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Abstract Anaerobic digestion of low-grade biomass has attracted increasing interest in reducing greenhouse gas
emission and facilitating sustainable development of energy supply. The theory of anaerobic digestion biogas
generation and feedstocks are presented in this paper. It provides a review on mathematical model of and
simulation research on the conversion of C, N, P in the process of anaerobic digestion. First order kinetic model is
the simplest mathematical model which can simulate the dynamics of methane production. The advanced
mathematical ADM1 is most popular, and simulates the conversion of C, N, P in anaerobic digestion. The model,
simulation subjects and results of anaerobic digestion biogas generation of common substrates are given. Methane
yield is the main subject of simulation investigation which is studied in almost all simulation researches on
anaerobic digestion biogas generation, and some research reports the variation of volatile solid, volatile fatty acid,
COD, CH,4, CO; and inorganic carbonate in the process of anaerobic digestion through mathematical modeling,

with which the conversion of C can be determined. Simulation researches on the conversion of N include
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variations of ammonia nitrogen, inorganic nitrogen and total nitrogen. Simulation research on the conversion of P
from sludge digestion is also presented. The challenges and future research trends of the conversion of C, N, P in
the process of anaerobic digestion are forecasted.
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Table 2 Model, simulation subjects and results of anaerobic digestion biogas generation of common substrates

Substrate

Model

Simulation subject

Simulation result

pig slurry

dairy manure and food waste

wheat straw pretreated and cattle
manure

food/vegetable residues

organic municipal solid wastes

substrate mass balance
model

first-order kinetics
model

gompertz equation

deterministic model

first-order kinetics
model

biomass yield=0.065 g VSS - (g CODremoved) ' 28 )

biomass yield=0.016 g VSS - (g COD,em‘,Ved)’l 38 )

32% food waste+ 68% manure, methane yield=282 L - (kg VS)™
48% food waste+ 52% manure, methane yield=311 L - (kg VS)™
CH, yields=(0.37020.02)m’ - (kg VS)™

methane %, biogas generation
soluble COD
volatile fatty acids/ soluble COD

R*=0.9792
R*=0.9941
R*=0.95
R*=0.86

good agreement

good agreement
R*=0.8723
R*=0.6912

grey waste first-order and Contois  methane production good agreement
kinetics
organic waste and waste activated ADM1 effluent TCOD, SCOD and TVFA; effluent IC and IN; gas flow; acceptable fit not good fit
sludge CH,4 and CO, (%)
liquid manure and renewable ADMI biogas production, methane content in biogas carbon dioxide content acceptable fit not good fit
energy crops in biogas, hydrogen content in biogas acetate effluent,
concentration, propionate effluent concentration
COD COD
COD 62% “l NH;
COD 3% COD
Derbal ADMI
Konrad  ®Y
ADMI1
pH
VFEA
Manfred % Francis
ADMI
COD
3
VS
VFA COD CH; CO, wild [
NH;
NH; pH
9601 NO3—NO,—»NO—-N,0—-N, NO3;—

NO, —>NHZ [64-65] [ ; [66]
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