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Abstract; To systematically elucidate the kinetic characteristics of the major metabolic pathways
involved in photo-fermentative hydrogen production, a photo-fermentative hydrogen production
model based on anaerobic digestion model No. 1 (ADM1) is established and optimized, with
glucose used as the standard substrate for description and analysis. First, based on mass
conservation, the substrate is allocated proportionally to three pathways: cell growth, product
synthesis, and cellular metabolic consumption. Twelve key metabolic reactions and biological
processes occurring during photo-fermentative hydrogen production are incorporated into the
model. The stoichiometric ratios are kept constant, and changes in different metabolic pathways

are reflected by adjusting the reaction rates. The model is then optimized by including lactate and
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ethanol as intermediate metabolites. The effects of pH and light intensity on substrate
conversion, biomass accumulation, and hydrogen production performance are incorporated, and
the influence of pH on carbon metabolic flux is considered. Finally, based on the sequence of
microbial glycolysis reactions, kinetic parameters are rapidly determined using a two-step method, and
the model is calibrated and validated using experimental data from photo-fermentation experiments
with different initial glucose concentrations. The results show that improved prediction accuracy
is achieved by the modified kinetic model for photo-fermentative hydrogen production. When
hydrogen production, photosynthetic bacterial growth, organic acid production, and changes in
light intensity and pH under different glucose concentrations are predicted, fitting coefficients
above 0. 96 are obtained. By combining the model with response surface methodology, the optimal initial
pH and light intensity for photo-fermentation are rapidly determined to be 8 and 5 000 Ix, respectively.
A theoretical basis and modeling support for the development of hydrogen production reactors and
the control of hydrogen production processes are provided by this study.
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Fig. 1 Schematic diagram of the metabolic pathways for

glucose conversion
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Table 1 Metabolic reactions and biological processes of carbon source metabolism during glucose photo-fermentation
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in glucose-based photo-fermentation
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Fig. 5 Simulated and experimental results for substrate

concentration, biomass concentration, and cumulative

hydrogen production obtained
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