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Abstract

Polyhydroxyalkanoates (PHAs) are biodegradable polymers that offer a sustainable alternative to conventional plastics while adding value to waste products such as sewage sludge. The main challenge in their production is the high cost. This review, conducted in accordance with the PRISMA methodology, focuses on the use of mixed microbial cultures and renewable raw materials, primarily volatile fatty acids from sludge, to make PHA production viable. It summarises research on substrates, the aerobic dynamic feeding strategy for biomass enrichment, operational conditions and reported yields. The work outlines the process from substrate acquisition to polymer production, highlighting the need for optimised conditions to scale up this promising bio-based technology.
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Resumen

Los polihidroxialcanoatos (PHA) son polímeros biodegradables con propiedades similares a los plásticos convencionales, que ofrecen una alternativa sostenible y valorizan los residuos de lodos de depuradora. Su principal desafío de producción es el alto costo. Esta revisión, basada en la metodología PRISMA, se centra en el uso de cultivos microbianos mixtos y materias primas renovables (principalmente, ácidos grasos volátiles de lodos) para viabilizar la producción de PHA. El libro sintetiza investigaciones sobre sustratos, la estrategia de alimentación dinámica aerobia para enriquecer biomasa, condiciones operativas y rendimientos reportados. También se describe el proceso desde la obtención del sustrato hasta la producción del polímero, y se destaca la necesidad de optimizar condiciones para escalar esta prometedora tecnología de base biológica.
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Introduction


Tenets of sustainability dictate the repurposing of waste materials as renewable resources. This waste encompasses all materials generated by human activities, including those derived from agricultural and industrial sources (Mannina et al., 2020). Wastewater treatment plants (WWTP) generate a significant amount of waste, which has recently gained attention as a potential resource for recovery within the context of biorefineries. This has led to the development of innovative technologies aimed at recovering valuable materials and resources, including water, energy, and various forms of waste, such as metals, nutrients, and bioplastics (Mannina et al., 2020).

The latter has generated significant interest because the use of plastic materials derived from petroleum has been increasing for decades because of their low cost, mechanical properties, and use in daily activities (Choi & Lee, 1997), and that is why they have influenced the quality of life and its improvement. Therefore, nowadays, they are a fundamental part of most industries, coming to replace paper and glass. Adding to their resistance to degradation and accumulation, this makes it an environmental problem worldwide (Khanna & Srivastava, 2005). Considering the above, various recent investigations have been carried out on biodegradable polymers to replace plastic, including polyhydroxyalkanoates or PHAs (Mannina et al., 2020).

PHAs are polymers of hydroxyalkanoate acids that are accumulated in granules within the microbial cytoplasm (Álvarez da Silva, 2016) as a reserve material by some bacteria, microalgae, and archaea to supply their metabolic needs for carbon and energy later in an unbalanced growth environment (Mannina et al., 2020). They are polymers synthesized by bacteria, and their mechanical properties are like propylene (Hong et al., 2009). This is a thermoplastic, elastomeric biopolymer, insoluble in water and impermeable to gases (Álvarez da Silva, 2016). Additionally, it is biodegradable (it degrades in methane under anaerobic conditions by microorganisms in the sea, soil, and wastewater and in carbon dioxide and water under aerobic conditions) (Khanna & Srivastava, 2005); it is also biocompatible and is a viable option compared to conventional plastic due to its similar characteristics (Mengmeng et al., 2009). It also has a wide variety of applications; these include disposable objects of daily use such as cutlery, glasses, razors, and packaging in general, and medical products, for instance, tissue patches, sutures, surgical nails, among others.

The main limiting factor of this alternative is the production costs, since in commercial manufacturing, pure microbial cultures that allow a more significant accumulation of PHA are preferred (Pakalapati et al., 2018). So when using pure strains and non-renewable carbon sources (Pittmann & Steinmetz, 2014; Serafim et al., 2004), strict controls and protocols that are not economically convenient are required to carry out this alternative on an industrial scale, since more than half of the cost is related to the crops and substrates used (Pakalapati et al., 2018), making this cannot be established as a competition against conventional plastic derived from petroleum (Khanna & Srivastava, 2005; Argiz et al., 2020).

However, wastewater treatment plants generate a large volume of sludge, representing 40% to 60% of their operating expenses. A strategy to manage this waste is through its reuse for the obtaining of volatile fatty acids (VFAs); these are one of
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