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Due to the increasing amount of sewage sludge generated in municipal wastewater treatment plants (Sun et al., 

2022), effective and environmentally safe management methods are required. Sewage sludge is characterized by 

high moisture content and complex composition (Sharma et al., 2021), which limits the applicability of 

conventional thermal treatment technologies. At the same time, it contains significant amounts of organic matter 

and inorganic components, making it a potential source of valuable products. Hydrothermal carbonization (HTC) 

is a thermochemical process conducted in a water-rich environment that enables the conversion of sewage sludge 

under moderate temperatures and autogenous pressure, without the need for prior drying (Wang et al., 2019; Zhang 

et al., 2020). A conceptual scheme of sewage sludge valorization through HTC is presented in Figure 1. 

 
Figure 1. Conceptual scheme of sewage sludge valorisation through HTC, including process conditions and main 

product pathways (Czerwińska et al., 2022). 

 

 The present study investigates the hydrothermal carbonization of sewage sludge, with particular emphasis 

on assessing its applicability as a treatment and valorization method under different operating conditions. Sewage 

sludge was subjected to HTC at temperatures of 200 °C and 220 °C, with residence times of 1, 2 and 4 h, and with 

the feedstock pH maintained at its native value as well as adjusted to pH 4 and pH 2. The aim of the study was to 

evaluate how these process parameters influence the distribution and properties of products. 

 HTC was carried out in a stirred pressure reactor operating in a water-rich environment. After completion 

of the process, the reaction mixture was separated into product fractions. The obtained material was dried and 

homogenized to enable further physicochemical characterization, while the post-processing liquid was collected 

for complementary analyses. 

 The results demonstrated that HTC leads to a clear redistribution of sewage sludge into different product 

fractions. Under all investigated conditions, the liquid fraction constituted the dominant part of the products, 

whereas the solid fraction remained relatively stable across the examined temperature and pH ranges. The 

contribution of gases and process losses was limited. The mass distribution of products obtained under different 

operating conditions is summarized in Table 1. The results indicate that variations in temperature, residence time 

and feedstock pH did not result in significant changes in the overall mass balance, confirming good repeatability 

and stability of the HTC process. 



 

 

 

Table 1. Mass distribution of products obtained from HTC of sewage sludge under different process conditions. 

  
Solid fraction (% m.) Liquid fraction (% m.) Gas & losses (% m.)  

HTC_SSP_200_1 7.9 89.0 3.1  

HTC_SSP_200_2 7.5 88.4 4.1  

HTC_SSP_200_4 7.9 89.0 3.2  

HTC_SSP_220_1 7.4 89.6 3.0  

HTC_SSP_220_2 7.1 89.1 3.8  

HTC_SSP_220_4 7.2 88.4 4.4  

HTC_SSP_200_1_pH4 8.2 88.0 3.7  

HTC_SSP_200_2_pH4 7.7 88.4 3.9  

HTC_SSP_200_4_pH4 7.6 89.2 3.2  

HTC_SSP_220_1_pH4 7.8 89.2 3.0  

HTC_SSP_220_2_pH4 7.8 89.4 2.8  

HTC_SSP_220_4_pH4 7.4 88.9 3.7  

HTC_SSP_200_1_pH2 8.1 89.6 2.3  

HTC_SSP_200_2_pH2 7.7 89.0 3.3  

HTC_SSP_200_4_pH2 7.4 89.9 2.7  

HTC_SSP_220_1_pH2 6.9 89.1 4.0  

HTC_SSP_220_2_pH2 6.8 88.9 4.3  

HTC_SSP_220_4_pH2 7.0 89.6 3.4  

 

 Further characterization of the obtained material indicated systematic changes associated with process 

severity. Increasing temperature, longer residence time and acidic conditions promoted dehydration and 

carbonization reactions, leading to progressive transformation of the material. Preliminary physicochemical 

analyses revealed trends in elemental composition, proximate properties and energetic performance, reflecting the 

formation of more condensed and stable structures. Microscopic observations also showed noticeable changes in 

surface morphology compared to raw sewage sludge. 

 Overall, the results confirm that temperature, residence time and pH are key parameters influencing the 

outcome of HTC of sewage sludge. By adjusting these variables, the properties of the obtained material and the 

distribution of process products can be controlled. The study demonstrates that hydrothermal carbonization is a 

stable and flexible process that can be applied under a wide range of operating conditions, supporting its potential 

use as a sustainable pathway for sewage sludge valorization. 
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