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Switzerland; 16 Netherands; 14

Sweden; 55

Japan; 6
Norway; 3
France; 3
Canada; 3
Other; 8 oy
Denmark; 1
Iceland; 1
South Korea; 1

Germany; 96

1ne IEA Bioenergy U 2013 ' 12




dninouuluune e Enerey
8 URZULEUWA IO RESENRCH
( ) ASZNSIIWAIITU Lﬂ Twsnrure

1Il
R Tt |
i T |
- d; '
" Ry
Braraicrs  Bums
F & ram
x 2 O s, PR (il R
Approximately 7,200 biogas plants Approximately 83 biogas plants upgrading

Producing electricity to biomethane
13

ddnouuluune ~s | Ewnercy
8 UREUNUWAIITU R
& nsznsmowduenu I Trommore

*  Medinmiinannisgegaatavesasaunsdlaaluaiiisenlultoendiauy

- msﬁmmwmmmﬂﬂivmumiﬂaaaaﬂaimﬂliaaﬂ%wu mmsfﬂmmmu gulen m
mmﬂammmmsmmamimwm (wilasTu 9oy 1udw) uaammﬂwqiu YDWNAB LN
A9NERT Wusu

STUUNER

EEATNIRTIES
fnedann

AMAN

. mﬁzjﬁmmwmlma]uamh‘uﬂmmW‘LWﬂmammwmmmLUuL%aLwaqwuﬂﬂmLmu
szjal,waqaml,maqaw] 191 19U ANYFITUYVNF 11 hazunTid [Wudu

— gransaliluunaad L‘U@ washiiu Lﬂiaﬂﬂ"l daliuag Lﬂ'iE]\'i JUALA

— mmﬂam'ﬁauﬂtﬂsﬁl,mlmLUumszmamJmmauﬂ‘u LPG & Feagyilsiinanuaznin
Tunslnnninnsdiiuvtediu WdausaenatuLaziosn

14




dninouuluune
WRSLHMUWE I

naznsaawauou (D

r\'\ Enercy
RESENRCH
Instirure

b

INFLUENT

EFFLUENT

Digester
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240 - 300 m*-CH,/ton-VS Added

Digester i i et
s e Co-generation unit i
with hot Waste gas
water |
{ Condensate
and collection W xorol | extractor
tank for liquid e
biomass L 1
Heat for technological = 4l
purposes and heating
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100% -
90% M Membrane
0%
70% - o Chemical scrubber
BOeE
ran l Organic physical
ol scrubber
o W PSA
200
W Water scrubber

10% -
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Biomethane [CH.]
up to 99%
COz, Oz, H20, H2S...

Biogas

Relative permeation rate

l H, H,0 CO, H,S N, CH, CiHg
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Biomethans Off-gas
e : Condenser
_________ Cooler R ——
1 bar I Absorption '

column Stripper

_________ calurmn
E _.' "
4

Raw bicgas
——p

PZ + MDEA + CO, < PZH* + MDEAH* + HCO, + heat
(PZ = piperazine, MDEA = methyl-diethanol-amine)
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Absorption column Dasorption column

Upgraded biomethana Offgas
-+ Cooler Heater !

Gas conditioning
L

- blagas' —|‘:I 5-8 bar 1 bar
Stripper gas
CoMmpressor . BE—
Flash column
Condensate ¥r/

Seleoxol/Genosorb Scrubber ’

Tne IEA Bioenergy U 2013

ddnouuluune .'\ Enczcy
{i‘ WRSLHMUWE I i C» Resenach
& nsznsmowduenu I Trommore

CHonoh gan
Puge
=
cH,
Production

e [
i

LY

Cycle time 2-10 min n

T .
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Desorption column

Absorption column
Air with
Upgraded biomethane desorbed CO;
-+ —

5-10 bar [—

1 bar

Compressor

Air
Flash column "

Raw biogas

Make-up water stream
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Chemical Scrubbing Organic Physical
Parameter Membrane PSA
(Amine) Scrubbing

80.0-99.5

recommended recommended
pre-purification recommended yes yes
roughly roughly

nitrogen and oxygen co . .
partial no no possible no
removal

typical operation pressure

4-7 a-7 Atmosferic 3-5 57
[bar(9)]
hane]
heating demand and high medium

temperature level (celsius) 120-160 70-80

partial load range [%]
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Parameter Membrane Physical PSA
(Amine) . Scrubbing
Scrubbing

typical operation costs

[ct/m?: biomethane]
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A Flotech Group Company
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BG Upgrading System
BG Capacity Cost Unit = =
System WS PSA AS MS os
investment
6,000 m3-BG/day (MTHB) 52.3 41.5 44.1 62.9 40.7 51.9
(250 m3-BG/hr) O&M (MTHB) 3.4 o 9.5 6.9 54 T
(3 ton-CBG/day) (96) 6.5% 12.2% 21.5% 11.0% 13.3% 14.1%
12,000 m3- investment
(MTHB) 85.8 59.7 63.7 82.2 60.1 70.2
BG/day
(500 m3-BG/hr) O&M (MTHB) i 8.2 17.4 11.9 9.4 12.9
(6 ton-CBG/day) (96) 5.9% 13.8% 27.4% 14.5% 15.6% 18.3%
24,000 m3- investment
(MTHB) 140.6 85.8 92.0 107.4 88.6 94.8
BG/day
(1,000 m3-BG/hr) O&M (MTHB) 7.7 133 321 20.6 16.1 22.6
(12 ton-CBG/day) (96) 5.5% 15.6% 34.8% 19.2% 18.2% 23.8%
48,000 m3- i t t
R (MTHB) 230.4 123.3 133.0 140.3 130.6 128.1
BG/day
(2,000 m3-BG/hr) O&M (MTHB) 11.6 21.6 59.0 355 27.7 39.7
(24 ton-CBG/day) (%) 5.0% 17.5% 44.4% 25.3% 21.2% 31.0%

30
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Upgrading System
BG Capacity Cost Unit Napier | BG System
WS PSA AS MS
6,000 m3-BG/day Investment (MTHB) 52.3 41.5 44.1 62.9 40.7
(250 m3-BG/hr) O&M (MTHB) 3.4 5.1 9.5 6.9 5.4
(3 ton-CBG/day) (96) 6.5% 12.2% 21.5% 11.0% 13.3%
Fuel Cost (THB/ton) 500.0
Project IRR 10%6 CBG Price (THB/MMBTU) 256.5 296.7 322.8 478.2 462.0 331.6
12,000 m3-BG/day | Investment (MTHB) 85.8 59.7 63.7 82.2 60.1
(500 m3-BG/hr) O&M (MTHB) 5.1 8.2 17.4 11.9 S.4
(6 ton-CBG/day) (%6) 5.9% 13.8% 27.4% 14.5% 15.6%
Fuel Cost (THB/ton) 500.0
Project IRR 10%0 CBG Price (THB/MMBTU) 256.5 236.2 247.4 408.1 350.2 266.8
24,000 m3-BG/day | Investment (MTHB) 140.6 85.8 92.0 107.4 88.6
(1,000 m3-BG/hr) O&M (MTHB) T.7 13.3 32.1 20.6 16.1
(12 ton-CBG/day) (%) 5.5% 15.6% 34.8% 19.2% 18.2%
Fuel Cost (THB/ton) 500.0
Project IRR 10%b6 CBG Price (THB/MMBTU) 256.5 188.3 190.4 352.6 270.5 2158
48,000 m3-BG/s/day | Investment (MTHRB) 230.4 123.3 133.0 140.3 130.6
(2,000 m3-BG/hr) O&M (MTHB) 11.6 21.6 59.0 35.5 27.7
(24 ton-CBG/day) (%06) 5.0% 17.5% 44.4% 25.3% 21.2%
Fuel Cost (THB/ton) 500.0
Project IRR 10% CBG Price (THB/MMBTU) 256.5 150.4 146.9 308.0 212.8 175.7
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THB/MMBTU CBG Price (MS)

1,000.,0 —pe==========) cesssss———————

900.0

800.0

T00.0

M Upgrading System

600.0
B BG System

500.0
| Napier
400.0

300.0 -4 Total
200.0
100.0

0.0
Plant Size

3- 8G/d&y

ddnouuluune .—\ Enczcy
é‘ WRSLHMUWE I i C» Resenach
& nsznsmowduenu I Trommore

36




dninouuluune
(& UREUNUWEIITU

naznsaawauou (D

r"«:\ Enercy

RESENRCH
Instirure

a1 NGV/LPG disu

ddnouuluune
(& UREUNUWAIITU

RESENRCH

nsznstowavatu (S T

YIULUR
FTUUVUES
) 159949AEMNTTY
N9SOUUA o
- waniuanan1y (LPG)
(YanuuUININIY)
FTTTTTTTTTT >
1 ¥ 1
Poomsldeuw |
i .
=
A T IV TR
1 & a
l e e [ TsalnAAsssHYR
STUUVUES 1599UAEUNTIY
N9vioAY ANULUINIBANY
014 NGV UuLuavia .
r"«:\ Enercy

NG , :}j i
— =1
|, | i -
: NMPri.ce E
i S .
1 .A‘P = = 3;;.,“
LPG
f =




TAS9E319N1590KIA1USSSUT RV LNe

Upstream
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Downstream

Dry Gas from Onshore
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Plant

End-User
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Gas
Compressor
o=
Feedstock
Upstream Intermediate &
ks Petrochemical Plant
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& 1,000
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0
1986|1987 (1988 (1980 (1990 | 1991|1952 | 1993 (1994 | 1995( 1995|1997 | 1998 | 1999 ( 2000(| 2001 | 2002 | 2003 | 2004 | 2005 2006 | 2007 | 2008 | 2009 | 2010| 2011|2012 | 2013
[t 0| 00|00 |00 |0OO0(|(O0OO(|(0O0O(|(O00 |00 |00 00)|00)|00 |00 (00(00| 00| 00|30 |60 |11.0|240)| 77.0(145.0(181.0|231.0(278.0(307.0|
gEEvanTIU ( 100 ( 4.0 | 7.0 | 10.0 |17.0 ( 24.0( 34.0 ( 41.0 | 54.0 | 73.0 | 7B.0 | 96.0 | 2.0 (123.0|181.0|177.0|198.0(217.0(248.0 (258.0|291.0|347.0| 361.0(387.0 (478.0( 569.0| 528.0| 535.0|
B Tsauwnfinw | 71.0 | 9.0 | 74.0 | 50.0 | 97.0 | 98.0 |113.0|128.0(117.0|114.0|122.0(146.0(158.0(167.0|175.0(340.0(351.0|385.0|389.0|491.0|527.0|572.0| 583.0(599.0 [652.0( 867.0| 958.0| 930.0)
W lwh 246.0|379.0(452.0(463.0|452.0(580.0|612.0|693.0(TB3.0|B01.0| 948.0|1,202|1,291(1,423|1,620|1,779(1,936| 2,054|2,134 | 2,242| 2 257| 2,346( 2,423|2,435 2,728| 2,476| 2,670| 2,695
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