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Kinetic Model of Anaerobic Hydrolysis and

Acidogenesis of Particulate Organics

Kim, Hui Kyoung

Department of Civil and Environmental Engineering,

Graduate School, Korea Maritime University

Abstract

A model, which was based on the rational assumptions, 1) particulate
organic matter in anaerobic degradation process are firstly hydrolyzed
to soluble organics by hydrolytic enzyme, and ii) the production of
the hydrolytic enzyme in the acidogens is induced by shortage of the
soluble organics, and iii) the production rate is proportional to the
acidification rate, was proposed to describe the hydrolysis and
acidogenesis of particulate organic matter. The proposed model was
consisted of 6 unknown variables, and 12 model parameters. In order
to estimate the parameters, the mass balance equations for 6
variables were derived for a semi batch acidogenic reactor. The
sensitivity analysis for VFA and SCOD as the state variables was

performed and the parameters were classified into three groups, i.e.
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more sensitive group, sensitive group and less sensitive group. In
order of the group sensitivity, the model parameters were determined
by a nonlinear regression using the experimental data from the
acidogenic reactor treating food waste. The experimental data was
well fitted to the state variables of the model, and the adequacy of
the description of the hydrolysis and acidogenesis could be improved
if the model made up for the kinetic expressions to represent the
effects of factors such as pH, temperature and substrate and product
inhibition.  The results of simulation under various dilution rates
showed that the model might be a useful tool for design and

optimization of acidogenic reactor of particulate organics.
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Nomenclature

Hydrolytic enzyme within acudigens(mg/L as COD)

Hydrolytic enzyme in bulk solution(mg/L as COD)

Soluble monomer COD(mg/L)

Total VFA concentration(mg/L as COD)

Biomass concentration for acidogens(mg/L)

Particulate COD(mg/1)

Saturation constant for acidogenesis(mg/L as COD)

Hydrolytic enzyme yieldimg E,/mg VFA production)

Maximum specific monomer utilization rate(mg/COD/mg VSS/hr)
Enzyme constant(mg/L)

Mass transfer coefficient for hydrolytic enzyme(mg/mg. day)
Denaturation constant of hydrolytic enzyme(L/hr)

Hydrolysis constant(L/hr)

Equlilibrium constant for adsorption and desorption of the enzyme
Saturation constant for hydrolysis(mg/L)

Acidogens biomass yield(mg/mg)

Decay constant for acidogens biomass(/hr)

Acidogens biomass constant
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Fermentation

Complex Polymers

Proteins Carbohydrates Lipids
Hydrolysis
A A A\ 4
Amino Acids, Sugars Fatty acids, Alcohols

\

Intermediary Products Ana.el'o.blC
(Propionate, Butyrate etc.) Oxidation

A

A

Hydrogen

Acetate

Aceticlastic
Methanogensis

A

Carbon Dioxide

Homoacetogenesis

Reductive
Methanogenesis

Methane
Carbon Dioxide

Fig. 2.1 Schematic diagram of anaerobic degradation
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Particulate Hydrolytic Enzyme
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Fig. 3.1 Conceptual model for hydrolysis and acidogenesis
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%, VFA 59 A3Ee 2l ARgsts] 9Iske]l CODE vhehhgieh.
VFAsel sl Addow e $Re AAeti Sas) uee] WA

= At A F-A e

Table 3.1 Experimental data used for verification of the model

Data
) SCOD VFACOD TCOD
Time(hr

0.0000 13031.5000 4531.0330 17381.8000
1.0000 12761.8000 4266.1320 22875.2000
3.0000 13362.9000 4938.7780 25305.0000

6.0000 11150.2000 5202.5064 23664.0000
10.0000 9582.2200 4902.4274 17879.5000
16.0000 9146.7000 4272.1016 10367.1000
24.0000 9968.0000 4722.9130 13284.4000
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Model derivation of

\j

Hydrolysis and acidification

A

Design
Experiment

Sensitivity Analysis of Parameters

Y
Classification

According to Sensitivity

Non-Sensitive

> Parameter Parameter Estimation
¢ |1 first
o : hon—sensitive = const
Sensitive |, |i) second
L Parameter : estimated parameter= const
) Modification
first of Estimated
Parameter
Simulation ) second
NO YES
Model Suitable? > Finish

Fig. 3.2 Algorithm of processing for modelling work
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