2.1

AH)
(solid  waste)
] 3 ( , 2529
- Hydrolysis
(Acidogenes i)
(Methanogenesis)
I
LA m 1 « /\' ”
0 1 a 4

<0

«



2.2

Bechamp  (2) o | 1 .. 1887
Hoppe - Seyler (3) (acetate)
1960
HOOH  ---eeeeeee > CR+H e (1
4 H +C02 e > 2H0+ CHE e 2)
051011 5 EEEEEE > H+C2 e (3)
2.2.1 Hydrolysis (polymer break

down)
(external  enzyme)

cellulolytic lipolytic proteolytic



2.2.2 Bcetogenic bBcteria

facultative obligate anaerobes
(organic acid) (acetic
acid) 0 x propionic acid lactic acid

facultative anaerobes
| (growth rate)
2 14 (Felix , 1978)
genera PseUtfoEONA , riavobacterium. Alcar(genes., Escherichia

~

Aerobacter

Desulfovibrio desulfuricans

(methanogens) (Stafford , 1960)

CHCHOHIO- + 2 H2O - > 00~ + HOR™ H +2 2 — (4)

2.2.3 | (methanogenlesis)
methanogens . Methanogens
J A 13 E J 0)
methanogens
)
methanogens
methanogens genera

2.1 (Stafford , 1980)



fi 2.1 methanogens

cytrochome (Stafford ,1900)
v presence of
cytrochome
Methanobacteriam H2 4 C02
thermoaatotrophi CUB
Methanobreribacter H2 4 C02
arboriphi€US
MethanCCOCCUS H2 4 C02, HCOOH
rannie 11ii
Methane sporillam H* 4 C02, HCOOH
hangatei
Methane$alCina H2 4 C02, CH30H, 4
barkeri CHACOOH, methylamines
MethanoSArC INA mazei CH30H, CHaCOOH, 4
methylamines

MethanothriX CHaCO0H 4
soehngeni i
Methanolobas tindarias CH30H, methylamines 4

Meihanacoccoides metyllaten CH30Ht methylamines 4
MethanophanclS limicola H2 4 COZ, HCOOH



methanogens

methanogens 1-2

methanagens

2.2.3,1 Obligate chemolithotrophic

o\ T — > CHA + 2 H20
AGe= -136 kj (-32.4 keal)

1 quasi-chemalithotrophic
(HCOOH) (CO)
4 HCOOH =~ - -> 4 C02 + 4 H
C02 + 4 H2 —eeemee- -> CH4 + 2 H20
4 HCOOH =~ -weeeeeeeee > CH4 + 3 C02 + 2 H20

AG 'z -144.2 kj (-34.5 kcaD/ — CH

T 0SR20 L — > CHA + 3 C02
AGo=-211 kj (-50.4 kcaD/  CH4

2.2.3.2  Methylatrophic methanogens

CH3COOH--errrere > CHA + 3 20
AG'= -37 kj (-8.9 kcaD/  CHi



Methanosarcina barkers

1 4
CHOH+ HO- —>0,+6H (11)
XHyCH + 6H - — >3 CH, +3HO e (12)
(1)+(12)  4CHyH - >3H, + 0, +2H) e (13)

a G°"=-319.5 toj (-76.4 kcal)/

A G*'= -105.5 i¢j (-25.5 kcaD/ CH4

4(CH,)H +6 H 0 wreeeeeeeeee >9CH 30 MM, (14)
AG - -638.2 fj (-163.4 fecal)/ ]]

A G '=-106.5 fg (-25.5 kcaD/ CH

2 methylotrophiC
010" . ( » o 0,,, 117
methanogena Na+
5 mv (Gottschalfc , 1987)
2.3
, (carrier) (methanofuran)
reducing equivalent
(formyl methanofuran)
2.1 (Gottschalfc , 1987)
I
(tetrahydrofolate) NB
(coenzyme M)
1l

factor 430



2.

THWP

10



factor B (Stafford , 1987)

216X p— > HOW" | 4 G*= -1.3 kj (-0.3 keal)

CHZO + HY wooeeee > CHBCH , . G = -44.8 kj (-10.7 keal) --(17

)
HCOO'+ H2 + H+ - > CH0 + H0 , a Q"= 23 kj (5.5 kcal)-(16)
)
)

CHBOH + M ——> CHi+ H0 1. G*=-112.5 kj (-26.9 kcal)-(18)8

N0 T oy —— > CHi+ 3 H20
. -135 Kj (-32.4 keal)

| (15) (16)

(18) I

16 ' |a
Methanosarcina barkeri
2.4

digester
digester
(species)
digester trophic

digester 2.2 hydrolysis

1 2 acidogens 3

homoacetagenic bacteria

]

fermentative
methanogens



2.2

ONE CARBON
COMPORNDS

1V METHANOGENIC
BACTERIA

CHy + CO,

12



2.4.1 Hydrolysis fermentativelblacteria

T
facultative obligate anaerobes
digester
hydrolysis
A hydrolysis
(acid former) (intermediate)
(volatile fatty acid)
methanogens sewage
digester 10B-103cel 1/ml (Hawfces e, 19B7)
A rate-limiting step
turn over 1 (Sleat . 1987)
1 hydrolysis
anaerobes
rumen 2.2 (Sleat :

1987)

13



2.2

Bacteroides Sliceinolens

Bacteroides fibriso |IFeNs

Bacteroides rumini@la
Raminococcui, flarefaciens
¥eocallimastix frontalis
Lachnospira malliparas
AcetivibriO cel latalyticas
Clostridiam thermocetlam

Clostridiam papyrosaf[rents

Clostridiam butyricam

F = formate A= acetate
B = butyrate = succinate

IP = isopropanol

pure culture (Sleat

1AJ v

rumen
rumen

rumen
rumen
rumen
rumen
digester
digester
estuarine
sediment
wetwood
disease
lake
sediment

- 1987)

a »i

F.AS
F,LLHC
F.B,L,H,.C
H,c

F.AP,
FA, HC
F,ALEC
F,A.LMEH,C
AEH,C
AEH,C
FALE

A.P.B,M,EIP

A B,MEHC

C=C02 H=HL P = propionate

L = lactate M= methanol E = ethanol

14



2.4.2  Acidogens OP Transition hacteria lu I

I obligate proton producing NADH
sewage digester 4x10Zcells/im | ()
) )
sewage digester Syntrop/iomonas  walfei
methanogens
Syntrophobacter wotinii
2 removing species
! (
hydrolytic
bacteria methanogens
methanogens
(metabolism)
(catabolism) I
)] cataholism proton-
reducing acetogens methanogens
)
2
2.4.2.1 Fermentative bacteria
I
(pyridine
nueleotide)
H2-oxidizing bacteria
2.3 (Sleat , 1987)

019158



2.3
- 1987)

organism

Desa IfOvibvi0

Raminococcas
flav jfacien
Se lemonas
ruminatiam
Clastridiam
cellabioparum
Clastridiam
thenraocellam
Raminococcus
a(bus

Interspecies

Substrate
EtOH, C02,
PYA

EtOH

LA

Cellu lose
Glucose

Glucose

Cellulose,

LA, H , C02

Glucose,
0?2

H2~Transfer

Alone

HAc, H ,

HAc, EtOH, co2
H

HAC, H2

HSuc, H2, Co?2
HAc, HCOOH1 HSuc,
H2, co?

HAc, HPr, C02,
LA, H2

HAc, EtOH, HCOOH,
H2, C02

HAc, EtOH, HBu,
LA, C02

HAc, EtOH, HBu,

16

Couples (Sleat

with HZ
utilizer

HAc, CH4
HAC, ch4, EtOH

HAc, CH4
HAc, CH4, co2
CH4, HAc, HSuc
CHt, HAc, HPr,
C02, LA
ch4, EtOH, HAc

ch4, EtOH, HAc

HAc, HSucl co/

EtOH = ethanol; PyA = pyruvic acid; HAc = acetic acid; HSuc = succinic
acid; HPr = propionic acid; LA = lactic acid; HBu = butyric acid
# fumarate added to medium



fermentative bacteria

1 (lannotti . 1963)

2.4,2.2 Obligate proton-reducing acetogens

methanogens
methanogens
2
obligate proton-reducing acetogens
2.4.3 Methalnogens } strictly anaerobes
digester ’ I 10%—1OEceI Is/m |
Hungate (hungate, ) !
methanogens
4 2+ C02 -weeeme >CH4+ 2 H20 , aG°'= -139 K|
) * 9 | et 1V 3
" (Stafford .~ 1960) S :
CH3CO00“+ H20 ---seeemeeee- > HC0a“+ CH4 , aG°'= -30 K|

2 M. barker 50

methanogens 2 Dblock

electron

10

sewage

17



« A rate-limiting

step methanogens
methanogens 2
420 (F420) 430- (F430) )
digester
2.5 [
digester (Sleat , 1987)
Monod
activated sludge
log phase
dN/dt = jiNo e (22)
N = / =
aX/dt = a X X= rFee e (23)
<) 2
A max | (nutrient-limiting
concentrétion)
X (FIV) F o=
Vo= FIV =D (dilution rate)
24
dX/dt = 2K -DX — (24)



(retention of solid) A =D
A >D A

Mc Carty  » (Mc Carty,

dX/dt = a (deldt) - BX

dxX/dt =
de/dt = BOD
X =
a = growth yeild constant
b =

4C/dt = KXI(Kg+S)
K =
Kg= 4C /it

hydraulic flow

time-limiting
1975)

19



2.6 (reactor/digester)
2.6.1 (batch digester) V(
! methanogens
methanogens a 0il” C 0 (seed)
methanogens
serai-
, ., 110 N 5 .
aerobic 2-4
anaerobic
3-4  (Stafford . 1980)
2.3
0 : ’ 1 I J
1:14 1:4
0 J \ \ 1 \1 1 0 1

methanogens

20
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/\%

WG 6

s ,
b My

%m

Qg

/‘ /z(//

J

2.3
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2.6.2 Continuous feed digester

(influent) !
A [ !]
! !
digester ! ! 2
[
( |
(influent) (effluent)
( (24

24 | B



digester

) .
1980{  Gofaar  Gas Institutel*on
1950
digester 6000
12,000
1990
digester
{ digester
( 2.6) digester
5-6 (7 3)
{ 2.7 {

dige

{

1939 (Stafford,

2.5

A " A

1975
ster

{25,000

1

1973

100,000

10,000

1960
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INLET TANK

v
QUTLET TANK

LN %B_.

6~ PARTI-

TION WALL

14 HIGH é

159"
: (Pl
4= DIA. C.C. PIPES N
3" C.C. FOUNDATION 1:2:4
&" L.C. FCUNDATION =
AR AL AT T
1 05" e
i

€” PARTITION WALL

4" DIA. C.C. PIPE

, 2.5

s PLASTIC HOUSE

15m
+

WOQOEN GAS HOLDER
. | WITH PLASTIC LINING OUTLET PIPE
S OVE N W g

Ve W 3

INLET PIPE

DIGESTER

1.8m

2.6 g



2.7

QAS VOLUMI

’ 0.1 17 13 wuosc

« |1l

»* 1o uwm

51

25



digester

50-60
(scum)

time

[ 5 ! 15
10 (Conethard [, 1976)
2.8 digester

2.9 retention

[ |

T

HEATING

wu_s\.

o_o'"oyo o dlloz

‘ EFFLUENT INPUT

2.8



(septic tank) digester

septic tank
™ « ™ « 2
« 2-3 ( 2.10)
30 septic tank 2 (  2.11)
2 3 « 300

septic tank (
« N1 2 ) (Stafford « , 1980)

V=0138 N+ 184 e (27)
V= septic tank ( 3)

] g U & Y- GROUNO LEVEL

54

2210 1 ¢ as I ‘7490\'01‘1]'21'31'41'5

TUDENAE

2.9

21
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Imhoff

septic tank

2.10

R RELEN IR
1

SHNAARIITS

S
O,

., ~ a7 v
PCOR Grat R oS LN

u

septic tank

2.11
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2.6.3 Plug flow digester )
(fermentation canal processs)
2.12 '
1950-
1959 South Africa Hog Farmer (Stafford, 1980)
« 2.13 digester
1

scraper mechanism

\_[FT7HRl 77777 TP

5 o i

\
R
GAs

AGITATOR STEAM HEATING

: j4 (e
: : I
sCuM . —_— ? ) PUMP 5
[ 1 9 =
"’”C”*{ T SAND/GRIT TRAP

| l

=
OQUTLET ] DRAG LINE
A

B 7R ol
. ™. FLOATING CYLINDER
SCUM CRAG b3
SECTION AA

2.13 , Hog Farmer



2.6.4 High-rate digester digester
digester
1 I« digester I
0" «g 40,00 41
Rowett Institute 1)
digester automatic single stage 1973 (Coulter
,1980)  mu 2.14 13 3 Y
slurry 300 digester
scum
I
retention  time | V10 0.3 W3/kg total solid
volatile solid total solid 70 % 70 %
> G:‘S > I_WN‘—‘W

OVERFLOW
WEIRS l iy

C}—-—I ai ' af
e T
1 DIGESTER
SETTLING HOLDING HEAT
TANK TANK EXCHANGER

GAS HOLDER v

<+
<+

30



high rate Dbiogas «
V 2522

100 )3 (Tanticharoen ,
1985) « digester high
rate  continuous ! Cone Thard (1980) a

digester 400 13 butyl rubber

’ (« 2,'15) ¢, 0 3 100
digester ] 2

digester

1 VoVa d

digester
digester
acid-
sensitive bacteria

- INFLUENT
CARBON
L} ] L
3\"3:&05 { : EFFLUENT
810 GAS =
OUTLET ; q START UP HEATER PORT

;
RADIAL A
;lé::?sm ~ —— BAG SUPPORT TAPES
il »\

q ni-

1 [f-“: A S | { BSOS %-BUTYL TYPS 3AG
4 Bl

i l)i.;-msuu'rmc PANELS
alfl| —— _ _— —_— — —_—

T R\

i STEEL MESH

i SUPPORT WIRES
Vi
/1‘ 2 .
i P = SRR e — APt _| CONCRETE FOUNDA-
S — TION RING °
R e T—— — LSRR 7o
Ba~ B e LU PR e — - £
-/\’I;f_" S R R ot 50 A Sl PSSP SORR AR N FOU ) e
H 2ade o an e = e . A

)
» (43

INSULATING FILM

HEAT EXCHANGERS

2.15 A Cone Thard
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I high rate

2.6.5 Anaerobic filtration
digester retention time 10
1/10

i 2.16

W, M M = . .
% S: 2.16 Anaerobic Filter

q Q
FITEYR™ )\5\_“)(98 ]
2R

QAN IS
A S
G

(sludge)
/
da U ai 11, d
digester 1957 Coulter
(Coulter, 1957) 10 '

152 . 1.83
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25-38  mesh void volume 42 % 4
2 +
digester !
digester
anaerobic .filter I 0 1BOD
200 - 10,000 mg/1 ’ ' ’ ’
anaerobic biological process
anaerobic filter
effluent
2.6.6 Anaerobic contact process
digester ( 2.17) retention
time 0.5-5 digester
sludge 3
m ]
mixed-liquor
1953 ar\1/aerobic conﬁact process ”
(Fuclen, 1953) !
sludge
60 % degasifying chamber
digester U %
85 %
anaerobic contact process 2. 17

effluent digester



INFLUENT

—_
E—

HEAT EXCHANGER

=

A i
DIGESTER CONTENTS
——

RETURNED SLUDGE & MICRO-ORGANISMS

34

Gas
EFFLUENT
e .
/
/ SURPLUS
—

]

Anaerobic contact

GAS

‘ GAS RECIRCULATED FOR MIXING

—

\

BIOMASS SEPARATOR
L

; 7
I —_———
1{ TREATED EFFLUENT
Pr—
' l ‘ - EXCESS SLUDGE
RAW EFFLUENT BIOMASS RETURNED TO DIGESTER

| 2.18 Anaerobic contact

«
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] solid retention time 20-30
1-5 BOD ' 1,500-
50,000 mg/l 85-95 X

2.6.7 digester

methanogens
strickly anaerobes

)
Lau (1990) (silicone rubber)
trioctyl phosphine oxide (TOPO) membrane
digester ] flux
TOPO




2.7 « (Anaerobic fermentation
of semi-solid and solid substrate)

anaerobic digestion

0} 01/04» « Il 1 _
90 % (wet organic) (Jewell , 1981)
) 1 sewaga sludge | 0y
thermodynamics
solid-substrate semi-solid
substrate 12-20 % solid
substrate 20 % (Bacre ,
1981) (corp residue)
MSW
MSIT 0.7- 08 (Bacre ,
1981) MSW 55-60 %
solid substrate digester 3
- conventional complete mixed digester
- two-phase digester
- dry anaerobic digester
2.7.1 Conventional complete mixed digesteer
sewage sludge solid semi-solid substrate
5 % 1978
digester 100
(scum) .
M S L g ¢ au .id

(Bacre , 1981)
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2.7.2 Two phase digester liquid
fraction 1 liquifractian-
acidogenesis reactor (LA-reactor) i

2 flow-through reactor 2
Ghosh (1985) VBN 1
RT3 B B
1986 Zubr (Zuhr, 1986) J
2 1 66.4-
1.8 % (VV) Verrier
(19871
} B 55 1
2 2 i 2
HRT 3 43 ttf\ma v 81335 I %¥ -7 1
55 13 1 } 2
15 %
2.7.3 Dry anaerobic digester dry digestion
20 %
dry digestion 40-70 %
anaerbic digestion Buivid
(1987)
142
3 dry digestion

i

dry anaerobic fermentation

401 Kjl

(post pretreatment)



] «
2.8
28.1 | methanogens (
2 ' mesophilte
thermophilic ( 30-37 (
3B 2 50-65
[11 ") 0 N\ 05‘,5
methanogens ( 2
pshychophilie
] thermophilic
mesophi lie methanogens 1}
(
(
" mesophllle]l p]s ’ [, .
(Nyns [, 1986)
methanogens mesophilic thermophilic
10-20  (Nyns [ , 1986)
( Hashimoto
(1983)
2 mesophilic thermophilic
) thermophilic 2.1

(hydraulic retention time, HRI)

38



thermophilic Marique
(municipal solid wastes, MW

3 5
\ o)
i u Aa l 0
] B
2.8.2 (H)
8
6.5
H30+
digester H30+
v 1 01110 I U]
H30+
I
]
(Verrier . 1987)
H30+ HC03 HQ0Z A HO + Cla - {
1
H0+ A
| diqester H0+< 10_3.
B alkalinity (Y Hog ot A
HO"

buffering capacity

(1989)

Vi
digester

M2ca. . 1

55

(28)

eacCatiuVvmMmM”rA

39



2.8.3 (Mixing)

(turbulent,)

(Comerford 1986)
- mechanism
(liquid circulation)
(compressed air) *"

dead area

1990 Rivard

011 0,
fed-batch 37 1,5 10

/ ]

2.8.4 / (CIN ratio)

NHi+

25

40



16-19 , ; |

Ii (domestic waste)

(sewage sludge)

Shiralipor (1984)
] digester
/

(kelp) 2.19 (Speece - 1087)

0.5
W 04 —
53
€ v
-
o g 03 [—
LD’ >
=i
e 2
3 3 o
z 5
= Aa100 -

| |1
OIO 12 14 16 18 20 22 24 26 28 3C
C/N RAT!O

41



2.4
/

/
kelp 15
10
1 40
41
490
primary sludge 8
VB 16

2.8.5 (Micronutrients)
2
(enterochelin)
(Speece , 1987
!
hzco?

430 (F 430) ,  methanggens
250 - 1,100 N

42

(Speece , 1987!

84
9%
194
521
446
50
204

(siderophore)

(urease)



2.8.6

2.8.6.1

2.5

cation

mi

methanogens

cation

(Dikert

100-200
200-400
100-200

75-150

50 - 100 mg/l
anion

- 1984)

(mgl1)

3,500-5,500
2,500-4,500
2,500-4,500
1,000-1,500

8,000
12,000
8,000
3,000



cation
cation 2
Na+ Kt .10 0] cation
cation "

cation mettalic activators

2.8. 2
-12
(CHC13)
methanogenic archae bacteria

analogue

2.8. 3

2.9 - - (Properties of biogas)

2.9.1

(C0) NHS)

2

44

cation 1
Ca2+ Mg2+

0 ~ ]

5-8

1 mg/t

<2)

anaerobes

<HC03”)
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1 oxidation
lib oxidation number
' HC03"

il alkalinity

2.6 C Henry's constant
(Gandy £, 1988)

T «2 n? Air 2 CHU €02 H2S

Kl 20°¢ 7.93 104 6.78 104 7.77 104 1.36 10-3 1.45 10-3 3.84 10-2 0.113.
(mol g1 20 atm’3) 25°c 7.17 104 5.85 104 7.03 104 1.16 10-3 1.23 10-3 3.11 10-2 9.33 10-2
3 6.59 10-4 4.96 104 5.95 104 9.70 104 1.005 10-3  2.34 102 7.24 102

wiS'h o atm* 20°c 18.20 1542 . 1870 31.03 3380 ;878 2582
25°c 17.54 14.32 17.20 28.44 30.00 760 2032
35°c 16.66 1254 15,04 24,52 25.40 592 1831

(Adapted from Bernard and Busnot, 1978, by counesy of she authors)



46

[ 2.6 3 ( Henry's constant
1.005 x 10~3mol/l atm
2,34 x 10"2mol/l  atm 1
60 % 40 % 0.6 nM
(0.64 mg/1) - 1 9.8 M (39.2 mg/L)
Henry's constant
[
C02 C02(sol) + H0 H2C03 HH+ HO
HH C3~ - (29)
K=34 x 10~3
Kt=76x 103 %
K =561 x 10~It
501 =
( H )
( H )
2008
[ (acetate species) [
1
CHCOCH H+Cc2 e (30)
HBC0" + Na + HO CHI + HOO3~ + Nat —(31)
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{r 3
2.9.2
<Hl) (H2) (N2) H
2
R (9) ;==? H (sol) "~+ Ht+HS"=t H+ 2'-(32)
Kh=T774 x 10 2ml/l.am 3
Ki=91x10s 18
K =11 xlo't2
H v / obligate hydrogen
producing acetogenic bacteria «
2 methanogenesis
\V
(NG3")
(NHa) 2 1
mineralisation
NB  NH+
N A=A N BIL+ HO A=A N+ + 0B e (33)

Kh = 47.9 mol/l atm

Ko = 1849 x to'> 25



2.9.3 «

Henry*  law A 0
. u u A a o
A

3 1= KiPa - (34)
[A] = mol/l
PA = aim
Kh = mol/l.atm

Henry's costant (KH

1 2.6
2.9.4
0
d =fgrfta (35)
df =
f(g = gas specific gravity (g/l)
fa = air specific gravity (g/l1)
fg =Mg224 e (36)
My = gas molecular weight (g/mol)
22.4 gas molar volume (1/mol)
/

M=1xi (12c+1H+16i0+M¥IN+32IS) - (37)
Ne =
Xi = ( % )

| ¢, iH, Is =



2.1 ]
(Gandy , 1988)
9 50 60 80 %
da* 1.040 0942 0745  0.652
da =
2.9.5 thermodynamics
2.8
-82.5 46.7 bar
I
2.8
H N~2 N3 02 CH
[ (°C) -2399 -1471 1324  -11857  -825

(bar) 131 342 1139 508 467

49

100

0.555

02

100.4

90.1



50

2.9.6 (Minimum' auto-ig'nition
temperature, MAIT) MAIT [
MALT
2.9 MAIT

2.9 MAIT
(Gandy , 1988)

MIT <C)

606-650 0.24
675 0.275
632 0.44
656
748 10 mm
165 mm
673 0.19
659 0.2
601
0.8



2.9.7 (Flame velocity)
. 1. U
(laminar)

2.10 25

(cm/sec)

43.4
39.1
45.6
443
110
48.4

25
1 <01 To)
(V]

Vt - VO x (TtITO)

aerodynamics
(turbulent)

51
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2.9.8 (Flamability limits)

)
1))
2.20 (Gandy
[ , 1988)
flamable composition

flammable
cempositiens

YN/NY
/\/\/\}\ \/\/\/\

40 B VAVAVAVAVAN
/</\/\ “K V\<7§7</\ <

EAVAVAVA- \VAVAVAVAVAVANICY
S zy\/\<>/“ TAVATAVATATATAY y=

Go

/\/\/\/\/\/\ \/\/\
yAVAVAVAVAVAW /AVAVAVAVAVAVAVAVAYA S
NN NANNN SINANN N N NN NN, ﬂ
VAVATAY w'h e acha Vb a vl dmb b i vl FaTAN
/\/ VAVAVAVAVAVAV AVAVAY NNININININNTNTN,

6 /\/\/ \/\/\/*

20 40 60 80 10€
Volume percent carbon dioxide
[ 2.20 0 % C02
24 % % CH
[ 8 % 68 % flamable
composition 53 - U4 %

5 %



2.3.9

properties of biogas components)

«2 ,

mild steel
03 02
H 0 )

oz o 2 3

(H2C03)

pH = 3.8 - 1/2 logt0 P 20
P = har

bar 20

(Corrosive
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