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ARTICLE INFO ABSTRACT

This study investigated the optimization of biological wastewater treatment and
biomass production by the microalga Desmodesmus sp. while comparing two
modeling approaches: Response Surface Methodology (RSM) and Atrtificial
Neural Network (ANN). Samples were collected from Anzali Wetland,
pretreated, enriched, and cultivated under controlled laboratory conditions. The
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Introduction

Microalgae-based wastewater treatment has emerged as an environmentally friendly technology
capable of simultaneously removing organic pollutants and nutrients while producing valuable
biomass. Among freshwater microalgae, Desmodesmus sp. has attracted considerable attention
because of its rapid growth, adaptability to wastewater environments, and high nutrient uptake
capacity. However, treatment efficiency is strongly affected by operating conditions such as light
intensity, aeration rate, hydraulic retention time (HRT), and pH, whose interactions are highly
nonlinear. Therefore, reliable optimization requires robust predictive models. This study compared the
performance of Response Surface Methodology (RSM) and Artificial Neural Networks (ANN) for
modeling and optimizing a Desmodesmus sp./ municipal wastewater treatment system.
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Materials and Methods

A four-factor, three-level Box—Behnken design consisting of 29 experimental runs was employed. The
investigated variables were light intensity (50-450 pumol photons m™ s™'), aeration rate (0.5-1.5 L
min™"), HRT (3-10 days), and pH (6-9). The responses included COD removal efficiency, total
nitrogen (TN) removal efficiency, total phosphorus (TP) removal efficiency, and algal biomass
production. Quadratic models were developed using Design-Expert and evaluated by ANOVA. Feed-
forward multilayer perceptron ANN models were independently developed for each response in
MATLAB. Hidden neurons were optimized by trial and error, data were normalized using the
mapminmax function, and model performance was evaluated through five-fold cross-validation using
Rz, RMSE, and MAE. Finally, the optimum condition predicted by RSM together with three additional
operating conditions outside the original design matrix were experimentally validated.

Results and Discussion

The RSM models successfully described all responses with coefficients of determination greater than
0.98, indicating excellent agreement between predicted and experimental values within the
investigated design space. The optimum operating condition was obtained at a light intensity of 352.5
pmol photons m™2 s™', an aeration rate of 1.29 L min™', an HRT of 7.95 days, and a pH of 7.79. Under
these conditions, the predicted COD, TN, and TP removal efficiencies reached 89.59%, 87.45%, and
91.92%, respectively, while biomass concentration reached 1.36 mg L.

The optimized ANN architectures consisted of a single hidden layer containing 3, 4, 8, and 4
neurons for COD removal, biomass production, TN removal, and TP removal, respectively. Cross-
validation demonstrated acceptable predictive capability despite the limited dataset. The ANN models
achieved R? values of 0.758, 0.721, 0.689, and 0.771 for COD, biomass, TN, and TP, respectively,
with RMSE values of 5.76, 0.182, 7.82, and 5.81. These findings indicate that ANN successfully
captured nonlinear relationships between operational variables and treatment performance; however,
its prediction accuracy remained lower than that of the RSM models because the available dataset was
relatively small for neural network training.

Experimental validation further confirmed the reliability of both approaches. At the optimum
operating condition, the experimentally measured COD removal efficiency reached 90.2%, compared
with 89.59% predicted by RSM and 88.65% predicted by ANN. Similar agreement was observed for
biomass production, TN removal, and TP removal, while the additional validation experiments
demonstrated that both models maintained satisfactory predictive capability under previously unseen
operating conditions. Nevertheless, RSM consistently produced predictions closer to the experimental
measurements.

Sensitivity analysis revealed that pH was the most influential operating variable affecting all
treatment responses, followed by HRT. Light intensity also exhibited considerable practical
importance because of its wide operating range, whereas aeration rate showed the weakest overall
influence and even a negative effect on phosphorus removal under high aeration conditions. These
results demonstrate that evaluating process variables based only on regression coefficients may be
misleading and that both coefficient magnitude and operating range should be considered.

Conclusion

Overall, this study demonstrates that integrating experimental design with predictive modeling
provides an efficient framework for optimizing microalgae-based wastewater treatment. Under the
present experimental conditions, RSM outperformed ANN owing to the limited number of
experimental observations and offered higher prediction accuracy together with greater model
interpretability. Nevertheless, ANN remains a promising approach for modeling complex nonlinear
biological processes and is expected to provide superior performance when trained using larger
datasets. The proposed methodology can facilitate the optimization and scale-up of sustainable algal
wastewater treatment systems while improving nutrient removal efficiency and biomass production.
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1. Out-of-Fold Predictions
2. Bayesian Regularization
3. Space-filling
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