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Summary

Hydrogen was produced from molasses by a small pilot plant equipped with 200L volume of
fermenter. The fermenter contained 160L fermentation liquid and 80L was exchanged
periodically with new feed. A newly found microflora was used as the organisms of the
hydrogen fermentation. The hydrogen productivity of the microflora was examined under
three kinds  of hydraulic retention time of the feed such as 6, 12 and 24hours. Biogas
production rate and the yield of biogas were ca. 100L/h and ca. 3.5mol -biogas/mol -hexose at
6hr HRT, ca. 75L/h and ca. 4.6mol  -biogas/mol -hexose at 12hr HRT, and 60L/h and ca. 6.6 mol -
biogas/mol -hexose at 24hr HRT. The reproducibility of the phenomena and the productivity
was proved by new operations. The only thing however was that the biogas consisted of H2
and CO2 contained hydrogen only ca. 30% while 52% at 3L bench scale fermenter experiment.
However, since the hydrogen yield at HRT 24hr became ca. 2.0mol -H2/mol -hexose, the flora
will be a hopeful microflora. The possible reasons for the low H2 concentration are now
reviewed by further experiments.

We shared "the development of high-speed hydrogen conversion technology with bacteria
producing hydrogen from biomass" in phase A (feasibility study) and carried out . In this study,
we chased a change of  microflora in the hydrogen fermenter by the 16SrRNA meta genome
analysis with the next generation sequencer . Our purpose is to clarify  the influence of pH and
microflora in the fermenter to hydrogen production efficiency.

Hydrogen production from molasses by a pilot plant or alaboratory scale  was operated
Various samples of  fermentation liquid were collected over time. The 16S metagenomics of
these microflora was carried out with next generation sequencer. Each microflora consisted of
two genera, “M” and “B”. Because it is during patent application preparations, we do not state
the correct generic name clearly. The M genus was anaerobic bacteria, as for the hydrogen
production. In addition, the other was occupied by the B genus. It was thought that the B
genus was contaminated from the waste molasses. While M genus bacteria produce hydrogen,

B genus bacteria would be in  a state of coexistence or the microflora selection. These two genus
would fix each other's metabolism products or would neutralize between metabolism products
and would keep pH of the fermentation liquid. It is thought that the B genus has to exist

approximately 10% in microflora for stable hydrogen production.
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000 00000000

000000000000 200400 %ELASEKEREDODODO Clostridium O HNOO1
0 3q00000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000000
O0DO00BIREMoARBEFH 00000 F0L598L, Ban<E {55 NucleoSpin
Tissue(OODOODODOODOOO)J0O0ODNAOOODOOOD

000 16SrRNA 0O OOCOO

0000000000 DNAOOODODODO PCROOODO16SIRNA 000000000000
00D0D000DD0D0O0DO0 16SPRNA 00 D0O00C0OCO0O0DO0ODOO0O0O0OO0OO0DODOO
27F(AGAGTTTGATCCTGGCTCAG) # . U N — R 7 5 4 v — & | T 1492R
0 GGTTACCTTGTTACGACTT ODO0O0OCOCOO0O0DOO LATaqOOOOOOOOO0O0)0O0C0COCO
0000000000000

LA Taq 0.5ul

2xGC Buffer 12.5pl

dNTP 4yl

Template 100ng

1uM Fw primer ul

1uM Rv primer ul

DW up to 25pul
Total 25pl

F/00000000000000

980 1min

980 30sec —

490 30sec x30cycle
720 3min — |

720 5min

40 8

cOoooOoO0O0oooOOoO0ooooooOooDooboO0o0ooDboOoOnD 15kbp OODODOOOOOO

OOODO16SrRNA O OODOOODO 1600bp ODOOOOCOODODOOOODOO 16SrRNA OO0
OO0oo0OoO0oO0oocO0oo0o0oobOOob0OOonbD DNA OO 16SrRNA D OO0OO0OO0OOO0COOOOOO0OO0
obooooooooooooboooo
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OO0 16SrRNA OO0 Vv4AaOOOOO
OO0ob0OO0oO0O0O0O0O0O0OD016SIRNA OOOO V4 OOOoOOoOoooooooooooooao

ExTag HS(O O OO OOOODOO)oboDOOODODV4 OODODOooDOoDoDDODODODDEO
515F(5 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGTGCCAGCMGCCGCGGTAA3)

O O O O B806R(5GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGG
TATCTAATCC3) D OO OO0ODOOOOODOOOOPCROODODOOODODOOOOODDOOO

Ex taq buffer 2.5ul
dNTP 2.0ul
Template 100ng
1pM 515F 5.0ul
1pM 806F 5.0ul
Ex Taq HS 0.13ul
DW up to 25ul
Total 25pl

obooooooooooooboooo

950 3min

950 30sec ]

550 30sec x23cycle
720 30sec

720 5min

40 8

obobOoooooooooooboboobOobOobOoocoboooonbOoOgAMPuUre XP OOO
oboboobooooboooooobooobooboobOoobooboboooon

OO0 IndexOOOODO

AMPure XP 00000000000 O0OO0O0OO0OCOOODOOOOCOOOOOOOOO Index
PCROODDODOCOOOOD ExTagHS( D OO ODOOOCOOD)YDODOOOOODOOOOOOODOO
O

Ex Taq Buffer 5.0ul
dNTP 4.0ul
Template 5.0ul
1puM 1_2 premix Index primer 10.0ul
Ex Tag HS 0.25ul
DwW 25.75pl
Total  50pl
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950 3min
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720 5min
4 O co

PCROOOOOOOODOODOOD AMpureXP DO00OO0O0O0OOO0OOO0OODOOODOOOOCODOO
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00000002100 000000 O0OO(Agilent D) DOOOOOOOODODODODOOOOOOOO
go00oO0oO0oO0oO0oO0OO0OO0OO0OO0 PCR OODODOOOOOOODODODODODOODOOOOOOOOOOO
O200M OO0 O0O0OO0OO0OOOOCOOOOOOOOO 20pM O PRiX OOOOOOOOOOOO
go0oO0oO0oO0oOoOoOoOoOoOoOooooooo

O 0o o o o

O

00 Miseq0O00OOODODOODOO0OO00O

0000000000000 OMumina D0000000000MiSeq 0000000000
0000000 MiSeqReagent Kitv2 000000000000 0000C0C0OO0O0Readl:5 -
TATGGTAATT GT GTGCCAGCMGCCGCGGTAA -3 0 Read2:5 - AGTCAGTCAG CC
GGACTACHVGGGTWTCTAAT -3 O Index: 5- ATTAGAWACCCBDGTAGTCC GG
CTGACTGACT -30000000C0CCOO0 Humina 000000000000 O0O0CCOO
00000000000000 Apple O MachookAir 24 A k=)L L# MacQIIME(1.9.1) O
00000000
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oboboooooooooooboobobobooooboobooooooboobobooboobooboon
ooooocoooooooooboon
obooooooocoooooooboobobooboobooooboobooooooonog

oboobOoooooooooobooboobooboon

gooooooooooooooo

000o00000o00o0000ogoooooonoooooao

2014/15 0O O0OO0OOO00O0O0A|O0O0O0OB|O0O0OOC| 0000 (00000
1 |0ooon 1,763 1,763 1,763 4,270 2,702 |ton/yr
2 |lDo00O0 300 300 300 300 300 |day
3 (0010000 O/0 6 6 6 14 9 |ton/d
4 lDODDO(@OO 40 40 40 40 40 |%
5 |D0000o0oon) 2 %
6 (00000 OOO/O m3/d
7 (000000 HRT hr
g |[DDDoDODO O/0 20 30 40 32 21 |m3
9 lDoDDoo@OoOoog) 2.5 25 2.5 25 2.5 |mol/mol
10 |0 0 0 OO O (LHV50%) 1.5 15 15 15 1.5 |KWh/m3-H2
11 |BEREEED{RETE) 20 20 20 20 20 |KWh/m3-fermenter
12 |0 0 0O (FIT) 39 39 39 39 39 |VkWh
13|0000 OxO0 59 59 59 59 59 |Vm3-H2

(2 boooooOoOoDbOOoO0oOoOoobboOoUoooOoboDObOOoUoDObOOoOoOooDoo
coooooco20boboO0OoOoOoO0oOoOoOoOoOoOoOoOoDOoOoOooOasc0o/OOnOOOO
obooboooobooooooooooobobooobooooboooooooooobooooboon
OOHRTOOODODOOOOOOOOOOOOOOOOOOOODODODOOODOODOOOODOOOn
oooooo

oboooooooocoorATOOOOOOODOODOO

OO0O0OA|D0000B|0O000OC| 0000 |00O0OO
14|ooooo ooooo 731 731 731 1,771 1,121 |[m3/ d
15|ooo oxo 1,097 1,097 1,097 2,657 1,681 [kWh/d
16|l000oooooon 46 46 46 111 70 [kw
17|oo0oo ooo 400 600 800 640 420 |kwh/d
18|looooo (moo)oo 209,093 149,093 89,093 605,067 378,373 |KWhiyr
19|oooo oxo 8,155 5,815 3,475 23,598 14,757 |KVyr
20 |CO2HEE @xTxE 282 282 282 684 433 [tor—CO2/yr
21 | 5L vk A @xE® 424 424 424 1,026 649 |KVyr
22 s A @+ @ 8,578 6,238 3,898 24,623 15,406 |k¥/yr

3 boooooOooooOoOoOoooboOoUoobOoboOoUoooOooDOooooooboOooo
oboooooobOwobobobooobobooboooooooboobOooboboooboooon
gooOoOooob0 4om300O035mbO0cO0oO0 5SmOdooooOoobobobobooooooooo
obooboooooooooooooboobobooobooboooboooo3ooboonoobooboon
BEERTEELCLOZERTLOT, BABEIH L LAkl ZOXIIRET S L. #
obooboz2r0o0oboooOOooOOoOon
obobz2z20000000O00CO0O0O0O0OO0O0OO0O0oOO0bOO0ObOOO0oOOoOOOoObOoOoOooOoOonDO
oboboooooooooooboobobobooooboobooooooboobobooboobooboon
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2200000000000 0000O00OO0O0O0O0O

300000000000000000000000000000000000000000
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0300000000000

obooboooooooooon
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O0DO0O0OA|O0D0OB|ODOOOC| ODODO (00DOO
23 (000000 @00000 5,305 6,766 8,041 7,033 5,463 |kVyr
24|00000000000 1,592 2,030 2,412 2,110 1,639 |KVyr
25 0000000 3,000 3,000 3,000 3,000 3,000 |kVyr
26 00000 0 0 0 0 0 |kvyr
21 lpoo 9,897 11,796 13,453 12,143 10,101 [KVyr
| =i PN N
28 ﬂﬁgﬂﬁﬂﬁﬁam -1,742 -5,981 -9,979 11,454 4,655 |kvyr
DO0@ODOD000O
29 3987 1,208 1,514 19,513 10,767 |kVyr
Q-D+® ' : Go 4
30 |oooooo 500 500 500 1,750 1,300 |Vton
31 (fEEARSR QDD 882 882 882 7473 3,513 |kuyr
32 |Bob00O0DODOO 3,105 327 (2,396) 12,041 7,254 |KVyr
&—an
33 (FlaIEINzR @@ 352 37 (272) 161 207 (%
2014-15 DD 00 O0O0OoOoOoOoOooOooOog xisx
34 [0000Co20000 0.858 |kg-CO2/kWh |2013 0 [
35 0000000 1,500 |Vion 0O [co2 0 CcO [
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00 00 (10m3) 30,000 | 119,432 |k
00000000 1,000 3,981 |k\
0 0 0 0 (100kKWO 4,000 | 15924 |k
Doo* 35,000 | 139,338 |k
0000 300 300 |day
000 00 3500 | 13,934 |Kkvyr

*MO0000000000010d OmMe0 000000000

G) 0000000000000 0 1M OKEEECHILZOALAE

EHNOEEEVEY MISEHFRI Lo TEHT 20T, BVRY@EERENBVEL LR EE
0000000000000 0000FRsCHBEER®ZTR L, 750 FMEFMEFEHL L]
O00D0000250/WhO000O0D0O00C0O0O0OO0ODOO0OOOOODOOOOODOODOGOO
O0000000000000000000000000000000000000000A0
O00D0000Im3000000000000000000000000000000 400

O o o o

42000000

oboboooooooooooboobobobooooboobooooooboobobooboobooboon

00 00 [VkWh] O0DDO0A|000O0B|O0O0DOOC| 0000 (00000
36 20 14 -1,624 -3,207 8,017 3,578 |k\lyr
37 25 1,059 -879 -2,761 11,043 5,470 |k\lyr
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40 |k EERERIT 2 b (EHTHD) 42 55 67 24 28 |Vm3-H2
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42 |32 (EREET) 46 59 71 38 39 |Vm3-H2
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