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Sustainable resource recovery 
The presentation reviews hydrothermal carbonization of digested sludge as a complementary technology for sludge 
management at wastewater treatment plants. The motivation for expanding the knowledge of hydrothermal carboni-
zation is the challenges of wastewater treatment plants: the increasing volume of sludge, high moisture content, the 
presence of organic and inorganic contaminants, rising disposal costs, and legislative amendments. Hydrothermal car-
bonization makes it possible to convert wet sludge under conditions (160–250 °C,10–30 bar) into hydrophobic 
hydrochars, but also liquids and gases, eliminating the need for drying. The process also offers heat recovery and inte-
gration into existing wastewater treatment plant infrastructure. A key aspect of implementing hydrothermal carboni-
zation is understanding the impact of individual process parameters and their interactions on chemical reaction 
pathways, and optimizing operating conditions for specific applications. The presentation discusses two pathways 
for hydrochar utilization: as soil additives or as fuels in thermal processes, assessing their environmental and legal po-
tential. Process liquids were evaluated as a source of valuable resources that can be recovered or used in situ. Despite 
the compatibility of hydrothermal carbonization with Green Deal policies, challenges related to energy efficiency, leg-
islative compliance, public acceptance, and high investment costs for integrated thermal technologies still need to be 
addressed. Overcoming these barriers will enable the implementation of hydrothermal carbonization as a sustainable 
technology in a circular economy. 
Video to this article can be found online at https://doi.org/10.1016/j. 
sctalk.2025.100457.
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Figures and Tables 
Fig. 1. Sewage Sludge Management System. 

Fig. 2. Hydrothermal carbonization of digested sludge.
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Fig. 3. Phase diagram of water under subcritical and supercritical conditions [1]. 

Fig. 4. Dependence of water properties on hydrothermal conditions [2].
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Fig. 5. HTC reaction mechanisms (160–250 °C). 

Fig. 6. Scenario 1: Circular economy with HTC process for direct hydrochar use in agriculture.
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Fig. 7. Scenario 2: Circular economy with HTC process integrated with thermal methods for residue use in agriculture. 
CRediT authorship contribution statement 

Nina Kossińska: Writing – review & editing, Writing – original draft, 
Visualization, Validation, Formal analysis, Data curation, Conceptualiza-
tion. Renata Krzyżyńska: Writing – review & editing. Heba Ghazal: Writ-
ing – review & editing. Hussam Jouhara: Writing – review & editing. 
Marzena Kwapińska: Writing – review & editing. Witold Kwapiński: 
Writing – review & editing, Visualization, Validation, Supervision, Concep-
tualization. 

Acknowledgments 

This research did not receive any specific grant from funding agencies in 
the public, commercial, or not-for-profit sectors. 

Declaration of interests 

The authors declare that they have no known competing financial inter-
ests or personal relationships that could have appeared to influence the 
work reported in this paper. 

Data availability 

No data was used for the research described in the article. 
5

Further reading 

References 

[1] C.A. Che, P.M. Heynderickx, Hydrothermal carbonization of plastic waste: a review of its 
potential in alternative energy applications, Fuel Commun. 18 (2024), 100103. 

[2] Z.X. Xu, X.Q. Ma, J. Zhou, P.G. Duan, W.Y. Zhou, A. Ahmad, R. Luque, The influence of 
key reactions during hydrothermal carbonization of sewage sludge on aqueous phase 
properties: a review, J. Anal. Appl. Pyrolysis 167 (2022), 105678. 

[1] N. Kossińska, R. Krzyżyńska, H. Ghazal, H. Jouhara, Hydrothermal carbonisation of 
sewage sludge and resulting biofuels as a sustainable energy source, Energy 275 
(2023), 127337. 

[2] N. Kossińska, A. Grosser, M. Kwapińska, W. Kwapiński, H. Ghazal, H. Jouhara, R. 
Krzyżyńska, Co-hydrothermal carbonization as a potential method of utilising digested 
sludge and screenings from wastewater treatment plants towards energy application, 
Energy 299 (2024), 131456. 

[3] https://environment.ec.europa.eu/topics/water/urban-wastewater_en (accessed on 8 
September 2024). 

[4] https://www.consilium.europa.eu/en/press/press-releases/2024/11/05/urban-waste-
water-council-adopts-new-rules-for-more-efficient-treatment/ (accessed on 8 Septem-
ber 2024). 

[5] https://environment.ec.europa.eu/topics/waste-and-recycling/sewage-sludge_en? 
prefLang=pl#evaluation (accessed on 8 September 2024). 

[6] https://environment.ec.europa.eu/publications/eu-soil-strategy-2030_en?prefLang=nl 
(accessed on 8 September 2024). 

[7] https://zpe.gov.pl/a/przeczytaj/D10YT7AyN (accessed on 8 September 2024). 
[8] K.Q. Tran, T.T. Trinh, New insights into the hydrothermal carbonization process of sew-

age sludge: a reactive molecular dynamics study, Fuel 361 (2024), 130692.

http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0005
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0005
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0010
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0010
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0010
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0015
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0015
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0015
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0020
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0020
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0020
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0020
https://environment.ec.europa.eu/topics/water/urban-wastewater_en
https://www.consilium.europa.eu/en/press/press-releases/2024/11/05/urban-wastewater-council-adopts-new-rules-for-more-efficient-treatment/
https://www.consilium.europa.eu/en/press/press-releases/2024/11/05/urban-wastewater-council-adopts-new-rules-for-more-efficient-treatment/
https://environment.ec.europa.eu/topics/waste-and-recycling/sewage-sludge_en?prefLang=pl#evaluation
https://environment.ec.europa.eu/topics/waste-and-recycling/sewage-sludge_en?prefLang=pl#evaluation
https://environment.ec.europa.eu/publications/eu-soil-strategy-2030_en?prefLang=nl
https://zpe.gov.pl/a/przeczytaj/D10YT7AyN
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0050
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0050


N. Kossińska et al. Science Talks 14 (2025) 100457
[9] A. Picone, M. Volpe, A. Messineo, Process water recirculation during hydrothermal car-
bonization of waste biomass: current knowledge and challenges, Energies 14 (10) 
(2021) 2962. 

[10] K. Nahar, A.V. Thulasiraman, A.K. Vuppaladadiyam, I.G. Hakeem, K. Shah, Current un-
derstanding on the fate of contaminants during hydrothermal treatment of sewage 
sludge, Curr. Opin. Green Sustain. Chem. 49 (2024), 100960. 

[11] M. Langone, D. Basso, Process waters from hydrothermal carbonization of sludge: char-
acteristics and possible valorization pathways, Int. J. Environ. Res. Public Health 17 
(18) (2020) 6618. 

[12] M. Wilk, K. Czerwińska, M. Śliz, M. Imbierowicz, Hydrothermal carbonization of sew-
age sludge: Hydrochar properties and processing water treatment by distillation and 
wet oxidation, Energy Rep. 9 (2023) 39–58. 
6

[13] E. Danso-Boateng, G. Shama, A.D. Wheatley, S.J. Martin, R.G. Holdich, Hydrothermal 
carbonization of sewage sludge: effect of process conditions on product characteristics 
and methane production, Bioresour. Technol. 177 (2015) 318–327. 

[14] C.I. Aragón-Briceño, A.B. Ross, M.A. Camargo-Valero, Mass and energy integration 
study of hydrothermal carbonization with anaerobic digestion of sewage sludge, 
Renew. Energy 167 (2021) 473–483. 

[15] M. Nyström, Mobile biomass HTC-processing unit, Plant Design, Aalto University 
School of Chemical Technology, Helsinki, Finland, 2016.

http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0055
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0055
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0055
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0060
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0060
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0060
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0065
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0065
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0065
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0070
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0070
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0070
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0075
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0075
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0075
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0080
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0080
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0080
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0085
http://refhub.elsevier.com/S2772-5693(25)00039-8/rf0085

	Hydrothermal carbonization of digested sludge from wastewater treatment plants: Processes, potential and key challenges
	CRediT authorship contribution statement
	section2
	Acknowledgments
	Declaration of interests
	References
	Further reading




