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Introduction. Nowadays, managing of fish waste represent a global environmental concern. According to the
Food and Agriculture Organization (FAO), global fishery and aquaculture production reached approximately 178
million tonnes in 2021, with up to 70% of the total mass potentially discarded as waste depending on species, size,
and processing methods (FAO, 2021). Owing to their high organic content, fish residues are suitable for
valorisation within a circular economy framework. Among available strategies, anaerobic digestion and biodiesel
production have been widely explored, while thermochemical conversion technologies—particularly pyrolysis—
have recently attracted increasing interest due to their flexibility, fast processing, and ability to handle
heterogeneous biomass. Pyrolysis converts organic waste into biochar, bio-oil, and syngas, contributing to waste
reduction and resource recovery (Yusuf et al., 2023).

In this context, the present study investigates the pilot-scale production of biochar from mixed fish-
processing residues (seabream, seabass, and fish scales), evaluating the effects of pyrolysis temperature and
residence time on product yields and elemental composition to assess its potential as a sustainable waste-to-
material pathway and as a fertilizer and soil amendment.

Materials and Methods. The experiments were carried out using a pilot-scale pyrolysis unit (Figure 1). The
ground and dried biomass is loaded into the feed hopper. A screw conveyor continuously transports the biomass
into the heated reactor chamber, where the pyrolysis reaction occurs. The biochar is collected at the outlet of the
reactor, while the volatile products are directed to a condensation system to obtain bio-oil.

Experimental runs were conducted at temperatures of 400 and 550 °C, with residence times of 30 and 60
min. The yields of biochar, bio-oil, and syngas were calculated on a weight percentage basis. The elemental
composition (C, H, N, S, and O) of the raw biomass and the produced biochar was determined by ultimate analysis.

Figure 1. Pilot scale pyrolysis-unit.

Results. Figure 2 shows the yields of biochar, bio-oil, and syngas obtained from the pyrolysis experiments. At 400
°C, increasing the residence time from 30 to 60 min leads to an increase in biochar and syngas yields, while the
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bio-oil yield decreases. For experiments conducted at the same residence time (60 min), increasing the temperature
from 400 to 550 °C results in a decrease in biochar and syngas yields, accompanied by an increase in bio-oil yield.
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Figure 2. Product yields obtained from pilot-scale pyrolysis experiments under different operating conditions.
Biochar, bio-oil, and syngas yields are reported as weight percentages (wt.%).

Table 1 reports the ultimate (CHNSO) analysis of the raw biomass and the produced biochars under
different pyrolysis conditions. The biomass exhibited a high carbon content (55.2 wt.%) and significant oxygen
(27.7 wt.%) and hydrogen (7.7 wt.%) contents. After pyrolysis, marked changes in elemental composition were
observed. Biochar produced at 400 °C and 30 min showed reductions in carbon, hydrogen, nitrogen, and sulfur
contents, accompanied by an increase in oxygen content.

Extending the residence time at 400 °C from 30 to 60 min resulted in a further decrease in carbon content
from 51.3 to 47.4 wt.% and additional reductions in hydrogen and oxygen, while the nitrogen remains nearly
constant. Increasing the temperature to 550 °C further intensified the decrease of carbon, hydrogen, and nitrogen,
with oxygen content reaching 58.5 wt.%. Sulfur remains constant under all conditions.

Table 1. Ultimate (CHNSO) analysis of biomass and corresponding biochars produced at different pyrolysis
conditions. Elemental contents are reported as weight percentages.

Elements Biomass Biochar Biochar Biochar
(400 °C (400 °C (550°C
30 min) 60 min) 60 min)

C (Wt. %) 552 51.3 474 343
H (wt. %) 7.7 4.0 2.7 1.7
N (Wt. %) 8.5 6.6 6.7 5.1
S (Wt. %) 1.0 0.5 0.5 0.4
O (wt. %) 27.6 37.6 42.7 58.5

Conclusion. This study demonstrates that pilot-scale pyrolysis is a feasible and effective pathway for valorising
fish-processing residues, as operating conditions control product yields and biochar quality, enabling targeted
biochar or liquid fuel production and supporting sustainable waste-to-material and waste-to-energy strategies.
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