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Hydrothermal liquefaction (HTL) is a highly promising waste-to-energy technology. It converts wet organic
biomass into energy-dense biocrude oil. Suitable feedstocks include sewage sludge, microalgae, food waste, and
lignocellulosic residues. HTL utilizes subcritical water as both a solvent and a reactant, this eliminates the need
for an energy-intensive drying step. Consequently, HTL represents a highly efficient route for waste valorisation
and sludge management. However, the direct HTL of raw biomass faces several technical challenges. Biocrude
often contains high levels of nitrogen and oxygen heteroatoms and these heteroatoms lower the heating value and
cause catalyst poisoning during downstream upgrading. High ash content in waste streams causes equipment
fouling and reduces oil yield. Furthermore, feeding high-solid biomass into continuous reactors is difficult due to
pumpability issues (Biller and Roth 2018). Pretreatment of the feedstock offers a viable solution to these problems.
In scientific literature, there is no study that provides an overview of pretreatments specifically for hydrothermal
liquefaction treatment, which analysing them for different feedstocks and systematically comparing the results in
terms of process and products. This review aims to fill this gap. Finally, an energy impact of the different
pretreatments in the whole HTL process was performed, suitable for future TEA or LCA analysis.

This work summarizes a comprehensive literature review on feedstock pretreatments prior to HTL. It
examined several peer-reviewed studies of the last 17 years, highlighting the improvements that have taken place
and focusing on the latest trends, covering diverse waste streams. The analysed feedstocks include municipal solid
waste, primary and secondary sewage sludge, microalgae, macroalgae, and agricultural residues. The evaluated
pretreatment methods are categorized into three main approaches: physical, chemical, and thermochemical.
Physical methods include ultrasonication, microwave irradiation, and mechanical milling. Chemical methods
involve acid washing, alkaline hydrolysis, and oxidative treatments. Thermochemical methods focus on low-
temperature hydrothermal pretreatment, frequently referred to as two-stage HTL. The evaluation criteria for these
methods include biocrude yield, elemental composition (C, H, N, O), higher heating value (HHV), and overall
energy recovery.

The search for articles was conducted on sites such as Scopus, Web of Science and Google Scholar using
key-words such as: HTL pretreatment, HTL pre-treatment, treatment before HTL. Initially, more than 130 articles
were found, of which 70 experimental articles were selected, only those in which the feedstock treatment was
followed by a subsequent HTL treatment. In addition, 13 reviews on the topic of biomass pretreatment for
thermochemical processes were consulted. The results of the articles consulted for the writing of this review are
divided by pretreatment methodology, and for each one, the types of feedstock input are highlighted.

Physical pretreatments disrupt cell walls without requiring harsh chemicals. Microwave pretreatment of sewage
sludge accelerates macromolecule degradation through rapid heating. This improves the disintegration and
solubilization capacity of the sludge. It increases the bio-oil yield and raises the calorific value (Chen et al. 2020).
Ultrasonic pretreatment utilizes acoustic cavitation to break down cellular structures. This improves biomass
biodegradation and mass transfer (Borazjani et al. 2025). When combined with oxidative agents like sodium
hypochlorite, ultrasonic treatment releases intracellular polymers effectively. This combined approach promotes
hydrocarbon formation and increases energy recovery to 58% (Zhang et al. 2023).

Chemical pretreatment effectively removes ash from high-ash feedstocks like wastewater algae and sewage sludge.
Acid washing with nitric or hydrochloric acid removes inorganic elements. This reduces competitive secondary
reactions. It also increases the biocrude yield and energy recovery (Liu et al. 2018). Alkaline pretreatment
fundamentally alters lignocellulosic matrices, dissolving hemicellulose and lignin components. Furthermore,
alkaline pretreatments using potassium hydroxide (KOH) remove oxygen and nitrogen-bearing species from
sewage sludge (Prestigiacomo et al. 2025). This significantly increases the hydrogen-to-carbon (H/C) ratio of the
resulting biocrude (Prestigiacomo et al. 2025).

Thermochemical Pretreatment such as Low-temperature hydrothermal pretreatment is highly effective for high-
protein feedstocks like microalgae and spent grain in which the first stage operates at mild temperatures (100-240
°C). This first step hydrolyses proteins and carbohydrates into the aqueous phase, and the solid residue is then
subjected to high-temperature HTL. This two-stage process significantly reduces the nitrogen and oxygen content
in the final biocrude. It suppresses the formation of N-heterocyclic compounds, which are typically formed through
Maillard reactions (Jazrawi et al. 2015) (Singh and Mohanty 2025). While the overall biocrude yield may slightly
decrease, the quality and calorific value drastically improve (Costanzo et al. 2015). Additionally, this step



generates a nutrient-rich aqueous phase. This liquid can be recycled for algae cultivation or treated via anaerobic
digestion, promoting resource recovery (Karan et al. 2022).

Recently, post-treatment methods have been tested more extensively to improve HTL, while pre-treatment
methods have been tested less. This review provides a solid basis for a comprehensive overview of pre-treatments,
their integration into HTL, and the improvements they bring to the entire process and to the final products. The
use of pre-treatments can effectively improve numerous drawbacks that hinder the industrial scaling up of HTL.
This heavily supports the principles of the circular bio-economy, waste-to-energy technologies, and sustainable
sludge management. Future research must focus on the techno-economic assessment of these integrated systems
at an industrial scale.
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