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1. Introduction – Earth and sea industrial by-products and waste, such as unavoidable food waste and 

plastic residues, are promising and alternative materials to furnish an extensive range of biofuels and 

biochemicals through various waste to wealth strategies. Among the different types of unavoidable 

lignocellulosic food wastes, almond hulls, produced as a by-product in the almond processing industry, are 

excellent candidates for developing novel biorefineries. In parallel, waste plastics are currently one of the 

most concerning terrestrial and seawater pollution forms. Despite the fact that they primarily originate from 

single-use packaging, plastic drink bottles and polyethylene bags, the recent COVID-19 pandemic has 

compounded this issue. This accounts for the increase in the production and disposal of protective plastic 

materials, especially disposable face masks. Taking the chemical nature of these feedstocks, hydrothermal 

treatment is regarded as an excellent candidate for the management and valorisation of bio- (biomass) and 

synthetic (plastics) polymers. Besides, as it uses water as a reaction medium, its substitution (total or partial) 

by seawater is currently considered an up-and-coming option as this latter contains large amounts of 

dissolved species with catalytic activity during biomass depolymerisation. Given this background, this 

work addresses the synergetic co-valorisation of almond hulls and disposable face masks using seawater 

under hydrothermal conditions (350 ºC and 170 bar). The effects of the feedstock composition (each 

material alone and all possible binary combinations) and the reaction medium (deionised water, seawater 

and all possible binary mixtures) have been evaluated over a wide range of reaction times (20-180 min). 

 

2. Results and Discussion – The hydrothermal treatment of both materials led to gas, biocrude, hydrochar 

and aqueous fraction formation. The yields to these fractions depended on the processing conditions and 

reaction medium, and varied by 3-9%, 5-34%, 13-87% and 0-54%, respectively. The biocrude, consisting 

of a pool of oxygenate, aliphatic, aromatic and nitrogen-containing compounds, comprised (wt.%) 57-77 

C, 7-11 H, 13-33 O and 0-2 N, with a HHV between 28 and 38 MJ/kg. The hydrochar elemental composition 

(wt.%) varied by 48-86 C, 3-14 H, 1-46 O, 0-2 N, while its HVV shifted from 16 to 46 MJ/kg. Process 

optimisation revealed that the formation of an energy-dense (32 MJ/kg) liquid biofuel was maximised (26% 

biocrude yield) by processing almond hulls in deionised water for 115 min. At the same time, face masks 

promoted solid biofuel formation (83% hydrochar yield, 46 MJ/kg) by coprocessing an almond 

hulls/disposable face masks mixture (8:92 wt.%) in salted (37471 ppm) water for 180 min. Conducting the 

process with seawater (44608 ppm) for 180 min allowed coprocessing of both materials (22/78 wt.% 

almond hulls/face masks) efficiently to maximise biofuels production  (13% biocrude yield, HHV = 33 

MJ/kg and 67% hydrochar yield and HHV = 49 MJ/kg) with an energy efficiency of 83%. 

 

3. Conclusions – The experimental results revealed bilateral biomass-plastic synergistic and antagonistic 

interactions occurring in combination with several promoting and inhibiting effects displayed by seawater, 

which ruled the distribution of reaction products and their key physicochemical properties. These synergies 

originated from active fragments produced from almond hulls decomposition, which acted as effective 

donors for initiating face mask chain scission reactions, releasing H species capable of interacting with the 

former reactive fragments. Additionally, these developments were modulated by the capability of seawater 

to alter the extension of alkylation, aromatisation, condensation and Maillard reactions. This medium also 

promoted O-H bond scissions in almond hulls but did not show any catalytic capability for the C-C scissions 

needed for face mask depolymerisation. These results are a breakthrough in developing season-free and 

flexible biorefineries for biofuels production, which contribute to reducing pollution and bringing out the 

hidden value of human activity common residues. 
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