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Sewage sludge (SS) represents the main by-product generated in wastewater treatment plants (WWTPs), with 

global production estimated at 45–50 million tonnes of dry solids annually. This production continues to increase 

due to urbanization, industrialization, and stricter environmental regulations. In major economies, the European 

Union generates between 11 and 13 million tonnes of dry sludge per year, while the United States, China, Japan, 

and India also contribute significantly to global production. This growing volume poses major challenges in terms 

of management, treatment, and final disposal, particularly under increasingly restrictive environmental constraints. 

 

Conventional SS management strategies aim to reduce water content, stabilize organic matter, and prepare SS for 

disposal or valorisation. These strategies typically involve thickening, mechanical dewatering, stabilization 

processes such as anaerobic digestion or liming, and thermal drying, as shown in Figure 1. Among these steps, 

thermal drying is the most energy-intensive, accounting for a substantial portion of operational costs. While 

mechanical dewatering requires relatively low energy input, thermal drying demands significantly higher energy 

consumption, making it a critical bottleneck in SS treatment lines. 

 

 
Fig. 1. SS phases through a wastewater treatment plant. 

During its treatment, SS undergoes a progressive transformation from a dilute Newtonian liquid to a highly viscous 

non-Newtonian suspension, then to a pasty soft solid after mechanical dewatering, and finally to a granular dry 

material after thermal drying. The intermediate stage, known as dewatered sewage sludge (DSS), typically ranges 

between 20% and 45% dry solids and represents a critical point where rheological, viscoelastic, and textural 

properties strongly influence process performance. At this stage, DSS exhibits complex mechanical behaviour that 

governs its handling, transport, and drying efficiency. 

 

Previous studies have demonstrated that conditioning and dewatering processes applied prior to drying can 

significantly modify the structural and mechanical properties of DSS. Rheological and textural characteristics are 

closely linked to drying performance, affecting both drying rates and process stability. However, these 

relationships remain insufficiently understood, and current treatment approaches often rely on empirical 

optimization rather than a mechanistic understanding of DSS behaviour. 

 

This research aimed to improve the understanding of DSS drying by investigating the role of viscoelastic, 

rheological, and textural properties in the overall treatment process. More specifically, the work focuses on 

identifying how conditioning and dewatering parameters influence DSS structure and how these changes impact 

convective drying kinetics. The ultimate objective is to contribute to the development of more efficient and 

predictable SS treatment strategies. 
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This work comprises two main sections addressing different aspects of SS characterization, dewatering and drying. 

The first one examines the impact of conditioning agents, filtration pressure, and storage conditions on the 

rheological and structural properties of DSS, and the second one explores the relationship between these properties 

and drying behaviour, aiming to establish links between mechanical characteristics and drying behaviour.  

 

The experimental approach combined multiple complementary techniques. Conditioning and dewatering are 

performed using coagulants, flocculants, and filtration systems. Rheological characterization is carried out through 

oscillatory tests to determine the linear viscoelastic region, yield behaviour, and structural transitions. Textural 

properties are evaluated using penetrometry and texture profile analysis, while drying behaviour is studied through 

convective drying experiments at different scales. Additional analyses include capillary suction time 

measurements and solids content determination. X-ray tomography is also employed to assess structural changes 

during drying. 

 

Overall, this work contributes to bridging the gap between upstream conditioning and dewatering operations and 

downstream drying performance. By integrating rheological, viscoelastic, and textural characterization into sludge 

treatment analysis, it proposes a framework for a more mechanistic understanding of drying processes. This 

approach provides a basis for improving process control, optimizing energy consumption, and accounting for 

variability between treatment plants. 

 

Future perspectives include the refinement of drying kinetic models incorporating mechanical properties, as well 

as the validation and scaling of the proposed methodologies for industrial applications. 
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