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Fig.1 Relationship between pressure and solubility in water
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Fig.2 Schematic flow diagram of demonstration plant



ot [EICA) % 12 & % 2/3 &0F%5 (2007) 55
100
3. RALEERHER s 9 2
) B *{ém A m
3.1 AT ADEME ;TLTE( 98 £
Fig. 4 IZRIUKDIREE LA AT OAZABELOBME
BT, KRMEVEE B AYRE ORI 2 @ Y o 7C EER
TETEY, KR TCTIEAZ L 98% L ETHEDITHKIL, K R o AT
b 4 96 x 25°C, —@&x |
I 30°CTIEAZ Y ST %FRE TH D, L a 30°C, —i@=t
100 9 | |
0.0 0.1 0.2 0.3 0.4 0.5 0.6
1; 99 | ‘ 4 5&ﬁztb(ms/m3N)
= ’ S * .,
X 98 . * . Fig. 5 Effect of liquid-to-gas ratio on methane concentration
K i .
S ¢ 30
* R
oo < o 7°C, BBt
X S 23 Ao |X 25°C, —i@=t
oi? 96 | é%( 20 AD A 30°C, —i&={
95 £ 1.5 XAL\
0 10 20 30 40 P
o 1| 1.0 [¢) X
K (C) X )3 VI
Fig. 4 Effect of water temperature on methane concentration e 4 05 \% S
H o o
0.0 ‘

Fig. 5~7 &, WIREE TR T DY A (=R K &
[m’/h] Vb T AR m®/h]) LG T AD A% b ik
F. BLOBKRIREOBEFREZNEIRL TN,

Fig. 6 (IR &80, KRN ELRDIZE ZIRILIRFE DK
~OVEFRENME N T 5720 ZER LR FE ORI & A HEFE
FTHIDITIRAT AT R EL T DM EN DD, [l Fx

0.5%LL FIZ T D720 B LB AT A i, KIR 7°C

DEATL 0.15 FRETHHDITHIL ., /KIR 30°COHAIL 0.5
BREFTRE2TWD, TD—F, Fig. 7T bbbk
IR IR VTR A b % R &L T DI E@mL A DBImIZH D
IR TCRHT AL 0.15 D& FEFHRIE1L0.05%LL FTH

DITxL, KR 30°CIKH AL 0.5 DEx BRHEERE X
0.15% R ETHDH, Zauid, WIFEN T bR FEFEL K
T DERT, WK I DV A 71 58 DG BT AN REATL T
WHZEAERL TS, WIUK I FERLEENTE
0, IR R ERARICRIEE TORB T AU ~DBITH S
HEEZHND, Fig. 4 TKIEDEWIEEAZ AREIME T
THIE, BE O Fig. 5 TR AE RKRELL T THAX Y
BEO FARMZONLDIT., ZTOBREBREZEBIONEZED
WRELEZLND,

0.0 0.1 0.3 0.4 0.5 0.6
,&73 A (m3/m3))

Fig. 6 Effect of liquid-to-gas ratio on carbon dioxide concentration
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Fig. 7 Effect of liquid-to-gas ratio on oxygen concentration
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Fig. 9 Electric power consumption per volume of upgraded biogas
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Fig.10 Emissions from large—sized bus (G13-mode test)
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Fig.11 Fuel gas consumption ratio (large—sized bus)
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Fig.12 Result of engine power test (large—sized bus)
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Fig.13 Relationship between fuel gas heating value and engine power
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Fig.14 Test run of city bus using upgraded biogas as fuel

I R OTE R T K DIERR RS DV TR T A
IBABREICOEITRFAZIERZETHY, A AHEHIZLD
N T AT T, T, THARICB W T =AM RE#R L
THY 29 ASRHELIREIZH Y J- D105 o A T BT A £ L7z,
A TIREE I XER T A ISABREE L FIE RS T, BER Y
AD AT NTH — bR FRL R R ALK R & FEfE LA
T CTHAHIENFERIINT,

LA CNG BB L T OIS HERMEROFE H. BLOW
TH TR ARB A A KIKH AD S B YEE N TOML T
ZRERU LD SAFRIKH AD CNG BHBREFE L TOIE
AIREL T CE T,

SNNAFRADNADREEBEREE

5 mEEHEEE

ATETIE, ERBMER IO 4 TR L B B E R B S
RAZEASNT, NAF KRR A% CNG OB L TFIA
THEE O NEEHEREICOWTER T, k. 22 TIREE
F£0 CNG HIZBWT, TP 2B TS iiEH o0
IR AT L ZOEEORETHA 5240
LB,

FEREE [ H O 3B X0 CNG HLAO SR 7 AR O d



58 WA AD I SA A RIRH AL,

EAEPELYER Table 3 |O/RT, Z2 ISR H O T A
WIZR LT ROBEIToT12, Thbb ., BEREEZITD
T2 CNG HREEL TR T 285 52 EL TWD,

Table3 Kobe standard for biogas as vehicle fuel

EH Bf | EEAE# &%
AR vol% 97LL E
el vol% 4K
mibKZE | ppm 01LTF
B °C -51LLF
o4y | mg/m’y| 1UTF |D3~D6ém&Et
§ﬁ¢®ﬁkﬁ§ﬁ
P . BRET1/2000THD
RIURE | —  |2000BLE g oo e
ERITHLNTBIE

TRE AR UPRENZOWTIE, PR AR Z OB S5 BR
X0 KRBT ADREEE I AZ L RIE 95%AH 4 L EdH N
IEENEDFEEPFSNTWAR, AE TORBREITICE-
TEIEE CTHDIAXAARIE 9T% U EEVIEZ AT 528
Izl

52 mBEEHEERE

FEHE R E S TR 8L 2% Table3 (TR ULT-AWEE
HEHER ZE L T L TWAZ LAk 18 EEDFERET
—ZTLLNITRT,

(1) FBEAZHEIK

Table4 (233 18 4= FE A D SEFERR M E iR OTEL T A,
R AT AV RO EIE) &7, 7 —Z mfiding
b 18 AT XA — HICERE LT, HARSY DIy HTIEA
AT~ NS TTLEDEDTHD, BT AR O AKX 1T
98.2%. FAF X 0.3%. Bt KR IXE & TR (0.1ppm) A
i TdV ., Tabled T 77 b/E & BEELMEA 1 1T 7o 37 RG Y
AL TN,

¥ T AOE R KG)IZHONWTEA T A Tl
BRI T — X BB TRY, EHICEAEE T al> T
Wz,

Table 4 Composition of raw and upgraded biogas

v | FEREFHE CERI8EE)
HE | B ST | BESR
AR vol% 60.9 98.2
ZEbixFE | volk 35.8 0.1
=% vol% 0.7 1.3
[ vol% 0.2 0.3
K5 vol% 2.4 —
iE/KFE | ppm 335 <0.1

(2) OxYUBREMNRE

Rk 18 4R O EIFER T O aik YU BREMRE DR
XA RT, Fig.15 (CRRERH Covmd U FRERAH
{EHT AR DT e AR E AR~ T, PR

EFRIIFIZ 9T% L ETh -T2,

B VeER T UREIXEASE 3~6 OBRRVAT LR
X% (D3~D6) DRFIL L TRL TN D, AR DT a4
VOIHTIE, KR A — E R E BRI TR S| () 2L/
)L HAHEANTRESE, Zha ., Bl Th Ay
n~ 7 G 85T (GC/MS) IZTER LT,

Fig.16 (24 b A Dm0 i 2Rl SR =2
ERIODA=E /AN i e 8 A U b B

HIET AT O aX R EL 6.8~10Tmg,/m’ LA &)
PRRZV R RULER % O H A OPLEE L. CNG BB
L COFHZRELEDIZATR O 5 E 5 PR (Img,//m?
PUR) 252 2 Uiz, fEEs e — BRI 21T 5 2RI
RHNphoTz, KR AR aH U R EE (K 18 42
YIE) 1% 0.33mg/m* TH-7z,

100% x Ly
A A

— 99% | ‘A
N A A
W A
#98% G
& (]
A
P o97%
#*
S
N 96% | ABRREE Q—i@iﬁiﬁ§£|

95% |

0 20 40 60 80 100 120

SEAEA RS OX Y E [mg/m’y]

Fig. 15 siloxanes removal ratio
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Fig. 16 siloxanes concentration in raw and upgraded biogas
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Table 5 Siloxanes concentration in raw biogas (unit:mg/m?%,)
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Fig.17 Odorization of upgraded biogas
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Table 6 Operating result of city bus using upgraded biogas as fuel
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Purification of Sewage Sludge Digestion Gas
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Kobelco Eco-solutions co.,LTD.>2, Kobe City 2, Public Works Research Institutet
Abstract

Pressurized water absorption method was applied for upgrading of digestion gas that
generated in the sewage treatment process. As the result of this application, digestion gas
could be upgraded to natural gas quality. Methane gas content increased from about 60% to
more than 98vol% and trace of impurities ware removed. (Hydrogen sulfide decreased from
300ppm to less than 0.1ppm ).
This paper reports these items
1.Effects of purification operation conditions on upgraded biogas quality.
2.Applicability of upgraded biogas to fuel of a natural gas vehicle.
3.Quality standard for biogas as vehicle fuel and demonstration plant performance test re-
sult of full-year operation.

KeyWords:

Sewage sludge, Digestion gas, Biogas, Natural gas vehicle, Automobile fuel, Pressurized
water absorption technology






