Hydrothermal carbonization for effective waste conversion: exploring different feedstocks
and applications
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Waste valorisation enhances circular economy initiatives by transforming waste into valuable biomaterials. This research
investigates the hydrothermal carbonization (HTC) of various waste types in South Korea, including fish waste, seaweed
(e.g., algae blooms on beaches), and waste plastics, to produce the solid hydrochar. HTC is a thermochemical process
conducted at temperatures between 180-250°C and pressures of 2-10 MPa, which converts moist biomass into carbon-
rich solid material. The specific benefits of HTC include the ability to process wet feedstocks without prior drying and
the production of high-quality hydrochar. In addition, the presence of contaminants on the process conditions are not as
drastic as for other conversion technologies, e.g., upgrading pyrolysis oil via steam cracking.

The first showcase in this work considers the HTC of fish waste and crustaceans. This resulted in yields of 15-
22% and 37-70%, respectively. The amount of potentially available marine biowaste can be quantified by evaluating the
inedible fractions associated with seafood types, which vary among different marine species, such as fish (ranging from
35% to 65%) and crustaceans (ranging between 29% and 61%). Examining South Korea's primary marine species
consumption (eight typical species mentioned in Table 1), this could forecast an estimated annual waste output amounting
to around 43,000 metric tons. This substantial waste volume presents a promising opportunity for conversion into
valuable, high-value products such as hydrochar. A typical price for hydrochar varies from 1 to 2 $ per kg, depending on
the target duties. This corresponds to a business revenue of more than $100M, as the list in Table 1 is non-exhaustive.

Table 1: Sample code and predicted hydrochar production using South Korean marine biomass waste. MC, APR, IP,
PWG, Y.y and PHP represent the moisture content (experimental work), annual production rate (metric tons), the
inedible part mass fraction (%), the potential waste generation (metric tons), the potential hydrochar yield (%) and the
potential hydrochar production (metric tons), respectively (Siddhartha et al, 2024).

Species Common name MC APR IP  PWG Yexp PHP
Scomber japonicus Chub mackerel 69 —74 121,733 41 49,911 19 -32 9,483 — 16,136
Trichiurus lepturus Hairtail 71 -76 63,055 41 25,853 19 -26 4912 - 6,636

Larimichthys polyactis Yellow corvina 63-79 16,400 41 6,724 17-20 1,143 — 1,344

Trachurus trachurus Horse mackerel 60 —-177 31,600 48 15,168 17-20 2,616 —-3,072
Paralichthys olivaceus Olive flounder 80 -85 41,801 45 18,810 19 -23 3,636 — 4,388
Litopenaeus vannamei Whiteleg shrimp 67-173 9,545 47 4,486 40 - 44 1,787 - 1,974

Portunus Gazami crab 66 — 69 19,715 61 12,026 59-70 7,095 - 8,418
trituberculatus
Penaeus monodon Tiger prawn 66 — 74 9,545 47 1,506 47 — 64 708 — 964

Total: 31,380 -42,932

Seven model pollutants (acetaminophen, doxycycline hyclate, tetracycline, methylene blue, methyl orange, 4-
nitrophenol, and potassium dichromate) were examined to elucidate adsorption behavior across different molecular
polarities. Adsorption kinetics confirmed dual-phase uptake involving rapid surface binding and slower intraparticle
diffusion. The complementary adsorption traits of fish hydrochar (strong affinity) and shrimp hydrochar (high capacity)
highlight the potential of marine waste hydrochars as low-cost, renewable alternatives to activated carbon for multi-
pollutant wastewater treatment (Siddhartha et al, 2026a; Siddhartha et al, 2026b).

In the second example, seaweed (algae blooms of the green algae Ulva pertusa and the brown algae Sargassum
horneri) was used and it produced 38-57% hydrochar, with a maximum surface area of 52 m*/g. Results of the methylene
blue adsorption are best described by a Langmuir model with a maximal adsorption capacity values of 112 +7.63 mg g’!
for the Sargassum based char, produced at 180 °C, with water/biomass ratio of 5 and 4 h residence time (Soroush et al,
2024).

Microwave assisted and conventional hydrothermal treatment of waste seaweed were compared in terms of
hydrochar properties and energy efficiency. The results show that hydrochar produced with a holding time of 1 h by



microwave heating has similar properties to the hydrochar produced in a conventionally heated oven for 4 h (200 °C and
water/biomass ratio 5): carbon mass fraction (52.4 + 3.9 %), methylene blue adsorption capacity (40.2 = 0.2 mg g™).
Energy analysis showed that microwave-assisted HTC uses less energy than conventional ovens. Laboratory results
suggest that hydrochar from waste seaweed via microwave can be an energy-efficient alternative, with similar quality to
that produced by traditional methods (Soroush et al, 2023).

Production of activated carbon (AC), from the previously made hydrochar, resulted in BET surface area of + 1400
m? g'!. Adsorption experiments using three different dyes (congo red, methyl orange, rose bengal) showed maximum
adsorption for RB dye with an adsorption capacity of 430.2 + 16.7 mg g, followed by CR and MO with adsorption
capacities of 379.5 + 6.5 and 357.4 £ 2.8 mg g'!, respectively. In addition, the optical properties of photocatalyst BisO7I
and its composite with AC were studied. The obtained results showcased the potential of using seaweed-based activated
carbon as a sustainable material for photocatalysts (Soroush et al, 2025).

Thirdly, waste plastics treated with HTC can be successfully applied as solid recovered fuel and as materials for
energy storage, catalysis, and supercapacitors (Che et al, 2024). The challenges in utilizing plastic hydrochar across
different applications, which include feedstock variability, contamination, scalability, material properties, and
environmental considerations will be exemplified. A critical evaluation of these HTC applications actively contributes to
advancing sustainable waste management and renewable energy production.

Hydrothermal carbonization of single plastic polymers such as polyethylene terephthalate (PET) and polystyrene
(PS) has not yet been explored on a large scale, particularly their thermal behavior, chemical transformations under
subcritical conditions, and the energy properties of the resultant hydrochar. This study investigated these aspects by
employing techniques, such as thermogravimetric analysis, Fourier transformed infrared spectroscopy, elemental and
calorific analysis. The results show that PET hydrochar has a superior energy densification (1.37) and energy yield (89
%) compared to PS hydrochar (1.13, 54 %). PET hydrochar begins to decompose at lower temperatures (150-270 °C) than
PS hydrochar (242-283 °C), but it reaches higher peak temperatures (420-585 °C vs. 390-470 °C), with both types
achieving similar burnout temperatures (650-800 °C). PET hydrochar recorded a higher activation energy (121-126
kJ/mol) than PS hydrochar (67-74 kJ/mol) with the Mampel first-order reaction model as the best fit (Che and
Heynderickx, 2024).

In conclusion, this research successfully demonstrates effectiveness of HTC in converting various wastes into
valuable hydrochar, supporting sustainable waste management, and supporting a circular economy in South Korea
through the creation of high-value materials from waste resources. The produced hydrochar can be successfully used as
adsorbent, precursor for activated carbon, solid recovered fuel and photocatalytic applications. Using different types of
feedstock in so-called co-HTC is part of ongoing work. Also, techno-economic analyses are currently performed to
evaluate the potential of this technology.
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