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and anaerobic digestion process. It is one of the technologies for implementing simultaneously energy
recovery and waste sludge treatment. Understanding the syntrophic interaction in electroactive biofilm and
activated dudge will be helpful to enhance the ability and regulation of bioreactors. High-throughput nucleic
acid sequencing technology has the disadvantages of high cost, long time consumption and unpredictability.
Therefore, dynamic simulation of microbial community will effectively predict structure and function.
[Objective] The evolution of thermodynamics and kinetics between microbial species in anaerobic digestion
and bioelectrochemical system was studied. Under the different ecological conditions including electron
donor, electron acceptor, temperature and pH value, the electron flow direction of substrate and the dynamic
change of microbial community structure were analyzed. [M ethods] A multi-agent-based simulation (MAS)
model was established for the microbial electrolysis cell (MEC) fed with waste sludge to evaluate the energy
efficiency, mass transfer efficiency, and electron transfer from substrate oxidation of MEC, and to simulate
the real-time change of microbial community structure coupled with dynamic and thermodynamic analysis. It
revealed the decisive factors affecting the electronic flow direction of MEC and the corresponding microbial
community, and provided the basis research on interspecies interaction and dynamics in the biological
treatment system in complex pollutants. [Results] The optimal energy transfer efficiency (0.2) and mass
transfer efficiency (0.5) of the MEC using waste sludge were determined through MAS simulation. The
predicted microbia community dynamics under MAS with thermodynamic and kinetic parameters agreed
with the high-throughput sequencing of 16S rRNA gene. Propionic acid was not accumulated in MEC during
long-term operation. [Conclusion] It confirms that MAS combined thermodynamic and kinetic parameters
can real-time predict the microbial community dynamics. The research shows that multi-agent simulation
provides a new method to monitor the change of microbial community structure, which is flexible to
combine with high-throughput nucleic acid sequencing technology, and will become a new approach for the
prediction and estimation of microbial community in the engineered and natural ecosystems.

Keywords: Multi-agent-based simulation, Thermodynamics, Kinetics, Microbia electrochemical system,
Waste sludge
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Tablel Potential reactionsin the anode chamber
Functiond  Metabolic - Blecrontranster i~
. Stoichiometry (mmol/mmol 1, References
group function . (kImEq) (mmol/L) (d™)
reaction)
Fermentative Rl  6C3H40s—4C;HsCOO +2CH;COO +2C0O,+2H,0+6H" 8 -11464 1050 0.090 [19-20]
bacteria R2  2C3H403—2CHCH,OH+2CO, 8 -27.29 1630 0.080 [21]
Exoelectrogens R3  CH3COO +2H,0—2CO,+7H"+8e" 8 2592 242 0070 [22]
R4  CH3CH,COO +2H;0—CH3sCOO +CO,+7H +6€" 6 —-3318 320 0.060 [22]
R5  CHsCH,OH+H,0—CHsCOO +5H"+4e” 4 -3746 220 0.060 [22]
R6  7H'+7e —»3.5H, 7 3420 210 0.050 [22]
Methanogens R7  CHsCOO+H'—CO,+CH, 1 -11.48 086 0.030 [23]
R8  4H,+CO,—CH,+2H,0 8 -1538 232 0017 [24]
Hydrogen RO  2C3H40s+2H,0—2CHZCOO +2H"+2C0O,+4H, 8 -24.88 1260 0.020 [25]
E;?:tduqng R10 CHsCOO +H"+2H,0—2CO,+4H; 8 1395 1250 0.015 [26]
era
R11 CHsCOO +2H,0—CH;COO+CO; + 3H, 6 1333 1490 0.041 [27-28]
Sulfate R12  2C3H40s5+S0O* —2CHZCOO +2C0O,+HS +H™+2H,0 8 4390 262 0.250 [29-30]
reducing R13  4CHsCOO +3S04°+3H ' —4CH,COO +4CO,+3HS + 18 758 400 0.020 [31]
bacteria 4H,0
R14 CHsCOO+SO,% +2H"—2C0+2H,0+HS 8 -507 130 0010 [32]
R15 4CsH40:+12S0,4 —3CHCOO +6C0O,+12S05% +3H"+ 24 -151 7.2 0040 [33-34]
6H,0
R16  4C3H40:+6S0,% +3H"—3CHZCOO +6C0O,+3S,04 + 24 -2822 800 0.086 [35]
9H,0
R17 4SOs% +H' >3S0, +HS 6 —-39.26 050 0.012 [36]
R18 S04 +H,0—SO+HS+H" 1 -21.87 50.00 0.050 [37]
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