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arsdunidluanadndiguaduasnaneulsisonuiiiedesdasasd unidnelumadlinatendu
nsnezdAnuaringlalasiau (nszuIun158Tlnalida: Acetogenesis) Wa1TUBBNUIAEUBNLYAR
wupfisslunguilisendn wuaniseasnensa (Acid forming bacteria)
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wuAiilsy waglad | ude | wWulau | augdu | U
Alcaigenes bookeni - - - - X
A. faecalis X - - - -
B. cereus var. Mycoides - X X X -
B. cereus X X X X -
B. circulans - - X - -
B. firmus - - - - -
B. megaterium X X X X -
B. pumilis - - X X X
B. sphaericus - - X X -
B. subtilis - - X X X
Clostriduim carnofoetidum X - - - X
Escherichia coli - - X X -
Microcoocus candidus - X - - -
M. luteus - - - - -
M. varians - X X X X
M. ureae - X - - -
Paracolobacterium intermedium - - X - -
P. coliforme - - X - -
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wuAtilsey waglad | wde | wWulau | anedu | U
Proteus vulgaris X - - - -
Pseudomonas aeruginosa X - - - X
P. oleovorans - - - - X
P. perolens - - - - -
P. reptilivora X - - - X
P. riboflavin X - - - X
P. spp. X X X X X
Streptomyces bikiniensis - - - - -
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COZ + 4H2 —> CH4 + 2Hzo
CH3sCOOH —» CHq + COy
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CcO CHq
Methanbacterium formicum CO, + Hy
Nasius
.. COZ + HZ CH4
M. mobilis p
NWosLUR
wnIngraemalulagnszasundinszunswile unit 26 SmuTanw (Bio-methane)

26-4



lassmsiiturnenIngutoyagaamnTsuguTinIm

39897UN 75N IavvaNysal (Final Report)

wuAiiise #1590 NARNN
M. propionicum Tnsiluten CO, + D¥TLAN
. . COZ + Hz CHq
M. ruminantium .
WasLum
M. sohngnii D¥ALAN VI7ILTH CHq + CO,
. DYYLAN CHq + CO,
Methanococcus mazei - A
UINLIN
AUSLBs Tnsilulen*
M. suboxydans - -
UINLIN DLULANT
. e COZ + H2 CHq
M.vannielii p
NosLUm
COZ + Hz CHq
Methanosarcina barkeri LUNIUDA CHq
DYYLAN CHq + CO,
, LBLAN CHq
M. methanica o o
UINLIN

* peRnnazlnsiluen Waswdu CH, Tnenssuiunis 2 Junou
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(Kitchen garbage, Sewage sludge, Livestock waste, Wastewaterw

L Polysaccharides (cellulose), Proteins, Fats J

Fermentative bacteria

[ Sugars, Amino acids, Fatty acids, Glycerol J

Acetogenic bacteria

[ Acetate, Hydrogen + Carbon dioxide }

Methanogens Anaerobic conditions

[ Methane + Carbon dioxide }
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3.1 U’%ﬁﬂﬂjﬁdﬁm Bio-methane
2.1.1 melulsewmealng Lansan1snan 3

A519% 3 swa%au%ﬁwfjm“m Bio-methane ngluuszine
TR AR g waslng Uszine vulad
Y 4 | 57/1 w6 siuaninda
UIEN Wl . V. http://www.yellowp
..o | m8 9neaEnsh 9mIn | 0-5381-7365 ny
WSBUAR 100 . , ages.co.th/
\Weslvl 50140
161-161/1 .11 &.
oo - NUDIANY .
UTYN TIUNTUAT - , http://www.chiangm
. 9.411909 2.1Teslnd [053430581-2 Iy
115U NA 50230 aiindustry.org/
99, 99/1 QU aUY F3
UTEN AU Jund fva Tudles
L L. , 043 222 221 Tne -
W53 9110 DN DLUDIVDULNU
YOULAU 40000
97A715 The Millennia
& =3 o
Imaluiall,mszj OV | 25, 62 auumdsanu | +66 2 651 ! http://www.tbec.co.
6 o W cV]El
HHB3Y N0 wYAUAE AUy 9900 th/
ANy 10330
3.1.2 GSUSTIA WARSRInNSNeT 4
A9t 4 ma%au‘%ﬁmgwém Bio-methane Tugnsuszine
Manufacturers Address Contact Country Website
o http://www.envitec-
_ . Industriering 10a +49 (0) 44 . _
EnviTec Biogas biogas.com/biometh
49393 Lohne 42 /8016 - | Germany .
AG ane/selling-
Germany 8100

biomethane/
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Manufacturers Address Contact Country Website
2nd floor, Bldg 4, 49
Jiaoyu North Rd,
Shenzhen Puxin Gaogiao District, .
o 86-755- . http://en.puxintech.
Technology Pingdi Street, China
28938251 com/
Co.Ltd Longgang, Shenzhen,
P. R. China
Uetlibergstrasse 132,
. . +41 44 . http://www.chfour.c
Zorg Biogas AG CH-8045 Zurich, Switzerland
. 5080081 a/
Switzerland
Saxon House,
. Faraday . http://www.mt-
MT-Energie UK +44 (0) 1746 United
DriveBridgnorth, Shro ) energie.com/gb
Ltd . 768708 Kingdom
pshire WV15
5BAUnNiIted Kingdom
. Up de Hacke 26 +49 (0) 25
PlanET Biogas www.planet-
48691 Vreden 64 / 39 50 - |[Deutschland
Global GmbH biogas.com
Deutschland 0
Greenlane Technologies
Ltd
Greenlane +64 9 571 New http://greenlanebiog
PO Box 11922
Biogas . 0687 Zealand as.com/
Ellerslie 1542
New Zealand
1005 N. Warson North
. _ (314)-669- . http://www.biothan
Akermin Road, Suite 101 St. America -
2612 e.com/
Louis, MO 63132 USA
_ 7777 Exchange North )
Acrion _ (216) 573- _ http://www.acrion.c
Street, Suite 5 America -
Technologies 1185 om/
Cleveland, OH 44124 USA
North
7 Commerce Drive (412)-831- . http://www.biothan
ATMI America -
Danbury , CT 06810 1397 e.com/
USA
8413 Excelsior Drive, North
, ' 203-869- ' http://chdbiogas.co
CH4 BIOGAS LLC Suite 160 Madison, America -
1446 m
WI 53717 USA
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Nederland

Manufacturers Address Contact Country Website
North
. 2500 Broadway (856) 541- , http://www.biothan
Biothane America -
Camden, NJ 8104 3500 x 526 e.com/
USA
4675 MacArthur http://www.cleanen
Clean Energy . North
Court, Suite 800 (949) 437- . ergyfuels.com/comp
Renewable America -
Newport Beach, CA 1000 any/renewablefuels.
Fuels USA
92660 htmt
North
Clean Horizons, | 5070 N. 35th Street (414) 831- A http://www.clearhori
merica -
LLC Milwaukee, WI 53209 1264 USA zonsllc.com/
PO Box 4120, Suite North .
o (503) 914- . http://www.columbi
Columbia Biogas | 55888 Portland, OR America - .
4630 abiogas.com/
97208 USA
North
1211 S Eads Street (703) 979- . http://www.ecocorp.
EcoCorp . America -
Arlington, VA 22202 4999 com/
USA
. 150 East Dartmore North )
Eisenmann . (815) 455- . http://www.eisenma
. Drive Crystal Lake, IL America -
Corporation 4100 nn.com/
60014 USA
North )
. PO Box 643 Fond du | (920) 948- _ http://northernbioga
Northern Biogas America -
Lac, WI 54936 3216 s.com/
USA
4520 North State North
Entec Biogas (812) 865- _ http://www.entechio
Road 37 Orleans, IN America -
USA 3232 gasusa.com/
47452 USA
730 Boul. Industriel )
o +1 (450) http://www.xebecinc
Xebec Blainville, Quebec, Canada
979-8700 .com/
Canada, J7C 3v4
J.A. Wettergrensgata o
o +46 708- http://www.biofrigas.
Biofrigas 7 SE-421 30 Vastra Sweden
183807 se/
Frolunda, Sweden
Korte Spaame 31 '
. 023- http://www.biogast.
Biogast 2011 AJ Haarlem, Nederland
5450220 nl/
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Manufacturers Address Contact Country Website
Kurze Muhren 1
) +49 231 http://www.bebra-
BebraBiogas 20095 Hamburg, Deutschland .
9982 700 biogas.com/
Deutschland
Natorpstrabe27
+49 (201) http://www.carbotec
Carbotech 45139 Essen, Germany .
50709-300 h.info/
Germany
+49 (0) 25 ,
‘ . BoschstraBe 2 48369 http://www.envitec-
EnviTec Biogas 74 /8888 - | Germany .
Saerbeck, Germany 0 biogas.com/
2 Rue de l"Industrie
+33 389 70 http://www.cryostar.
Cryostar Z| BP 48 68220 France
. 27 27 com/
Hesingue, France
3.2 USENEIATIMUNY Bio-methane
3.2.1 nelulseme LansfanIsIedn 5
M5197 5 edeuitmidnd1ving Bio-methane meluuszine
U3EngImng Vg waslng Uszne ulad
91A13 The Millennia
Inglulouio B | & 55 62 quuvdeen | +66 2 651 . http://www.tbec.co.
6 o W cV]El
HHB3Y N7 LLm\‘izjaJﬁﬁ LwAUYLIY 9900 th/
nnu 10330
3.2.2 #9UTHNA WARIRIRINTIET 6
M3 6 edeUsEmdnd1ving Bio-methane Tushsusine
Manufacturers Address Contact Country Website
o http://www.envitec-
. . Industriering 10a +49 (0) 44 _ .
EnviTec Biogas biogas.com/biometh
49393 Lohne 42 /8016 - | Germany .
AG ane/selling-
Germany 8100 )
biomethane/
2nd floor, Bldg 4, 49
. Jiaoyu North Rd,
Shenzhen Puxin _
Gaogjiao District, 86-755- ' http://en.puxintech.
Technology o China
Pingdi Street, 28938251 com/
Co.Ltd
Longgang, Shenzhen,
P. R. China

wnIngraemalulagnszasundinszunswile

unit 26 U (Bio-methane)

26-11



lassmsiiturnenIngutoyagaamnTsuguTinIm

39897UN 75N IavvaNysal (Final Report)

Manufacturers Address Contact Country Website
Uetlibergstrasse 132,
. ] +41 44 ) http://www.chfour.c
Zorg Biogas AG CH-8045 Zurich, Switzerland
5080081 a/
Switzerland
Saxon House,
. Faraday . http://www.mt-
MT-Energie UK S +44 (0) 1746 United ]
DriveBridgnorth, Shro ) energie.com/gb
Ltd . 768708 Kingdom
pshire WV15
5BAUnited Kingdom
_ Up de Hacke 26 +49 (0) 25
PlanET Biogas www.planet-
48691 Vreden 64 / 39 50 - |Deutschland .
Global GmbH biogas.com
Deutschland 0
Greenlane Technologies
Ltd .
Greenlane +64 9 571 New http://greenlanebiog
PO Box 11922
Biogas . 0687 Zealand as.com/
Ellerslie 1542
New Zealand
1005 N. Warson North
, _ (314)-669- _ http://www.biothan
Akermin Road, Suite 101 St. America -
2612 e.com/
Louis, MO 63132 USA
7777 Exchange North
Acrion . (216) 573- . http://www.acrion.c
Street, Suite 5 America -
Technologies 1185 om/
Cleveland, OH 44124 USA
North
7 Commerce Drive (412)-831- http://www.biothan
ATMI America -
Danbury , CT 06810 1397 e.com/
USA
8413 Excelsior Drive, North
203-869- http://chdbiogas.co
CH4 BIOGAS LLC | Suite 160 Madison, America -
1446 m
WI 53717 USA
North
. 2500 Broadway (856) 541- . http://www.biothan
Biothane America -
Camden, NJ 8104 3500 x 526 e.com/
USA
4675 MacArthur http://www.cleanen
Clean Energy . North
Court, Suite 800 (949) 437- ' ergyfuels.com/comp
Renewable America -
Newport Beach, CA 1000 any/renewablefuels.
Fuels USA
92660 htmt
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Manufacturers Address Contact Country Website
North
Clean Horizons, | 5070 N. 35th Street (414) 831- Amert http://www.clearhori
merica -
LLC Milwaukee, WI 53209 1264 USA zonsllc.com/
PO Box 4120, Suite North
o (503) 914- , http://www.columbi
Columbia Biogas | 55888 Portland, OR America - .
4630 abiogas.com/
97208 USA
North
1211 S Eads Street (703) 979- , http://www.ecocorp.
EcoCorp ] America -
Arlington, VA 22202 4999 com/
USA
. 150 East Dartmore North ]
Eisenmann _ (815) 455- _ http://www.eisenma
. Drive Crystal Lake, IL America -
Corporation 4100 nn.com/
60014 USA
North
. PO Box 643 Fond du | (920) 948- _ http://northernbioga
Northern Biogas America -
Lac, WI 54936 3216 s.com/
USA
. 4520 North State North .
Entec Biogas (812) 865- _ http://www.entecbio
Road 37 Orleans, IN America -
USA 3232 gasusa.com/
47452 USA
730 Boul. Industriel
o +1 (450) http://www.xebecinc
Xebec Blainville, Quebec, Canada
979-8700 .com/
Canada, J7C 3v4
J.A. Wettergrensgata o
o +46 708- http://www.biofrigas.
Biofrigas 7 SE-421 30 Vastra Sweden
183807 se/
Frolunda, Sweden
Korte Spaame 31 .
) 023- http://www.biogast.
Biogast 2011 AJ Haarlem, Nederland
5450220 nl/
Nederland
Kurze Muhren 1
) +49 231 http://www.bebra-
BebraBiogas 20095 Hamburg, Deutschland ,
9982 700 biogas.com/
Deutschland
Natorpstrabe27
+49 (201) http://www.carbotec
Carbotech 45139 Essen, Germany )
50709-300 h.info/
Germany
+49 (0) 25 .
. . BoschstraBe 2 48369 http://www.envitec-
EnviTec Biogas 74 /8888 - | Germany ,
Saerbeck, Germany 0 biogas.com/
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Manufacturers Address Contact Country Website
2 Rue de l"Industrie
+33 389 70 http://www.cryostar.
Cryostar Z| BP 48 68220 France
27 27 com/

Hesingue, France

4. n15Uszendld Bio-methane lugnannssy
4.1 mahluussenaldlunisndamasiniuasndsnuainuioy
AaiiuTanmiilsantetanmesiidiudsznoures feiinu (CH,) Ussana 50-70% Ane
Asuaulaeanlan (CO,) Useanal 30-50 % Awlalaau (Hy) Awlalasiaudalvs (H,S) Awlulnsiau
(N,) warlevdntios Fsannsathuldidungsunaunild Tnefeiimuasiinaudoudssuna
39.4 wngga/au . annsalivaunuidumnld 0.67 dns Safteuirimdaanlaii 9.7 kwh ©
desnnnslunszuiunswaninsimudinmasnssuiunisuusanmbuineinudoud
wiaeanmsdnuiniy vlfanunsadiaudeudivaeldtunldusslovilunsuld awit 12
wandlifudanssuiunswanieiimuianmuasndsnuanuiou Tnsanudeui Antudiuniain
NMsHAANSInuUAlddmTuduneunsiusa Sanswanfeimudsdesinliussudad-lddne
dosananinsadmdsnuanudeunnldlasnadiuazansananidsinisUadesuafivldsniduiy ©

Biogas
upgrading
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Power &y _ _
Thermal Energy 1

! I Compressor
1 |-
) i I 10bar
AD Process M “!L
1bar
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— upgrading |——e———>

— 15bar 1* stage 10bar
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4.2 mshludszendldlugnamnssueueud
HomnmafinduvesssdunsudesfimiFeunsranuasaudiosnisdanuiiiuiuiialan
Sndudedltinaluladlvidmiumsauvdmdsnuiduinsfudunndon uamdsnunauny
iy ndsnuuaserfinduasndsnuauddnen niia wimsliusslosivouamdnunaiududes
grniiesanniswdnuaznisuilandanusiumiu Yegtuiywifetunisudalnififiaufunou
wagliisoiosnunadmdsnunyuidswdsdulssanislussuulninlufosduiifidndiunisly
n¥sunyuiougs luewanmaiiadinm sdeundsnulrfmaunuiigeuiemuiu femalulad
ndsndlaihAgasudsudulelasaulpomsdidninsladase lalnsnuamsofulilufusdy
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wandloufudonddsuduliihfusaddomandordowudunindilaanau 19 voninagldidy
wrasndsnudmnsunisidndsnulniheuieutazanudoulslasiauauisaldiluingivdmsu
gnanmnssuadiviedmiumsdnangiidomadlalasaivousiag wu fefing fanni 13 3y
druvesinadimuiindnduarnsoilUldldnainuatesuuuy fredradu M dudemadunis

(% = [ vgoj % ) £% [11]
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|

oxygen

heating
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transportation
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4.3 mavszgndlFlunnstrdadnde
nsudnfedimudinmannsondntunientunssuiumsthiaiideuagnszuiuniandn
sl lnsenuifeiinieaditemdndunidideudesuiniosufnsnifiondnfadinudanin
frdslalih wazerugiunistatniids Gandnnsvheurensadidendegduniddunisdsy
wasuadluansdunidlinargluilundsnulninlaefiqdunididudussfisen lnessuvasgn
windusuuslunuazualnafunansdesaiusudnssuunsaimdnuresgaunidasiuannis
dovamuansdunidluluanavesansoims silvilanUdesdidnaseusenin Sedidnasoumdriiazgn
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Biogas (CH4
a5l ) P 4 H2/C0O2
——(a) Methanoll—CHdC02
\Acetate /
L. AN
| I v

Methanol

Methanogens Cathode

o a o o« =~ ° a.;vL Vo o v o o [12]
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5. AuSuazdasinig
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Fanwldde 41.6 Mtoe (1,741 PJ) mnudnainfedanin wumsthdaiidsannsilinay awnse
ARl 10.9 Mtoe (456 PJ)
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- fléngusnsud CNG (138 NGV) masgasTinruddyiumassdaasunsldfeinudinmie
naunuieliasdeunaniudomds miufeunenunveieluddudaun eswniumltuia
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