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{EHE (10FE19%) 427 1,700 2,443 2,443 |k¥/yr

R (BHEED3I%) 128 510 733 733 |k¥/yr

g hE OxAx¥20 105 1,045 1,913 1,913 |k¥/yr
HKE Dx¥60 32 322 738 738 |k¥/yr
HEHE 50 ¥ /kg-NaOHDBF 79 787 1,786 1,385 |k¥/yr
T3V ANGE 0 0 0 3,000 |k¥/yr
#BXH ®+OB+0+0+0+® 7 4,3 7,6 10,210 |k¥/yr
KFEHE HEIXLQ/® 05.2 9.6 5.8 8.4 |¥/m3-H2
KFEHEIXF D+B 105.2 9.6 5.8 8.4 |¥/m3-H2
KEHEIRF EREEFT 46.9 36.4 81.1 14.0 |¥/m3-H2

BEFHE-HKE - ERE-BET 2S5O0 ANTE 2021 CMC 2018 0824.xlsx




AT KFBEEIARNEED

B R FE B I TR £ 1R
() EBQFERM, FHNES BESHR, KRRE/NFGA—FLT S

IRIEEHDIELE REDHENM  |20304 B#20504 B2
@ | FRFNES 10 10 10 100 [ton-wet kelp/d
@|EEEEE 8 8 15 |% man.
IV I VES 2.48 2.48 (@\ 10 [mol-H2/mol-man

NaOH{# F Z (1 & FEZHRT6h) L . 0.215 148 050 |kg/Nm3-H2
® Jﬁﬂﬁﬁlim(:yj‘) ( 1500 0 0 \D\Wf\etkeho
® | 195 EeERY HRT 3 3 3 —~ EEXETIE
® %—fﬁ%ﬁ@#a @/(24/®) /3.5 3.5 3.5 63.8 m3 S DENE
HEH N @x@ / 174 174 174 3,188 [kWh/d s, 30FEEE
® [KELEE QOxD® / 244 244 295 18,462 [Nm3/d ERTCE 3
KEEEE OxB / /| 73,255| 73,255| 88,615| 5538462 [Np*,
@ [kEEE BRI Dx6Y  / 61.43 0.00 0.00 >~ (m3-H2
@ | TSV ANEE 0 0 0 g k¥/y,p
@ [z B+O+O+S A 4,364 4,364 4,232 TO7 (K2 /yr
@ kEREIRNEBER A+ 121.0 59.6 478 0 [¥/m3-H2
o |kFBE2RZ  [BEFEL 978]| 364] 286 ¥/m3-H2

EETWIE T

JFERIEEAEAHT A 1,600M/t
<%, BEIZ MNIEBICT
AN

SHaRMETE 2021 CMC 2018 0823 .xIsx, “2021 HESSKEOHPR”
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R (FEHT AT RN F =N RIILF—TCH/T-EED

FEEKREELEBKREEDCO2HEH S LI

X1 FHREREGESSUOYMEE BENAAIZADCEESNSKREELEEICHANDLNEDCO2HHEEHE

RAHR 65.4|g-C02/MJ " o IR E 1Y = g [
2 2,623 ke~CO2/L EXfE oA Al LE BIE T HE H{I |CO2¢kH=| HfI
= 4 0.635|ke—C0O2/kWh EL a—7 0.025 |t/t 2.5[t/d -
7K 0.05|kg-C0O2/m3-7K . BE-RA AR |BH 0.060 [L/t-km 5 |km 0.045|kg-C02/d
NaOH* 1.4605 kg—COZ/kg—NaOH Jﬁﬂ%ﬁé 5:':&1'[./ )\jj ﬂ/ﬁ 0.060 L/’t'km 5 |km 0.045 kg—COZ/d
1/38BETS 0.487 |ke-C0O2/kg-NaOH FRAUNGE| AJ) |5 1 t-iE 100 |t/d -
TR KT 4 5|kWh/m3—-H2 Eifr-REg AS |82 0.060 |L/t km 5 [km/d 78.7 |kg-C0O2/d
KELHV 10.8/MJ/m3-H2 s AA K 2.000 |m3/t 200 |m3-7K/d 10.0 |ke-C0O2/d
T AND |EH 2.000 |KWh/t 200 |kWh/d 127.0 |kg-C0O2/d
#2 EICAWN-REYIEE 2@ e | AN BT 0.200 |kWh/t 20 [kWh/d 12.7 |kg-C0O2/d
AEINES 2.5|mol-H2/mol-Man. i) _ﬁfj_ﬁ 0.100 [t/t 10 1t/d —
Man = 7 & ) AA |ES 0.185 |kg/m3-H2 460 |kg-NaOH/d 224.2 |ke-C0O2/d
Bk e 5]°C SeHE Hh KF 24.889 |m3-H2/t 2,489 |m3-H2/d -
e 2 e 72) ey 5 AN (FAh 2.000 [kWh/t 200 |kWh/d 127.0 |ke-C0O2/d
’ﬁ'*ﬁﬂ“ﬁ Slkm—fE{2 = AN B 58.520 |MJ/t 5,852 |MJ/d 382.7 |ke-C0O2/d
S 0.06|L-#%;M/t-km - AN 59y 5.000 [km 900 [tkm/d 156.6 |ke-C02/d
;<='*4> 0.185 |kg-NaOH/m3-H2 = KA AR 1.800 |m3—3& /¢ 180 |m3—3%&/d -
|‘7‘J7*5) 0.174 kg—COZ/tkm N j]l] H )\jj %E:jj 0.200 kWh/m3—I- 498 kWh/d 316.1 kg—COZ/d
¥1) 2013 OB EH 108 DOO2H th R (RS H) D F I 78 \PSAZEE| A7 |ENRZE | 80.000 % 80 1%
* D 2o | R E R E TS T RIS Tk, BT B 47702 | H (B 23.760 IMJ/¢ 2,376 {MJ/d ~391.6 1kg-CO2/d
*YBFTED TH AT BS54+ 5 bt - BRI 675 I DA A |KE B K= 19.911 |m3/t 1,991 |m3/d 0 |
*4)C.acetobutylicum D {XB EYMMSEHE, JE*—PEEB%'%ﬁ%?]ﬂl@COZ?QFH:i%(iAlgNa%’ﬁh“ﬁ?ﬂbf:ﬁ *‘;Ftﬂ%éﬁ' 8550 kCOZ/d
*5) E3LH16.4 BERTENSYY [ \
EffkE 4.5|kWh/m3-H 8960/kwh/d \ | 5,689.6 |ke£02/d
SRS N, 85.0

2022 BEIZKBCO28m #FE 5T & .xIsx

HEEERATLIANF NI F— Tl o7& EDFCHE & BRRKEREE potx
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RIS EDB 1

EEE)iB4

—Plastic Bdoy

/30 or 24 cm Diam.

Main Line ~A
. ——
= o /18 or 20 mm Diam. - Buoy Rope

| ‘ - gxlzirp‘:m:—t?i'am.
> Anchor Rope —— [
24mm Diam. %
3 times the water 5m 2m - »
depth ‘ Cultivation Rope
| (9-)14(-16)mm Diam.
\“\
- “—Sinker
2 Plastic Buoy 400gr. -——Side Anchor Rope
30 cm Diam 18 or 20 mm Diam.
10 atm, pressure 15m
resisting

1.5times the water
A T B

Anchor ZSide Anchor
Concrete Block Concrete Block 28
2 or 3 tons

1ton
120m ————————wm == -
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A. VERTICAL HANGING TYPE(Noren Shiki)

pod

T
e
J/q 7

b—ca.2m
(adjusted by case 7~ 16-20mm

29
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H - DEIERE IF
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E M YERY
Tl
wis-simr
04 |
0 10 20 30 40 50 60 70 80

FEIETREOLEE (%)

Emib TIX, BEEE. fEICHHDEREEIY.
MIIZA T BEEFE DA ABH TREL, (AT DIZE IS -F21E)

— MYRYZHEBAE T NIL FIBERIFRITEITESD !

KA -8R KIHEER 27 61~80, F17
https://www.hakodate.ne.jp/kamada/growth.html
https://www.rakuten.ne.jp/gold/kaisotonya/konbu/hanashi.htmi
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JILA—ZANoEHMICKRIRNBEHET 575 E

INDT V)T IENADHD ER{L TH2Z R AT 5

A) EEDRRKRINET4

CH,,0,+2NAD*+H,0 — 2CH,COOH +2CO,
+2NADH+2H'+2H, : BFfgFEE:
P2NADH-+2H* — 2NAD*+2H, IKE|FAE RIG

C.H,O0+ H,0 — 2CH,COOH @ 2C0,
B) EF{mZEHDComplex I ZR 9 HEIEHmAIIZ (LK FRINZE10H AT BE !

- Overall reaction equation of Butyrate fermentation.ppt -

C.H,,0, +10NAD* + 2FAD +4ADP+ 6H,0
— 10NADH + 10H*+ 2FADH, + 6CO, + 4ATP  : TCAcycle

OFADH, + O, +4ADP — 2FAD+ 2H,0 +4ATP

10NADH + 10H* — 10NAD" + 10H,

C.H,,0, +8ADP + O, + 4H,0 — (10H,)+ 6CO, + 8ATP

Tanisho, S.(2001) A scheme for developing the yield of hydrogen by fermentation, in BIOHYDROGEN II, ed. Jun Miyake et. Al., pp.131-140, PERGAMON
03— Zh o EEANICKRINGE Z BET 5 5K pptx




2050 E BEEDKZFIWEI0OANDHRELRELIZIEEICBHSLY !

BRICEFEEEHOBIRTINEREZSOIRMINERINTLD

Electron Transport o BAEFREKRX !
TCA cycle Chain Inhibitors v' Tanisho, S., N. Kamiya and N. Wakao; Hydrogen evolution of
Enterobacter aerogenes depending on culture pH, Biochim. Biophys.
Acta (1989), Vol.973, pp.1-6

== - ‘i‘," A N v v' Tanisho et al.; Hydrogen production by Fermentation and a Trial for
EE'¥{EL£EO)*§ = NADH+H £, =-0.32V Improvement on the Yield of Hydrogen (1992), Proc. 9th WHEC, Paris,

ﬁ%% I(Complex I) j& ¢ France pp.583-590.

*%.L\b HE_‘j—% LT, Rotenone v OBE EAKR KRRET L LR FEILES R T LOIHD

— NADH Amytal Enterobacter aerogenes|Z & 27K BIKEFKE (1997) . KEI R
+HZ dehydrogenase . Catechin ¥F— X7 L Vol.22, No.1 pp.2-T.
NADH® %%H I complex I lLaurﬂ Gallate | v Tanisho, S.; A strategy for improving the yield of hydrogen by
rl:T_l ('}'%) ! Chlormereuri fermentation, Hydrogen Energy Progress XllIl, 2000, Proc. 13th World
\l/ Hydro. Ener. Conf. Beijing, pp.370-375 .

‘ v' Tanisho, S.(2001) A scheme for developing the yield of hydrogen by

FADH2 _9( Ubiquinone ) E,=-0.22V fermentation, in BIOHYDROGEN II, ed. Jun Miyake et. Al., pp.131-

140, PERGAMON.
v" Tanisho, Suganuma; Aerobic hydrogen production aimed at the

Succmate Cotocrome — improvement in the yield of hydrogen (2002), Proc. 14t World
deh droeenase yt —— Antimycin Hydrogen Energy Conference, Montreal, Canada, #1802 in CD-ROM.
i oc! Complexm HOONO v' Harada, Kaneko and Tanisho; Improvement of H2 yield of
E, =+0.03V Fermentative Bacteria by Gene Manipulation (2006), Proc. 16th
WHEC, Lyon, France, I11-329, in CD-ROM.
Cytocrome c ) v AREER,; B EEICKDEMERRIEK B R E NI TV T OKFIEED

8 ppt, A 4815 FEENEOS/K A4 pk e (2007/10/15)

Complex | ;& {=F IR CURFERF (TR T U= 3CER

= Cytocrome CN
NO; oxidase <= co Yan Wu, Yagiao Hao, Xuan Wei, Qi Shen, Xuanwei Ding, Liyan Wang, Hongxin
complexIV Zhao and Yuan Lu;
=+0.43V Impairment of NADH dehydrogenase and regulation of anaerobic metabolism
by the small RNA RyhB and NadE for improved biohydrogen production in
' Enterobacter aerogenes, Biotechnology for Biofuels, 10:248, pp.1-15, 2017
E, = +0.82V "
7= 5 OERKRINEREZED A - TCA - EEFHIE.pptx




Complex | ZlBEE L TKRINEZSHHEIZ2002F 5 Th

Laury] gallate,
KNOj; injection

v

Yield of H2 [mol/mol]
(\®)

01234567389 101112131415
Cultivation [ h ]

7H17Hgood T—7-2 (E{EE#2).xIsx

E. aerogenes ®Complex | %=
Lauryl Gallate TPHE L 7-& &
A, KZINEND 1 — 3 mol-
H,/mol-glu ICEFHRT5Z &%
L7 |

Tanisho, Sasaki and Suganuma;

Aerobic hydrogen production aimed at the
improvement in the yield of hydrogen, (2002),
Proc. 14t World Hydrogen Energy Conference,
Montreal, Canada, #1802 in CD-ROM.

[HECIEESROURZRESIE
HFTEAHZULDO T, Complex |

DEEFHIE CRAMEZE
£

(e]

Complex | ZFAZE L T/KERINER% 5% 5 J7i%.pptx




Complex | Bz FHIRDIEAL. Yan Wu 5[ZKEHEER

NADH + H* ~

2Fd,, 2Fd_, NAD+ €~

NADH dehydrogenase
Ech hydrogenase Complex |

Complex I [£. ADNSNETD 14{E D4
BRBETHERSIN TS !
ECERIET S A EE !

[FH, 84 5(X“ENEOSKFEES " %
BFCGEIELE=A
S B ! (2006)

Me
/mmxgﬁ%ﬁﬁwzﬂi?wﬁﬁﬁb
wod  HBEREY s a— 25 N0
S KEARKETERLSS |

color.

hydros_ Z o nix. 13MA/Nm3THRKEBEEETE S |

2050FE £ CICEYI GG E R LR T 1L

monoenucleotide; Q: ubiquinone or menaquinone.

Yan Wu 5I1% C,D,E ZaiEL T
FIh 1 (2017)

E. aerogenes® K R UNZFEHY

1—2.28 mol-Hz/mol [Z[A] E !

Yan Wu, Yagiao Hao, Xuan Wei, Qi Shen, Xuanwei Ding,
Liyan Wang, Hongxin Zhao and Yuan Lu;

Impairment of NADH dehydrogenase and regulation of
anaerobic metabolism by the small RNA RyhB and
NadE for improved biohydrogen production in
Enterobacter aerogenes, Biotechnology for Biofuels,
10:248, pp.1-15, 2017

Complex | & Ech %+ 72 = + Dige L BREIIEICEAT % F & 8.pptx
JLa—2H 5 OBEEARIKRIESRED K - TCA - B FHIE.pptx



2009 FEDFhEDIAVITEEE1IF AN DOEETES

KEIRILET—REETILXUBEERE

HAEQHIER M4 o F U HIEEE TI00EEETE 3129 /
20194 EI: I ?ﬁflﬁﬁﬁﬁiﬁ_? TILX B
10,978,362 T-wet kelp 203042 |C 20504 2 A ERR
15 D

T —h—LEHRE \ 8|) 15 8 |9
e N2/ 3.0 10.0 9 |J5F/20ke
I —_hk—JLE ton 878,000 1,646,000 878,000 [t-F7JLXER
KBEEE kmol 12,060,000 27,131,000 90,481,000

Nm3 270,144,000 607,734,000 | 2,026,774,000

kg 24,120,000 54,262,000 180,962,000
FCVE& $ (100kg/ & - £F) /7~ 241,000 [\ 542,000 1,809,000 [, ( 39,000 |{&M

50%3h 3 N HFEE{EKWh) 48 10.8 35.9
0% & RAH (FAO Dais %%l&lﬂ'ﬁ@»/ﬁv‘
C 1FA POV T TIRKREERER TIEXBEEELOREIR

ELEFNSVH, BEOHIBFRME L 4~40038M/ /
10(E F YEETZEBD T, 3,500EkWhD KEDEERE L
 HBEICHY, FHAEBIRRICKS// )\ 180~18,0008A
i WAL, S pALELONS). DU Farea RTINS A T oo



CCUS L HATHRIET NITAKTHCO2H KiEICHIE AT EE !

O KEFHEETIHH2LCO2NIFIF 1:1 DEAHRELTEESNDS
S EZFRBEBRIFRDRIGKTH2LCO2ZFHAE T HD T,
CO2[FH2M 6/11 BREHRET S
C¢H,,0¢ + 4H,0 +O, — 11H,+6CO,
®CO2(EaV T NAFTREXEN L., BEHHEIBER R IZCCUSEMTIRIET 1
. KR DEEZLEBTES /!
@ SOFCHE THET 543,500{ZEkWhD E 11 &1,500{8kgDCO2EHIF TE=S
S H2MFCVF|FECCUST, 20504 512(£C02%4,800{EkehliBi T= 5



BT FEIZKY EIZE R GE/TH2 £ FE £ L CO2HIE =

HAHA2000FEDHEEFLCHKIETBECTYaTEHIEL.
100fZ(400t/ha) DINEEL HSELI-LEDFEE

HRADREEEE b g Bl % ot I

11 {Et-wet kelp B i 2030 A 2050 A AL
IVb=ILEFE 8 15 15 |%
IEINES 2.5 3.0 10.0 |mol/mol
KELEEES 12.0 271 90.6 |{Ekmol
REECO2R4EE 12.0 27.1 49 4 |{8kmol
FCVE £k (100kg/ & - 4E) 24 54 181 (10054
FCHEE (1.77kWh/Nm3) 478 1,078 C 3,500 _DiEkWh
CCUSIZ&ACO28IE 2 528 1,190
FCVIEAICE S CO28IE= 360 820 2,700 |{Ekg
FCHEEIZLSH CO2HiBE 210 470 C_ 1,500 DiEke
CCUSEFCVD & ETHIBE 888 2,010 0 |{Eke
CCUSEHEENSETHIBE 738 1,660 3,600 PEke

HEL1-kFZFCVTHRAY % &, CO2RIBEIFEEBFALY £ 4,8001EkgIc £ !

arv 7 oEESHET (FAOData) #EICEHE L72kHRE 1 .xlsx
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FED

BREOERCHINBRAECEY, MRATRIINEF—BREEENI0% 22210

IFEEZ PED2000FEE £ Thl

cozumEix3,600{Ekg-C0O2/4

Fhi£3,500=kWh/£

D AT

~Ic k3 (FEHIR & H24EERCCUS D)2

WEAEEIC L FR3TLEVRY — 4k E5AT2%  ODHREEHDEEST 3
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