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@ |ARBEIRF WHREET 46.9 36.4 81.1 14.0 [¥/m3-H2

BETRIE-TKE - ERE-BET 4SRN 2021 CMC 2018 0824.xIsx

OV DKRBIEIRNEESD
BRREEEM R LR

(@) REOEEH. FHULES BEEEER KRWRELF/I\FTA—HLETD

BRUEEHDESE BEDKM  [2030% B]2050%F B8
@ |[RFNIEE 10 10 10 100 |ton-wet kelp/d
@ﬁﬁﬁg 8 8 8 15 |%-man.
@ |kFIRE 2.48 2.48 | € 3.00.] 10 [mol-H2/mol-man

NaOH {3 F % (B # F:E¥HRT6h) - 0.215 0148 | 0050 |kg/Nm3-H2
®|FPBAEMELT) (1500 0 0 o “-wet kelp
©® |FEt82r0 HRT 3 3 3 —~~ EEREE TR
® [HEERE 0/04/®) 3.5 3.5 3.5 63.8 |[m3 . A= D EATR
HEBH @x® 174 174 174 3,188 |kWh/d xc. 30EBE
® |kFEEESE QOx® 244 244 295 18,462 NmS/i'/@ RCE3
KEREEE Ox® 73,255 | 73,255 | 88,615 | 5,538,462 [Np~
@ [kERE BHaRF DB/ 61.43 0.00 0.00 000~ «m3-H2
® [FSor A B 0 0 0| C30,054 k¥R
@ [aZH B+rO+O+F A® 4,364 4,364 4232 | 80997 [K¥lyr
® |KFEEEIR B MH+@ 121.0 59.6 47.8 15.0 |¥/m3-H2
@ [KFHED {EBaFl 978 36.4 28.6 13.2 |¥/m3-H2

B FHIE- 7 Z$aRANETE 2021 CMC 2018 0823.xIsx, “2021 HESS ASOHPA”

LA 3 = AN
e e DL (5 s mes e BB R S 2> 75 b L R BB E
<H B HKERERNEITNIL BABIAZLAY, BFEZEIX FHEFICAS
a2 7 h o OkFEME DR N F &8 EfiE . pptx
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HEICERAT AT N -2 AP RIILF -T2 ZTD
== {473 =5 s
HREBKFREELEHBKIREEDCO2HHELLE
F1. FERREMESSUYHEE BRENAAIADDEFESNSKFELEECHDDINEOCO2BHEEHE
RRHR 65.4|g-CO2/MJ o IR S 1tdp1-Y o 8 s =l s
a5 2.623kg-002/L R phTRER Al E s B HE B{7 |CO2EHiE| HBfu
B 0.635|kg-CO2/kWh EEE n—7 0025 |t/t 2.5|t/d -
K 0.05|ke-CO2/m3-7K Ei-RA AN |8 0.060 |L/t-km 5 [km 0.045|kg-C02/d
NaOH* 1.4605|ke—CO2/kg-NaOH [REEEERHL | A |$h 0.060 |L/t km 5 [km 0.045|kg-C02/d
1/3G3 L 0.487 |ke—CO2/ke—NaOH BERIRE| AN [EBE 1|t 100 |t/d —
Eﬁﬁ;ﬁ;&é 45 k\fv_h/m3—Hg2_ 2 Ei-BEE AD |8 0.060 |L/t-km 5 [km/d 78.7 |ke-CO2/d
7K§LH’V\ 10.8|MJ/m3-H2 i AHB [k 2.000 [m3/t 200 [m3-7K/d 10.0 |kg-CO2/d
= y AN |Bh 2.000 [KWh/t 200 |kWh/d 127.0 [kg-C02/d
FiEINT
F2. HECAV EENEE PR e AH |EH 0.200 |kWh/t 20 |kWh/d 12.7 |ke-CO2/d
JKERURFE 2.5/mol-H2/mol-Man. bl ﬁﬂﬂ 0100 1/t 10 1t/d —
Von BB & SR | L BES 0.185 |kg/m3-H2| 460 |kg-NaOH/d| 224.2 |ksg-C0O2/d
ED*E.;E. 5[°C = o Hh |KkE 24.889 [m3-H2/t 2,489 [m3-H2/d -
—a ’*’f‘“m - i AN |Bh 2.000 |kWh/t 200 |kWh/d 127.0 |kg-C0O2/d
ik e 9 km_‘#g = AB B 58.520 |MJ/t 5,852 |IMJ/d 382.7 |ke-CO2/d
4 0.06 L—%3#/t-km : AR |59 5.000 |km 900 |tkm/d 156.6 |ke-CO2/d
Bk
lZ=a 0.185 [ke-NaOH/m3-H2 Hh &R 1.800 |m3-3/t 180 |m3-if/d -
£Swy* 0.174|kg-C0O2/tkm -BE | AA |[EAH 0.200 |kWh/m3-H 498 |kWh/d 316.1 |kg-CO2/d
1) 201 3 DN OHOCO2HH R (R E) DFIE St (PSAZEE| A [EIRE [ 80.000 1% SOR%
D)3 B 2kl B ISR B TS TR Tk, kT, ATHR | WA |8 93,760/ MJ/t 5,376 |MJ/d 3516 | ke-C0O2/d
BP0 I HAREEH=E 1T 3 EH - RO BAASRE | k& B |kE 19.911 |m3/t 1,991 |m3/d L
*4)C.acetobutylicum D HEMH HEHE FUHERE - FHEMIOCO2HE & (FAIgNaBE N EIEL -6 | HEH B AHM]  855.0 [kdC02/d
*5) E3REHI16.4 BERALENSYY
BHEKE] 4.5]kWh/m3-H 8960[kWh/d \ | 5,689.6 [ke-£02/d|
HiEE | | | | N 850y |
2022 B # Ik 3CO24) B EF H.xIsx T
SAEECE 2 T 2L R AR T 2 I B ECxm ) dmgm k=i 2 oot

IRILF—BIELRFICADSRIMEASR !

A>T DEAFEE
BEEEZE - ZHFIER MO T300t/hall L% INF#
O LIERR TY b= EREEE15%IZH L
OB UNEEEDOBWIE 1L D55 NER
OKREICEEINZAVTOHRAAAEDRFE

KEHREBORHFEEZ
O EEFIRMEICKDIKRINEDHEHMEAR
Ea DI0ENBE, IWE15~3MEImEL-HEHY
SELFAENEN-ODRABIEERITOMEL
& X ERROERME AT DRF
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Main Line

R AR D 1

~Plastic Buoy
30 or 24 cm Diam.

18 or 20 mm Diam.

-~ Buoy Rope
< 20m Diam.
Anchor Rope
24mm Diam, K
3 times the water 5m -2m ¢
depth Rt
Pt l - Cultivation Rope
(9-)14(=16)mm Diam.
" —Sinker
Pas ,;!ashg Buoy 400gr. -——>Side Anchor Rope
cm Diam 18 or 20 Di
10!}':‘,- pressure LL 15m !.Szirmesmt':e w.ll::r
resisting Z} depth
S ko
“~Anchor Side Anchor
Concrete Block Concrete Block 25
2 or 3tons 1ton -
- 120 ———— e o

2023/1/29

RS EDH I

U 7 A 2 HERY

A. VERTICAL HANGING TYPE(Noren Shiki)

4
30cm |
gm

o T EHER

N}
o
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ONBE#TEERD T b R o | HERLLBES
AEFRAMEHX EFELLE
BIEHLLE,
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AT iEEE s
IO S
fEEft ETRBFEEELL.
BB /AUMIRTT
JL—r TSI, .
0—7% M4 L TR, "
on %iﬁ!mﬁiﬂﬁlz o ©FFFE T ST T
BERBPIHX
FA)I, $9AK  KTHFHAR, Vol. 27 P.61~80, -
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TAADERALIZEH T B EIE T (&
H75%MNUNERICRE TS

S TorE X BN
I}

IHLF—FIATIE
FISIEERIIFE

CHE
L
(am- i )]

w318 [
zof |
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20 30 40 50 60 70

FEIXTREOLE (%)

BRI T, BIEEE, FHRITHNDEFREEY,

MIITHMTBEE DA AIBH TREN, (AT DIZE TS EIR)
— MYBRYZHEMIE T NI, FIEEEFTIEBICRITED !

£ SRR THER 27 61~80, F17

https://www.hakodate.ne.jp/kamada/growth.html
https://www.rakuten.ne.jp/gold/kaisotonya/konbu/hanashi.html
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FIILA—ZANLEHAICKFBINEEFZRET 55

INITV)TIENADHDEE L TH2Z H4ET 5

A) REORZRRKEINEL4

C¢H,,0+2NAD*+H,0 — 2CH,COOH +2CO,
+2NADH+2H"+2H, : BFERFE:
2NADH+2H* — 2NAD*+2H, IKRFRERIG

CH,0,+ H,0 — 2CH,COOH @ 2C0,
B) EF=ZEHDComplex I ZHT 5 EEFRAIIZITKRINE10H AT HE !

- Overall reaction equation of Butyrate fermentation.ppt -

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

2FADH, + O, +4ADP — 2FAD+ 2H,0 + 4ATP

10NADH + 10H" — 10NAD" + 10H,

CeH,,0, +8ADP + 0, + 4H,0 — (10H,)+ 6CO, + SATP

Tanisho, S.(2001) A scheme for developing the yield of hydrogen by fermentation, in BIOHYDROGEN |1, ed. Jun Miyake et. Al., pp.131-140, PERGAMON

73— HEHKISKRINE A WET 275%.ppix
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2050 F HIEEDKFBIEI0O~ADHRELRBELIFIEFEIZEASL !

BRICBEFEEHDOBIRTINEEZSORBINERSINA TS

BERRR
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
E =_032V v' Tanisho et al.; Hydrogen production by Fermentation and a Trial for
0 . Improvement on the Yield of Hydrogen (1992), Proc. 9t WHEC, Paris,
France pp.583-590.

Electron Transport
TCA cycle Chain

EFEEHEDES [NADH+H |
E2%& [(Complex ) &

Inhibitors

Pz l== — < Rotenone vV BE EAR KREEE E LD BEANMES R T LD HD
#Eﬁblzﬂ = ?'%);&T‘ NADH Amytal Enterobacter aerogenes|c & 2 iFRfkEFRE (1997) | KEITFRIL
NADHD & H* Iz dehydrogenase Catechin F— 27 L, Vol.22, No.1 pp.2-7.

2 %%5 ' complex I Tiai allate v Tanisho, S.; A strategy for improving the yield of hydrogen by
rll:l_] H'%) 7 Chlormercuri fermentation, Hydrogen Energy Progress XlII, 2000, Proc. 13th World
Hydro. Ener. Conf. Beijing, pp.370-375 .

i v Tanisho, S.(2001) A scheme for developing the yield of hydrogen by
‘ FADH, ‘_>( Ubiquinone ) £, =0.22V fermentation, in BIOHYDROGEN I, ed. Jun Miyake et. AL, pp.131-

140, PERGAMON.
Succinate
dehydrogenase

v' Tanisho, Suganuma; Aerobic hydrogen production aimed at the
E, =+0.03V

improvement in the yield of hydrogen (2002), Proc. 14t World
Hydrogen Energy Conference, Montreal, Canada, #1802 in CD-ROM.
v' Harada, Kaneko and Tanisho; Improvement of H2 yield of
Fermentative Bacteria by Gene Manipulation (2006), Proc. 16th
WHEC, Lyon, France, [11-329, in CD-ROM.
v BEEE; R TREICI BRI KBTS T YT DRFILRD
% ppt, A% (E FEENEOS/KF ML p R % (2007/10/15)

_ Complex | BETF IR CTIRESEICHLI-XR

P Yan Wu, Yagiao Hao, Xuan Wei, Qi Shen, Xuanwei Ding, Liyan Wang, Hongxin
Cco

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

Cytocrome
oxidase
complexIV

Ey =+0.43V

E, =+0.82V

LD — 25 QEHRRKEINRBE O A S - TCA - B FHIE pot

Complex | ZBHEL TKRINEEZ ST HSHEIZ20024F LS

Lauryl Gallate THHEL7-& 2

%, KEIFEHD 1 — 3 mol-

Hy/mol-glu ICERT 52 &%
L7

Tanisho, Sasaki and Suganuma;

Aerobic hydrogen production aimed at the

improvement in the yield of hydrogen, (2002),

Proc. 14th World Hydrogen Energy Conference,
Montreal, Canada, #1802 in CD-ROM.

K E. aerogenes ®Complex | &

I

Laury] gallate,
KNO; injection

v

(O8]

—

FHECTEEROMRERCIE
HIFTERLUL\OT, Complex|
DEGCFHECRAMFZE

Yield of H2 [mol/mol]
[\

S

B,
01234567 289101112131415
Cultivation [ h ]
7A17Hgood T—7=ek ([E{EE#2).xlsx Complex | %BAE L TREUNEAE 5 5 7735 pptx
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Complex | B FHIEDIRHS. Yan Wu 5IZK5HEER

NADH + H* ~

PMN 4 ‘F Complex I [£. AMSNZE T 14{EDFH
Fe ¢ | BRBETHERSATLS!
NAD+ €~ 2

ECEWIRY A HRIRE !

[RH, 845X “ENEOSKZRE S "%
BCGEWEL=H
Bk ! (2006)

Yan Wu (% C,D,E ZREL T
RXZh 7 (2017)

E. aerogenesM K FEILFEH

NADH dehydrogenase 1—2.28 mol-Hz/mol IZ@EE !
Ech hydrogenase Complex |
Me; ; . .
\ = - < N Yan Wu, Yagiao Hao, Xuan Wei, Qi Shen, Xuanwei Ding,
BH%\ E{K%E&i§® = 7ha i T UD%E% 7,:’\ Bq Liyan Wang, Hongxin Zhao and Yuan Lu;
= = ol © Impairment of NADH dehydrogenase and regulation of
Fig. 2050$B/E\i T c“ﬁﬁ]tiﬁFﬁ%%E LEEZ}LZK?*LLJ:\ anaerobic metabolism by the small RNA RyhB and
SAN S < NadE for improved biohydrogen production in
hydroj EE Al |ﬁ l) 7 JLbad— X 75\ ) llyg 10?‘ Enterobacter aerogenes, Biotechnology for Biofuels,
Schel > ~ 10:248, pp.1-15,2017
KREHETEDREHD |
color.
S fe g 3¢ ET |
hydro; % 2 &mci‘ 13H/Nm T7}<$/_:EET g 6 . Complex | & Ech 7' 2=y b Ok LABRMEICET 2 & & &.pptx
mononucleotide: Q: ubiquinone or menaquinone. ZN A= b DEHHIKRINEREOE - TCA - EIxFHER.ppix
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CCUS L I TRIEIT NITKTHCO2% KiE I BB AT HE !

O KEFHEETIZH2ECO2MIFRIE 1:1 DBEHRELTEESINS
QO EEFRBRIIRDRISK TH2LCO2%HAE T HD T,

CO2(&H2D 6/11 BREHRET D
C6H14O6 + 4H20 +02 — 11H2+6C02

SCO2(FAVITNAATRRBEEND ., HEHEIBE SRR CCCUSE M 1TiR4E

FThiE, ARFOREEZLERTES //

®SOFCAEETHET 5E3,500{8kWhD E 1 &£1,500{8 kg DCO2ZEHIH TES
SH2DFCVFIF&CCUST, 20504 Z5(2[3C02%4,800{EkeHIH TE S

17



2023/1/29

BB IC kY EZE R RETH2E EE L CO2HIBE
HAH2000FEDPEERLEEmBECTYaAVIEHIEL.
10012(400t/ha) DINEEL HHELI=EZDFTH
BADRELEES e g Bk ®
11 B t-wet kelp BRI 20303 | 2050857
IV —ILEEE % 8 15 15
KFIRE mol/mol 25 3.0 10.0
KEEES {Zkmol 12.0 27.1 90.6
FHEECO2EYESE  {Ekmol 12.0 27.1 49.4
FCVE 3 (100kg/E-4E) 1006 & 24 54 181
FCHFE (1.77kWh/Nm3) {&EkWh 478 1,078 3,500
COUSICL ACO2BIRE {Bke 528 1.190 C _2,100p
FCV{EFIZL 5 CO28IEE Bke 360 820 2,700 |
FCREIZL S CO2EIEHE {Bke 210 470 1,500
CCUSLFOVDEETHIEE {Bke 888 2,010 4,800
CCUSLHBEDAEHIBE Bk 738 1,660 3,600 D
4ELT-AREFCVTHATS L. COLIRBEIIHENALY 21 4,800fFkglc 3 !
oY 7 D4FEEKE (FAOData) ZEICFHE L 7-KEE 1 xlsx

hERIEEHLEE BRI TR LT —HHEEZAIREICT S

AT INAARR—IKELEE
FEH

MEOERCHSHBIRA LAY, METHET L F—23EEE2090% %@z 30
#HIEEEE PE02000EEE 2 ¢hFhiE3,500{ZEkWh/ & D FHE rayeey

cozulm®iz3,600(Ekg-CO2/FE iz t3 (BB & H24EBCCUS D)

BEROREICL L2 TPALEVBY —4aL2fAT2S { DIFEEHLEES 2

A TRIECEET AEALTE I EFEE s kENRIcEET 2T L LWEE rrsv 2
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