
  

ISBN (online PDF) 978-88-9392-190-9 - © 2020 Morlacchi Editore University Press, CC BY 4.0 International. 

Published by Morlacchi Editore University Press. 
Cod_022_pp_232 

Perugia, 16 e 17 aprile 2020, Università degli Studi di Perugia 
 

XX Congresso Nazionale CIRIAF 
Sviluppo Sostenibile Tutela dell'Ambiente e della Salute Umana 

 
 

Hydrothermal liquefaction of wet waste biomass: a practical 
assessment to achieve an integral valorization of municipal sludge 

Claudia Prestigiacomo 1, Vito Armando Laudicina2, Angelo Siragusa3, Onofrio Scialdone1, Alessandro 

Galia1,*  

1 Dipartimento di Ingegneria, Sezione Chimica Ambientale Biomedica Idraulica e dei Materiali,  

Università degli Studi di Palermo, Viale delle Scienze, 90128 Palermo, Italy 
2 Dipartimento di Scienze Agrarie, Alimentari e Forestali, Università degli Studi di Palermo, 

Viale delle Scienze, 90128 Palermo, Italy. 
3 AMAP s.p.a., Via Volturno, 2 90138 Palermo, Italy. 

 

* Author to whom correspondence should be addressed. E-Mail: alessandro.galia@unipa.it 

 

Abstract: Hydrothermal liquefaction of municipal sludge was conducted to assess the 

possibility of an integral valorization of this wet waste biomass. Experiments were done to 

investigate the effects of sub- and supercritical water and of the fluid dynamic regime on 

the energy recovery of the process and on the quality of the products. Experimental runs 

were performed at two different temperatures (350°C and 400°C) changing reaction time 

in order to work at fixed kinetic severity of the process (LogR0=8.9, calculated as in ref. [1]). 

An improvement of the C content in the solid residues and of the ratio H/C of the biocrude 

was obtained when a stirred reactor was used both in sub- and supercritical water. A 

hydrocarbon fraction was separated from biocrude whose maximum yield of 25% was 

achieved in supercritical conditions. Moreover, results showed that the cumulative energy 

recovery of the products was significantly higher than 100% suggesting that hydrothermal 

liquefaction of municipal sludge could be fed by renewable source of thermal energy. 
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1. Main information 

Hydrothermal liquefaction (HTL) can be considered an interesting route to convert a wide range of 

wet bio-feedstock into bio-oil termed biocrude and other exploitable products i.e. a solid residue, a 
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gaseous phase rich in CO2 and an aqueous phase with soluble organics [2]. HTL takes place in an 

aqueous environment, at 300-400°C and pressure of 10-40 MPa [3].  

When the adopted bio-feedstock is a wet waste biomass, HTL can allow one to achieve a decrease 

of the amount of solids that have to be disposed of. However, the development of the process to the 

industrial scale is hampered by many challenges related both to the heterogeneous nature of the raw 

material and the complexity of the phase behavior downstream of the process. In the work herein the 

practical feasibility of a full valorization of municipal sludge (MS) through HTL technology was 

investigated.  

3. Materials and Methods 

MS were supplied by A.M.A.P. s.p.a., Acqua dei Corsari wastewater treatment plant in Palermo. MS 

adopted in this study had the 76% w/w of initial moisture and the dry biomass had the 80% w/w of 

organics. Elemental analyses showed that MS had 45.00% of C, 6.87 % of H, 5.92 % of N and 1.46 % of 

S. Deionized water was used as solvent in each HTL experiment. An AISI 316 high-pressure batch 

reactors (Figure 1) was properly designed to conduct experimental runs in stirred conditions (170 rpm) 

and at a fixed value of kinetic severity (LogR0=8.9, calculated as in ref. [1]) changing the reaction 

temperature (from 350 to 400°C). The experimental apparatus was the same of that used in our 

previous study [3]. We optimized the procedures used to separate and quantify the products. With 

adopted methods, the formation of an additional hydrocarbon fraction (HC), separated from the 

biocrude, was detected. Yields of the products were determined by ratio between the mass of organic 

matter in each product and the initial total organics loaded in the reactor.  

Figure 1: High-pressure batch reactor assembly 

 

4. Results  

We observed that stirred conditions prompted an increase of the H/C of the biocrude from 1.69 to 

1.74 and from 1.60 to 1.69 in sub and supercritical water conditions respectively. In stirred reactors, 

also the C content of the solid residue increased reaching 30% w/w leading its high heating value to 10 

Mj/kg that makes this product suitable as a solid recovered fuel. Moreover at 400°C in stirred reactors, 
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the biocrude yields decreased from 40% to 32% while the HC yield increased from 15% to 25%, proving 

an improvement of the in-situ upgrading of the biocrude. Under these conditions, it was possible to 

determine the cumulative energy recovery in the products (biocrude, hydrocarbon fraction and solid 

residue) that was higher than 100% in all the performed experimental runs. 

5. Conclusions 

Collected results suggest that all the products of HTL of municipal sludge can be effectively valorized 

and in the case in which the process would be fed by a renewable source of energy, such as solar heat, 

it allows to store the energy in the biocrude, in the solid residue and in the hydrocarbon fraction. 

According to these results it seems interesting to scale-up the process using a continuous reaction 

system at supercritical conditions to solve the problem of the disposal of MS by achieving their integral 

valorization. 
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