1 DESCRIPTION ANAEROBIC TREATMENT APPARATUS AND ANAEROBIC TREATMENT
METHOD 5 FIELD OF THE INVENTION 000I] The present invention relates to an anaerobic
treatment apparatus and an anaerobic treatment method. 10 RELATED ART [0002] Conventional
purification treatments for organic matter-containing wastewater (e.g., human wastewater, sewage
water, industrial wastewater (wastewater discharged frgm, for example, a food factory, a chemical
factory, a 15 factory in electronics industry or a pulp plant) remove an organic matter from the
wastewater by decomposing the organic matter into methane, carbon dioxide or the like through an
anaerobic treatment of the organic matter in the fd\@n anaerobic treatment tank that
contains an anaerobe (a methanogen or an acid former, for example). 20[0003] Such an
anaerobe is highly active when the pH of the water in which the anaerobe exists is close to neutral,
and therefore, it is necessary to keep the pH close to neutral in the anaerobic treatment. Typically, an
organic acid (acetic RAHRGBEXRHAA EAIEEBH Y BEIIT axhhBtioN AiRe BHurEB Ish TRd IaNderobic 25
treatment, and therefore the pH decreases. In the )ﬁf ional anaerobic treatments, the pH is
regularly measured, and when the pH becomes eqm ower than a predetermined value, an alkali
agent (causfic soda, for example) is 2

FIELD OF THE INVENTION

[0001]

The present invention relates to an anaerobic treatment apparatus and an
anaerobic treatment method.

10 RELATED ART

[0002]

Conventional purification treatments for organic matter-containing
wastewater (e.g., human wastewater, sewage water, industrial wastewater
(wastewater discharged from, for example, a food factory, a chemical factory, a

15  factory in electronics industry or a pulp plant) remove an organic matter from the
wastewater by decomposing the organic matter into methane, carbon dioxide or
the like through an anaerobic treatment of the organic matter in the wastewater
in an anaerobic treatment tank that contains an anaerobe (a methanogen or an
acid former, for example).

20 [0003]

Such an anaerobe is highly active when the pH of the water in which the
anaerobe exists is close to neutral, and therefore, it is necessary to keep the pH
close to neutral in the anaerobic treatment. Typically, an organic acid (acetic acid,
for example) is produced by acid formation in the course of the anaerobic

25  treatment, and therefore the pH decreases. In the conventional anaerobic
treatments, the pH is regularly measured, and when the pH becomes equal to or

lower than a predetermined value, an alkali agent (caustic soda, for example) is



added to the water in the tank to keep the pH close to neutral (see Non Patent Document 1, for
example). Citation list Non Patent Literature 5[0004] Non Patent Literature 1: Shinko Pantec
Technical Report Vol.37, No.2, p.36-41 (in Japanese) SUMMARY OF THE INVENTION PROBLEMS
TO BE SOLVED BY THE INVENTION 10[0005] However, if a large amount of organic matter is
rapidly fed into the water in the tank, the amount of aci@ produced per unit time accordingly increases,
and the alkali agent in the water in the tank is consumed, which can result in an abrupt drop of the pH
of the water in the tank before addition of the alkali agent 15 to the water in the tank and thus a

decrease of the attbdtyoahthe aeaerofr. thalaveibthishan BXxaessieERmeHN{set alkaliragent can be
added to the water in the tank in advance of an expected rapid feed of a large amount of organic

matter into the Vis@arireste téorkersowdeer, this approach has a problem that it requires a large amount
of alkali agent, ﬁ]gl 1;Ehe rPntning cost unwantedly increases. 20[0006] There is a report that, in the
anaerobic treatnefit, the 1gctivity of the anaerobe can be kept high if the alkali agent is added to the
water in the tankis, el @& mapparas to keep the alkalinity of the water in the tank within a range of
1000 to 5000 mg/L (M-alkalinity in terms of CaCO3, the same holding true for the 25 following
description} Keeping thEalkdlinity of the water in the tank equal to or higher than 1000 mg/L in the

anaerobic treatment helps to prevent an abrupt,dsg)szp of the pH of the water in the tank because a
predetermined amount OISR G 3 ARAT HGekit %@;ﬁaﬂﬁt@%%%&rfﬁcﬁﬁf’é’ﬁﬁt&@a@% %1% large
amount of organjgmaftenigLpRidly.jed into the water in the tank. On the other hand, keeping the
alkalinity of the water equal to or lower than 5000 mg/L in the anaerobic treatment helps to eliminate

the need for an gowavierly (FIEHAMNQUNEAF Akl

PROBLEMS TO BE SOLVED BY THE INVENTION
10 [0005]

However, if a large amount of organic matter is rapidly fed into the water
in the tank, the amount of acid produced per unit time accordingly increases, and
the alkali agent in the water in the tank is consumed, which can result in an
abrupt drop of the pH of the water in the tank before addition of the alkali agent

15  to the water in the tank and thus a decrease of the activity of the anaerobe. To
avoid this, an excessive amount of alkali agent can be added to the water in the
tank in advance of an expected rapid feed of a large amount of organic matter into
the water in the tank. However, this approach has a problem that it requires a
large amount of alkali agent, and the running cost unwantedly increases.

20 [0006]

There is a report that, in the anaerobic treatment, the activity of the
anaerobe can be kept high if the alkali agent is added to the water in the tank in
such a manner as to keep the alkalinity of the water in the tank within a range of
1000 to 5000 mg/L (M-alkalinity in terms of CaCOs, the same holding true for the

25  following description). Keeping the alkalinity of the water in the tank equal to or
higher than 1000 mg/L in the anaerobic treatment helps to prevent an abrupt drop

of the pH of the water in the tank because a predetermined amount or more of



5agent. [0007] At present, it is common practice to control addition of the alkali agent based on
the pH value, as described above. Since the pH of the water in the tank can be continuously
measured, the amount of alkali agent poured into the water in 10 the tank can be controlled with a
simple facility. However, from the viewpoint of the required alkalinity, there is still a possibility that the
amount of alkali agent poured into the water in the tankgs too large or too small. [0008] The amount of
alkali agent poured into the water in the tank can be 15 brought closer to an appropriate value by
controlling the facility based on the measurement of the alkalinity of the water in the tank. However, in

the state of the arkqhe @lkalinintofitha wmateehastie hedreIsHeA dy ditkation Add cosmaiRgic
continuously measured, so that it is difficult to determine the optimal amount of poured alkali agent

based on direct mtdstre e lyfiteiatraheityaiptha Weeénik 20the g Rthardeidofetftng aliealinity of
the water in the tﬂé”‘i"s' &e?%ﬁégvcvi k%g tltratltm, an ther%ﬁmnlsgé%? alk |ag%nt added. to the water in the

tank is determin®d baged ¢ casement the Mea ent faked t%mee?%%efﬁgfcthe activity of the

anaerobe can dipp, ihthgalalisagentfailsdodhe guiakiyadoedwa tbsawataiindhetarkiremihe

alkalinity of the water in the tank decreases below a 25 predetermined value, or an unwantedly large
amount of alkalieggett can be used if an excessive amount of alkali agent is added to the water in the
tank when the alkalinity of the water in the tank rises beyond a predetermined value. In 4 addition, it is
cumbersome and practi %98/7 ifficult to frequently take a sample of the water in the tank and measure

the alkalinity of the watex by, fitgion, {0003 AEREEERR L IMGIIONAAR RS MadedmyipuRf the

problems described 5 above, and an object of the present invention is to provide an anaerobic
treatment apparaissdandthn pHaerbicatselinebtdrdibnad tHaihcantmaldtairtlibevactivity dfedruakaerobe
at a high level while reducing the amount of alkali agent used. MEANS FOR SOLVING PROBLEMS
can be continuously measured, the amount of alkali agent poured into the water in
10  the tank can be controlled with a simple facility. However, from the viewpoint of
the required alkalinity, there is still a possibility that the amount of alkali agent
poured into the water in the tank is too large or too small.
[0008]
The amount of alkali agent poured into the water in the tank can be
15  brought closer to an appropriate value by controlling the facility based on the
measurement of the alkalinity of the water in the tank. However, in the state of
the art, the alkalinity of the water has to be measured by titration and cannot be
continuously measured, so that it is difficult to determine the optimal amount of
poured alkali agent based on direct measurement of the alkalinity of the water in
20  the tank. In addition, if the alkalinity of the water in the tank is measured by
titration, and the amount of alkali agent added to the water in the tank is
determined based on the measurement, the measurement takes time, so that the
activity of the anaerobe can drop if the alkali agent fails to be quickly added to the
water in the tank when the alkalinity of the water in the tank decreases below a
25  predetermined value, or an unwantedly large amount of alkali agent can be used if

an excessive amount of alkali agent is added to the water in the tank when the

alkalinity of the water in the tank rises beyond a predetermined value. In



[Qow] 10As a result of earnest investigation, the present inventors have found that there is a
relationship among the alkalinity of water in an anaerobic treatment tank, the pH of the water in the
tank and the CO2 concentration of a gas in the tank, and that, in the state of the art, the pH of water
and the CO2 concentration of gas can be more quickly measured than the alkalinity of water and
eventually 15accomplished the present invention. [ool]]sSpecifically, according to the present invention,
there is provided an anaerobic treatment apparatus that has a tank containing an anaerobe and is
configured to anaerobically treat an organic matter-containing wastewater with 20 the anaerobe in the

tank, including: adalitivigaswementoihtosagasutiogi thaiphit of wates o dhestanke anth a 108
concentration measurement unit for measuring the CO2 concentration of a gas in the tank, wherein the
alkalinity of the Wstevaterhe thakiskalod seasbasteeorika hatisoréheematalbe sbtatied by the pH
measurement unit, a mﬁgéﬁé?ment value obtained by the CO2 concentration 25 measurement unit
and a relationship among alkalinity of the water in the tank, the pH of the water in the tank and the

CO2 concentration of theigas.ixdhe tankn @ncien slaliageatis\added detheowrigs iethetank based

on the calculated 5 value so as to keep the alkalinity of the water in the tank within a range of 1000 to
5000 mg/L.500Edplre aaldition obct i taptordrepresenttioventiomprtivede isprovidebialr&aamaetobic
treatment method of anaerobically treatjng an organic matter-containing. wastewater with ap anaerobe

in a tank, wheretRRAHH R ARG R ARAEORE FEFHHESEE MRS Rt SAR RSB ThAS S Sfvater in
the tank, a CO2,GoRcERratign BB ASHEMENE HOiLIoh MEASHAHPGHNS GRZICoRGENTton of a gas

measures the CO2 concentration of a gas in the tank, the alkalinity of the 10 water in the tank is

calculated baseggn g geosuseMeni@irrobinenkl, a measurement value of the CO2 concentration
and a relationship among the alkalinity of the water in the tank, the pH of the water in the tank and the

CO2 concentration of th %La@ in the tank, and an alkali agent is added to the water in the tank based
on the Cal(iHIated value AQ g Sre;gulffa &P etg]r%gslb ?‘rlf{/]éytl%gtcrlloen%%tee rpi%sent inventors have found that

there is a relationship among the alkalinity of water in an anaerobic treatment

tank, the pH of the water in the tank and the CO2 concentration of a gas in the

tank, and that, in the state of the art, the pH of water and the CO2 concentration

of gas can be more quickly measured than the alkalinity of water and eventually
15  accomplished the present invention.

[0011]

Specifically, according to the present invention, there is provided an
anaerobic treatment apparatus that has a tank containing an anaerobe and is
configured to anaerobically treat an organic matter-containing wastewater with

20  the anaerobe in the tank, including: a pH measurement unit for measuring the pH
of water in the tank; and a CO:z concentration measurement unit for measuring
the COz2 concentration of a gas in the tank, wherein the alkalinity of the water in
the tank is calculated based on a measurement value obtained by the pH
measurement unit, a measurement value obtained by the CO2 concentration

25  measurement unit and a relationship among the alkalinity of the water in the
tank, the pH of the water in the tank and the CO:z concentration of the gas in the

tank, and an alkali agent is added to the water in the tank based on the calculated



15 the tank within a range of 1000 to 5000 mg/L. [0013] In the anaerobic treatment apparatus and
the anaerobic treatment method, since the pH measurement unit for measuring the pH of water
measures the pH of water in the tank, the CO2 concentration measurement unit for 20 measuring the
CO2 concentration of a gas measures the CO2 concentration of a gas in the tank, and the alkalinity of
the water in the tank is calculated based on the measurgment value of the pH, the measurement value
of the CO2 concentration and a relationship among the alkalinity of the water in the tank, the pH of the
water in the tank and the CO2 concentration of the gas in the tank, the alkalinity 25 of the water in the

tank can be quigkly:figuredtomedp aaditiRAlisibEe the-alkalageitds agddae todhewatebin the nk

based on the calculated alkalinity so as to keep the alkalinity of the water in the tank within a range of
1000 to 5000 mgP00 etk-alkalinity of the water in the tank can be accurately adjusted. Therefore, the
activity of the anaerobe@ e maintained at a high level while reducing the amount of alkali agent
used. ADVANTAGES O INVENTION 5[0014] According to the present invention, the

activity of an anaerobe gan, §ginANaIediAL BNBE pevelwhilesesucinadhe ameuniaf skali agent
used. BRIEF DESCRIPTION OF THE DRAWINGS [0015] 10FIG. 1 is a schematic block diagram

showing anbanagnebiohieatrrenteap pactiiad ateordindic By erdtodimentrgdthe present invention.
FIG. 2 is a graph showing relationships among the alkalinity of water in a tﬁ]nk,.the pH of the water in

the tank, and thE*&i3 EoNERPRIBASE BAES5 THith & TR pardie I8t LRSI dthrty P. L. (1964),

"Anaerobic Was{e, TteatMERN unit for measuring the pH of water measures the pH of water in the
tank, a COz concentration measurement unit for measuring the COz concentration
of a gas measures the CO2 concentration of a gas in the tank, the alkalinity of the

10  water in the tank is calculated based on a measurement value of the pH, a
measurement value of the CO2 concentration and a relationship among the
alkalinity of the water in the tank, the pH of the water in the tank and the CO2
concentration of the gas in the tank, and an alkali agent is added to the water in
the tank based on the calculated value so as to keep the alkalinity of the water in

15  the tank within a range of 1000 to 5000 mg/L.

[0013]

In the anaerobic treatment apparatus and the anaerobic treatment
method, since the pH measurement unit for measuring the pH of water measures
the pH of water in the tank, the CO2 concentration measurement unit for

20 measuring the CO2 concentration of a gas measures the CO2 concentration of a gas
in the tank, and the alkalinity of the water in the tank is calculated based on the
measurement value of the pH, the measurement value of the CO2 concentration
and a relationship among the alkalinity of the water in the tank, the pH of the
water in the tank and the COz concentration of the gas in the tank, the alkalinity

25  of the water in the tank can be quickly figured out. In addition, since the alkali
agent is added to the water in the tank based on the calculated alkalinity so as to

keep the alkalinity of the water in the tank within a range of 1000 to 5000 mg/L,



15 Fundamentals/Part2/Environmental Requirements and Control”, Public Works, October 1964,
p.123). FIG. 3 is a graph showing relationships among measurements of the alkalinity of water in
a tank, the pH of the water in the tank, and the CO2 concentration of a gas in the tank obtained in a
test example, and relationships 20 among literature values of the same. DETAILED DESCRIPTION
OF THE PREFERRED EMBODIMENT [0016] In tlge following, an embodiment of the present
invention will be described with reference to the accompanying drawings. 25[0017] An anaerobic
treatment apparatus according to this embodiment will be first described. 7 As shown in FIG. 1,

an anaerobic treatmeri RpRRGHHs hatePidingteilicenbodinaat iasaseacrobicfeatenens section
2 having an anaerobic treatment tank 21 that contains sludge water containing sludge containing an

anaerobe. The aatEObE theaanarpbectiorP isadorrigareat t ik develganie seduties-tontaining

wastewater A and sluc%g(:Tj ir] thF anaerobi%treatment tank 21 and anaerobically treat the wastewater A
of alkali

with the anaeroB&'{o' Ipl)ro uce anagﬁlé%%ﬁmally treated water and a biogas. The anaerobe may be a

methanogen or id-for | "anaerobic treatment” means a treatment that
§ %(? g&{%@ﬁé {%‘r con{alneg-‘( IQ% ax,

decomposes th organic ma in the wastewater A in an anaerobic state with the
anaerobe, @nd the bioga8Qirdduced in the anaerobic treatment is a gas containing methane, CO2 or
the like. [0018] According to the present invention, the activity of an anaerobe can be
maintained at a high level while reducing the amount of alkali agent used.
BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

10 FIG. 1 is a schematic block diagram showing an anaerobic treatment

apparatus according to an embodiment of the present invention.

FIG. 2 is a graph showing relationships among the alkalinity of water in a
tank, the pH of the water in the tank, and the CO2 concentration of a gas in the
tank (Reference Document: McCarty P. L. (1964), "Anaerobic Waste Treatment

15  Fundamentals/Part2/Environmental Requirements and Control", Public Works,
October 1964, p.123).

FIG. 3 is a graph showing relationships among measurements of the
alkalinity of water in a tank, the pH of the water in the tank, and the COq
concentration of a gas in the tank obtained in a test example, and relationships

20  among literature values of the same.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0016]

In the following, an embodiment of the present invention will be described
with reference to the accompanying drawings.

25 [0017]

An anaerobic treatment apparatus according to this embodiment will be

first described.



The anaerobic treatment apparatus 1 according to this embodiment 15further has a solid-liquid
separating section 3 that separates the anaerobically treated water into a solid-liquid separation
treated water B having a lower sludge content than the anaerobically treated water and a concentrated
water C having a higher sludge content than the anaerobically treated water. [0019] 20The anaerobic
treatment apparatus 1 according to this embodiment further has a fuel gas producing section 4 that
refines the biogas to produce a fuel gas D having a higher methane gas content than the biogas.
[0020] The anaerobic treatment apparatus 1 according to this embodiment is 25 configured so that the

wastewater A is fed to the anagtohigtreatmentsaction e asacpsalntreated wateristiad to the
solid-liquid separating section 3, the solid-liquid separation treated water B is fed to a solid-liquid

separation treateetbgdiarsrtrese ArprERIOSHOWE) L tkrnE eeieonr ateaviveten@ng feebto aesdntatitrated
water reservoir (not shown) and the anaerobic treatment section 2, the biogas is fed to the fuel gas
Ak R R b HEhtait b

producing sectioh %gnassS |§?e‘36}toe]éct% agljrélsn S %%vﬁljl. %‘Tﬁ he

anaerobic treatment appafatusd8scofAiRehedhis @BRodimentiuriRarhasia yasigwater feed conduit
5a for feeding the wastewater A to the anaerobic treatment section 2, an anaerobically treated water

feed conduft 5b fortteeding dhe mhaertbicaity theatddlwdgen tottireasalkidolouidese penatimgketition 3, a
L0sola-auid sp a O  ee (he Ottt er A Witk The Sriacrobe 10 pEbduce an
anaerobically treated water and a biogas.
The anaerobe may be a methanogen or an acid former, for example.
The "anaerobic treatment" means a treatment that decomposes the

10  organic matter contained in the wastewater A in an anaerobic state with the
anaerobe, and the biogas produced in the anaerobic treatment is a gas containing
methane, CO:2 or the like.

[0018]
The anaerobic treatment apparatus 1 according to this embodiment

15  further has a solid-liquid separating section 3 that separates the anaerobically
treated water into a solid-liquid separation treated water B having a lower sludge
content than the anaerobically treated water and a concentrated water C having a
higher sludge content than the anaerobically treated water.

[0019]

20 The anaerobic treatment apparatus 1 according to this embodiment
further has a fuel gas producing section 4 that refines the biogas to produce a fuel
gas D having a higher methane gas content than the biogas.

[0020]
The anaerobic treatment apparatus 1 according to this embodiment is

25  configured so that the wastewater A is fed to the anaerobic treatment section 2,

the anaerobically treated water is fed to the solid-liquid separating section 3, the

solid-liquid separation treated water B is fed to a solid-liquid separation treated



separation treated water B to the solid-liquid separation treated water reservoir (not shown), a
concentrated water feed conduit 5d for feeding the concentrated water C to the concentrated water
reservoir (not shown), a concentrated water return conduit 5e for feeding (returning) the concentrated
water C to the anaerobic 15treatment section 2, a biogas feed conduit 5f for feeding the biogas to the
fuel gas producing section 4, and a fuel gas feed conduit 5g for feeding the fuel gas D to the fuel gas
reservoir (not shown). [0022] The wastewater A is not particularly limited and can be any wastewater
20 containing an organic matter that can be biologically decomposed by the anaerobe, such as human

wastewater, sewagerwaiervandrpeustiial \vastevrisiiwastewaterclisehaiged Sasantosexample, a
food factory, a chemical factory, a factory in electronics industry or a pulp plant). The BOD

concentration ofiteneesraReitematisiev ) 2000baaghedrierenplendndaiordspeciieaty,i00 to

2000 mg/L. The,25 CQD tration of the wastewater A is 2000 ta 40000 mg/L, and
<pecicaly, SO0BUSSBBOBRGT OS5 "ot AR GAEH CEetbh SRHCE phH

measurement upit, 22, that peasies. the pH of water in the anaerobic treatment tank 21 and a CO2
concentration measurement unit 23 that measures the CO2 concentration of a gas in the anaerobic
treatment ténk 21. 5[0024921] The pH measurement unit 22 may be a glass electrode pH meter that
measures pH based on the difference in potential between electrodes a%in to the glass electrode

method, for example. THe §RAR S0 e PREN: SRR LA IH & ASGPEPRE SP PR immersing the

electrodes in the,wafer ARd 10 IDRMCIREe RAA PR AUCKY RASKEG HR&RELINARLNE feasurement of
alkalinity in the titration test. [0025]

anaerobic treatment section 2, an anaerobically treated water feed conduit 5b for
feeding the anaerobically treated water to the solid-liquid separating section 3, a
10  solid-liquid separation treated water feed conduit 5c¢ for feeding the solid-liquid
separation treated water B to the solid-liquid separation treated water reservoir
(not shown), a concentrated water feed conduit 5d for feeding the concentrated
water C to the concentrated water reservoir (not shown), a concentrated water
return conduit 5e for feeding (returning) the concentrated water C to the anaerobic
15  treatment section 2, a biogas feed conduit 5f for feeding the biogas to the fuel gas
producing section 4, and a fuel gas feed conduit 5g for feeding the fuel gas D to the
fuel gas reservoir (not shown).
[0022]
The wastewater A is not particularly limited and can be any wastewater
20  containing an organic matter that can be biologically decomposed by the anaerobe,
such as human wastewater, sewage water, and industrial wastewater (wastewater
discharged from, for example, a food factory, a chemical factory, a factory in
electronics industry or a pulp plant). The BOD concentration of the wastewater A
is 10 to 10000 mg/L, for example, and more specifically, 200 to 2000 mg/L.. The
25  CODcr concentration of the wastewater A is 2000 to 40000 mg/L, and more
specifically, 5000 to 20000 mg/L.
[0023]



The CO2 concentration measurement unit 23 may be an infrared CO2 concentration meter relying on
the infrared spectrum absorption analysis method, 15 for example. CO2 has a property of absorbing
light having a specific wavelength (4.3 gm) of infrared rays. Using this property, the infrared CO2
concentration meter illuminates a gas to be measured with the light having the specific wavelength and
determines the CO2 concentration from the amount of gbsorbed light and therefore can more quickly
measure the CO2 concentration than the 20measurement of alkalinity in the titration test. As an
alternative, the CO2 concentration measurement unit 23 may be a gaseous thermal

conductivity-based unit. [@26]aEhshanaesekict aatmenbIaclignd isconfiouresk stibabthawater in the
25 anaerobic treatment tank 21 is fed as a measurement sample water to the pH measurement unit

22, and the gastreasergnabroblit ofevateent tdskeRhesofad st mrrdsiremehesamsl@gas to the CO2
concentration measur mE.nt unit 23. 10 002711; ¢ Tpe anaerobtiﬁ trlé;1 tment secti%m 2 fyrther has a
measurement sSMpie water feed eonduit'24 for %gegﬁﬁglﬁ? Measurement %%%%%%3\/\}8%? t8 #5& pH
measurement upitiz2 ahs-aomeassemsntisample gas feed conduit 25 for feeding 5 the measurement
sample gas to the CO2 concentration measurement unit 23. [0028] The anaerobic treatment
section 2 isiconfigured tHe&idulate alkalinity based on the measurement value obtained by the pH
measurement unit 22, ttﬁ}%?%surement value obtained by the CO2 ﬁr:once tjon measurement unit

tr
23 and 10 relationships PSS St A ARBY PrtASRRASIBHIC R RINESISRARS L, the pH of
the water in the ﬁ@é@&?@}ﬁ%@%ﬁ%@ﬁg airand theGor-AAReeBRtaN 2L e QRS IR R anagrobic

treatment tank 21, and add the alkali agent to the water in the anaerobic treatment tank 21 based on
the calculated velaezbo asltotkedprtieehalkafurink oftble walke igldhe doaesdbiplreattaendtank 21 within
arange 15 of 1C31?gag?1rse08191 g}%{/léfer by simply immersing the electrodes in the water and
10  therefore can more quickly measure the pH than the measurement of alkalinity in
the titration test.
[0025]
The CO2 concentration measurement unit 23 may be an infrared CO2
concentration meter relying on the infrared spectrum absorption analysis method,
15  for example. CO:2 has a property of absorbing light having a specific wavelength
(4.3 um) of infrared rays. Using this property, the infrared CO: concentration
meter illuminates a gas to be measured with the light having the specific
wavelength and determines the COz concentration from the amount of absorbed
light and therefore can more quickly measure the COz concentration than the
20  measurement of alkalinity in the titration test. As an alternative, the CO2
concentration measurement unit 23 may be a gaseous thermal conductivity-based
unit.
[0026]
The anaerobic treatment section 2 is configured so that the water in the
25  anaerobic treatment tank 21 is fed as a measurement sample water to the pH

measurement unit 22, and the gas in the anaerobic treatment tank 21 is fed as a

measurement sample gas to the COz concentration measurement unit 23.



The anaerobic treatment section 2 is further configured to add the alkali agent to the water in the
anaerobic treatment tank 21 so as to keep the alkalinity of the water in the anaerobic treatment tank 21
within a range of 1000 to 5000 mg/L, preferably within a range of 1000 to 3000 mg/L, or more
preferably within a 20 range of 1000 to 1500 mg/L. The alkali agent may be a caustic soda solution, for
example. [0029] The anaerobic treatment section @ further has a control section 26 that performs
a control so as to calculate the alkalinity of the water in the anaerobic 25 treatment tank 21 based on
the measurement value obtained by the pH measurement unit 22, the measurement value obtained by
the CO2 concentration rpgagsiirement unit 23 and relationships among the alkalinity of the water in the
11 anaerobic treatment tank 21, the pH of the water in the anaerobic treatment tank 21 and the CO2
concentration of the ga&hetﬁ@aaﬁabi@ﬁi@am@anhémtianmmrm haitlaheecaikalemgahstanble water in

the anaerobic treaLEme t%% fnt e calculated value so ast e I}ﬂ kal ity of the water
in the anaerobic 5 treatme ﬁ?rfank Vithiry arrlgngg mfeff)bff%e%ﬁﬁnﬁ?gﬁwfgﬁ% he anaerobic

treatment section < s furthat canfigerathsothatadatansignaliRdicatingithe naasuremeniqyaie

obtained by the pH measurement unit 22 and a data signal indicating the measurement value obtained
by the CO2510 ¢baoem%nmméasmelﬁ®asmnitlﬁﬁ% toansntittétrontkestoamehsectio B 26. [0031]
The anaerobic treatmen sec on 2 further has a first signal transmission mechanism 22a that transmits
the data signal |nd|cat|n!g[O easurement value obtained by the pH measurement unit 22 to the

control section 26, and g#e¢oRd,HBRIIRA HANRNILSIGN MEHARISMA3 hatliansmilsiihg data signal

indicating the measurement value obtained by the CO2 concentration measurement unit 23 to the
control section d@sed on the measurement value obtained by the pH measurement unit 22, the

measurement value obtained by the CO2 concentration measurement unit 23 and
10  relationships among the alkalinity of the water in the anaerobic treatment tank 21,
the pH of the water in the anaerobic treatment tank 21 and the CO2z concentration
of the gas in the anaerobic treatment tank 21, and add the alkali agent to the
water in the anaerobic treatment tank 21 based on the calculated value so as to
keep the alkalinity of the water in the anaerobic treatment tank 21 within a range
15 of 1000 to 5000 mg/L.
The anaerobic treatment section 2 is further configured to add the alkali
agent to the water in the anaerobic treatment tank 21 so as to keep the alkalinity
of the water in the anaerobic treatment tank 21 within a range of 1000 to 5000
mg/L, preferably within a range of 1000 to 3000 mg/L,, or more preferably within a
20  range of 1000 to 1500 mg/L.
The alkali agent may be a caustic soda solution, for example.
[0029]
The anaerobic treatment section 2 further has a control section 26 that
performs a control so as to calculate the alkalinity of the water in the anaerobic
25  treatment tank 21 based on the measurement value obtained by the pH
measurement unit 22, the measurement value obtained by the CO2 concentration

measurement unit 23 and relationships among the alkalinity of the water in the



[0032] The anaerobic treatment section 2 further has an alkali agent reservoir 27 20 that stores the
alkali agent and a mixed water producing section 28 that produces a mixed water by mixing the
concentrated water C returned from the solid-liquid separating section 3 to the anaerobic treatment
section 2, the wastewater A and the alkali agent in a tank. The mixed water producing section 28 has a
mixed water reservoir 28a 25 that stores the mixed watgr. [0033] The anaerobic treatment section 2 is
further configured so that the alkali 12 agent is fed from the alkali agent reservoir 27 to the mixed
water reservoir 28a, the wastewater A is fed to the mixed water reservoir 28a, the concentrated water

C returned to therpRassRbiclBatReniseeioth? isHed tRdhe faet ML ESBIY OHe 283Re A h e
wastewater A, the alkali agent and the concentrated water C are fed 5 to the anaerobic treatment tank

21 in the form o?ﬂ@dmbk@d@@at@mf@owion ofthe garaiBydbfcapeanetantsdtiesn tumthdt adan alkali
agent feed condu é&%ga edln Ikall ent m the kal a ent rese Y{og 7 to dFhe r‘?llxed
water reservoir 2 ﬁ%ﬁl ag %&Vr% ves as Hiotive powér L6880 15t feeding

the alkali agent &QI&&!&E@&%@H@%@&%@@@S MHEI?IQ%I K¥Q88lwater in the anaerobic
5  treatment tank 21 within a range of 1000 to 5000 mg/L.

[0030]

The anaerobic treatment section 2 is further configured so that a data
signal indicating the measurement value obtained by the pH measurement unit 22
and a data signal indicating the measurement value obtained by the COz

10  concentration measurement unit 23 are transmitted to the control section 26.

[0031]

The anaerobic treatment section 2 further has a first signal transmission
mechanism 22a that transmits the data signal indicating the measurement value
obtained by the pH measurement unit 22 to the control section 26, and a second

15  signal transmission mechanism 23a that transmits the data signal indicating the
measurement value obtained by the CO2 concentration measurement unit 23 to
the control section 26.
[0032]
The anaerobic treatment section 2 further has an alkali agent reservoir 27
20  that stores the alkali agent and a mixed water producing section 28 that produces
a mixed water by mixing the concentrated water C returned from the solid-liquid
separating section 3 to the anaerobic treatment section 2, the wastewater A and
the alkali agent in a tank.

The mixed water producing section 28 has a mixed water reservoir 28a

25  that stores the mixed water.

[0033]

The anaerobic treatment section 2 is further configured so that the alkali



The anaerobic treatment section 2 is configured so that the amount of alkali agent fed to the mixed
water producing section 28 can be changed by changing the number of revolutions or the operating
time of the alkali agent pump 1529b. That is, the anaerobic treatment section 2 is configured to be
capable of changing the alkalinity of the water in the anaerobic treatment tank 21. [0036] The
anaerobic treatment section 2 is further configured so that a signal from the control section 26 is
transmitted to the alkali agent pump 29b, and the 20 alkalinity of the water in the anaerobic treatment
tank 21 is kept within a range of 1000 to 5000 mg/L by changing the number of revolutions or the

operating time qfdhie: atkall 2apntRYAIRADRe {80 3&dchsirpagsaic tiealine Rt sactienydifurther has a
third signal transmission 25mechanism 26a that transmits the signal from the control section 26 to the

alkali agent puntpe29bsioess]r A3s fed tPhbealaxierhsiips desanbeRgbolee e chadeptssovaticCarty P.

L. (1964), "Anaerobic Waste Treatment Fundamentals/Part2/Environmental Requirements and
SHREPETIGISES T8RS IS SR i CRBN U HACED T e

Control", Public Wo

document. 5In RBIG, 2nthenvarticebexisindicaiesithe GEAcancentrasion oftheoqs darthetankdpercent

by mass), the vertical axis indicates the alkalinity of the water in the tank (mg/L), and "pH" means the
pH of the water in the aankrobic treatment tank 21 in the form of the mixed water.

[0034]

The anaerobic treatment section 2 further has an alkali agent feed conduit
29a for feeding the alkali agent from the alkali agent reservoir 27 to the mixed
water reservoir 28a, and an alkali agent pump 29b that serves as a motive power

10  source for feeding the alkali agent through the alkali agent feed conduit 29a.

[0035]

The anaerobic treatment section 2 is configured so that the amount of
alkali agent fed to the mixed water producing section 28 can be changed by
changing the number of revolutions or the operating time of the alkali agent pump

15  29b. That is, the anaerobic treatment section 2 is configured to be capable of
changing the alkalinity of the water in the anaerobic treatment tank 21.

[0036]

The anaerobic treatment section 2 is further configured so that a signal
from the control section 26 is transmitted to the alkali agent pump 29b, and the

20  alkalinity of the water in the anaerobic treatment tank 21 is kept within a range
of 1000 to 5000 mg/L by changing the number of revolutions or the operating time
of the alkali agent pump 29b.

[0037]

The anaerobic treatment section 2 further has a third signal transmission

25  mechanism 26a that transmits the signal from the control section 26 to the alkali
agent pump 29b.

[0038]



[0039] The anaerobic treatment apparatus 1 according to this embodiment is 10 configured to
determine the calculated value described above by using the relationships described in the document
cited above (McCarty P. L. (1964)) (the relationships shown in FIG. 2). More preferably, the
anaerobic treatment apparatus 1 according to this embodiment is configured to calculate the alkalinity
of the water in the anaerobic 15 treatment tank 21 by uging relationships determined for the particular
apparatus actually using wastewater, instead of the relationships described in the document. If the
anaerobic treatment apparatus uses the relationships determined for the particular apparatus, the

anaerobic treatment appaaius-Eam M Ascuialy e uhate dbe-pkalinii @ ihe waterindhe
anaerobic treatment tank 21 and 20 therefore can advantageously maintain the activity of the

anaerobe at a higheetebe Wﬁﬂ@@ﬂ%ﬁ@%ﬂ@ﬂ@amﬁﬁmimmé@emép@@ﬁMQxampIe
of the relationshi ter n rt art| tus_ will b scribed I erw rd to an
example. [0040f%§ On r (111&? %8 %\’tl f?ﬁé; rPas\gal‘tJ’ grg‘ f@ St Pr%sc gm%% %‘%
separates the aag%[gggquyt}{@a&qﬁy@{g_r |nto the solid-liquid separation treated water B and the
concentrated water C by gravity settling of sludge. 14 [0041] The fuel gas producing section 4

has a desuﬁurization tO\IleMG‘z tBathrevroves Isutfsrifrdina the thio §4% topreduetitheofubbgas iy, and a

gas meter 42 that res the amount of fuel gas D produced by esulfuriz ntower41 per
5unit ime. [004 b s e RRb SRR afhfemralﬁﬁﬁ?ﬁaw@%ﬁ%ﬁ %B@H@f &ﬁgéanf.gured

as described abgye. NeXt,afi anariopi¢ trratmentdneiiadiaceaiding, tg,this,ambodiment will be
described.
[0039]
The anaerobic treatment apparatus 1 according to this embodiment is
10  configured to determine the calculated value described above by using the
relationships described in the document cited above (McCarty P. L. (1964)) (the
relationships shown in FIG. 2).
More preferably, the anaerobic treatment apparatus 1 according to this
embodiment is configured to calculate the alkalinity of the water in the anaerobic
15  treatment tank 21 by using relationships determined for the particular apparatus
actually using wastewater, instead of the relationships described in the document.
If the anaerobic treatment apparatus uses the relationships determined for the
particular apparatus, the anaerobic treatment apparatus can more accurately
calculate the alkalinity of the water in the anaerobic treatment tank 21 and
20  therefore can advantageously maintain the activity of the anaerobe at a higher
level while further reducing the amount of alkali agent used. A specific example
of the relationships determined for the particular apparatus will be described later
with regard to an example.
[0040]
25 The solid-liquid separating section 3 has a gravity settling chamber 31
that separates the anaerobically treated water into the solid-liquid separation

treated water B and the concentrated water C by gravity settling of sludge.



10[0043] According to the anaerobic treatment method of this embodiment, the wastewater A is
anaerobically treated with the anaerobe in the anaerobic treatment tank 21. [0044] 15According to the
anaerobic treatment method of this embodiment, the pH measurement unit 22 measures the pH of the
water in the anaerobic treatment tank 21, the CO2 concentration measurement unit 23 measures the
CO2 concentration of the gas in the anaerobic treatmenj tank 21, the alkalinity of the water in the
anaerobic treatment tank 21 is calculated based on the measurement 20 value of the pH, the
measurement value of the CO2 concentration and the relationships described above, and the alkali
agent is added to the waperirj the anaerobic treatment tank 21 based on the calculated value so as to
keep the alkalinity of the water in the tank within a range of 1000 to 5000 mg/L. [0045] 25Although the
anaerobic treatment apﬁﬁmﬁu@llgaﬁ@W@Mi@nré&meﬁd%&ﬁ@@a@@@mﬁwwHﬁbﬁémbodiment

have the conflguratlon andlfal nta sdescn?? aerohic tr atmenta Eargtgﬁ, @E\nd the
anaerobic 15 treatment m accoFdln%gﬁ? 8% |nve gﬁsare ¢ AkiEdS the 26 guration

described aboveql@a&&@@ﬂ% mﬁngﬁd)ffT&f}%QQ@%f@%@bﬁ%@%‘uﬁ%ﬁ@%@ﬂl Phpat.shgpresent
invention will be further specifically described with regard to a test example.
5  unit time.

[0042]

The anaerobic treatment apparatus according to this embodiment is
configured as described above. Next, an anaerobic treatment method according to
this embodiment will be described.

10 [0043]

According to the anaerobic treatment method of this embodiment, the
wastewater A is anaerobically treated with the anaerobe in the anaerobic
treatment tank 21.

[0044]

15 According to the anaerobic treatment method of this embodiment, the pH
measurement unit 22 measures the pH of the water in the anaerobic treatment
tank 21, the CO:z concentration measurement unit 23 measures the COq
concentration of the gas in the anaerobic treatment tank 21, the alkalinity of the
water in the anaerobic treatment tank 21 is calculated based on the measurement

20  value of the pH, the measurement value of the CO2 concentration and the
relationships described above, and the alkali agent is added to the water in the
anaerobic treatment tank 21 based on the calculated value so as to keep the
alkalinity of the water in the tank within a range of 1000 to 5000 mg/L.

[0045]

25 Although the anaerobic treatment apparatus 1 and the anaerobic
treatment method according to this embodiment have the configuration and

advantages described above, the anaerobic treatment apparatus and the anaerobic



[0047] Wastewater (artificially adjusted wastewater having a CODcr concentration of 10000 mg/L)
was anaerobically treated with anaerobes (a 10 methanogen and an acid former) in an anaerobic
treatment tank (containing 5 L of water and 1 L of gas). A caustic soda solution (4 %) was added as
required to the water in the anaerobic treatment tank for pH adjustment. During the anaerobic
treatment, the alkalinity of the water in the anaerobic tregtment tank, the pH of the water in the
anaerobic treatment tank, 15 and the CO2 concentration of the gas (biogas) in the anaerobic treatment
tank (referred to also as "biogas CO2") were measured. FIG. 3 shows the result. FIG. 3 also

shows values (lgsatuienyalieen) Citeehimnsthertdegraent cifeshabava dMeOarttEl o (1964)).
In FIG. 3, the unit "%" of the CO2 concentration of the biogas means 20"percent by volume". [0048]

As shown in FIGoBigaraitbrtidesgobiethahevitat hpsvbe thisdiésidshotesithas teararafe good
relationships among the alkalinity of the water in the anaerobic treatment tank, the pH of the water in
the anaerobic tr@&&@ﬁh@ﬁk, 25 and the CO2 concentration of the gas in the anaerobic treatment
tank. As described[ghgyE. the alkalinity of the water in the anaerobic treatment tank 21 can be
more accurately calculated by using the relationships calculated for 16 the particular apparatus, which
suggests that the activitNetthéhapaerebeicaenbemeilithingdthea snghécigledvehifbédrinéh reducing
the amount of alkali %gent used. DESCRIPTION OF REFERENCE SIGNS 5[0049]
regard to a test example.
[0047]
Wastewater (artificially adjusted wastewater having a CODcr
concentration of 10000 mg/L) was anaerobically treated with anaerobes (a
10  methanogen and an acid former) in an anaerobic treatment tank (containing 5 L of
water and 1 L of gas). A caustic soda solution (4 %) was added as required to the
water in the anaerobic treatment tank for pH adjustment.
During the anaerobic treatment, the alkalinity of the water in the
anaerobic treatment tank, the pH of the water in the anaerobic treatment tank,
15  and the CO2 concentration of the gas (biogas) in the anaerobic treatment tank
(referred to also as "biogas CO2") were measured.
FIG. 3 shows the result. FIG. 3 also shows values (literature values)
cited from the document cited above (McCarty P. L. (1964)).
In FIG. 3, the unit "%" of the COz concentration of the biogas means
20  "percent by volume".
[0048]
As shown in FIG. 3, as with the document cited above, this test showed
that there are good relationships among the alkalinity of the water in the
anaerobic treatment tank, the pH of the water in the anaerobic treatment tank,
25  and the CO:z concentration of the gas in the anaerobic treatment tank.

As described above, the alkalinity of the water in the anaerobic treatment

tank 21 can be more accurately calculated by using the relationships calculated for



1: anaerobic treatment apparatus, 2: anaerobic treatment section, 3: solid-liquid separating section, 4:
fuel gas producing section, 5a: wastewater feed conduit, 5b: anaerobically treated water feed conduit,
5c:solid-liquid separation treated water feed conduit, 5d: concentrated water feed conduit, 5e:
10concentrated water return conduit, 5f biogas feed conduit, 5g: fuel gas feed conduit, 21: anaerobic
treatment tank, 22: pH measurement unit, 22a: first sigpgl transmission mechanism, 23: CO2
concentration measurement unit, 23a: second signal transmission mechanism, 24: measurement
sample water feed conduit, 25: measurement sample gas feed conduit, 26: control section, 26a:

15third signal trgnspissian dpaphanisy, #hialkaliagenrt feseINois A8itnbrat watatindugaing section,
28a: mixed water reservoir, 29a: alkali agent feed conduit, 29b: alkali agent pump, 31: gravity settling
chamber, 41: desaifurzetibatteheshaplayat wivte fuathgnsesnenes, tBe soelidwtledeplaedion treated

water, C: concentradted water, D: fuel gas 20 17 CLAIMS 1. An anaerobic treatment apparatus that

has a tank contalﬁ%(?ng an anaerobe and is configured to anaerobically treat an organic
matter-containirig ﬁimatﬁrdﬁfﬁw%c%&%% tank, comprising: a pH measurement unit
for measuring the pH ot water In the tank; and a concentration measurement unit for measuring
the CO2 comcentration d0@4ghs in the tank, wherein the alkalinity of the water in the tank is calculated
based on a 10 measurement value obtained by the pH measurement unit, a measurement value

obtained by the CO2 cohcBRHERBIf fHealnrhaMR At Uind 4 ANAGENEAIT SHHBAD AR ANy of the
water in the tank, the, pH;af e WaigE .1 fank and)t gs QAcansaraLan of theAas.a e tank, and

an alkali agent is added to the water in the tank based on the calculated value so as to keep the
alkalinity of the feateschhlintihestarinudatbin @ lisngeaodd Gabatof&OD My, 5csolid-liquid
separation treated water feed conduit, 5d: concentrated water feed conduit, 5e:
10  concentrated water return conduit, 5f: biogas feed conduit, 5g: fuel gas feed
conduit, 21:anaerobic treatment tank, 22:pH measurement unit, 22a: first
signal transmission mechanism, 23 : CO2 concentration measurement unit,
23a: second signal transmission mechanism, 24: measurement sample water feed
conduit, 25 measurement sample gas feed conduit, 26: control section, 26a:
15  third signal transmission mechanism, 27: alkali agent reservoir, 28: mixed
water producing section, 28a: mixed water reservoir, 29a: alkali agent feed
conduit, 29b: alkali agent pump, 31: gravity settling chamber, 41:
desulfurization tower, 42:gas meter, A:!wastewater, B: solid-liquid separation

treated water, C: concentrated water, D: fuel gas

20



2. An anaerobic treatment method of anaerobically treating an organic matter-containing wastewater
with an anaerobe in a tank, wherein a pH measurement unit for measuring the pH of water measures
20 the pH of water in the tank, a CO2 concentration measurement unit for measuring the CO2
concentration of a gas measures the CO2 concentration of a gas in the tank, the alkalinity of the water
in the tank is calculated based on a measurement valug;of the pH, a measurement value of the CO2
concentration and a relationship among the alkalinity of the water in the tank, the pH of the water in the
tank and 25 the CO2 concentration of the gas in the tank, and an alkali agent is added to the water in
the tank based on the calculated value so as to keegrthgnikalinity of the water in the tank within a
range of 1000 to 5000 mg/L.

10

15

20

25

1. An anaerobic treatment apparatus that has a tank containing an
anaerobe and is configured to anaerobically treat an organic matter-containing
wastewater with the anaerobe in the tank, comprising:

a pH measurement unit for measuring the pH of water in the tank; and

a COz concentration measurement unit for measuring the COq
concentration of a gas in the tank,

wherein the alkalinity of the water in the tank is calculated based on a
measurement value obtained by the pH measurement unit, a measurement value
obtained by the COz2 concentration measurement unit and a relationship among
the alkalinity of the water in the tank, the pH of the water in the tank and the
COz concentration of the gas in the tank, and an alkali agent is added to the water
in the tank based on the calculated value so as to keep the alkalinity of the water

in the tank within a range of 1000 to 5000 mg/L.

2. An anaerobic treatment method of anaerobically treating an organic
matter-containing wastewater with an anaerobe in a tank,

wherein a pH measurement unit for measuring the pH of water measures
the pH of water in the tank, a COz concentration measurement unit for measuring
the COz concentration of a gas measures the CO:z concentration of a gas in the
tank, the alkalinity of the water in the tank is calculated based on a measurement
value of the pH, a measurement value of the COz concentration and a relationship
among the alkalinity of the water in the tank, the pH of the water in the tank and
the COz2 concentration of the gas in the tank, and an alkali agent is added to the
water in the tank based on the calculated value so as to keep the alkalinity of the

water in the tank within a range of 1000 to 5000 mg/L.



