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CH, 50-70%

N, 1%

H,S  2,000-20,000 ppmv
Humidity 3uA7
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$UAYOVNNY / ARUAUUG CH, CO, H_S
dnus kil Ny gy

VANDA (DOANTAITH )

YAnadUINAaD /AT NIT0
(°C @ atm)

goyadu

A2 NUNIUU (nn.7au.u.)

Tupa , lwonau Tuba , Tlubnau

luna , Unau

invoulgun

-161.5 -56.6 -60.2
-182 -78.5 -85.7
0.72 1.98 1.45

azaglaludn

azaglaludn

azaglaluda

aalw

Tuaalu

aalul

CBG: Compressed Biomethane Gas
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i CBG [Uuwasoiunaunuiagdannsu
i Pl okl gIUIUGAN 1T N1G5SSUBT1ATUUIGOIWAD
Coal X _
Sl NNYSSSUTGR

gouoa A B TR
Biomass ( Electricity \ Raw Biogas

6-7 Baht 2kwh ‘1 1Nim3
\ s . .

o W, . / L U W W

) -’
Waste S~ ==
6-10 Baht Various alternatives Limited alternatives
ayu at low cost at high cost
[ 4 <
10.4 Baht
Solar Euel Economy
CNG 10 km/kg

25 Baht Diesel 10 km/L

— ¢ Gasohol 8 km/L

VoMM Y

U1 : Methar, PTT, 2011

CBG: Compressed Biomethane Gas
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e G a8d NGV Tudszma’lng
szl 2557 ‘H ‘
‘ 2130 NGV (A) Hnadivive "P
. SRR R 0T GV .
EY fya OEM EEH (119) u
(AUNABY)
UNTIAN 247,271 44,540 149,272 441,083 491 262,043
UATUE 248,337 44,605 150,593 443,535 491 253,571
Huny 249,530 44,735 151,566 445 831 491 282,150
WML 250,727 44851 152,406 447,984 492 252,336
N UAIAY 251,830 44,950 153219 449,999 494 274,637
lguieu 252,660 45,028 153,930 451,618 496 264,547
N3NGIAY 253,239 45,124 154,662 453,025 497 275,073
REVALIET 253,783 45213 155,468 454,464 497 274,937
oo 254,349 45,336 157,425 457,110 497 267,178
AaIA 254,984 45,439 158,879 459,302 497 272,724
ngAdInIou 255,394 45,515 159,726 460,635 497 265,713 9.000
fUAY 256,010 45,585 160,819 462,414 497 @,Q'D '
Ton/day
50 OEM (Original Equipment Manufacturer) = snouARHAAUAZ A NGV TaoasaonTsanu
U7 : hitp://www.pttple.com

CBG: Compressed Biomethane Gas
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Natural Gas Transmission Pipeline

Compressor

-----------------

--------------------
pe

Conver

Dispenser

al Statior

AR i-E
-'/

Three Types of NGV Station

1. Mother Station (M)
ughter Station (D)

rentional Station (C)

AU : USEN UAN. 3700 (WAL
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Uiz widae | wWhvaneiy wWhnane T
\ 1. WAINULAIRNE KTOI 38 100
_ \ 2. WA UTNIA KTOI 6,760 8,200
1,200 Gu/J3u — -
3. NMYUINN KTOI 600 1.000
3.1 fgtanaw_ _ _197_ _
- - = = P o = - =~ N
¢” 32CBG (5% vas N&V) « 203 )
~ B .
il — A, -— pu - o -— -
4. WaaTh K 10l ): =38 =
%23 | \KTOE 7,433 9,335
_1 -
LHDLNAIEINN
1. wnuea G0 9.0
2. Wledwa aa/u 4.5 5.97
3. Wwamdsdwinauvusiwa an/u ’ 25.0
521 | aa/Au 13.5 39.97
a 8’ w~
dadrunaunuunuuy 14% 44%

dndrunasrunaunudemsly

ar ¥
MQﬂWM’IUﬂBQﬂ‘J:lﬂﬂ
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CBG (Compressed Biomethane Gas”) %58 “Anslulaiiinuan”

o Awiliaainnisiefnedianwainuulssauninlaenisanfing  CO,
H,S uazAuTusanauiiviinafediny (CH,) Wintunudinguaneuionu
UINTFIUNVUA lngdiaaauUnLiguLYIN19sTsHYIRsIS U U U
(NGV/CNG) uaasaasdafilssdu 200-250 bare iiaidutainasdmiusoaud

“Vnesaauanly CBG 1uiaialnds Jnlgusendnsagus Biogas”

Biogas CO,~10-15%

D

CH,~60% jl> | CH,~85-90% / CBG "

ce6: Comp A/l
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wnsgrun1suaniglulatimululszmeasig

Switzerland CH, 96 % by Vol.
France HHYV 34.2 MJ/Nm3
Sweden LHV 11 kWh/Nm?
Germany CH, 87 % by Vol.

| ;
E———— A HHV 36 MJ/Nm

(CH, 95.5% by \ol.)
USA CH, 93.5% by \ol.
Thai *Wobbe Index = 37-42 MJ/Nm3

* 91999 NGV ¥Ua555UA1

CBG: Compressed Biomethane 8as
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grusuludsanalneilosann CBG 1Uutdaiwaslng  feuu
NUNENIDUINTFIUVDY CBG ksl Fsluiosnuladn Usznie
NFUFIAINANIU NTLNTNNAIIY 1599 NINUARNYULHAZAMAIN
6y a o0 . 6 v Y =% m\
VDIANUSISUYIAE NS ULIULUA WA, 2556 U7 IU81999 L UNISNAR
CBG fiau amni1luauianaziingnaisueauldlnensadnass
Taegn1g NGV 9UASTSUAT AANEUWINAYIWMUUSEUI 83-89%
ToaUsu1ns d2uA19UsInAZUINN1 95 % AUl

(i

CBG: Compressed Biomethane ©as
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> HEBG>
[H 2 10 1 - Naknr affinis o
e T

USEAIANTUTINANAIIULTDY ANUATNBULUATAMNINYDINIYTITUVA

F1USUYTUYUA W.A. 2556 YUASITUAN

L. qmﬁﬁwﬁmwﬁu 20,000 Alaurgana (°C)

92 e l

N

gaurAlalasAIsual NAdTuaY 4,500
Alavndana dsarvndutluvaswadliitiu 1% (°0)

S 15.5 MO 11VI Y LIV

Mgl (Raan3u/gnuiAnuns)

3. ffinaul(wnnzga/gnuaiiiuns) Q= 42.0i AWavVIUAIUSOU
4. Ay >65.0 | AQTN N 1045 |

5. lalasaudalwa @adnsu/gnuianiuns) <23.0 UJovnunistionya

6. lalasau(Gaeazlaau3unsg) <0.1 S009UG

7. msuaulneanlun(3aeazlnaUsung) <18.0 | ASTIVI D 194) |

8. aanTrau(Fovazlaguiung) <1.0 lAcTaam anac |

9.

< 50,0‘ MU=NUNANSOUUDY
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NSEUIUNNSWAB

2. szuunanlulefimu leun
S8UU Water Scrubbing, PSA,
Membrane, -Cryogenic

e

1.58UUNTYI0 W

SSS

5.508ud NGV/CNG 4 szuuifiunaziduiig

CBG: Compressed Biomethane Gas
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syuuNaAnNgluladUdn

Biogas : CH,, CO,, O,, I\,

\ . H,S, Humidity/

-

Upgrading
1 CO,

: H5S
LHumidity

Techniques

. Chemical

. PSA

: Membrane

. Water
Scrubbing

N

J

4 )

Biomethane

: High Methane
Content

o J

CBG: Compressed Biomethane Gas
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STUULNLLSIAULNORNARN19 ULl UDA

4 ) g A\ 4 )
Compression Compressed
: 250,barg Biomethane Gas
: CBG
Biomethane

. High Methane
Content

CBG: Compressed Biomethane Gas
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GNG Dispenseq
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18101 (Hose&Nozzle)
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@ master
‘e potysource.coth.

ﬂolﬁunmé'msUsnuuﬁ’ ___-
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519 NGU/CNG
Type 1 — All Metal { Aluminum or Steel )

= Cheap but heavy

Type 2 — Metal liner reinforce by composite

wrap ( Glass fiber } around middle ([ “Hoop
wrapped” )

= Liner take 50% and composite take 50% of
stress cause by internal pressurization

= |Less heavy but more cost

LBy AU AW LT WA UUASTNA N Ingndededivil .

CBG: Compressed Biomethane 28as
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219 NGU/CNG

Type 3— AL liner reinforce by composite wrap (Glass fiber and
Carbon fiber } around entire tank ( “Full wrapped” }

= liner take small amount of stress
" light weight but expensive

Type 4— Plastic liner reinforce by composite wrap
around entire tank ( “Full wrapped” )

= Entire strength of tank is composite reinforcement

= Light weight but expensive

LBy AU AW LT WA UUASTNA N Ingndededivil .

i - http://www.metal-mate.com
CBG: Compressed Biomethane 28as
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wAlulagn1sHanniey CBG

1.95UU Water Scrubbing
2.95UU Pressure Swing Adsorption

3.9%UU Membrane
4.93UvU Chemical Absorption

5.35UU Cryogenics

CBG: Compressed Biomethane Gas
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3¥UU Water Scrubbing

Purified gas
-

Carbon dioxide

Water scrubbing
Circulating water

Recovered methane

CBG: Compressed Biomethane Gas
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AIMUAULRSDFATINIT SUAT= UL 1%

Process Diagram

fe
\ Gas Dr

Gas Drier
® Molecular Sieve

" TSA

® Change over ~ 4-5 years

Biomethane
to gas grid or
vehicle fuel

i - http://greenlanebiogas.com

CBG: Compressed Biomethane Gas
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——(CH4 —8—C02 -—r—H25

Solubility (2,,/Kg yater)

40 50 60 70

Temperature (°C)

n13azangu1vas CH,, CO, uas H,S NnUAU 1 UTseINIA H ‘

i http://www.engineeringtoolbox.com

CBG: Compressed Biomethane Gas
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Nl L A2981952UUNANNTY CBG @835 Water Scrubbing

CBG: Compressed Biomethane Gas

. http://www.malmberg.se http://bio-methatech.com


http://www.malmberg.se/
http://www.malmberg.se/
http://bio-methatech.com/
http://bio-methatech.com/
http://bio-methatech.com/

3%UU Pressure Swing Adsorption (PSA)

LB Ao USRS WA WA NI ULASTINA Wi IngdeTedlvidl

UANNIT

" luannisgaduring Co, &
H,S luaTluRRA IRz TN

Adsorbent

Compressor

Biogas

Process Principle

u Molecular size selective

Adsorption
Regeneration

Carbon
Molecular
Sieve

CH,4 / COz /

)
I

Gas
Conditioning

‘< H,S Removal >J

Vacuum Pump  Hs

AuA: Electrigaz Technologies,2008
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Photo 6. Upgrading plant, Malmd Sweden, using the PSA technology
of Carbotech

ﬁU’]Z IEA Bioenergy, 2009
CBG: Compressed Biomethane Gas
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Gas separation with membranes

Methane-enriched

W‘V\\\\ =
R
Membrane \ \ \ PN

\ L | CO, enriched

Dia 9 ram permeate
Two Stage Flow Scheme 3
> Sales lF'ermeate
Gas Feed + N | Retentate

|
THnllow fiber membranes

Penneat.
Relative permeation rates of various gases

Feed

H,0| He || H, | |CO, o, N, | |cH,

Fast Slow

. -
=

CBG: Compre - - .
7NU1 : www.evonik.com




LB U LR WRI WA NI LUASA W Inegndededluil e

Mezann

Nakornping M e m b ra n e

CBG: Compressed Biomethane Gas




A0 AT LARWRIIWANUUASTINA W InendeTedil e

ltac Chmielewski et al.,, 2013
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Process Diagram

Biogas Out

———— Exhaust 5\

Cooler

Heat
Exchanger

-
11 . http://www.energy.wsu.edu/Documents/Biomethane_For_Transportation WW~CleanCities.pdf
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ldarsazarenalumsqadu CO,
®  Monoethanolamine (MEA)

® Diethanolamine (DEA)

* lgaoausoulunisurdisazaig

navuilglny

CBG: Compressed Biomethane Gas
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Condensation
Temperature (°C) @ atm

-60.2

-78.5

-161.6

-182.97

-195.8

CBG: Compressed Biomethane Gas




L= o Wisugumalulagnanlulaiinu

_ . . . . L 9nNa29y
anuvu:NISQATY AATUNIOMYNIW AABUN0IAT AAAATD
WUIUSU
SzUUNIAIIUE=D10 9du 9du 91du 91du
A21UAU (barg) 4-7 TuGaouau 4-7 16
aoududugaolinunniila (%
>97 >99 >96 90-94
Vol.)
nsunundnids (%) B2 <0.1 3-10 0.5-2
waovunlyd .
<0.25 <0.15 0.25 lybDdaya
(kWh/Nm® )
waovunlyd
0.46 0.27 0.46 0.25-0.43
(kWh/m3 biomethane)
9UNNUYdISEUU (°C) Una 100 °C Una Una
M21IUSaUNI9UdN Tuaovnis 120-160 °C Tuaovns Tuaovns
nN1saAudnNIWI20dSIAL T Tav Taw =
| 91U2USZUU810B0 do uag

1 : Electrigaz Technologies Inc, 20
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Energy Crops
Manure

Biowaste

Biowaste
Manure
Energy Crops
Sewage Sludge

Sewa ge
Landfill gas

Biowaste

Biowaste
Manure
Sewage Sludge

Biowaste
Sewage Sludge

Landfill gas
Sewage Sludge

n

97

97

JO.S

97

96

98

Membrane
Water Scrubber
PSA

Water Scrubber

Chemical Scrubber
W
rb Scrubber
Organic S

A
O/M\

Membrane

Water Scrubber

Chemical Scrubber
Water Scrubber
PSA
Chemical Scrubber
Genosorb Scrubber
PSA
Membrane
Water Scrubber
PSA

Gas Grid
\Vehicle Fuel

\Vehicle Fuel

Gas Grid
\Vehicle Fuel

\Vehicle Fuel

Gas Grid

\Vehicle Fuel

Gas Grid
\Vehicle Fuel

Gas Grid
\Vehicle Fuel

Gas Grid
\Vehicle Fuel
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wazn1surlulguselauy

3¥UU Water Scrubbing

Laudandnnsuaning CBG dwiueueus o usum Wedlmisuiladnhsy 31in 9. d1yu,2554
2 AURUUSEUUNAAND CBG LUULARDUINELe @115 U8NU8Ue 0 829, UATAYA UY. 9. 189ty 2554
3. AUBLUUSEUUNEN CBG @195 UNaLunIe LPG U USE9 SIUNsinINIsy 9190 2. Wedliig, 2555

3¥UU Membrane

1. STUUNARTNY CBG dususueus ol USEW e tnausa 911n (Unvw) 2. Wealval 2554
2. AULUUSTUUNARNY CBG @1USUSNULUA 0l USEY Lo Lo UBULAU 3100 2. YaULAW,2557
3. SYUUNARNY CBG EMSULIULUR U URINYIDEUDULNY 2. VBULNY,2558

CBG: Compressed Biomethane Gas
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sSAUNSNIA9S CBG : CM Freshmilk Farm
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AULUUSZUUNER CBG LluU
PABUESLA QU @I, UASTHAA U
9. Weslvd vuin 192 kg, /7

CBG: Compressed Biomethane ©as
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mswWSsuRsUaUssaU: 1a:UaWwuIoVsSneudni3ing CBG

s 7 1= SOEl L"‘ HANBVDISNEUEA
YUALTDIWA :

Max. Torque  HC (ppm)  CO (% by Vol.)
Gasohol 91 E10 95.40 150.60 10 0.11
NGV / CNG 85.20 135.70 110 0.01
CBG (CH4 85% Vol.) 84140 132.30 80 0.02
ANNASFIUNTHNNTVUAININUN /2554 <600 s
AR\ <2 (NGV)

Biomethane 4as
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Gasohol SWEID

NGVU/CNG

CBG [EIH4 85% Vol

PUUIULUAB :
————

NAFDUUUAUUATOIUEN1 TARDS 1AUDIRTINIT
Fulfae v w/ny. sus1AUTu U387 s vy




LB I A0 TUITURATREIUIT WA TLLASHYA NrnInenaetesiuil

NMezann
Nakormping

UININUANIVUA 89LARNITE519AULYINULAYNS AU SV BUN AT LALU1923

NRaasldiney CBG @ellsasunnarnatguuunaziviadaulatisiulneaiuirsarfiulaniui
Tnelidasusugu Wunstudulunismaunufing NGV dilluadned

CBG: Compressed Biomethane ©as
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AULUUSZUUNER CBG d1udus mmuﬁw LPG |

o USEN S2unsansvnsy 3909 9. Wesludauin 384 kg /3

CBG ;
. - —" . LIV L R S — ’
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§9U539fnY CBG Aluuuuvwa 45 ans wuulvivairoulngn
WioussquinAusaiuUszNna 200 barg dmininussging Ae 7.6 kg Wntingauvianan 35
ke lalaUszana 1 - 2 o¥ind
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“paaaun1sn ludvasinglulaimudanu Lﬁ’WNﬂ&l ”

Swirl Burner CBG Flame Radial Burner CBG Flame

KB-5 Burner CBG Flame






../2.CBG_VTR/2.JJ_AJchampVG1204.wmv
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doyaninaua

USyn 19d 1w gaulnu y1na 9. 2ounnu
giaunds : yalnly
inaluladwannidg CBG- TUUIUSU (Membrane)
ldnadonaw | 35 Nm°/hr
fiN1avn1swae : 384 kg, ./0U

1so 20 Nm° /hr

biomethane

n1sldou : Wuldoiwavdinsusnaum

Iﬂ ISUIAUS:UU : Uu1au 2557 |
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nortormne AMANUAYEINY CBG NINAALAUIIUIBUNUANYULLAZAMATNVBINYSTTUYIA
ATUBUBUA W.A. 2556 YUASIIUAT

AUUTENIANTUTININANIU NTENTNANY

YONINUA ANNNIAUA CBG uanla

1. 9atiAnediaausL 20,000 kPa (°Q) laigendn 9.2 3.6
2. ymiAnlalnsaniuaudiaananmg 4,500 ¢
lafgendn 15.5
kPa -70
FarruwuLUNYRIaL il 1% (°0)

whes s
4. lalasiau (% By Veol.) laigendn 0.1 lainwy

5. asuaulaoanidn (Yeby Vol.) laigendn 18 6.13
6. aandau (% by Vo) laigendn 1.0 0.4

D

7. a¥UUU (MJ/m?) 37-42 40-41

8. lalasiaudalna (mg/m?) laigendn 23 0

9. finuzdy (mg/m?) lsigendn 50 lainwy

ce6: Comp A/l
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lassnsiaIiegInInaInwsugnsiiansasuiny - Jmdaesivd a9
UMNINYIFBUALA SN UIEN ga@ lnavea 3119 (Un1vu) IA18INIHER
CBG 6 siusadu (19A19320 W 12,000 av.y.6a7u)

Upgrading Plant
Transportation Cost

» CAPEX
*Distance y = + O&M
Fuel price mé | ‘ Compressor Station
. W + CAPEX
Natural Gas Cusiﬂ:ﬂ,,r 330 km Daughter Statmn; ‘:H B . O&M

U1 : USEN Uan. 31N (Un19)

CBG: Compressed Biomethane Gas
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, . Upgrading & /
RaWc Biogas / Compression | Transportation
ost Cost
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Upgrading System

Capital Cost 9,872,890 Baht 2.16 Baht/kg CBG

O&M Cost 1,536,039 Baht/yr 5.05 Baht/kg CBG

Total3 7.21 Baht/kg CBG
High Compression System

Capital Cost 4,070,280 Baht 0.89 Baht/kg CBG

O&M Cost 547,727 Baht/yr 1.80 Raht/kg CBG

Totak 2.69 Baht/kg CBG
Total 13,943,170 Baht [ 9.91 Baht/kg CBG

\Q—’

CostSkucture of CBG.  © ATV a0 0 S
B 0NV s0000kgfday o O

Upgrading System

Capital Cost 35,256,500 Baht 1.45 Baht/kg CBG

O&M Cost 3,183,795 Bahtfyr 1.97 Baht/kg CBG

Totall 3.42 Baht/kg CBG
High Compression System

Capital Cost 21,057,600 Baht 0.87 Baht/kg CBG

O&M Cost 1,996,995 Baht/yr 1.24 Baht/kg CBG

Total2 2.10 Baht/kg CBG
Total 56,314,100 Baht l\ 5.53 )Baht/kg CBG

~ 4

Remark : Exclude cost of biogas.

-~

CBG: Compressed Biomethane €6as
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DATE

2 MNov 2002

1 Feb 2003

8 Feb 2003
18 Apr 2003
8 Jul 2003
12 July 2003
24 Sept 2003
3 Oct 2003
17 Oct 2003
18 Oct 2003
1 MNov 2003
12 Nov 2003
17 pec 2003
8 Jan 2004
10 Jan 2004 |
22 Feb 2005
23 Mar 2005
14 May 2005
16 Jan 2012
16 Feb 2012
16 Mar 2012
16 Apr 2012
10ct 2014

3 Dec 2014
31 Jan 2015

®ptt

7

Today is 20 March 2015

Baht/Ko
7.04
§.03
7.87
6.86
5.70
6.81
6.97
F12
F.22
7.38
722
7.38
7.54
7.69
7.04
7.96
0.53
8.20
9.00
9.50

10.00
10.50
11.50

12.50
13.00

PTT NGV Stations Nationwide

Changes

+0.39
-0.13
-1.01
-0.16
+0.11
+0.16
+0.15
+0.10
+0.16
-0.16
+0.16
+0.16
+0.15
-0.05
+0.32
+1.57
-1.03
+0.50
+0.50
+0.50
+0.50
+1.00
+1.00
+0.50

&

@dununnd NGV 14.50 un/nn.

nun ; http:/ /7www.eppo.go.th/retail_NG_prices.html
http:/ /www.manager.co.th/iBizChannel/ViewNews.aspx ?NewsID=958000001 1342
CBG: Compressed BiomethaneéZas
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