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Abstract:Thispaperfocuseson finding the kinetic parameters of microbiological hydrogen production reaction
based on the mathematical model proposed by Bovee et al.[1]. Hydrogen is produced from a photo-bioreactor
using photosynthetic bacteria. The kinetic parameters will be evaluated using substrate consumption data
reported in literature[2]. An optimization algorithm is developed to compute these parameters under condition
that the difference between model computed substrate consumption rate and the data reported by Kim et al.[2,3]

is minimum. The production rate data that is used for validation of the proposed algorithm proved that the
algorithm succeeded in evaluating the correct the reaction parameters of the proposed model. The investigated
kinetic parameters are pseudo-order of reactions, yield parameter and a specific parameter k. The model with
the estimated kinetic parameters is used for the predictions of hydrogen production under different substrate
doses. It is that the organism with 20 g/L initial substrate dose produces hydrogen higher than those of bigger
doses after five hours.
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INTRODUCTION

Clean and renewable energy systems are required to
prevent environmental problems caused by the use of
fossil energy sources. On the other hand, hydrogen is
expected to become a major energy carrier in the near
future. Using renewable energy ensures sustainable
hydrogen production technique. Solar energy is the major
renewable energy source and the biggest of which in
Egypt. All Egyptian territories are well endowed with
solar radiation as in Egypt there is a very high annual
insulation stretched over 95% of deserted areas. The
annual global radiation varies between 1900-2600
kWh/m2 in northern to southern Egypt, while the direct
normal solar radiation reaches 1970-3200 kWh/m2 with
low levels of cloud covers[4].

Photosynthesis is the biological process to transform
light into biochemical energy, which is cheaper than
transforming solar energy to electricity (photovoltaic
cells). A main step in the process is the photolysis of
water, the same as in some non-biological systems of
hydrogen production. Photosynthetic microorganisms
grow naturally and the biological system does not need
much factory products. Various kinds of photosynthetic
microorganisms produce hydrogen under illumination.
Among these microorganisms, microalgae and
photosynthet ic bacteria have high eff iciency
conversion[2,3].

As photosynthetic efficiencies are relatively high at
irradiation levelsof < 500micromole/m2s, photosynthetic
productivity could be increased by redistributing strong
light over a large photo-receiving area using conical,
helical, tubular photobioreactor[5].

Industrial productionof hydrogen through microalgae
using renewable energies is proved to be competitive to
other fossil-fuel-independent methods, Burgess et al.[6].

Photobioreactors producing hydrogen have different
shapes according to the adopted design. The first design
is a sealed rectangular flat transparent container ready to
receive the light rays from the sun (or from an artificial
light source on the lab scale). The position of the reactor
should be taken into consideration in order to capture the
solar energy. Trials for hydrogen production using
photo-bioreactors, whichsatisfied the above requirements,
were studied comprehensively by Kim et al.[2,3].

Converting dynamic data available in the literature
into kinetic, would facilitate developing the appropriate
mathematical model. Kim et al.[2,3] reported that the
theoretical value of hydrogen was 6 moles per mole
Lactate, according to the following equation:

CH3 .CHOH. COOH 6 H2 + 3 CO2 (1)

However, Miyake[4], discussed that energy-wise
(Thermodynamically), unfavorable reactions could be
performed by photosynthetic bacteria through the energy
obtained from illumination and the participation of
photopigments like Bacteriochlophylla (Bchla),
Bacteriopheophytin (Bph=Bchla without the magnesium
ion) and Carotenoids. The quantum requirement (QR),
for ATP formation is 1.5[6]. If ferredoxin (Fd) is reduced
directly by the photosynthetic system, then the QR for Fd
reduction should be unity. Accordingly, the total QR for
H2 formation would be 8, [7].

4 ATP + 2 H+ + 2 FdredH2 + 4ADP + 4 Pi + 2 Fd ox (2)
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Modelling microbiological process: Metabolizing
cultures of microorganisms produce desirable products
such as penicillin, ethanol, methane, hydrogen and water
treatment industries. The organisms consume substrates
(Carbohydrates, oxygen,nitrogensources etc) andconvert
them to cellular mass and products and metabolites. No
model should be more complicated than is necessary to
reach thegoal targeted. Forexample thedescription of the
growth of cells is, under constant conditions, possible
with an unstructured model like the Monod-equation. For
many situations this is detailed enough[8].

Micro-organisms consume substrates such as
carbohydrates, oxygen; nitrogen sources (in the present
case lactate) and convert them to cellular mass.
Mathematical Models that describe this process are
mainly based on the conservation principles (balance
equations). The conservation principles are: Total Mass
Conservation,Energy Conservation and ChemicalSpecies
Conservation. The Model Formulation Based on Monod
Kinetics

Mathematical Model Formulation of Microbial
Hydrogen Production: Through an analogy with the
relationship used in chemical kinetics to describe the rate
of reactions related to the concentrations of products and
reactants, the following model is developed:

dS kS Pdt
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Where:
S Substrate consumption (m mole)
P Production (m mole)
K Specific parameter
α& β Pseudo-order of reactions
η Yield parameter

The advantage of this relationship is that it uses few
parameters (η, k, αandβ) and the purpose of the model is
to find thekinetic parameters that control the process. The

stated mathematical model is the core of the algorithm
used in simulating the photo bio-reactor. A parametric
study of the model under different values of kinetic
reaction parameters (α, β, η& k) are carried out and
compared with the results of the[1]. The parametric study
are done to get information about initial guess for the
kinetic parameters needed for the optimization scheme
used for prediction of the best values of the parameters.

Model parameter estimation and validation: The
kinetic parameters are evaluated using the outlined
algorithm shown in Fig. (1). Experimental data deduced
from[1], are fitted to obtain a curve representing the
substrate consumption with time. Using minimum error
between the measured and fitted substrate consumption,
the above parameters are estimated. The algorithm starts
with initial guess of the model parameters. The initial
guesses of the parameters are found from the parametric
study of the model. The initial guesses are passed to the
optimization process. The optimization routines advance
according to the value of the objective function which
estimates the sum square error (d) between the
experimental values and the calculated values of the
model. The algorithm stops when the minimum error is
obtained. The sum square errors function (d) is as
follows:

Fig. 1: Flow chart of Algorithm for kinetic parameters
calculation.
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Where Siesp is the measured substrate consumption

at time interval i
Sic is the calculated substrate consumption

at time interval i
n is number of time interval

The algorithm employs the nonlinear unconstrained
Simplex optimization technique[8]. To validate the
accuracy of the constructed simulation program, the
obtained parameters are used to predict hydrogen
production-time curve that was reported in[2,3].

RESULTS AND DISCUSSIONS

Parametric Study: Figure (2) represents the effect of (a)
parameter on substrate consumption for different
parameter’s values. Results obtained for (α, ηand k)
parameters are consistent with values obtained by
Bovee et al.[1]. The description of these figures could be
found in[1].

Fig. 2: Effect of (α) parameter on substrate consumption

Fig. 3: Substrate consumption for diffrent values of β

Fig. 4: Comparison between substrate consumption
predicted by the nodel and the experimental data
obtained by Kim (1982)

Fig. 5: Comar ison between hydrogen -production
predicted by the model and experimental data
obtained by Kim (1982)

Figures 3 and illustrates the effect of βparameter on
both substrate consumption, takingβ= 1, 0.5 and - 0.5. In
this case α= 0.525, η= 0.48 and k= 0.076. For the β
parameter, Figure (3) shows that the model output does
not agree with those reported by Bovee et al[1].

Kinetic Parameters for ATP: Figure (4) shows
comparison between the model predictions of the
substrateconsumption and the experimentaldata obtained
by Kim. The values of model parameters (α,β,η&k)
obtained, using the optimization algorithm, are o.7, 0.3,
0.8 & 0.08 , respectively. The sum of square error (d) is
2.9. Figure (5) shows a comparison of the hydrogen
production predicted by the model and the experimental
data obtained by Kim et al.[2,5] . The figure shows the
model prediction is in a good agreement with
experimental data. This figure validates the goodness of
the model.

Figures (6,7) show simulation of substrate
consumption and hydrogen production of the organism
under different initial dose of substrates. Figure (6)
showsthat the variation of the substrate consumption with
time for lowinitial dose is almost linear. For higher initial
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Fig. 6: Substrate consumption rate for diffrent initial
substrate doses

Fig. 7: Hydrogen production rate for diffrent initial
substrate doses

substrate dose, the nonlinear trend of the substrate
consumption is observed. For the initial substrate dose of
20%, Figure (7) shows that, the maximum amount of
hydrogen is produced after 5 hours. However, the
hydrogen produced is maximum from organism that has
30 % initial substrate dose.
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