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I-1 TWh/yr
Johastg;loet. Al. Swis;&g(;et. al WEC, 2020 | IPPC, 2050
54 1395 489-1952
3.2 4931 20148
2281.2 6000-9000 7077 8295
37-57 >53 1499 178-405
0.6 247 48-240
4170 8003 7031-7269
543 35000
7052 6000-9000 23152 37249 >72249*
IPPC[1996]
WEC 2020 2050
1999-2000 (1999) p.91
2010 1996
300
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I-2

2010
1996
(
5.7 kW(1.4 k}*1{500 kW(122 kl)*1 8.5 kW+*4 8500 kWh*4
1.4 kW(0.6 k})*2 30 kW(12 kI*1 3 kW*4 3900 kWh*4
991 kW*3 800 kWh*7
820 kWh*3 1050 kWh*3 800 kWh*8
120  klI*3 3800 kI*3 6600 kW*5 2000 kWh*5
232k1*2 3600-5200 kW*6| 2000 kWh *6
104  klI*1 450 klI*1 1700 kI*5 1700 kI*5
490 klI*1 592  klI*1 4700 ki *9
3.3 klI*1 58 klI*1 4060 kI*5 4000 klI*5
89 kW(82 kl*1 [500 kW(662 kl)*1 500 ki *10
685 kl*1 1910 klI*1 28900 kil *11
( )
o LNG
o RDF
o 3 kW
*] [1998]
1998
*2 [1997]
*3 [1998] 1998
*4
*5 [1993]
*6 [1997]
*7 50 48
*8
*9 [1998] 21
*10
*11 kWh= kl
1999-2000 (1999) p.-95
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p.74, 2003.
Andrew Ford: Modeling the Environment (Island Press, Washington,
D.C., 1999)
L.R. ( ) 1998 99 ( , 1998

)

1991
M. L. Deaton and I. I. Winebrake : Dynamic Modeling of Environmental
Systems (Springer Verlag, New York, 2000).
W. Lutz, W. Sanderson, and S. Scherbov: The end of population growth,
Nature, 412, 2 August, pp. 543 (2001).

D.H. , D.L. , J. , W.W. s
( ) 1972
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() , 1992
J.E. , 1984
III (1987 , ,1991 )
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60% 40%
II-1
II-1
%
M
Ho, 0.14
CH4 60.2 66.9 61.4
CO2 39.8 33.1 38.5
II-1
II-2~5 II-2
16 12
1 9
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II-2 II-1

I1-2. II-1
Content (ppm)
1 M 2
2

H,S 1531 24.6 4011 5.4 99.6 3.5
CH;SH 11.66 0.50 0.92 0.70 0.01
C,HsSH 0.99 0.36 0.40 0.07 0.33 0.17

3 0.35 0.33 1.28 0.40 2.61 0.18
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COq
COq
2005 2 COq
COq COq

Archaea

Bacteria

Euryarchaeota

Methanobacterium thermoautotrophicum deltaH  Methanococcus

jannaschii DNA
DNA
DNA
DNA
VNC (Viable but non-culturable) VNC
95 %
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1998

— COy —

CH3COO- + H* — CH4 + CO»
HCOj3- + 4H, + H* - CH4 + 3H-O

Methanosaeta Methanosarcina

Methanobacteria Methanococcus

CH3;CH,COO- + 3H,O — CH3COO- + HCOj3- + H* + 3H,

NADH
— CoA
I11-1

COq
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VCN

DNA
DNA
Ho>
—> —> —>
H,
NADH
H,
II1-1. 2004
DNA
16S rDNA PCR
DNA DGGE DNA

DNA Anderson and
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Lebepe-Mazur 2003

beadbeat
Hensiek et al. 1992 0 1 mm
beadbeater
DNA
DNA
PVPP
PVPP
PVPP
Rochelle et
al. 1992
2.1
2004 9 28
2004 10 12 2005
3
2.2 DNA
2mL 100 pm
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1 mL TE

buffer (10 mM Tris-HCI (pH 8.0), 1 mM EDTA) 1 mL 9000 xg 5
TE buffer
buffer
3 4
PVP-40 O0.1g 1 M Tris-HCI1 (pH 8.0) 1 mL
9000 xg 5
0.01 mm 1 mL buffer (10 mM Tris-HCI
(pH8.0) 5 mM EDTA 1 % SDS 10 mM 2-MeEtOH) 1 mL Bead
beater (120 sec 2500 rpm) 9000 xg 5 10
2 mL RNA
RNase 10 mg/mL RNase A 1 uL 15
PVP-40 0.1 g 15
DNA (1:1)
10 9000xg 5 DNA
1.5 mL 750
pL 20 1 DNA
11,000 x g 5 DNA
70 % 99 % 9000xg 1 2
10
pL  TE buffer DNA SpL 3 pL loading
buffer Mupid (Advance)
DNA 1.5 %
Sigma Type Il agarose 1 XTBE (0.89 M Tris-borate; pH 8.3, 20
mM EDTA) 7.7 v/icm 45
2 pg/mL 15

Molecular Imager FX (BioRad)
III-2
DNA
DNA
DNA DNA
RNase rRNA
DNA

-38 -



DNA#h i

- Bead-Beater|- &k 5 #liafke:
-SDS-2O007#IWALA/7 /=)L
- PVPPIC L B APk E

- RNase [C & 2RNARRE

1 Eh—aEHISFREE1 2004. 9. 28

2 th—ed7> o rREE2 "
3 WBEREBEXISF 2004. 10. 12
[II-2. DNA
DNA DNA
PCR-DGGE
16S rDNA PCR
DNA DDBJ,

http:/ /www.ddbj.nig.ac.jp/

16S rDNA

III-3

reverse

5’ 3’
Methanococcus methanogen
forward 5’ DGGE
40 nt DGGE (

PCR

-390 .-
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aaggtaaccg taggggaacc tgcggttgga tcacctcctt a

aaattgaagagtttgatcatggctcagatt%aac%ctggcg%caggcctaacacat caa
gtc%aacggtaacag%aa a agcttgctct t%c %acgag ggcggacgggtgag aat
gtctgggaaa ctgcctgatg gagggggata actac %%aaac gtagcta ataccgcata
acgtcgcaagaccaaagag gggacc tcgg%cctc gc ca cggatgtgcccagatgg
ga tagctagtaggt%ggg aacggctcac ctaggcgacg atccctaget ggtctgagag
gatgaccagccacac ggaactgagacacggtccagactcctacgggaggcagcagtg%%
gaatatt cacaatg%%cgcaagcctgatgcagccatgccgc%tg atgaa%aa%gcc

cgggttgtaa agtactttca gcggggagga agggagtaaa gttaatacct t %c cattg
acg taccc%cagaagaagcacc%gctaactccgt ccag cagccgeggt aatacggagg
gtgcaagcegt taatcggaat tactgggcgt aaagcgcacy caggcqgg %ttaa cag
atgtgaaatc cccgg%ctca.acct ggaac tgcatctgat actggcaage ttgagtcteg
tagagggggg tagaattcca ggtgtagecgg tgaaatgcgt agagatctgg aggaataccy
gtggcgaagg ¢ gccccct% gacgaagact gacgctcagg tgcgaaagcg tg%%gagcaa
acaggattag ataccctgg agtccacgcc gtaaacgatg tc%acttgga.gg gtgccc
tt%aggcgt% gcttccggag ctaacgegtt aagtcgaccy cc gggga%t acg%ccgcaa
ggttaaaact caaatgaat %acg%gg%cc cgcacaagcg gtggagcatg tggtttaatt
c%atgcaacg cgaagaacct tacctggtct tgacatccac %gaag tttc a%a%at aga
atgtgccttc gggaaccgty agacaggtge tgcatg%ct% gttgtgaa
atgttgggtt aagtcccgca acgagcgcaa cccttatect ttgttgccag cg%tccg cc
%ggaac caa aggagactgc cagtga aaa ctggaggaag gtggg%atga cgtcaagtca
catggccct tacgaccagg gctacacacg tgctacaatg gegca acaa.a%a%aagcga
cctc%cga a gcaagcggac ctcataaagt gcgtcgtagt cc gattgga.% ctgcaact
cgactcca % aagtcggaat cgctagtaat cgtggatcag aat%ccacgg gaatacgtt

cccgggectt gtacacaccg cccgtcacac catgggagt caaaa gaagtaggta
gct%ggcctt ggggagggcg cttgccactt t tgggtgag ggctggggtg gag%cg%gac

cgtcagctc g

16S rDNA

I1I-1. PCR GC Myers etal 1985

(5-3))

9F

Agtttgatcctggetce forward

9FA

Tctggttgatcctgee forward

520R

Accgcggctgetgge reverse

GCclamp

cgceegecgegecccgegeceegtececgeegeceeegeeeg | Forward 57

0.2 mL PCR PCR Master Mix (Promega)12.5 pL DNA

1 pL forward reverse 10 mM

9.5puL 25puL
(Thermal Cycler 2720 Applied

Biosystem) PCR
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PCR

94 5
94 30
55 30 25
68
68 7
PCR
(1:1) 25 pL 2
xg 1 2
(1:1) 25 pL
3 M S5 pL
25 pL 20 PCR
11,000 x g 5 DNA
99 9,000 xg 1 2
loading buffer (0.05 M EDTA 50 % Sucrose 1 % SDS)
3 pL Mupid (Advance)
DNA I11-4
GC 9F-520R
511
DNA PCR PCR
GC
C9F CO9FA
2.4 DGGE
DGGE DNA
DNA
DNA
Meyers 1982 2000
DNA
AE-6510
PCR DGGE 10 %
(acrylamide/bis-acrylamide 37.5 : 1 w/w) 7M

-4] -

9,000

70

10 pL

ATTO
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PCRIZIE

M Fwd: 9F
— 16SrDNA —— DNA
{(bps) Reu:ﬁﬁl
-
1000
soo - MMESES (T 9F-520RRI(511bps) ZiHEL 1.
: M YA XT—h—
1 th—aH7S5FREE1 2004. 9. 28
2 th—eal7ShREE?2 "
3 BEBEXTFF 2004. 10. 12
III-4. PCR
% AG501-X8 Bio-Rad 100 %
buffer

0.5xTAE 20 mM

Tris-acetate; pH 7.4 10 mM acetate 0.5 mM EDTA

0 % 10 % 0.5 x TAE
80 % 5.6 M 32 % 10 %
0.5 x TAE
1/2000 TEMED 1/200 10 %
25 5
DwW buffer
60 PCR
7-10 uL 100v 25 mA (7.1v/cm)
2 mg/mL
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15 DNA
0-80% DNA
40 - 60 % I1I-5
16S rDNA C9FA PCR-DGGE
C9F
DNA DGGE H>S
H,S
II1-2
2005 1 7
H.S 1531 ppm 2180 ppm 3576 ppm
2004 11 16 1093 ppm
H,S
GC
DNA

PCR-DGGE

M12345686

M 1234567

o #is FPCRILE

III-5.

T #IEH S APCR AU

1 bh—iEe¥l(o4.9.21)
2 kh-—-fafz(04.9.21)
3 s A A (04.10.12)
4 WA (04.12.13)
5 kh—iai (o4.12.21)
6 bh—ikz(04.12.21)
7 KiiRs2E A (08.2.10)

PCR-DGGE
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III-2.

CH4 CO2 H2S(ppm) (ppm)

1 04.9.21 0.607 0.393 2180 0.95

2 04.9.21 0.607 0.393 2180 0.95

3 04.10.12 0.599 0.404 23.8 0.43

4 04.12.13 0.619 0.381 24.6 1.20

5 1 04.12.21 0.614 0.386 3576 0.79

6 2 04.12.21 0.614 0.386 3576 0.79

7 05.2.10 0.588 0.412 1093 0.62 04.11.16

H,S
DNA
DGGE 9x 8 cm

Anderson, K.L. and Lebepe-Mazur, S. (2003) Comparison of rapid methods
for the extraction of bacteria DNA from colonic and caecal lumen contents
of the pig. J. Appl. Micorbiol. 94: 988-993.

Hensiek, R., Krupp, G. and Stackebrandt, E. (1992) Development of
diagnostic oligonucleotide probes for four lactobacillus species occurring in

the intestinal tract. System. Appl. Microbiol. 15: 123-128.

. (2000)

. Microbes and Environments. 15: 59-73.

Myers, R.M., Fischer, S.G., Lerman, L.S. and Maniatis, T. (1985) Nearly all
single base substitutions in DNA fragments joined to a GC-clamp can be
detected by denaturing gradient gel electrophoresis. Nuc. Acid Res. 13:
3131-3145.
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Rochelle, P.A,, Fry, J.C., Parkes, R.J. and Weightman, A.J. (1992) DNA
extraction for 16S rRNA gene analysis to determine genetic diversity in

deep sediment communities. FEMS Microbiol. Let. 100: 59-66.

. (2004)
29: 2-6.
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I 2

IvV-1 Iv-2
IV-1.

H.S N> 57.3 ppm

GHSV 1875 h™t

CH4 3.0ppm
GHSV 5675 h!
Ml’lOQ
IV-2. Mn

H,S 115.3 mg-S/g-adsorbent

31.8 mg-S/g-adsorbent

MDOQ
II 2 H.S ppm
1 ppm MnOo
FPD
10 ppb
I 2
CH4 + H,O — 3H>; + CO (steam reforming, AH® = 206.2 kJ/mol) (1)
CO + HoO — H», + COq (water-gas shift, AH®° =-41. 2 kJ/mol) (2)
1 2
2
IV-3
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IV-3.
CH4/CO2 60/40
/CHa 3/1
Ni/o-alumina
4000 h™t 9000 h!
600 800

CH4/COQ 6:4

V-1 V-4
GHSV
4000 h-! V-4 V-1
800 100%
H,/CO 3 1
2
110
800°C

100 ® °
S
o 90
c
]
c
©
E 80}
S
c | ]
S
© 70tk
(O]
Z 600°C
(@]
@)

60 |

| ]
50 1 1 1 1 1 1 1 1 1 1 1
4000 5000 6000 7000 8000 9000
GHSV (h?)

IvV-1.

IvV-4.
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(Vo)

600 800

4000 h™! 9000 h'! 4000 h't 9000 h't
Ho> 59.6 55.1 63.6 64.2
CO2 24.4 26.2 16.9 15.6
CO 10.0 7.4 19.5 20.1
CHq4 6.0 11.3 0.0 0.1

800 GHSV 4000 h-!
100
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V-2

IAB. A b

812

821

V-2. 9-2804
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(1)

(3)

¢ P>
61Nm3/d
—>> —> —
A 61Nm3/d¢
183 Nm3/d
<_
117 Nm3/d l 66 Nm3/d 216 MJ/d
121 kWh/d
582 MJ/d
<
VI-1.
(1)
61 m3/d
60%
61><0.6 36.6 m3/d
117 m3/d 800
3.2 IV-1 V-4
PEFC
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40 %

117 m3/d><2.94 kWh>=<0.4 138 kWh/d
1 ms 2.94 kWh

16.8kWh/d

138 16.8 121 kWh/d

66 m3/d

CO

20 %

66 m3/d><12.6 MJ><0.2>x<0.8 133 MJ/d
80 %

117 m3/d><2.94 kWh>=0.47=3.6 MJ 582 MJ/d
47 %

216 MJ/d

133 582 216 499 MJ/d

60% CO2

S ppm 1 ppm

10 ppb

60 % CO2

10 ppb

2.54 m3/h

800

s/C

100 %

64 %

7.11 m3/h

64 %

100 %
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(LHV)

40 %

87 %

5.7 kW

6.7 kW
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15,000

900

10

6,625
(121kWh/d><365d/y>=10y 441,650kWh
441,650 kWh><15¥/kWh 6,624, 750¥)

4,924
(582 MJ/d><365d/y><10y 2,124,300MJ
2,124,300MJ=+43.14MJ/m?3> 100¥/m3
4,924,200%¥)

2,000 200 /

14,310 10 10 %

4,761

10

0 %

4,761

50 %

3,189

90%

9,549
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121 kWh/d

582 MJ/d

¥1,815/d 662 [y

¥1,349/d 492 Jy

55dB@2m
( 60.4 dB @ 7 m)
NOx 1 ppm
( 970 ppm)
3,400 kg-CO,/y
61 Nm3/d—=+
0.067 m3/d—+ 30m3/m3
30
30 X 5.41 kg-CH4/
/y 162 kg-CHa/y
162 kg-CH4/y><21 3,400 kg-CO,/y
15,800 kg-CO»/y
121 kWh/d>=<365d 44,165

kWh/y

0.357 kg-CO2/kWh><44,165
kWh/y 15,767 kg-CO2z/y
9,800 kg-CO,/y

582 MJ/d>=<365d/y
212,430MJ/y
212,430MJ/y+43.14MJ/m3><
1.99 kg-CO2/m3 9,799 kg-CO3y/y

CO; 29.0 t-CO2/y
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(4)

Title Biomas and Other Non-utilized Energy Demonstration Project/
Feasibility Study "Feasibility Study on Biogas Fuel Cell Cogeneration using
Hydrogen Separation Film" (FY2004) Final Report

The present study aims at examining the feasibility of operating a fuel
cell for co-generation (power as well as heat) at the biogas plant installed at
the Yamanashi Animal Husbandry Experimental Station or Kamikuishiki
Village, Yamanashi Prefecture. The plan is to install steam-reforming fuel
processor, thin-film hydrogen separator and PEFC fuel cell to be run by
biogas. Produced electricity and hot water will be consumed on site. The
following points were examined.

(1) Analysis of biogas properties
Fuel cell power generation using biogas as a fuel has been
experimented by a few enterprises with limited results. One of the
difficulties lies in the fact that biogas properties are very different from
the common fuel cell fuels such as city gas. Driving fuel cell requires the
extraction of hydrogen from the fuel such as city gas or biogas, but this
fuel processing step is not necessarily established for biogas. Many

biogas plant monitors only the amount of methane and CO; by infrared
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on-line monitor, but other minor components that might affect its fuel
processing performance are not well examined.

Thus, first step of this feasibility study is set to establish the properties
of biogas, obtained from various biogas plants, by gas chromatographic
analysis. Biogases produced from various substrates (raw materials)
were collected and analyzed, with its time variation for some of the
representative biogas plants.

(2) Examination of the biogas steam-reforming characteristics

Based on the biogas characteristics examined above, a simulated
biogas will be prepared and tested for its steam-reforming characteristics.
Furthermore, desulfurization systems that are currently employed for
city gas fuel cells will be tested and judged for their effectiveness when
used for biogas desulfurization.

(3) Correlation analysis between biogas composition and microorganism
flora

Correlation analysis was attempted in order to establish the relation
between the biogas composition and the microorganism flora within the
methane fermentation vessel.

(4) Selection of the systems to be employed and their approximate design

Optimum systems for the biogas steam reforming, including
desulfurization, steam reforming and hydrogen separation, are selected.
Furthermore, the optimum fuel cell system is also selected. The use of
fuel cell equipped with equilibrium-type thin-film hydrogen separator in
mind, steam reforming system is optimized.

(5) Specifications and cost estimation for the installation of the fuel cell
system

Specifications of the systems selected above are examined, and the cost
necessary for the installation of the fuel cell system is estimated.

(6) Financial, environmental and energy-saving aspects

Financial, environmental and energy-saving aspects on the selected

system are examined.
(7) Final evaluation on the feasibility of the project implementation
With the comprehensive analysis of the above results, the feasibility of

the project implementation is evaluated.
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