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Introduction: A simple photo-fermentative
biochemical model was developed using the
Transport of Diluted Species physics interface.
This preliminary approach is based on a
dimensionless model seeking optimal physical
parameters based on given biochemical
parameters found in literature.

Computational Methods: By the Reynolds
Theorem, a one-dimensional steady-state inflow
of diluted species is used to predict substrate
consumption and hydrogen production by
photosynthetic bacteria. Monod equation is
usually used for enzymatic reactions. Many
simplifying hypothesis were made, such as
complete anoxic environment and continuous
sufficient light energy.

Results: Dimensionless approach enables
physical parameters sweep without altering
the mesh. Optimal length and width for
complete substrate degradation were found,
based on a fixed daily load. Figure 1 and 2
show an example for L=650m and rmax=0.2m.
The dimensionless model makes it easier to
visualize the reactor, as shown in Figure 3.
Parameters are summarized in Table 1.

Variable Value
Acetic acid daily load 5.0 kg day-1

Maximum Dilution [3] 40 mmol/L

Initial Bacterial Concentration [1] 0.15 kg m-3

Half Saturation Constant [2] 10 kg m-3

Specific Growth rate [1] 0.025 h-1

Hydrogen Yield [2] 0.02 kg kg-1

Conclusions: This basic model leads the
study for a photo-chemical reactor. Many
other restrictions and limitations can easily
be added, for example heat transfer and light
penetration. Many studies suggest a
complete system for the organic cycle, while
producing useful energy, so this model
becomes one part of a complex biochemical
study.
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Figure 1. Reactions

Figure 3. Dimensionless Reactor

Table 1. Parameters

Excerpt from the Proceedings of the 2014 COMSOL Conference in Curitiba

Boundary Conditions:

Dimensionless
Variables:

Reactions:

Figure 2. Production

(z = coordinate, L = length, rmax = radius, u0 = velocity,
μmax = growth rate, D = diffusion, Pe = Peclet number,
Lk = Damkohler number, ks = half saturation, s0 = initial
substrate, yb = yield , eH2 = efficiency, and t=time).
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