are influenced by the particular oxygen
partial pressures so that establishment of a pressure difference is necessary
between these steps. This pressure difference is maintained by the action of
a bulkhead provided between both steps and a movable valve mounted to the
bulkhead in such a manner that the valve is closed always except in the case
of the pellets being removed. The concentration of methane in the acid
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fermentation step is then measured and the movable valve is properly opened or closed to adjust the
difference in pressure. In this case, it is preferable to set the oxygen partial pressure within the range
of 1 to 5000 Pa in the acid fermentation zone and within the range of 0.1 to 1.0 Pa in the methane
fermentation zone. In the step (d), it is necessary to compress the starting pelletized material so as to
leave no void spaces in the biomass particles since metabolism of methanogen, which is one of the
absolutely facultative anaerobic bacteria, is significantly influenced by existence of even a very small

amount of fatygentatioa stéabis {ihammld@gu;ﬂagamdmmerma@mhmismmﬂwepeymj under a
pressure 06Pé&eé@gbﬂhaegdett%?&%réh@éW}Paf@&agﬁzecmqm-ea%ﬁ%isbgwg&am fovable

portion of a piston of the press an e upperg)qrtlon 0) e fermentation tank so that a sea ng of a

liquid-sealS§tYPE BX¥ISHYPAHZ Y BRseITE NERIMHNG dapRiqb BEAmAOR B REGI, pressure of
max. 3000fermédgation eoere cndiddtzibléhdaargs o mitHetgidld dPanisthhaanethamecognized in the
event the sgalishisitid®t 2eRked. If desired, the sealing may be omitted. The increased bulk density of
the pellets after compression-densification should be in the range from 920 to 1360 kg/m3. It is
adequate that the water content of the biomass material in the step (c) is about 70% wet basis and
that of the biomasdmihiesdem (Hp ép nghes sdryutasossmpsebadhe istditing stepstigrdefore, it is

preferred taaeliil e 44461600 ALIGBRESHILS iSRS tsIERlsshpkRVaRY Al wvater generated in

the course of drying the methgne fermentation residue is ,recovered and used, as the supplying water
in this casén?% éﬁﬁmyogq%ﬂé?qﬂgtﬁgs %QB)_'%%Q%S?cﬁ}ﬁe%SPﬁ‘b‘\?'ﬁéﬁé&%@a%&er oozed out from
the slurry generafis baske dapisdyidnidisestt)vinfldeasiaddnanistantmné evan-aateriermentation is
a very impgiantdnasiaitior acsrenlishmeasteithsesateated eoy driesrd b hyFessingich means
concurrent LodUCHan of N3 BUE"ALANHYSE G PONST SINER g ey can e pised asa fuel for
external COMBUSTION engines as a %Wer enerator, 1n case where absolutely no inconibustible foreign
material it is important to secure air-tightness between the movable portion of a piston

of the press and the upper portion of the fermentation tank so that a sealing of

a liquid-sealed type or a labyrinth ring type is preferably applied to enable

tolerating the gas pressure of max. 3000 mm Ag. However, considerable

decrease in the yield of methane is not recognized in the event the sealing is

not applied. If desired, the sealing may be omitted. The increased bulk

density of the pellets after compression-densification should be in the range

from 920 to 1360 kg/m®.

It is adequate that the water content of the biomass material in the
step (c) is about 70% wet basis and that of the biomass material in the step
(d) is about 80% wet basis, in these steps, therefore, it is preferred to adjust
the water content respectively. It is preferable that evaporated water
generated in the course of drying the methane fermentation residue is
recovered and used as the supplying water in this case. The supply of water
in the step (d) may be carried out by recycling water cozed out from the slurry
generated in the step (d).

Disposal of the residue in the methane solid-state fermentation is a
very important matter for accomplishment of the so-called co-generation
system which means concurrent production of heat energy and electric power
since the residue can be used as a fuel for external combustion engines as a
power generator. In case where absolutely no incombustible foreign material
is contained in the biomass material, the residue in the step (e) is pelletized
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is contained in the biomass material, the residue in the step (e) is pelletized 7 after drying and the
resultant pellets can be utilized as a solid fuel for external combustion engines for power supply.
However, it is usually unavoidable that foreign materials originated from fossil fuel are contained in the
biomass material. In general, harmful substances such as dioxins have to be thermally decomposed
at a temperature of 800 C or higher in the event the product is utilized as energy source. According to
the process of the present invention, however, the fermentation residue from the step (d) is recovered
in the stepgftgraiiyjiecieshdotiiee restotntdry ¢lidistizatidre anii2¢lditierac slig ¢ved diterdestianaat a high

temperatugg, t%m@[{&%@%ﬁ%é%%%r%ggwyz MPa) to the resultant pellets and then the pellets

are subjected to therma on reaction at above 800 C by utilizing biogas thereby producing
a synthesis gas of high calories. A residue formed in this step is burnt in the step (g). In case a
thermal decomposhioweeactiiir swaaead e anpovitta bl dbstefo cdigio gaateoialsustigimisteged or a

co-generafiihSYSI it IRERSHISIRE FPMRUBHNL0TING {8 581 UPiASNaMICkdHfsafvantageous
that a water disposal step js unnecessary for éhfptwcﬁgha%j sojid-state methane fermentation
hnvedoheihermal

apparatus SYRRIAN R R ARR AR RS Y FRFPTIPQREAME include, though
dependentem feratomeenfs8Elrffo mbhagbtr imtharevendttbes pnate ctiartititj 28 dnasse meaggrial, useful
ones and sglass ONASHRIFRNRIANEBIRT LB AR S PRASRNMWWARISTORIR 85 aperly fractionated
are in many case eusablec{andﬁgseft&téjt oth atlﬁeless onesélnd Qf oPtrFerEI y ofﬁllsg%s% than the
e as a ARG R RS IMEC TR MR E Bl (R U LB R NG SR LRE RYIERISHDn
apparatus ythensactnecy paligtaatipariantrdditole nfisepehert estistermata thighcid
fermentatigg _ é'ﬁﬁ‘@ '@ﬁb_@rsée{b@p"i‘égstﬁﬁé"(@@@”@, %W@Q%F‘f’é}ktéscﬁé irpthatstep (d)- In case
the amoun gh oiodas,snuaried denending.on e apprient densipcand water canieat gfihe fomass
material inRRe apparen{1 ensﬂy% es ar?ing aterial By pgﬁg}?zing,chom%ver,

above 800 °C by utilizing biogas thereby producing a synthesis gas of high

calories. A residue formed in this step is burnt in the step (g).

In case a thermal decomposition reaction furnace employing a booster
of biogas combustion is used or a co-generation system due to an external
combustion engine is set up as an annex, it is advantageous that a water
disposal step is unnecessary for the two-phase solid-state methane
fermentation apparatus system.

The combustion residues formed in the step (g), i.e. the ashes include,
though dependent on the contents of incombustible inorganic matters in the
starting biomass material, useful ones and useless ones. Household wastes
such as garbage and waste foods as properly fractionated are in many cases
reusable and useful but other useless ones find no other way of disposal than
the use as a land filling material.

In case of using the two-phase solid-state methane fermentation
apparatus system, it is necessary to experimentally select the volume ratio
between the acid fermentation tank used in the step (c) and the methane
fermentation tank used in the step (d). In case the amount of biogas is
varied depending on the apparent density and water content of the biomass
material in the apparent density of the starting material by pelletizing, however,
it is experimentally confirmed that if the water content is maintained at about
70% wet basis, the generation of the biogas becomes slow to lower the
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it is experimentally confirmed that if the water content is maintained at about 70% wet basis, the
generation of the biogas becomes slow to lower the 8 amount of biogas generated per unit mass. In
the process of the present invention, controlling the water content of the biomass material in the step
(c) to about 70% wet basis by maintaining the oxygen concentration at a certain level thus enabled
the acid fermentation accompanying an exothermic reaction with the aid of metabolism of facultative

anaerobic bacteria. In case the step (c) is carried out for a long period of time, however, there may be
the case whdRUNHY RiSgRM & ReRatRgiBRNYEENAED (d) is inhibited as the amount of organic acids
becomes larger depending on the sort of the biomass material. Accordingly, it is preferable that the

step (©) s mited 19 FRBRMALINGIG A Ry, COBNELA sl LRARORd MaEALR Epse ou

while monitoring the oxygen concentratio e reaction temperature either by adjustin

w » Py - 4 « t e
oxygen coHeeRIAMEAS SRR BRBIRRC B} SEbaHby ko) PRSimATSRIREEH B r quick
lime addedxythenstem Canthstio také o atertd PO delyth e frabdaddheadicid 6& methgatéon the step (d)

pecome a SIERSMBHHSILIBREXBIREIR! FABAIBR Wihfs GRIMSY AIRASEIRTD cemiagshe water

content of the starting biomass material is preferably about 80% wet basis, a slurry liquid recovered in
this step is? F@ﬁFﬂQb"a‘?ﬁfE‘fsﬁ'@ed?{b‘?ﬂﬁﬁfgﬁ ﬁ%@R/\/étHSCBﬂféﬁda?%g‘Eﬁ gd%%é’%ﬁ’gs(?fParticularly

preferable tivater oweve ntiisrcimap deriacecias & 8D eocdd th evencbhsize Ifetheeptatiessiof the present
invention, 'ﬂ‘H@&'@&’(@?QWﬁHM@d %'ﬂ#@%@%@f'ﬁ@%ﬁ%@%ﬁ@@@@é@ﬂ%@@’eﬁhe step (d) is
carried out and the resid |sspt-i_geiﬁ%d @ﬂeh}%glr;%tag manufacture ﬁ.solb?f el [the teéz% e)]. Further
i desired i GRS RILIQILHIR SR OL D DU b Ushielue AR AUBI IR RIS b R ated with
super heatdipéidnstan (Rrisdimiaktd witangeblddus dBtamaa ihaye. stépofety ababsitabast 800 C to
produce a (@EisHtiARCeBPBTedaRSd HataRPRACHISHYSIRTY BhEhexsigsaidALantiaLivi| now be

Hllustrated and the reaction temperature either by adjusting the oxygen concentration
with an RO membrane or PSA or by varying the amount of slake lime or quick

lime added in the step (a).

As it takes about 200 days for the concentration of methane in the step
(d) become a steady state, it is preferred that the step (d) is continued at least
200 days. Since the water content of the starting biomass material is
preferably about 80% wet basis, a slurry liquid recovered in this step is
returned and sprayed to maintain the water content at about 80% wet basis.
Particularly preferable water content of the biomass material is 80 to 85% wet
basis.

In the process of the present invention, if desired, recovery of a
residue of the methane fermentation followed by the step (d) is carried out and
the residue is pelletized after drying to manufacture a solid fuel [the step (e)].
Further if desired in the process of the present invention, the solid fuel
obtained in the step (e) is heated with super heated steam and further heated
with the biogas obtained in the step (d) up to at least 800 °C to produce a
thermally decomposed gas.

The apparatus system of the present invention will now be illustrated
by way of the drawings. Fig. 2 is a schematic side view showing the
apparatus system of the present invention.



by way of the drawings. Fig. 2 is a schematic side view showing the apparatus system of the present
invention. 9 In this drawing, a solid biomass material from a feeding pit 1 is coarsely pulverized at a
pulverizer 2 and pushed by a downwardly pushing screw conveyer 3 into an extruder 4 driven by the
drive-controlling unit 5 whereby the biomass material is pelletized. The material is allowed to pass
through a preparatory chamber 6 and pelletized through a die 20 and thereafter supplied to an acid
fermentation tank 7 having an air inlet 25 with a movable valve. In a heat medium reservoir room 8,
the pellets are pushiethigsltavdncalargplitk Rippeassimate sRlftimedeadyle eitanisconveyed to a
methane feﬂaﬁé@wicgf%l@éﬁz& aha @@jﬂx_éermrnaéiﬁg tﬁmhé%rw taeiqnmmﬁageﬁnemﬁ jon tank |1|'1
are separate u Vi ev is dr, an. angle-controlling
erutor 190N CRRYEr B E Rt T RS Bl YA RS GRSt ot
press-con¥BEiRg h e R NARH Ratesirkisaehehzede exibmaaietplds alowss tRap@ssing
chamber 1Brabeie thersisetian peltisrabep e a fidpahetiaed tiamueMaiidict@tkahdre compacted to

eliminate gy SR, BAIRTPETIAY SharsRa IR TMe PhGIIanS [BiMAIRGRn RRORveyed by

the aid of an ug&g t screw conveyer 14 and a parallel screw convey 0 a drying device 17
where the RRYARSV@NR wilth 8rPeft BRRAUTB FESIWNEF2AM R tBReREIRS MR B UFb@fhrge port 23.
The biogas pavenedhiratbrgrtatape érsafidaisos| tkd hisadizeiytgedafrovdhessdibustzopening 22.

On the othgihandesiHBhRIAOHALFRISSted PRENGRPHAM SHERARSAG i/ Mgthapg fermentation tank
11 slanted at an angle R is recycled by the aid of a reg&]lbrﬁ; pum;[)f 16 througvh a slurry reservoir 19
t

and plural YHARGREeialiRN LagkIdd & th8enasd akhgad BRMRe AR
fermentatiomo vaxiel ¢ aMeeSdviduiche ssddisvakemyoain famgl erealibei inge auitttd sl Pellefibed and used

as a solid fyehrA FRMfEHR MSHPRBRIR A4S MRRAJEH RFIRG WiSper surface thereof with a
press-compacting head 12 which is intercepted from the external air by an air-
tight maintaining chamber 13 where the starting pellets supplied from the acid
fermentation tank 7 are compacted to eliminate air containing a trace amount
of oxygen.

A residue of methane fermentation is conveyed by the aid of an upright
screw conveyer 14 and a parallel screw conveyer 15 to a drying device 17
where the residue is dried with dry air blown from a blower 21 and taken out
from a discharge port 23.

The biogas formed in the methane fermentation tank 11 is discharged
from the exhaust opening 22.

On the other hand, a slurry product collected on the bottom surface of
the methane fermentation tank 11 slanted at an angle B is recycled by the aid
of a recycling pump 16 through a slurry reservoir 19 and plural spray nozzles
18 and recycled to the acid fermentation tank 7 and the methane fermentation
tank 11.

The dried residue taken out from the discharge port 23 is pelletized
and used as a solid fuel. A radiation thermometer 24 is used for tracing the
inner temperature of the acid fermentation tank 7.

In accordance with the present invention, the biogas can effectively be
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inner temperature of the acid fermentation tank 7. In accordance with the present invention, the biogas
can effectively be 10 generated from the biomass material in addition to a pelletized solid fuel of good
guality obtained from the residue of methane fermentation. The best mode for carrying out the present
invention will now be illustrated, but the invention is not limited thereby. Reference Example 1 A solid
matter (water content: 40% wet basis) obtained by pulverizing and dehydrating garbage was admixed
with 0.01 % by mass (based on dry mass) of slaked lime, and the mixture was shaped into 3 kinds of

pellets eadEMRkAtRcaltRambteriemash aieriahtprpeditiomie anaea\aling dsedickived@sities of 650

kg/m3, 80@&adTgUaNItySObtsiieB rone tierassiduectie s etbrensfanindritatidwo-phase type solid-state
methane fermentation apparatus system of 200-liter capacity at a feed rate of 0.5 kg/day, while a

calculated amount_of water was sprayed over 2 days to an acid fermentation tank leading to the open
air in such a mannéhthResemade St sarIBOR whdhirR@seRTigMeRIBME TR WS asis. In this
state, the iflelittatedrcballdivedrivesttigrids ndayisnititdothteadtyion of water. The amount of additional
water at a methane fermentation tank was calculated and the amount of water was adjusted to
become 85% wet basis. The temperature of the methane fermentation tank was continuously
maintaine 2 lihe test thus obtained for the three samples is shown in Fig. 3 as a
graph showing the relation in the lapse of time to the cumulative volume of biogas evolved in terms of

the mass basis of ihe sHaRIGHEAIRAEr Sntenvandhe ey Bastsicomalaly 9;98‘:5013\/%%;]“;“6 acid

fermentation tapk at the fifth day was measyred by the radiation thermometer whereupon
temperatulaep\siégellwgr ?'ﬂgfg?é%@@%% @K%ﬁl?ﬁﬁhitﬁ(@ﬁ%%ﬁﬁ% 2 %f?@ésis) obtained
by pulverizings ahdfosbleciingey ahddbevadxidreiveasva oo @l Wotoydrkind soakpelwisieach

having a diameter of 7 mm and a length of 20 mm and having apparent

densities of 650 kg/m*, 800 kg/m® and 900 kg/m®.

The aforesaid pellets were supplied to a two-phase type solid-state
methane fermentation apparatus system of 200-liter capacity at a feed rate of
0.5 kg/day, while a calculated amount of water was sprayed over 2 days to an
acid fermentation tank leading to the open air in such a manner that the
amount of water at the fifth day might become 70% wet basis. In this state,
the pellets were allowed to stay for 5 days without addition of water. The
amount of additional water at a methane fermentation tank was calculated and
the amount of water was adjusted to become 85% wet basis. The
temperature of the methane fermentation tank was continuously maintained at
2515 °C.

A result of the test thus obtained for the three samples is shown in Fig.
3 as a graph showing the relation in the lapse of time to the cumulative
volume of biogas evolved in terms of the mass basis of the supplied garbage.
By the way, the surface temperature of the pellets in the acid fermentation
tank at the fifth day was measured by the radiation thermometer whereupon
the temperature was 4015 °C.

Reference Example 2

A solid matter (water content: 40% wet basis) obtained by pulverizing
and dehydrating garbage was admixed with 0.01% by mass (based on dry
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11 mass) of slaked lime, and the mixture was shaped into pellets each having a diameter of 7 mm and
a length of 20 mm. The aforesaid pellets were supplied to a two-phase type solid-state methane
fermentation apparatus system of 200-liter capacity at a feed rate of 0.5 kg/day, while a calculated
amount of water was sprayed over 2 days to an acid fermentation tank in such a manner that the
amount of water at the fifth day might become 70% wet basis. In this state, the pellets were allowed to
stay for 5 days without addition of water. The amount of additional water at a methane fermentation
tank was cAIgaR:ed SRk ack! it HIGINGBPILS HAStEaRSBAREHRENG R B0h RaVEER. The
temperatudiarhtite nuftiamen fandentehgthtaikk@as montinuously maintained at 255 C. Three samples
having apparent densities of 650 kg/m3, 800 kg/m3 and 900 kg/m3 were thus prepared. A result of
the test thus obtained for the three samples is shown in Fig. 4 as a graph showing the relation in the

lapse of time to thel S ARIRRA IJREIRIDMREGURPIREd HadosRitaRE YRS 3 9sptRe supplied
garbage. Byethenafethestaticr spppeatinsrsyHStdra pdIRAO itdrecagidddynad radeed tabdk af the fifth
day was measigeddy siredatiapdRREBURRRYBERHRINWRS SpRRRIAIR MEU408 fo Fpference
Example 3 Cow.dung with the exception of urine was paturally dried t {;e are samples having water
contents 0B (PHBSTIRHUALRKTA 556 70N L HRTGHE O\ WA AR HER mim
diameter bgansmightibecomary tppassnaipiasityl oftBid Hate3thad slipisievers atioovptdse type
50"d'5tatesfﬁ9th§\n§ E?J%?Wi@ﬂgﬂtt@'a@iﬁi%\ﬁr& @v‘é@j@ﬁdtﬁ'ﬁé%@mﬂ@ﬁé@d‘@m %tég@lad . Fig. 5'is
a graph showkn the relatio thetw en the cumuylatijve amoynt of evolveg bjogas thus obtained and the
concentratlBF DPRE R IRt e S sahlile d i A RS aHATenivAs: was
pelletized, agiisties tadeeeement Wi Geffastirt hesis feelinfytpinpatatesa® fitearigteanrntation
tank and thgmeiheip fetaf iRttt dd\esavrittauadearosided hetwerredh 8 a¢ig Eymentation
tank and tmeam%h%%arent densities of 650 kg/m?, 800 kg/m® and 900 kg/m?® were thus

prepared.

A result of the test thus obtained for the three samples is shown in Fig.
4 as a graph showing the relation in the lapse of time to the cumulative
volume of biogas evolved in terms of the mass basis of the supplied garbage.
By the way, the surface temperature of the pellets in the acid fermentation
tank at the fifth day was measured by the radiation thermometer whereupon
the temperature was 4045 °C.

Reference Example 3

Cow dung with the exception of urine was naturally dried to prepare
samples having water contents of 80 to 85% wet basis and 70 to 75% wet
basis. The samples were pelletized (7 mm diameter by 15 mm) to have an
apparent density of 800 kg/m® and supplied to a two-phase type solid-state
methane fermentation tank having a capacity of 1000 liters at a rate of 3.0
kg/day. Fig. 5 is a graph showing the relation between the cumulative
amount of evolved biogas thus obtained and the concentration of methane.

In this Example, water was not added and the dried material was
pelletized, while its water content was adjusted at the feeding pit, and fed to
the acid fermentation tank and the methane fermentation tank. The movable
valve provided-between the acid fermentation tank and the methane

12



12 fermentation tank was manually operated. A press-compacting device and a drying device were not
provided in this apparatus system. In the acid fermentation tank, the temperature of the pellets having
70 to 75% wet basis was 40 to 45 C by controlling the oxygen concentration to 2% with PSA while the
temperature of the pellets having 80 to 85% wet basis did not permit elevation of temperature at
around 30 C. In both wet cases, almost no change was detected in the concentration of methane.
From the foregoing Reference Examples 1 and 2, it is noted that as the apparent density becomes
greater, th&&¢ oiRBKMEtRIRaMEadN P eratesdy state earlier. It is also noted in view of
Reference Examples | and 2 that in case the water content is 70 to 75% wet basis, the cumulative

amount of biogas guahied &5 Hislh e 1he RTIUUAS oRamBeALORE! e SABING JYRIBahbecomes

lower as compared with the cas water content being~80 to 85% wet basis. In view o

Reference tBibARNE BtHSsSYSiaMhar Bthe 498 derRRHUAlIGR faka D edemp e Rty Fsa8dBfto pass
through theellettsaha Viergn20tdiath Samie tEbasipleds A 0r¢atd e ACNRSs camtiedliowgf th éhexsgme manner

as described i REERRACH AR PECoRiiBahe i sHPRIMNGr i RsIRGR {h H\R geshane

fermentation tank in Reference Example 1, the pellets were com'%‘essed under pressure of 1.0 MPa

by the aid & £ Pre¥ehBasi5ed IHHRL R THGE ORI 0 damaaral LR RIAF4 08 3B e Sof HBgas
evolved in katth wetnpds esas imarehsedchp 20e 3% ake ctenpiardoenddnienteattonf 6fg. 3. Example 2
Garbage sphigsigebin advance to the removal of metallic dusts by using a permanent magnet was
then subjected to crushing by using a crusher to have a particle size not exceeding 10 mm. Attempted

pelletization of the 13 thus crushed material failed to pass through the die openings even under
From the foregoing Reference Examples 1 and 2, it is noted that as

the apparent density becomes greater, the concentration of methane reaches
a steady state earlier. It is also noted in view of Reference Examples 1 and 2
that in case the water content is 70 to 75% wet basis, the cumulative amount
of biogas evolved as well as the amount of biogas per ton of the starting
material becomes lower as compared with the case of the water content being
80 to 85% wet basis.

In view of Reference Example 3, it is noted that at least 200 days are
necessary for the solid material to pass through the methane fermentation

tank.
Example 1

A treatment was carried out in the same manner as described in
Reference Example 1 except that prior to supplying the pellets to the methane
fermentation tank in Reference Example 1, the pellets were compressed
under pressure of 1.0 MPa by the aid of a press machine, whereby it was
understood that the cumulative volumes of biogas evolved in each sample
was increased by 20 to 30% as compared with the case of Fig. 3.

Example 2

Garbage subjected in advance to the removal of metallic dusts by
using a permanent magnet was then subjected to crushing by using a crusher
to have a particle size not exceeding 10 mm. Attempted pelletization of the

13



pressurization with the plastic flowability obtained at a water content of 40% wet basis or more. When
the water content was decreased to around 30% wet basis by blending wood chips with the garbage,
however, the material could pass through the die openings under thrusting within the elastic
deformation range. Water was sprayed to the thus obtained pellets to adjust the water content thereof
to around 70% wet basis to be transferred into a two-phase solid-state methane fermentation
apparatus system having a total volume of 1000 liters under a controlled oxygen concentration of

around 1 W1 CorshiatblAIRRAL RIRAI RasH RN ER sie BPRIAIBASEHERe®H to 50 C at
the fifth daprésisuraratitorvidtinghenpiattioetiowab ity Ebthiday. Mextyatenimnteintanitghese

conditions, ) xuglatiphiigidd alpitee-omatae BOHRIASWHRcEINS mptRARR fRImapion tank
was sprinkled to the methangé_fermentatlgn tank to keep the water content at 80% wet basis and the

experimenf{thB28istRY Aendingged Wihrdns 98reag8 A VEYPEVRGIBA S @biogas after
lapse of 3xdaid phesriccnfgbviblatitin cehingsawiddorthnusting afithitapse efeBsie days. In the next
place, the matapsifsAmanigdion residue obtained here was dried in a hot-air drying oven down to a
water content of 25% wet basis followed by molding into pellets by a pelletizing machine having a die

opening of 7 mm so that the temperature of the pellets was increased to about 80 C to give a solid
fuel having a wateM¢ateemtas $Brayeghionibedhsis. obtaloathipellets tteadjupiibeawataoring the

above merdiried CiEIa e Basimamelplvamaeniad WG éaeisRMe Rpadhiagas yielded an

odorless exhayst, gas. Example.3 The same cow dung as used in Reference Example 3 was supplied
toa two-pRaLd SIRLCR DI LELLE (oLTEE o aHRASh e s Re b RS R0 e as

shown in FI§0D titgesnenderasregysoladraxyvgen eancesidatial dleseundiafs fosthane fermentation
was pelletazastiide AAMNGAOTRIES tepirierd Iadrerasod sidas) material up to 50

°C at the fifth day, this condition being maintained until the tenth day.

Nextly, while maintaining these conditions, an exudation liquid
obtained from the bottom surface of the methane fermentation tank was
sprinkled to the methane fermentation tank to keep the water content at 80%
wet basis and the experiment was continued at a material temperature of 25
to 35 °C to find evolution of a biogas after lapse of 35 days, the rate of
evolution reaching a stationary state after lapse of 180 days.

In the next place, the methane fermentation residue obtained here was
dried in a hot-air drying oven down to a water content of 25% wet basis
followed by molding into pellets by a pelletizing machine having a die opening
of 7 mm so that the temperature of the pellets was increased to about 80 °C to
give a solid fuel having a water content of 15 to 18% wet basis. Incidentally,
the steam generated during the above mentioned drying step had a smell of
ammonia but burning of the same as a biogas yielded an odorless exhaust
gas.

Example 3
The same cow dung as used in Reference Example 3 was supplied to

a two-phase type solid-state methane fermentation apparatus system having
the structure as shown in Fig. 2 to generate a biogas.

14



comprising pellets (7 mm diameter by 20 mm) having 12% wet basis water. This solid fuel had a
low-grade calorific value of about 4000 kcal/kg. A Stirling Engine ST-5 (marketed by Stirling Engine
Co., Ltd., Japan) was operated by using this fuel at a furnace temperature of 65050 C with a burner.
having a maximum output of 5000 kcal/hr whereby an electric output power of 3.0 to 3.2 kW was
obtained at a fuel consumption of the methane fermentation residue pellets of 6.5 kg/per hour. Electric
power conversion _efficiency was about 10% while the waste heat temperature reached 450 C. It was

found that the hot h8& ERHIIY reidurabissplisiats methang tREMERSERRUNAST exhaust air
was decrepeddtimdnitotBéGanby maynéhest ieckampdenthoaprapaie @ saltdrfaglheat exchanger.

Example 4Snpatdieated RRaT ohRIBRIRBIG, sl sRenIRAIEY 094G sodsfuskgipined by
pelletizing the m%ﬁh&lﬁe fe}rgqﬁntﬁgm resi ute%ajse_ n E>|<am e 3 was introduced under a pressure of
0.25 MPa M aSQiTHEL RELAHANIAS SR R N ARG 2RBHIMOUP SIS and 2 kg of pellets
of the methane fermentation residue used in Example 3 were fed thereto by the aid of a screw auger
while the outer wal\@#RthigESHARE EarUs Was HostRNaREi M Bidine2 @70 G Y thasigh pf a biogas
burner. A thermal decompositiqn gas. oftaclned a arb?/ntr}ess gas aiter gﬁ%g}g;éesoo the thermal
decompositn RRETALRLE MRS L) b ey G SO S BER BB 2 £ et (&) Baot, o
45%, CH4bogaeNhayin ©2: 700 nomaaidimiit bR kgadinhwiierehyl afeeteatiisiooin ube
concentrafiiiget! df 3aneo02. aRoNevEe sp BARed W?@f@(ﬂ%@ﬂ%@ﬂn fon 'dﬁ%égrﬁétﬁﬂ\ﬂﬁp IS: 1. A
process fop prodyclnn 2 plagRs.y sl Sgte dmentatian of sl bismass materalwhich
comprises the gteps of! (f) pellétizing the bioma hRaeREintG peq ets;p&\fvlntroducmg s pellets into

an acid ferdfpigiion weasea PR udetmbitadhrovasie maairi@mpeiaiyurets as ket #6@tCacid
fermentatipnauslés irelittadivehaneer pliatconditions aEcodsEaeryi-B8MeP80% in the event

the temperature of exhaust air was decreased down to 250 °C by way of heat
exchange with an air-air or water-air heat exchanger.

Example 4

Super-heated steam obtained by high frequency heating of the solid
fuel obtained by pelletizing the methane fermentation residue used in Example
3 was introduced under a pressure of 0.25 MPa into a stainless steel-made jet
stream tank having a volume of 50 liters and 2 kg of pellets of the methane
fermentation residue used in Example 3 were fed thereto by the aid of a screw
auger while the outer wall of the jet stream tank was under heating at about
820120 °C by the aid of a biogas burner. A thermal decomposition gas
obtained as a synthesis gas after 3 minutes of the thermal decomposition was
taken, which showed on assay of the gas composition to contain CO: 18%, Hy:
45%, CH4: 9%, N2 and O;: 28%. On a continued running of the thermal
decomposition, the concentrations of N, and O, among these gases were
decreased.
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conditions kept in an oxygen concentration of 0.01% to 5.0%; (4) densifying the pellets by
compression to remove the oxygen from among the particles of the biomass material; (5) transferring
the densified pellets into a methane fermentation zone; and (6) subjecting the biomass material in the
densified pellets to methane fermentation in the methane fermentation zone under anaerobic
conditions. 2. The process for producing a biogas according to Claim 1 wherein the biomass material
pelletized in %&%ﬁ%%ﬁéﬁgﬁm le size not exceeding 100 mm. 3. The process for producing a biogas
according W i [Rw pelletization of the biomass material in step (1) is conducted by
extrusion of the biomass material through a die. 4. The process for producing a biogas according to

Claim 3 wherein thg 3xEeSORRTIRSRIEINGSS FIGMRIFHIP Sariiesiatd TaipnehtatliR bRUNGRgdiameter
of 7 to 100 mm under atglf?isé{z&??ﬁfbat leas] O'Sﬁl\fgﬁ a, 5. Th?_ process for producing a biogas according

to Claim 1 R{REIRR 12 BBPI R AR A8 1R step (1) is blended beforehand with
calcium hy(drbrieiketizizgctben kigitapsanatetahirdo et etss to 5% by mass based on the mass of the

biomass mate[iatodubiiegriesessleisrReEUsE Ad>fegreAtsREt NieClaim 1 wherein the densified
pellets of th siz%-.%(‘j:};ste%gi%rinass rgar%ear{al inlslkeﬂlg})hﬂ\é?sat Wat?agontfent of 80% to 85% by mass
on the wet glssig. nene progégg?or proSﬂ'&ng a of g%s aCC&‘&I%QI] tOSt@ %349 %herein the methane
fermentatid@rmenptie) isrdrsfeauiptacoasgesohie rantilenRer reBrlResSRIER RYabiEd for use as a
solid fuel. 8ohagiprRsRepfan RIPBIGHS IR BirtRshaetRIAIBY ANt /5/d%rein the solid fuel is heated
with super fall i ' o,produce a thermal position
gas. 9. An @&%‘?ﬁ%@i@gt@ng]%%ﬂp%d%?rgg %%%g ggls(%ﬁ éopégﬁgg#et g&%’(ﬁg&?&{ﬁ} éﬁ@%?bmass
material wHéhR@tPIEscR! Hiedeiantassdnaigsidkank having a means for pelletization of the solid
biomass (5) transferring the densified pellets into a methane fermentation zone; and

(6) subjecting the biomass material in the densified pellets to methane

fermentation in the methane fermentation zone under anaerobic conditions.

2. The process for producing a biogas according to Claim 1 wherein the
biomass material pelletized in step (1) has a particle size not exceeding 100
mm.

3. The process for producing a biogas according to Claim 1 wherein the

pelletization of the biomass material in step (1) is conducted by extrusion of
the biomass material through a die.

4, The process for producing a biogas according to Claim 3 wherein the
extrusion of the biomass material is carried out through a die having a
diameter of 7 to 100 mm under a pressure of at least 0.5 MPa.

5. The process for producing a biogas according to Claim 1 wherein the
biomass material for pelletization in step (1) is blended beforehand with
calcium hydroxide or calcium oxide in an amount of 0.001% to 5% by mass
based on the mass of the biomass material.

6. The process for producing a biogas according to Claim 1 wherein the

densified pellets of the size-adjusted biomass material in step (6) have a
water content of 80% to 85% by mass on the wet basis.
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material and an air inlet with a movable valve; and a methane fermentation tank having a pellet
compressing means connected to the acid fermentation tank through a movable valve for separation.
10. The apparatus system according to Claim 9, wherein the acid fermentation tank is provided with a
feeding pit for the biomass material connected to a conveyer, an extruder having a die shaped at the
tip thereof, and an upwardly slanted bottom surface connected to the extruder through the die; the
methane fermentation tank bein? connected to the acid fermentation t?rglk,through a movable valve

which is ofened orl 16 REP S ST IR LRG29S R CHE IRE R fdF e WBE SRR IEbeing
provided oméibamgplermeafdatiohneirestenti) sdetavathbstirerheadyantithchéatone stafime shaped to

be aslant dawiardinithdisestien abaplurysrasssy@innd a recirculation mechanism for returning a
slurry collected in the slurry reservoir to the methane fermentation tank. 11. The apparatus system

according to Claim 9, wherein a metal-removing mechanism is further provided for a preliminary
treatment 8 the bidhagyanassitar pPoTHeingpakingasysaaardiegriinglairciaiwie rairetem the
methane 1gsMeRRIGE Fdtde AR daharR«HESIYRRRPIONS el HyREIIRY se8duevih a drying

oven. 17 higher to produce a thermal decomposition gas.

9. An apparatus system for producing a biogas by solid-state
fermentation of a solid biomass material which comprises: an acid
fermentation tank having a means for pelletization of the solid biomass
material and an air inlet with a movable valve; and a methane fermentation
tank having a pellet compressing means connected to the acid fermentation
tank through a movable valve for separation.

10. The apparatus system according to Claim 9, wherein the acid
fermentation tank is provided with a feeding pit for the biomass material
connected to a conveyer, an extruder having a die shaped at the tip thereof,
and an upwardly slanted bottom surface connected to the extruder through the
die; the methane fermentation tank being connected to the acid fermentation
tank through a movable valve which is opened or closed by an angle-
controlling actuator, the methane fermentation tank being provided on the
upper surface thereof with a press-compacting head and a bottom surface
shaped to be aslant downwardly in direction of a slurry reservoir; and a
recirculation mechanism for returning a slurry collected in the slurry reservoir
to the methane fermentation tank.

11. The apparatus system according to Claim 9, wherein a metal-removing
mechanism is further provided for a preliminary treatment of the biomass
material.

12. The apparatus system according to Claim 9, wherein the methane
fermentation tank is provided at a discharge port of the fermentation residue
with a drying oven.
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