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1. Introduction 
The integration of microalgae into the aerobic digestion process for waste activated sludge (WAS) treatment presents a promising approach to address the energy-intensive nature of traditional methods. Through photosynthesis, microalgae generate oxygen for aerobic bacteria to degrade organic matter, while simultaneously utilizing the CO2 produced from this degradation for their growth. This symbiotic relationship creates a self-sustaining system that reduces the need for external oxygen input and mitigates CO2 emissions. Previous studies have shown that aerobic digestion significantly affects WAS properties through changes in Extracellular Polymeric Substances (EPS), which subsequently influence settleability, flocculability, dewaterability, and downstream treatment efficiency
.
In this study, we investigated the effect of the aerobic digestion assisted by microalgae on EPS changes and WAS features (floc size, settleability, and dewaterability) and their correlations.

2. Experimental 
The experimental setup consisted of 2 L batch photobioreactors with a working volume of 1 L, using concentrated sludge resuspended in treated wastewater to achieve a total solids concentration of 4.5±0.2 g/L. Experiments were conducted at 22°C with continuous stirring and a varied lighting schedule to promote indigenous microalgae growth. Gas exchange between microalgae and bacteria was facilitated by tightly sealing the reactors. During the 20 day treatment period, three fractions of EPS,  Soluble EPS (S-EPS), Loosely Bound EPS (LB-EPS), and Tightly Bound EPS (TB-EPS), were extracted and analyzed for their protein (PN) and polysaccharide (Poly) content. Additionally, SVI, filtrability, and floc size were measured. 
3. Results and Discussion 

The results showed that the settleability of the sludge improved by 71.42%, as the SVI was reduced from 178.04 to 50.91 mL/g. However, the floc size decreased by approximately 55%, resulting in worsened filterability. The total EPS concentration decreased from 34.49 to 27.14 mg/gTS during the process. This reduction is attributed to their microbial consumption under starvation conditions.
Examining the EPS fractions, the S-EPS increased by 215%, while LB-EPS showed minimal variation. TB-EPS decreased by 58.75%, with corresponding reductions of 59.77% in PN and 55% in Poly. Studies have reported that TB-EPS is an "active fraction," and a reduction in its protein content, which is crucial for maintaining the three-dimensional structure of sludge flocs, leads to floc disintegration and impaired dewatering properties.
The Pearson correlation matrix revealed significant relationships among the studied variables. Suspended Solids showed strong positive correlations with both Poly-TB (r=0.96, p<0.01) and EPS-TB (r=0.96, p<0.01). Floc size was strongly correlated with Filtrate volume (r=0.96, p<0.01) and SVI (r=0.97, p<0.01), indicating that larger floc sizes positively influence sludge filtration and settling abilities. Conversely, significant negative correlations were observed between EPS-S and Filtrate volume (r=−0.95, p<0.01). No significant correlation has been observed between EPS-TB, EPS, and the variable floc size, filtrate volume, and SVI. These results confirm some studies while contradicting others.
4. Conclusions
The study investigated the effect of aerobic digestion assisted by microalgae on EPS, sludge features, and their correlations. Results have shown that the treatment enhances sludge settleability but alters its filterability properties, likely due to a decrease in floc size. EPS concentration decreased by 21.3%, with a 215% increase in S-EPS and a 58.75% decrease in TB-EPS. Correlation analysis confirmed some previous studies while contradicting others, which we look forward to discussing with you during the conference.
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