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A Model for Anaerobic Degradation Characteristics of Organic Waste
Young-Chae Song

Dept. of Marine Environmental Engineering, Korea Maritime University

ABSTRACT

A kinetic study for an anaerobic batch reactor was performed to evaluate quantitatively the ef-
fect of substrate characteristics on the anaerobic degradation of organic waste. The kinetic behav-
ior of anaerobic degradation was described as a first order series reaction that is a consecutive reac-
tion of acidogenic and methanogenic fermentation. DR(Determinant of Rate limiting step) that is
based on the balance between the rates of the reaction steps was defined, taht is the logarithmic -
ference between maximum acidification rate and maximum methanation rate. anaerobic degrada-
tion characteristics, such as the kinetic and rate limiting step, could be evaluated by the value of
DR. DR depended on PR(Pivotal Ratio) that is a ration of ultimate methane production to maxi-
mum methane production rate. PR could be obtained easily by using a first order kinetic analysis
for overall degradation, and it was considered as a useful parameter to estimate approximately the
characteristics of anaerobic degradation for organic waste. The simple evaluation method for the
degradation characteristics of organic waste might be used to improve the effiency of anaerobic deg-

radation, and to design a more effective anaerobic digestion system.
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Acidogenesis
Acetogenesis

methane + carbon dioxide

Fig. 1. Simplified anaerobic degradation scheme of organic waste.
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~B ks, (@)
o} 7] A, k, = kinetic constant on the acidification(d™")

S: = biodegradable substrate concentration

(mg COD/L.)
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7] 4, S, = cumulative final products of acidifica-
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- B ks, n
oy 7] A, k, = kinetic constant on the methanation(d™)
S, = cumulative final products of acidification
which is converted to methane(mg OOD/L)
S, = concentration of final products of acidifi-
cation(mg COD/L)
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Fig. 2. Kinetic behavior of the anaerobic
degradation in a batch reactor.
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Tabel 1. Kinetic Parameters of Various Sub-
strates Used in the Model

Maxmummetre  Utianate methere
Subsrate . ) Reference
procucion rate{né/gd) producton(nd CHyg)
ghooe %2 207
Baxe .
o sarch 0 2106 Shnetal,
ool N0V 5% 1o (19%)°
cawin 12411 %86
Food Rural ared® 0B 30 Shneta],
WS | Regaran 5892 %6 1194
m Food boar 4030 W
wete | Waxpap By 3l
el Owers &
Yad | Gbs 17% P el
W L 103 123
{19%3)2
Pr | Newmer 6% 10
Y Offie papert 5018 %

(*CMC, Carboxymethylcellulose Sodium : *Food waste pro-
duced from rural area(grain : vegetable : meat & fish=0.064
:0.719 1 0.217, based on dry weight);Food waste produced
from restaurant(grain . vegetable : meat & fish=0.392 : 0.
209 : 0.399, based on dry weight);Food board, bleached kraft
food board(uncoated);*Wax paper, unbleached tissue, food
grade parafin was coating;Newspaper, groundwood paper
with printed ; Office paper, bleached kraft paper)
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Fig. 3. Anaerobic degradation characteristics
of organic wastes according to pivotal
ratio(PR).
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Table 2. Anaerobic Degradation Characteris-

tics on the Basic Components of Or-
ganic Wastes

Substrate/Parameter DR ki/k, PR
Glucose 3.256 25.95 0.331
Starch 1.660 5.26 0.256
CMC 0.193 1.21 0.152
Casein 4.075 58.82 0.352
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Table 3. Maximum Specific Substrate Utilization
Rate on Basic Components of Organic
Waste Reported in Literatures

Noike, et al. Ghosh, et al.
Substrate/Reference
(1985)? (1978)°
Glucose 66.2 48.0
Starch 375 -
Cellulose 1.3 10.6
Acetate 4.1~10.9 1.8
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ic 2
<2 c
850 10 =
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0 4 774
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Fig. 4. Comparison of anaerobic degradation
characteristics for the various carbo-
hydrates with previous studies.
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Table 4. DR and PR of Various Organic Wastes
in Anaerobic Degradation

Waste/Parameter PR DR ki/k,
Food Packing Wastes
Food board 0119 —0295 0.745
Wax paper 0083 —0.896 0408
Yard Wastes
Glass 0084 —0875 0417
Leaves 0084 —0875 0417
Paper Wastes
Newspaper 0069 —1.176 0.369
Office paper 0136 —0.040 0961
Food Wastes :
Rural area 0096 —0665 0514
Restaurant 0.166 0.375 1462
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DR : Determinant of rate-limiting step in an anaerobic
degradation processes.

k  : Overall kinetic constant(d™").

k, : Kinetic constant(d™") on the acidification.

k. : Kinetic constant(d™') on the methanation.

PR : Pivotal ratio representing the ratio of maximum
methane production rate to the ultimate methane
production.

S, : Biodegradable substrate concentration(mg OOD/L).

Sy : Initial concentration of biodegradable substrate
(mg COD/L).

S, : Concentration of final products of acidification
(mg COD/L).

Sum : Theoretical maximum concentration of final prod-
ucts of acidification(mg COD/L).

Sim 1 Maximum concentration of final acidification prod-
ucts(mg COD/L).

S, Cumulative final products of acidification(mg COD/L.).

S» : Cumulative final products of acidification which is
converted to methane(mg COD/L)).

S:  : Cumulative methane production in COD equivalent
(mg COD/L) at time t(day).

Si : Ultimate methane production in COD equivalent
(mg COD/L).
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