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Overview Anaerobic Biodegradation

Polymers

(proteins, polysaccharides)

| n

Monomers

(sugars, amino acids, peptides)

=
Methanogeni C 1 propionate |

butyrate

Consortium , ,
v ‘/‘\ v

H, + CO, > acetate

et e

CH, + CO,

h Hydrolytic enzymes 3 Homoacetogenic bacteria
1 Fermentative bacteria 4 Methanogens
2 Syntrophic acetogenic bacteria

Ref = http://www.uasb.org



Methanogenic Reactions

acetoclastic
methanogenesis

CH3;COOH - CH4 + CO»y

acetate nEuERE carbon
dioxide

autotrophic
methanogenesis

COZ T H2 = CH4

carbon hydrogen methane
dioxide

Ref = http://www.uasb.org



Phase Photomicrograph of methanogens colony Rreft

=http://www.agen.ufl.edu/~chyn/age4660/lect/lect 08x/met011.jpg


http://www.agen.ufl.edu/~chyn/age4660/lect/lect_08x/met011.jpg

Florescence Photomicrograph of methanogen colony
Ref = http://www.agen.ufl.edu/~chyn/age4660/lect/lect 08x/met012.jpg
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Table 1. Physico-chemical characteristics of raw spent

wash
S.No Parameters Magnitude

1 Colour, Pt-Co units 238x10°-252x10°

2 Temperature, °C 71-81

3 pH 4.2-4.3

4 Conductivity, mS/m 5100-5380

5 Acidity (total) 7-4-8-1

6 Volatile fatty acids 2-3~2-4

7 Suspended solids 2-0-2-2

8 Total dissolved solids 89-91

9 COD 92-100
10 BOD 52-58
11 Chlorides 5-8-7-6
12 Suiphides 0-6-0-7
13 Sulphates 2-1-2-3
14 Phosphates 0-3-0-4
156 Ammonical nitrogen 0.2-0-3
16 Nitrates 0-04-0-05
17 Total Kjeldahl nitrogen 1-6-1-8
18 Sodium 0-4-0-5
19 Potassium 8-7-9-7
20 Calcium 750-820

21 fron 15-5-18-0
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Anaerobic Pond
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CSTR
Dilution Rate (1/HRT) Time < Growth Rate
Methanosaete (t, =7 d), growth rate = In(2)f, = 0.1 d"!
so minimum HRT = 10 days

Ref = http://www.uasb.org o ; A 3




Recycle of Active Biomass
Dilution Rate (1/HRT) Time > Growth Rate

sludge retention time uncoupled from hydraulic retention time

Contact

Process

Ref = http://www.uasb.org



Contact Process
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Food-Processing, Virginia

Ref = http://www.uasb.org



Upward-flow Anaerobic Sludge Blanket

| w —» effluent
3 phase

settler
separator<

gas bubble

sludge granule

influent —

Ref = http://www.uasb.org



UASB - Internal Circulation
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Immobilization of Active Biomass
Dilution Rate (1/HRT) Time > Growth Rate

sludge retention time uncoupled from hydraulic retention time

biogas
L

Anaerobic
Filter

effluent

biofilm

mnfluent



Expanded
Granular

T biogas

Effluent

Sludge Bed

Effluent
Recycle

settler

'? s .t ® %20 a8
00 L% Mgete " 0 “
O 08,%0" 0 p¥eg Jol s ve R0t
% ®geo LW e Y E
Ces o8 s, a0 V6.5 E
O 0040 0%, %0y Vgh.- ey i

ey O

bubble
Sludge
Influent =™

&

P M—

sludge
granule




Anaerobic Baffled Reactor (ABR)
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Aerobic vs Anhaerobic

COD Balance Aerobic Biodegradation COD Balance Anaerobic Biodegradation

COD Balance Aerobic

Ref = http://www.uasb.org
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HRT and SRT
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Reactor Configuration vs Ks Value

Substrate Utilization Rate
A __ =2 B _BB BN N W W W

7 Substrate

Concentration

Ks ﬁ?’li === Completely Mixed or Plug flow

>

Ks g9°) === Pjug flow
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Series Metabolism & Limiting Step

Substrate == Intermediate ===Products
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Kinetics &NN1528UN88R51591UNSAIALLAANA N
YAIANNS kinetics Aa
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dS/dt = f(MLVSS, S, Ks, kmax,...others)

- ~-<

e ds/dt = Kmax * S*X

Ks + S



Kinetic Parameters Anaerobes

Doubling Time Cell Yield Cell Activity ks
days gVvsS g-1COD ¢gCODg-1VSS d-1 mM

Active Sludge (sugar)
Aerobic Bacteria 0.030 0.40 57.8 0.25
Acidification {sugar)
Fermentative Bacteria 0.125 0.14 39.6 ND
Acetogenesis (fatty acids)
Acetogenic Bacteria 3.5 0.03 6.6 0.4
Methanogenesis
Autotrophic (H2) 0.5 0.07 19.6 0.004
Acetoclastic (acetate)
Methanosarcina 1.5 0.04 11.6 5.0
Methanosaete 7.0 0.02 5.0 0.3

Ref = http://www.uasb.org
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Nutrients Competition

Methanogens + Substrate + nutrients — New cells + Products

Acidogens + Substrate + nutrients — New cells + Products
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COD/BOD/BMP/VFA
COD = N5 AUYIFENINNA
BOD = siaadalralawuuldains
BMP = glaaidganalawuulsains

VFA = 152UV 8gaada18418 WARNATY
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Factors Controlling OLR
Organic Loading Rate = kg/m3/day

OLR = f(pH, VSS, Nutrient, Substrate
type, Mixing,....)
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Monitoring and Control
Higher OLR
Closer Monitoring & Control
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Together We Guarantee Your Biogas.
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