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1. NIYYININ

24 oy ° = 6V a a g 1
* NYYININ (Biogas) nueds frgiinduainnssuaunistaeaany

N 6 Y =

d159unsgnlenuanizeluaninglildeannie

* @199UNTE 1dun waglad (Cellulose) TsAu (Protein) Andiu (Lignin) udsuaziinna
(Tannin) ludiu (Fat) nsatinaada (Nucleic acid) waanadaa (Alcohol) Wsaa15dUNe

o

Nausadagaatgninleslanluegludndeainlsenunanamvng vesyanas sIueyadng

* A1sgRuEaNLUNle 2 FURDU

' a sl ] 'Y a o ' a . .
— MsdayaangasdunIgnilaseaisluanalvgimisuuaiiisengundnnsa (Acid forming
bacteria) sinlinaneiluasdunsdniilassadrsluanaiinas Yeagluguvainsndunsd
suLe918 (Volatile fatty acid)

— nnstesaanpansdunIgnilaseaicluanadnviensndunidszmede daeuuaiiise
nauNaniiinu (Methane producing bacteria) inlviiiaufingdimu (CH4) fine
arsuaulaeanled (CO2) waziiwduq Tuliunandnties wu Avlalasiaudalna
(H2S) visafwlyin wazdwwanladle (NH3) Wudu



1.1 NSZUIUNISLNANIYTININ

a N ¢ 1
A159unse luanalvgy

wile, TUshu, busiu

d4159UN39 Imaqasummﬁﬂ A¥an8un
U1m1a NSz Lle nsnluiu

, S
NSADUNTE
NSAUNEY
6V =




n1sgagdansudenaiuansanuulidlyainae

STUUNANAISTININ Lsenandedy 1seunduuiay




Wastewater Process Flow

Starch Process WW Wet Cake WW Biogas Treatment
Q = 5,550 m®/day Q = 50 m*/day Before sending to Boiler
COD = 12,000 mg/l COD = 230,000 mg/L
Mixing Tank Biogas Production
Q = 28,000, m*/day
_ 3
Q = 5,600 m°/day }D CH, = 60%
COD = 14,000mg/ X
Mixed Waste Water
Gas
| ? [\ Waste Water from Biogas
! é Influent > Effluent Q = 5,650 m*/day

COD = 500-2,000 mg/l

Opened Lagoon System
Existing is 11 ponds

Q = 800,000 m?

BOD < 20 mg/L

COD < 120 mg/l

Cover Lagoon Bio-Reactor : CLBR

Total Volume 110,000 m?

Out Fall




Waste water Process Flow

Palm oil factory WW Rubber factory WW fdenanlnfindans = 2,800 kKW
Q = 1050 m*/day Q = 169 m%day nanlWA118=67,000 kWh/day
COD = 78,417 mg/l COD = 7,254 mg/l

Mixing Tank
}D AT niinanld
X Q = 34,000 m*/day
CH, = 60%

1deaanaINITUU Biogas
> Gas Q = 1050 m%/day

YdeanlsenuuIdunazlse9uens

COD = 10,063 mg/L

sYUUUBRY

AU = 7 Up
Q= 1050 m?
BOD < 20 mg/l
COD < 120 mg/L

Cover Lagoon Bio-Reactor : CLBR ¥ Y . o . .o
wisgavieldsasuiiduvacuien
JTumsssuu 84,000 m’

U3unsUssanswa 67,500 m?



Biogas Process Flow

In Case the future

‘ Knockout Pot

Flare < g <t

H
g |_—u_| Condenser
A ' Filltr Pot renest Cyclone R Cooler Blowers De-wjtering
Separator -
e Chillier Bio-Scrubber

Gas Part

\

Liquid Part

OO

;g;é. .ﬁfgf:

| |
Open Lagoon

CLBR :;
) OO -

e 208 098,
‘ 5 6 7 8 4 A A A Agriculture Purpose

Mixing Tank
Wastewater

From Starch Factory

¢ I
X

Settling Pond

Palm Palm Palm Palm
Tree Tree Tree Tree




ASZUAUNISLANNIYTININ
%guﬂauﬁ 1 Liquefaction stage

1) URBUNISERYEAE150UNTE (Hydrolysis stage)

n1sgegaavasdunIdniluanavualng wu aslulawmse ludu lushu Lag
N g vd < Sy a = Y
wuansglilulianadnazateunle Wy nglaa nsneziilu ndwesea Wunu

Carbohydrates ) Simple sugar + Alcohol

Proteins mmm) Peptide + Amino acid

Fats — Glycerol + Fatty acid
2) FunaUNTESNNIABLIAN (Acetogenic stage)

N1SASNNIADLFANANNNTADUNIEANN®] LUANIIENATINIABEFAN 211 Simple
soluble compound 31nTumaY Hydrolysis ¥3aaningaulnenswngesaassaly

naanUfnsenifagyilminfinlslasaukazinvaisveulaeanlyn

Complex organics map Organic acid + CO2



NSZUIUNISLAANIBIANIN

YUNBUY 2 Gasification stage #3aN158519N1WHNY (Methanogenic stage)

Unsen1sasieiimulagiuainisesianuaniigivmuy (Methane
producing %38 Methanogenic micro organism) Falvanevinauazilu
wuatiiFendesagluaniisnusaainaandiau drdleanTauineudniiosnay
Vi lvuafitsanaInivegan1siasiule Aaiimusiainanu)nsenssning
a a ¢ ! 1< aa o 9 1 g v
nsndunsd (drulugiilunsnazdnn) nulinazariuaulasenlyanulalasiau

* CH3COOH mm) CHA + CO2
Acetic acid Methane Carbon Dioxide
* 2CH3CH20H + CO2 mmm) CH4 + 2CH3COOH
Ethanol Carbon Dioxide Methane Acetic acid
* CO2 +4H2 ~ EEE) CH4  + 2H20

Carbon Dioxide Hydrogen Methane Water
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401721208 ULaZUAYNUDNSNAFDNISHANNIYBINTN

. 81991113

luwaduuariseasUsenauniusind1dy As A1suau Lalasau tulnsiau
Woanada 9ondiau wasdamas

LU enlulge1n1a Aeanislulasiaunsuiuununwaawinny 9.4

wuanseytalildennie ssairasadiintulaazaedsiglulasiaureniiusu
(N/Q) Tuanseanmisussunas 0.0620 wagsiaveanasaminny 1 lu 7 veslsunu
sbulasiaunuseneuluees

drdumsiomsiasuiismeunnsasyiivinveswuaiise Tnelugenis
swlulasiauuazloavesaludnadiu 11 so 2 fafu mnuuafiGefiin
Uszanas 0.1 nn. sie BOD Tgaaanadnsnasy BOD:N:P wirfu 100:1.1:0.2 &
JrAmnIdnsnsesaaawuuldeandiau Fadlavindu 100:5:1
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40172120 89ULLaZUAYNUDNSNAFDNISHNANNIYBANTN

2. geungdl (Temperature)

* guuQiiAusEuuLauLalsUng 2 439 laun

— 929 Mesophillic Aefigamaiisyning 30-35 °C

9

— 929 Thermophillic Aefigamniiszning 50-65 °C

Imam‘m %79 40-50 °C Lazaunln1nNI1 10 °C NaNLUANLSENNARNN DY
q LY q

ﬁmuazgﬂé’ué’q

a

* dulvgjagiuseuuigumngil 30-35 °C 1NN 50-65 °C 1I99aN

Y

Thermophillic bacteria inuseulnisenisivasullaswestiadediwindey
finsgUszaulgmlunisaiuauszuuiinnil Mesophillic bacteria



3.
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dn1721naauLasULNADNSWaRDNITSNANAIYBINTN

ArAudunsa-A19e (pH) wasanuiduduvasnsasswie (Volatile acid)

UM IUInIinganinung azviliinauaunavaenddunsn-ang
Wesaninasusulaeanlanluaisusiun (CO2 — HCO3) wagiinlauluLily
(NH3 - NH4) vinlvansazangluveniinian pH 52%319 7.0 - 8.5

01 pH Yasa15aza1eluUaninana’ninin 6.2 ILNYATINITNINUVDY
LUANSENNANAYTNY YN lin1SNARA9LUanadsa luiln1snasLas

UIUNSNUNUNH AIANULTUTUVDINIASELe LA W0 luzUvaININRLTHN
(Acetic acid) AI3AINTI 2,000 ppm. §1N5ATELNLAIEININT 8VgATINIS
YINUYBILUANLIINHNARNN 1B



AN a9ULazUNUDNS WA BNISHNARAIYTININ

4. NMINdN (Mixing)

¥V aaa

Aswaw WunsviliwuanSeilenaduiaiveis (Wde) uandu il jasen

nsgnsaaneialalSIvy
nsouAsndaiuduznde nsnanazannIsyusdunauude vinlngsandelas)
NsNay Yievinleamginelussuuadiniaue

AIswEN Peanszuznainsiuinudsludelfisen Bnsuanlealdluinniuazd
UszanSaimaaninniswaulaevyuisuineiindunigluseuu Msnauaunsasen

sUsuulaansuauwuusoiiotaziugnIa

nauwuaizeinaafiesimuiiaiulinenisuausa (Rapid Mixed, Velocity gradient,
G >500 s-1) 1IN MITVANRLINITHANTNDIIIIARUANISENHER AL MUTgARBNAN

YUY INSIZALVN ST UvaLmalla
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dn1721naauLasULNADNSWaRDNITSNANAIYBINTN

< [V} . .
5. szgzLIann1stnunn (Retention time)

* szyznansiuin Wussesnalvasdunidgnuaneglutonsining el
wurfiselagesaatvasdund wasliluemslunisiivdnuiugdunseln

1NTU NBUNILYNANLLNBBNIINUBLIN

* szyzaINsAuUnn Unfazldiian 20-50 Hu
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dn1721naauLasULNADNSWaRDNITSNANAIYBINTN

6. AL TUVDIVRLLTlUUaNiIN (Substrate solids content)

Y v < 1 v A o Y Aa a a
* AMUNTUVRIVRILASLutavsin M liinaUsEANSA g

— UaMINLUULANE1ISDUNS T8 198U END AISHATNTENING 5 -10 %

1 v aQ aQ\ N 6 A gj = IS
— UDWUNLUULANAITOUNIYLWYIATILAY AITHANUTEU 25 %

Yy v < i v A A Y a
¢ ﬂ'ﬂ&lL‘UﬁﬂlusUEN?lE]\‘iLL%\ﬂ‘UUE]‘WSJﬂ ‘VISJ']ﬂ‘Vi'B'E]‘IJE]EJLﬂ‘IJ'lU

— annuld evilrian sazaNYesnIARLAN (pH Aae) ATEUIUNTHNN
wvgavedn vilrlddnisHanfinwyInIw

— fagnuly 1 9n51N15HANA TN DUSUIRSUBIUD LUUNNLYINTIAS
yMvlafnatse



1.2 89AYTENAULAZANANUAYDINIYYININ

Chemical symhbol

Content (Vol.-%0)

Compound

Idethane CHg A0-ThH

Carbon dioxide 05 25-45

Water vapour H.(o 2 (20°0C) -7 140°C)

Osygen (s <2

MNitrogen [+ <2

Ammonia IMH; <]

Hydrogen H; <1

Hydrogen sulphide Has <1

Table 9.1 Properties of gases (FNR 2006)

Unit Biogas Natural gas  Propane Methane Hydrogen

Hesat value KWW b ® 6 10 26 10 3
Density kaltm? 1,2 0,7 2,01 0,72 0,09
Density ratio gas to air (0.9 (0,54 1,51 0,55 0,07
[gnition temperature °C Tan Bl 470 600 283
Explosion range Yol -% B-12 4.4 -15 1,7 -10,9 4.4 -16,5 4 - 77




29AUIENBULATAMANUAVINITYINN

NANTISASIAIATIZIAIY Gas Analyzer
> fnafiu (CH,) sewing 55-66 % Ludewmndsiilinrudon
» fwansusulasonles (CO,) 27-45 % iHufwides
> lalasiaudalald (H,S) 2200-3300 ppm. (~0.3 %) tHufineiiy

>lulasau (N, Wuiedeos) sendiau (0,) wazAnuiunseloundud,




v 6Y = .
AMANUAVDINIYYININ (Biogas)

Ternary (three component) diagram, atmospheric
For the explosion area methane / air / C02- N2 - mixture

Acc, to Tabasaran / Rettenberger (UBA — Forschungsbericht 12/1982, Nr. 10302207 Teil1)
DAS —IB GmbH /! Biogas - & LFG - Technology
Flintheler 5r. 55
D1 24113 Kidl
Phone & Fax &40/ 431 /683814 momedas-ibde infou das-ib de
Biogas, sewage gas and landfill gas technology:
Consultation, planning, projecting
*Training of eperating personnel
*Expert services (among other things in accordance with § 2% BImSch (Federal Immizsion Confrol Act) and a
publicly appointed and Publicly Certified (sworn) Expert at the THE Eiel (Chamber of Commerce and Industry)

100 ::':. . ..I . Y Y N ﬂ
0 /10 20 30 40 50 60 70 80 90 100

/ Methane, CH, [vol %]

—_—

> Autoignition temperature : 595 °C

> Flammability limits in air (STP
conditions) : 5.0-15.0 vol.%

> 42an1sgniudl ; aglsianlviivieimlnduiie
CHﬂ,umimmﬁ <5 % (Lower Explosive Limit ),
CHJLUUTJEJ’mM >15 % (Upper Explosive Limit )

> Specific Hazards ;Exposure to fire may

cause containers to rupture/explode.

> Max. ignition velocity , Biogas (60% CH,,
38% CO,, 2% Other); 0.25 m/s

» General Behavior : Risk of corrosion by
gas contained impurities (CO, CO2,

H,S) in presence of moisture.




AMANUAYDIN1BUIBLA luA1wININ

‘ O

walaana [nn./lual 16.04 44.01 34.08
AMUNUILUY (@ 1.013 m%’aa\luuﬁﬂj , 15°% ) [nn./av.il.] 0.68 1.87 1.45
Critical Temperature [*%] -82.7 31 100
Critical Pressure [Uﬁ%ﬁﬂﬂuiﬂj] 45.96 73.825 89.37
Compressibility Factor (Z) (@ 1.013 m:%amuuszﬁ , 15°% ) 0.998 0.9942 0.9915
Sp. Gr. (Wieufiuaime = 1) (@ 1.013 L§auyTal, 15°) 0.55 1.521 1.189
Specific volume (@ 1.013 U']'%ﬁlluuﬁﬂj , 21°% ) [au.u./nn.] 1.48 0.547 0.699
Heat capacity at constant pressure (Cp)
(@ 1.013 undanysal , 25°% ) [ Alaga/(ua.1naiu)] 003> 0031 0.034
Heat capacity at constant volume (Cv)
(@ 1.013 m%amgﬁai , 25°% ) [ ilaga/(lua..naiu)] 0027 0.028 )

1.3054 1.2938 -

Ratio , Cp/Cv (@ 1.013 un$auysed, 25°% )




ATAIINFDUVDINIYYINTNNYUNULTDLNAIYUAR19E)

Methane 50.0 35.9
Purified Biogas (90%) 45.0 32.3
Mean Biogas (60%) 30.0 21.5
Butane 45.7 118.5
Propane 46.4 90.9
Methanol 19.9 15,900
Ethanol 26.9 21,400
Gasoline 45.0 33,300
Diesel 42.1 34,500




ALRAY NISVNALNUNAIUVDINYTININ 1 aU.L.

LPG 0.46 M.
duuudy 0.67 ang
dnsufiea 0.60 AN
RTTIOIt 0.55 ang
Wuld 1.50 nn.
T 1.2-1.4 N2./%3.

* RTINISNALNUNAIIIUDEN9 LAD I



AUFUNUSTLUINIAUTUINNIZVDINBIININ
NUAUNYRABTININNAMUAUAG

114)

=

BT INTVIN

o

¥ (PN.11/PD

ANNBUDUIN

——101.325 =110 125 =250 =400
0.30
_ Water-Biogas system
0.25 - Biogas composition Ay
CH,64%
Al
‘0, 36°
0.20 CO,36%
0.15
0.10
0.05

0.00

= oV

20NN
A B}

BEINN (¥)




Aa5da W (Flame Velocity)‘dmﬁ'lezi%’amwﬁ % CH, M99

Laminar-Burning Velocity(cm/s)

Q. 60%
10 = \
5 -
0 I I I I I I I I

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

Equivalence ratio

%CH,: %CO, |100:0 [80:20 | 67:33 | 50:50 | 40 : 60

AauSUaaln 38.0 3195 26.0 18.0 12.8

(LURLLANT/IUN)

(ﬁ&l’]; R. STONE, A. CLARKE, P. BECKWITH, COMBUSTION AND FLAME, 19938)



WiguigunuauUnn1e (Gas Properties) METHANE & BIOGAS

METHANE

BIOGAS

COMPOSITION, by volume

MOLECULAR WEIGHT, lbm/lb-mole

SPECIFIC GRAVITY, air = 1

DENSITY @ STP, lbm/ft>

HEAT VALUE, BTU/lbm

ENERGY CONTENT @ STP, BTU/ft>
GAS CONSTANT, ft-lbf/lbm-°R
CRITICAL TEMPERATURE, °R
CRITICAL PRESSURE, |bf/in?

CRITICAL SPECIFIC VOLUME, ft*/lbm

OCTANE RATING
IGNITION TEMPERATURE, °F
AIR-TO-METHANE RATIO FOR

COMPLETE COMBUSTION, by volume
EXPLOSION LIMITS IN AIR, by volume

Methane -100%

16.04

0.554

0.0447
23,850.
1,066.
96.3
343.6
673.
0.099
130.
1250.

10:1

5% - 15%

Methane - 60%, CO,- 35% ,
H,S- 1.67%, NH,- 1.67% , a1 1.67%
26.18

0.904

0.073 \

8,937. (IMethane - 100% U1
1 z:! ZS! v Qll
652. N9197INAASINTY 815292

59.0 apuA2sMn Liflinnsazey
- Ay udanvazaulEnasa
- A93209d Methane -
- 60%, CO,- 35% wilninau
- Wirened &rAnesalvass
- A98A7L19%19 HUAUNA
15 oranauuanluAuny




Biogas in Air,%

9429n1552L0AlAYaIN19YININTUBINIAN Yol NUAI9E

30
25 -
20

15
10

UEL

5_

O | i | i | i | i | i |

LEL

N
-}

50 60 70 80 90 100

% Methane content,% by volume



1.3 N5 1YUSLLBUANYBAININ

V6V = < &’ a = a v o LY v 3 = v Y 74
mﬂ*’un']ezﬂrm']wuJuwameLwawammmsaummumam NIDNUIUTUUIDU

I - T v ! N £ y
v i L =Y ,4 SCHE 3
]““ N\ Q." ll\ '" l Z J ' industrieh Rkl.iwrr,!{n

ﬁ*‘f

AILNILUU Combination burner TgwlnsdunsiungaufI1g3nIN



AIANINLYAUN YT ININ

wanvinlanufgInInBiogas burner

Secondary nozzle 1

Secondary nozzle 2

Primary nozzle

Ma1Combination burner

Primary air

Secondary nozzle 3
Secondary nozzle 4

Secondary air







YagUnsaline (Gas train) 13U BURNER #ldinianm

Stop valve
Filter

P. regulator
Double SV.

Burner

Combustion head

e DY R
. Pilot
Ball Valve Pressure Solenoid  Ball Valve Burner
\ Regulator Valve \
| () o1 |
|
Gas | Compound Pressure regulator
i - ‘ ‘ Pressure switch Gas
Mains ! \ \ ‘ !
| |
! , Flame - Control Val ing VPS
i Manual  Filter  pressure NC NC Arester | Valve  Bumer alve proving
! Shut off valve Regulator !
| |
! Double Solenoid Valve !
! With Proving System !
: e, when mputk?,cceed 3,000 | :— Burner 7!
i | GasTrain ! jo_side_



N5 U lavun 19BN INLNaNEAR LW
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6

YAaUn3aling (Gas train) §15ULATEIBUANILYINN

e |y L Ldni Lo

<[

! Air-Gas
| ; i
; Filter Double Flame Mixer
! Manual Pressure Solenoid Valve Arrester
| Shut off Valve Regulator |
i | Air
| | Filter
i i
! ! Air
: ________ - ! intake
|
|




1.4 AMAIMNAIFTININTNUNZFUADNITBUIU

(N7 ﬂIﬂIﬁg 5ﬂwm$%80ﬁ1%ﬁ LL‘L!SJ"Ij'l 17;11'1; Steven McKinsey Zicari, 2003
WA - H,S < 1000 ppm, A21uAY 80-250 mbar, laifity, CH,>50%
LAYSA - H,S < 10 ppm A2UAU 8-25 mbar

= ¢ o
Lﬁi@ﬁﬂﬂﬂﬁﬂﬂqﬂﬂqﬂlu

H,S < 100 ppm, A3AY 8-25 mbar ,Lifiuuazluidl siloxanes Yu

(Otto cycle engines gniinnsaunie H,S 1id1endn diesel engines)

6Y <
Arenasiuvurnian

(Microturbines)

H,S < 70,000 ppm, A1A21u38u > 350 BTU/scf

AMNAUATY 5.20 bar Lufiunwazlill siloxanes Yu

CRGICBRGE

(Fuel Cells)

PEM: CO < 10 ppm, 1130 H,S

PAFC: H,S < 20 ppm, CO < 10 ppm,aaﬂﬂiznawaamanu Halogens< 4 ppm
MCFC: H,S < 10 ppm in fuel (H,S < 0.5 ppm to stack), aaﬁﬂiznawaaminém
Halogens < 1 ppm

SOFC: H,S < 1 ppm, aeﬁﬂiznawmmineju Halogens < 1 ppm

Stirling Engines

H,S willaununsiaunauauine 10-140 mbar

NANLUUANYSTIUBRA

H,S < 4 ppm, CH, > 95%, CO,< 2 % by volume,
H,O<1x 10 kg/MMscf, 148 siloxanes and particulates Uu

AUAU> 30 bar




AMANUAVBINIFVBWAINUNI T Indl lulaTaseun

Cntical Compression Ratio
Cntical
Fusl Gas Compression Ratio

Methans (CH4) 15.0:1
Ethane (G2 Hal 14.0:1
Propans (g Hal 12.0:1
lzo-Butans Gy Hyal 8.0:1
n-Butane (G4 Hyol £.4:1




4. N15USUYFIAUNINABTININ

4.1 msirNazaIn(Cleaning) ; Mmsndnlalasiaudalvia (H,S)
4.2 713911AUNEZa19(Cleaning) ; N1TAIVAAIUIUNTDAZDDIUN
4.3 n151AuEaza1n(Cleaning) ; n1sn1dnleasniwu( Siloxane)

4.4 nsdAMNINAIETININ(Upgrade) ; n1sndafigaisusulaaanleyn

(cO,)




N15UUUF9RUNINALYININ Biogas Upgrading

Biogas ——

H,S

T

Biogas
Cleaning

CO,

T

Biogas

Upgrading

Water Scrubbing Water Scrubbing

— Vehicle fuel

Carbon Molecular

Sieves

—  Fuel cells

Excess biogas or Emergency flaring -

36



