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Fundamental Evaluation of New Effective Adsorption Biogas Storage Technology
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ABSTRACT; Effective utilization of sludge-digestion gas (biogas) could be contributed to promotion of reducing
greenhouse gasses and creation of a recycling society. However, the delay in the development of gas storage technology
prevents the effective utilization. In this paper a new technology of biogas storage system is introduced, and the
capability of the new system is evaluated.

First, we evaluated the adsorbent suitable for this system. High pressure adsorption equilibria of methane and carbon
dioxide at 298K up to 6 MPa on various adsorbents were measured, and their adsorbents were evaluated in consideration
of net dimensionless density [V/V] for this system. We found that the high packed density activated carbon made from
the coconut cell is suitable for this system.

Secondly, we measured and modeling of the biogas storage capacity of activated carbon.  Adsorption equilibria of
binary mixture of methane and carbon dioxide at 298K and pressures to 1 MPa were also measured with the
volumetric-flow desorption method and analyzed using an Ideal Adsorbed Solution Theory (IAST) which was one of the
most general multi component adsorption equilibrium theories. The IAST gave the good prediction of adsorption
equilibrium of methane and carbon dioxide mixed gases that were primary components of biogas. Therefore, biogas
storage capacities are probably predicted by the TAST, and net biogas storage capacities of this technology are 13 times
larger and 9 times larger than that of conventional compressed storage at 0.3 MPa and 0.7 MPa respectively.

Finally, influences of impurities in biogas on adsorption performance were evaluated. We conclude that the major
cause of decreasing on adsorption performance was moisture in biogas, and the storage capacity was maintainable for a
long period of time by removing moisture from biogas.
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Table 1. Physical characteristics of adsorbent used this study
2. EE& Ser d
21 RS Sample (fab.) Shape  Raw material i e gl
BARDBEIZIB T, AF 2 ZBE pctvated Carbon A(Osaka Gas) Crushing Coconutshell 1207 054 0,602
RIBOWAEMERED B RAERNZRIET DI Activated Carbon B(OsakaGas) Crushing Cocomutshell 1121 047 0605

WD, A5 DEESREIZ 1906 K THY . NoritR0S ExraNorit) Cylindr  Peat 1450 047 043
IR TORRBIZBOTIA ¥ AIBERATE Maxsorb (Kansai Netu Kagzku)  Powder Chark 325 179 029
EUTHREED Z LTy, BROWREI Y S e (Caigon Cabon Granular  Coal 1150 043 051
BEININEL 782D, T, ZFRAVEFEDEE  Volsichon Xong(Takeda) Cylinder % 50 025 058
FURFEIL 304.1 K TH BT HBHIRIEDOR AL0(A’ dalt) Fiber Petoleumpitch 1200 053 02

WRAETIIBIR R L UCIRE ), IR |

TR SRIIRE ST D LITEBETH D Sur BET surface arca, V': Pore volume, d : Packed density
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FMLIRBE D L D BT 2B HEICEN TS L EZ DS L0, EPRAN TR X L EORERR
DIFFEREDH 2 b D% TREAV-TRIEIT o7, AP CEM L72REROPES Table 11573, =
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Figure 1. Schematic diagram of pure component
adsorption apparatus used in this study
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BhExw s, WA HEREOMSNIRED T A,D,E,E GJ,M N, S. Diaphragm valve, B. Mixing cylinder,
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Figure 4. Carbon dioxide surface excess adsorption
isotherm of each adsorbent and fit of Toth equation at
298K
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Figure 5. Net dimensionless density of methane on each
adsorbent at 298 K
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KRBITAMBRERS- Y OA 5 VB EEZRNOQEAOCTEH LU UER, AZ VERAICRE IR T
WAHREAID A Z IR B 60 [VVIHIE CTH D DITR LT, AR ChIRESHES IS WEE A OV T
H 50 [VIVIRE L IRIERISOMRETH S L E 2 b, AR TR L T D IREAIORERTRIMERED = S %
MRS AN TE,

32 RREEEICET HHLH AR O

7T EEORERD 5 HESETH D L& 2 b Activated Carbon B % VT LA A kTRl 72
WA F L TR DRE T A COREFEOREETT -7, ERFMHIIRE : 0.12, 025, 0.50, 0.75,
1.00 MPa, K82 ¥ 550E : 0.25, 0.50, 0.65, 0.75, IBE 298K ThH3, Fio. AE LIcBREEMIE
HVEERE AV THE URER S Uz, SRORELEBERSBEAMRETH L Z ENEFTEL,
BIENNEETH D LS ORE VERR PR OMK, E/CHE, TRIZITS Z LML s, ZIT
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Table 2. Parameters of Toth equation at each activated carbon and
average deviation

DOFRE—FKw 2 R OREROREER m A 7 AD m b 1 AD

RETFREICR TN TESD Toth &, Activated Carbon  8.00  50.1  0.656 0.037 105 113 0.840 0.024
- Activated Carbon 848 31.3 0578 0.031 10.8 284 0.646 0.010

26) [AST2D|Z N
ENT Nod Y A 2 Norit RO.8 Extra 922 558 0.627 0.038 13.0 102 0.758 0.090

BRVIRRIRAE T ADRBEROTRIOR  Maxsorb 201 298 0.656 0018 419 474 0.827 0.077
ST o7 BPL 9.62 228 0487 0005 — - - -
" e Molsiebon X, 536 8.82 0.448 0.008  — - — -
Al0 874 158 0470 0013  — - - —
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Figure 9. Comparison between net dimensionless density
at Activated Carbon B containing impurities and moisture
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