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Abstract

Biogas is one of the most promising biomass utilization technologies, which is
expanding not only in the developed countries, but also in developing countries of such
as China and India. Regarding this, firstly, this paper reviews the elements and
factors of biogas utilization technologies, which made uniquely environment-friendly
and helped to expand very rapidly in the world. Secondly, the recent development of the
production and utilization of bio-methane and bio-hydrogen is explored as an
application of micro-organisms, which play very important role in the organic cycle in
the nature. Finally, current development of the biogas utilization in the major
countries—Germany, UK, Sweden, US, China, and Japan—are outlined. In summary,
the importance of biogas utilization in developing countries is emphasized in terms of
cost advantages and contribution to the environment of the world through the reduction

of such GHGs as carbon dioxide and methane.
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LENEALEIEZ TETWD, 2007 FIZIFof VX2 HT 57201 EU £FHT,
20Mtoe LI EEHEE SN DITFED 9 B 5.9Mtoe It < DA A A ARAFE STz, 2006 4
5 20.5% DN TH %, 2006 ££1% 2005 EITH~ 13.6%DH N THh-T-Z &5 EZ D L
VTAE D /A H A D ONTEREE FRE R0 = % L F — ik D @ i 22 0B W RS IR 2 8 1 TV b
Lz ko,

4-1 BRINDNAFHREEDRNER (2006~2007 ££)

2006 2007 B fiTktoe
SURZANHR  BRHR ZOfth B [SVEINHR  FEHR Z D4t &t

FAY 383.2 270.2 1011.7 1665.1 416.4 270.2 16965 2383.1
E: | 13185 180 1498.5 1433.1 191.1 1624.2
A5Y7 337.4 1 448 3832 357.7 1 475 4062
ARSLY 251.3 486 198 319.7 259.6 49.1 213 330
TIVR 1505 144 36 298.1 1613 1442 37 3092
F % d 46 48 471 14141 432 48 82.8 174
A—AFUT 1.2 35 1034 1181 10.7 2 1264  139.1
FoI—4H 143 21 576  92.9 143 21 626 979
_¥— 51 17.6 91 717 48.1 18 125 786
Fra 245 31.1 78 634 294 32.1 17 785
R—IUF 189 43.1 05 625 19.1 43 05 626
XYooy 212 8.6 29.8 38 9.8 478
24050F 26.1 10.4 36.5 26.4 103 36.7
FANSUF 254 5.1 18 323 23.9 79 17 335
RYI—FY 9.2 17.1 08 271 9.2 17.1 08 2711
NoH)— 1.1 8 3.1 12.2 21 12.4 57 202
RILRH L 9.2 9.2 154 154
Z2ONZF 6.9 1.1 04 8.4 7.6 0.6 38 12
LoV ITLYT 9.2 9.2 10 10
RO/F7 0.4 6.9 04 7.7 05 76 05 8.6
IRF=7 3.1 11 4.2 3.1 1.1 42
Yr7=7 15 05 2 16 08 24
78R 0 0 0.2 0.2
EU 2007.3 867.8 1330.8  4898.9 2905.2 887.2 1330.8  5901.2

(HAT) EurObserv’ ER

4. 1 KA

RA BT 25, AT AFIHOEEME > TN D DI, EHERFIZBIT 5/ EOE
BOHBIC L 2 DT, 2006 4Tl 3,500 HIZEEL TWAH18, ZHUINA A HANDLDE
G2 XET2BEHOBMEMBE VR HEICL 2D THD, £io, 2 FHTADH
WELTHENAREFICLD CHP BVEIHR) BAREZHED TN,

13 EurObserv’ ER
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4-2 FAVIZEFENAAAREEDRIR (2004~2006 )

(MTOE)

2004 2005 2006

(HAT) EurObserv’ ER

4-3 FAVIZBFBNAFHXORNER (2005 £)

BHt#EEECHP)
94.1%,(1,349kTOE)

HEHRE(CHP)
4.5%(65kTOE)

BptnRE
0.6%(9kTOE)

Z0Hh
5.99(84KTOE)

(17T IEA Energy Balance OECD(2007 Jif)
4. 2 :HE
JEECIIHNI L (377 MER) . FUKALERYS (125 fiigk) (238N ToNA A A APE S 4,
HESTHIET AN L T 5, FIABREL L Cidisctich 5 = &nvn CHPEVEDNHS) ik
R BIHAMZEALETH D, FTEHAEMRT R LT —E L THAIEZ R/LX—FH HFE
EORBTHLHDZ ERHMO—RTLH D,
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4-4 ZEEIZEFEBNAAAREEDRIR (2004~2006 £F)

(MTOE)

2004 2005 2006

(HAT) EurObserv’ ER

B 4-5 HEIZEITEHN\AAHZADOAR (2005 £F)

BAMRES
88.5%(1,274kTOE)

BHRHE(CHP)7.6%
(110kTOE)

Z Dt
5.99%(56KTOE)

(HFT) IEA Energy Balance OECD(2007 fif)

4. 3 RY9T—TV

A = —F L CESASIH (139 M%) . FAURELS (70 M) (235U Tosd 44 R 334
S, FAREREG NS DNA FHANEZ, BFIHLCHEEH T T, XM AT AD
12% NHEE BB LTHOWONTWAZ ENRA T = —F L O Th 5,
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46 RIT—TUIIEFEINAAAREEDRNR (2006 F)

Z0fth
3.0%
11.3kTOE 13T
33.9%
11.3kTOE

TALE
63.1%
21.0kTOE

(HAT) EurObserv’ ER

471 ROz —TUIZBITEHN\A A HAFHDORWER (2005 F)
Biogas utilization (GWh) in Sweden 2005

No information 20 %

Heating 33 %
Gas grid 2 %

Electricity 3 %

Torch 9 %

Internal consumption
21 %

Vehicle fuel 12 %
Source: Swedish Energy Agency

(HFT) Svenskt Gastekniskt Center AB14

72, B HRELE L TIMEDO L @A X U T ARKE L Sh, B AW Lic
B2 B HE b EFEONAFTHTALVEFE LY, ZDD, NATHANLNA FAX
IR T 2BRENMEE D, NA A AY MBI CIIER SN AL A A X2 T
Wobbe f5%15, BAENRKARHT A LEEIZRD X HICT a0 HATHE - BESENHES
W, RIHTADNRA T A4 MCEAS D, HEEIZEET DR —OKRT AL TF

14 ” BIOGAS — a renewable fuel for the transport sector for the present and the future”
(http://www.sgc.se/Rapporter/Resources/Biogasinfo07.pdf)

15 JRBERRD ) ANNHWEIT B0 AOBEN | T ADEIZEEE ST 5 2 L 2fIE LR BErEEE, v
F v SRR ED BN TRBEME ORI 2 R D &L BRBEDRARZIE & 72 W RERBRBELRARE L Vo Tz
BGNEL D,
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AU, INGIZEDRIRIT AL NS, AT AERER LTS F A X PGS D Z &I
2%,

Wik R & LTSS A A &2 0 1992 RIS 2 BRAG. 1996 2> B AR A 7238 A8
WME-T, BURIZABIHE, N2 FT7 v 7, gHESETHEA SN TWD, ABEHE LT
1% 200 RUEIZJEME 4L CNG (EMERART A) BEYEIZIB W THEH I D 23, IEFEIEANA 7
2 —x/L7— (Bi-Fuel Car) I LTWNWD, NA T a— B —FHY VTR (R
KT AINSA A HRA) O _FEEOBEIEZFIHATEHDT, TAOHIEAT — 3 O H
WTH, YV UEFHLTEITTE 2,

AT =2 2 VL ANA AT AOHIGE L IZIF AT L THML, 2007 40— HH A
T—=a L 86 s T, NAMMN 2T LR TND, Z2d, REDOHT VY AKX N
1% 3800 » T CTd b, CNG HEVEDE ARG LG AT — a VEOBINZ LY . KK
A GO EROMAGEITIMT D, NA AT AOBIEED FPFEIERK D A E— KR
< 2006 FFIZKINHT ZADOMAG B ZE X T2,

4. 4 XH

KENCIIT D3 T AIBEFEMLEOmE N HHED b TE 7=, HNTHT X250 TR
43 T 450 FRLL LD AEHE 24T > TE Y | 100 HFLL LD RS A A I AT AT LD BE)
LTCW5, A FHZAORARBITEN LM EFER I LD EREI UL
ZES, USTRENEXEMOT AL LTHEHEATWS,

4-8 REIZHFEBNAAAREEDRER (2003~2006 £F)

(MTOE)
12
10 ¢

204 zof | (222]
8 L
6 a.16] 413] [ FkiE |
4 L

2003 2004 2005 2006

(HiFT) EIA,Renewable Energy Annual, 2006”

16 2005 4 L 0 RABREEZHEHAT2FEL AT 2 —FT PO vy 2= THNL T2 AT VT f—
JHET (£FEH 120km) BASNTWDS, BEDT 4 —VILFHIZ, A A H ARE AR IS T
BT YRS O ERIVRAENREL TV D,
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4-9 REIZEFBN\AFHIXFADAER (2006 )

*EH
8.8%
0.91MTOE

BIREERE
53.1%
5.44MTOE

EXR
34.4%
3.53MTOE

BEhstt
3.7%
0.38MTOE

(HiFT) EIA,Renewable Energy Annual, 2006”

4. 5 hFE

FENZ I T 23 A A AF AL 1990 FERKRED B RIRICHE K L TETEHB Y, 2005 FK
B Clx, 3.4MTOE (80 fi& m3) ORI E7e->Tnb, FETO/NSA AT AFAERICITFE
JER A Z VA, KINFEFBEMG A X oA, TEAEPEKRAZ o HAND D, FZ
IRV BIEIK, D). S . EME. LA CORLREATEY, BEICBITS
IS DN BTG BREE D BT 2 i OO T R MU T O A A T AL ER DL, 2007 4
KIFEORENCB T DFEEHAA AH AL 7 OFFEIT 2,600 FH#EHIZZELTE Y, 2010
HFAZIX 4000 T COME AL BEEIZ LT D, HETO NS AT AFHIL, FHOHRIZD
RINDTI, BB OEREO S0 H b EH STV D,
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B 4-10 HFEICEFEINAFTHRAO—RIRILF—HIGEHRE (1995~2005 £F)

(MTOE)
4

3.5
3
25
2
1.5
1

0.5

0
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

(17T IEA Energy Balance Non OECD(2007 fif)

4. 6 BAX

HARICBW TS EAFEREZ U TS T HARBEOBANTONTEY , MAELH
MMLTWB, NAFTHADAEREIIEICSESE, B - ATAHSE., /KRS CTHEHLA N
1IThn<Tns,

B4-11 BRXRIZEFENAFTHRAO—RIRILF—HIGEHRE (1995~2005 £F)

150 (KTOE)

100

0
1990 1995 2000 2005

(17T IEA Energy Balance OECD(2007 /i)
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2-12 BRIZBFRENAFHRTS U R
NRAFHATZ2b Ty T ALK
O SEESF (T04)
O &5 £ H S E (4TH)
® Tk E (214)

£ (SKAK) /AT RIHNF —BAH AKT
9% (BAR) . NEDOHHTBASE . 20052
98

IS FHADFRE T2 D FEPE WL TAIBRICKAA S 0 | EHBAA F~ 2
T HRMEENORM G RN B,
4-13 BXIZETZ/1 14+ RBEE - FIAKE (2006 )

ENED/NMA<AEE - FIFAE(2006%)

REHE O #8, 7007t FOEZE~DOFE $90% [, ]
i *HA $10%
TKiERE #7, 50075t BEAM-FLEF~0FA $170% [ F7F $30% |
% 2% 7. 0005t TaILE—~OFA $100% |
] r
5r‘ BEEM 3, 7007t_EHEH TR~ 0HE $60% | A #140% |
j— |
3 BESEEY $2. 0005t [ FFIM_#180% |
- BEHE~OF A $20%
WM ITIHFEM  $4307t BREH - THILX—F~DFIA $95% ]
i F£HA $5%
BREEAY  $470Ft RN FERRE~OFE $70% [ *FIA %$30% |
;{ae RAEMERRS #1. 4005 | FHIE $170% |
ZH ULV, . RERHEA~OHA $30%
= HEA  #93405t0 FEAERAAL |
' BREHSE~OFE #2%

(HHFT) AN A~ R« = R R A RIS HEE SRR

17 http://www.biogas.jp/pdf/b_siori.pdf
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AARIZET D34 A0 ADOFHITERLHREH T 523, Selcfiti/e X 5 k&
@K%ﬁ%%%ﬁ%ﬂ&LT@@ﬁé%ﬁbnTwéo%ﬂﬁmm®mﬁiﬁﬁ@kbf
1%8$K%yﬁu5—w$ﬁlﬁ’ﬁwf%#éﬂ H*”iLuﬁ5ﬁ%ﬁ%*%ﬁh
PEBEARILERIZ & % 34 A H A ZRBIOKFEIRE LIBREIBEHIC L 2B AT LAPNEAX
nfwéo_®A4ﬁﬁ1ﬂ%%ﬂ%mﬁﬁ%ﬂtﬁﬁk@il%mfﬁﬁéh A HE
KDY HA 7 &[RRI, BHIFEENL 6%, BRBHRENL 6% O HIT FTREZR mRh R e = 1L
F—FAPFIR E o T D, )7, BB AT LARA X o« KERFH O 720 OR)
BN E <, 2 A MEBERFHRE L 2> T b,

4-14 I3 75 2 DIBEt~D IR

W - )
= WA BOD BAE : 6000kg "B
- HAREM : 2800~ I000MNm3 .~ H
cAS L HE: B5~T0%
@i A H 2 AL R
HEHZE . Max A50Nm3 .~ Hr
- AFBE: 95%

= IEFH S 1 200kW 400V — G000V
- BRRHEEE
= BAlA : TITMI S Hr (60°CEAK)

e

(WA e X —MEHR— 52—V (http://www.nef.or.jp/award/kako/h10/99syo010.htm)

HARIZE T D34 A AOERREE UL CORRA T, FEmHICB W THEIEERE L
T 2006 4 10 A £ 0 Bi#G <41, 2008 4 4 H (T [R] T UL BRY; O BN IZ 7 2 RE Sak A . 7
AR TR, TaAART =T a CEEE LA Z G L TV D, O FAKLEY;
DNA F I AFEAREITHE 8,000m3 FREH Y | ME 98% DK X & L 7 253 H &4
5,000m3 1565, ZD9HH 3,000m3 & FALEHSTHM L, 7%V 2,000m3 % CNG H#)
HICHIET A 2 LI LTV, Zhit, iAo 1 BY7-0 0ETEMY 50km &35 &

0 B DOREHIARY L, TSRO A F 0 AT K D iR b3 OHkH B HRh I
E%@me_mﬁﬁéo
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4-15 MEMNAAHARTOO Y

T e <

HUs N5

.

(HFT) #F i — 42— P(http://www.city.kobe.jp/cityoffice/30/031/pdf/bio.pd

5. £&0

A FHT AOFNHEAEAFE B 2 AL L 72, AR TH A A% 2008 44 A L0 A F
HAZWATHZEZRELILEZATHY, N AT ADOFHAFREZRLF—L LTOD
AN b ETETHIRFSINA TN D,

NAFTTHADENTND & ZAIINA T~ ADOTTHAEREROAWIESR 2+ D% £
AL, BRI RNWE ZAIZH D, B n —2ARTF ) — )L K531 FREDH
LTV A RERCBEE LB LAV, d~ A= 3L —0 B R O %E D & 1
S x5,

WK e E CIIARREEDOF IR E LT, R X —BIERO R I )5 A
THAA A~ AFIHBMOF T, S AT AT LR & p 8 cdh A5, L
MNLbo L EETHDLIOIXAEIGHEN LIZHEZIZICD LT 25 EETOIEKRTHA 9,
FERE, REONSA F TR T 2020 4 HEE CIEBAED HAROER T A ATRE AL D IV
BLTWD, ZOXIICHE, 4V FREZRXAVF—FEORILKEZFIT 5 b0~
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TIHREER LY N FHTA~OFEL KE W EIZ, HIEROFFR~DZE L KEIV, I
O DE & TER TNA A~ ZADEHRELZ =L F—JRE L TWeD & A A7 R R
TR CTHAEBRST R LT —ZRRE~OBEBRIIRAE THL L DODT T AL Z
EIEFENRNTH A D,

FHEENZ BT 25 AT ARBEMICB T2 FT 7 /) n o —0lERS S5 2 LR
5Z

& BENZBT 2 Bl CHD IR S A AT AFHOIERIZAA A~ AR Ao F T

bRICER SN EZATH D,

W
oM
<
=

YV V V V V V

Y VY

IEA Energy Balance OECD(2007 fif)

IEA Energy Balance Non OECD(2007 fif0)

IEA |, Biogas Production and Utilization, IEA Bioenergy task 37

Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste

Climate Change 2007 The Phisical Science Basis, IPCC 2007

“Biogas Production and Utilisation”
(http://www.iea-biogas.net/Dokumente/Brochure%20final.pdf)
EUFORES,”EurObserv’ ER”,(http://www.eufores.org/index.php?id=29)
Renewable Energy Foundation, “UK Renewable Energy Data”
(http://www.ref.org.uk/Pages/4/uk_renewable_energy_data.html)

Svenskt Gastekniskt Center AB, ” BIOGAS — a renewable fuel for the transport
sector for the present and the future”
(http://www.sgc.se/Rapporter/Resources/Biogasinfo07.pdf)

Margareta Persson, Svenskt Gastekniskt Center AB, “Biogas upgrading and
utilization as vehicle fuel”
(http://www.ramiran.net/doc07/Biogas%2011I/Margareta_Persson.pdf)

Kaoru Yamaguchi, “Biogas Utilization in the World” presented at “International
Forum on Renewable Energy development and New Rural Construction in
Guangxi” ( 21 July 2008; Nanning,Guangxi Province,China)

Svenskt Gastekniskt Center AB, “Gasformiga drivmedel -nu och i framtiden”
(http://www.sgc.se/rapporter/display.asp?ID=1181)

Gasféreningen
(http://www.gasforeningen.se/FaktaOmGas/Fordonsgas/statistik.aspx)
Humanitarian News and Analysis, NEPAL: Biogas technology beginning to make
its mark (http://www.irinnews.org/report.aspx?ReportID=75719)

Bruno Sander Nielsen, Danish Biogas Association,
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YV V V V

“Biogas in Nordic countries - a brief and Nordic Biogas Conference”
(http://www.sgc.se/nordicbiogas/resources/Bruno_Sander_ Nielsen.pdf)

Hannna Savola, Biogas systems in Finland and Sweden, iiiee Theses 2006:18
Bjorn H. Halldérsson, “Metan Ltd.“The case for Methane:Biogas for (Municipal and
Private) Vehicles”
(http://www.metan.is/bindata/documents/Driving_sep07A_00064.pdf)
ETA,”Renewable Energy Annual, 2006
(http://tonto.eia.doe.gov/FTPROOT/renewables/rea2006.pdf)

Alternative Energy Promotion Center

(http://www.aepcnepal.org/gen/bio.php)

NA F T AFERE R, [ AT AFEDH]
(http://www.biogas.jp/pdf/b_siori.pdf)

WA T =R« =R UG HISHEE SRR, TEPE A AREE O RIE 72 AL PEFL K
(http://www.maff.go.jp/j/biomass/b_energy/pdf/kakudaiOl.pdf)

B RV — R R — 5~ — P (http://www.nef.or.jp/award/kako/h10/99sy010.htm)
WB, Waste Management in China: Issues and Recommendations, May 2005
BREEE. 2006 - (PR 18 ) OIREZNRT AHEHE (MEME) 2o\ T
AR, # = < OBFRIETEL O

(http://www.maizuru-ct.ac.jp/civil/shikura/Sotsuken/Hashimoto.pdf)

>
>
>
>

FFETH AR — 52— U (http!//www.city.kobe.jp/cityoffice/30/031/pdf/bio.pdf

Befs . PERIEDN. 81 A H 2 D FeEidiv

MEEZEEGEEZRS THARET RV —11 K 5 VARG |, 141 #E7) 2008.6
HLfFfth, FKMERS &2 €5 L — 2 & U2 KGRI HKEAEE Y AT L O

(http://www.env.go.jp/recycle/waste tech/kagaku/h17/kagaku/data/K1747.pdf)

BWA DY : report@tky.ieej.or.jp
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