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Introduction

One of the main concerns in recent years is the resource depletion, driven by global population growth. This has
led to a series of consequences such as environmental problems which in practice are reflected in economic issues.
As a result, there is an increasing need to shift towards renewable feedstocks and more sustainable production
processes (Catone et al., 2021).

In parallel, the growing volume of wastewater represents a major challenge, making its treatment
essential to ensure nutrient removal prior to discharge. Among current technologies, biological wastewater
treatment in photobioreactors using consortia of microalgae and bacteria is a promising alternative. This approach
takes advantage of microalgae-bacteria symbiosis and enables the treatment of wastewater with high N load
including wastewater from farms. However, the biomass generated is often managed as waste despite its
composition and valorisation potential (Rojo et al., 2023).

Microalgae-bacteria biomass generated in piggery wastewater treatment plants (WWTP) is rich in
proteins and carbohydrates that can be used as feedstock for downstream processes. Proteins can be recovered as
peptides which may be applied in the animal industry as feed ingredients or in agriculture as compounds with
potential bioactive properties or as bio-based surfactants or foaming agents in different industrial sectors. In
addition, carbohydrates can be used as substrate for the grow of microorganisms capable of producing bioplastics,
specifically Polyhydroxybutyrate (PHB), a well-studied Polyhydroxyalkanoate considered a substitute for
conventional plastics. Furthermore, biochar production could also be considered as an additional product within
this biorefinery concept (Peng et al., 2025).

Therefore, the aim of this study was to evaluate the techno-economic viability of a biorefinery based on
microalgae—bacteria biomass obtained from piggery WWTP to produce peptides, PHB and biochar.

Methodology
To evaluate the techno-economic viability of a biorefinery based on the biomass generated in piggery wastewater

treatment photobioreactors, a process of production was developed according to the block diagram showed in
Figure 1.
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Figure 1. Block diagram of biorefinery plant to produce peptides, PHB and biochar.

Piggery WWTP microalgal biomass used for this study was provided by University of Almeria (Spain)
and consisted of a consortium of microalgae and bacteria where the most abundant microalgal specie was
Scenedesmus Almeriensis in a 96%. The content of proteins, carbohydrates and lipid in biomass was 41.3%, 22.7%
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and 6.75% respectively. For the design of the process, the considered data was obtained from experiments in the
laboratory.

The process considered an input of 250 m*d of microalgae-bacteria biomass from the WWTP which after
the concentration by centrifugation, 10 m*d were pumped to an ultrasound assisted enzymatic extraction (UAEE)
hydrolysis using Protamex as enzyme at 50°C for 1h. Centrifugation is need for solid-liquid separation, with the
liquid phase directed for peptides purification and the solid phase was derived to PHB production. The peptides
purification consisted of a membrane separation system from 50 to 5 kDa, from which peptides were obtained
after a drying process. On the other hand, a thermo-acid hydrolysis with HCl 2M at 120°C for 1h was performed
for the extraction of carbon sources that can be suitable for PHB production. After hydrolysis, a centrifugation was
conducted, obtaining a solid fraction which biochar were obtained after drying. The liquid phase was diluted in a
10% and directed to PHB production reactor where Paracoccus denitrificans was used as microorganism. The
bacteria were cultivated at 37°C for 36 h to achieve 5 g/L of bacterial biomass with 30 %PHB. To extract the
biopolymer from the bacteria, a centrifugation operation was needed, followed by a purification process. Finally,
and after a drying process, PHB were obtained.

For the techno-economic analysis, fixed and operational costs were calculated considering a lifetime of
the biorefinery plant of 20 years. The costs of the equipment were estimated using Aspen HY SIS V.14®. Economic
indicators such as net present value (NPV), internal rate of return (IRR) and payback period (PP) were also
considering selling prices of 5 €/kg, 4 €/kg and 0.08 €/kg for peptides, PHB and biochar respectively.

Results and discussion

The production results of the proposed biorefinery were 54 kg/d of peptides, 48 kg/d of biochar and 64 kg/d of
PHB. Considering these mass flow rates per day, the annual costs of the equipment were 1,865,000 € with
1,117.000 € corresponding exclusively to those related to PHB production process. This means that in terms of the
fixed capital, the facilities associated to biopolymer production are the most expensive compared to the other two
products. Regarding the operational costs, the PHB production represents the 47% of the operating expenses.
Based on these findings, proteins emerge as the predominant product since they have a slightly higher selling price,
but the fixed and operational costs are moderate in comparison with the PHB.

According to the selling prices mentioned in the methodology, the NPV was -16,259,138 €, which agrees
with the discussion about the high expenses that involves the PHB production. Even though the biopolymer
production impacted negatively the process, the peptides line production obtained lower fixed and operational
costs which make it a product that could be analysed in the future in addition to other subproducts from the
revalorisation of the studied biomass.

These results need to be compared and analysed from an environmental point of view, considering the
impact of the technology besides the economic aspects.

Conclusions

The production of peptides, PHB and biochar from microalgae-bacteria biomass generated in piggery wastewater
treatment plants proved to be not techno-economically viable achieving a negative net present value due to the
high production costs associated with PHB. However, future research should focus on evaluate the economic
feasibility of peptides production, given lower production costs, with other possible subproducts that can have
higher revenues. Furthermore, the implementation of a Life Cycle Assessment (LCA) is essential to evaluate the
environmental performance of these biorefinery and other configurations.

Acknowledgements
This work was supported by Grant PID2023-1533560B-100, funded by MICIU/AEI/ 10.13039/501100011033

and by ERDF/EU and by Consejeria de Educacion of the regional government of Castilla y Leon and ERDF/EU
(UIC 338 and CLU-2025-2-06). Barbara Mufioz Madariaga would like to thank the University of Valladolid for
her PhD scholarships.

References
Catone, C. M., Ripa, M., Geremia, E., & Ulgiati, S. (2021). Bio-products from algae-based biorefinery on
wastewater: A review. Journal of Environmental Management, 293, 112792.

https://doi.org/10.1016/J.JENVMAN.2021.112792

Rojo, E. M., Filipigh, A. A., & Bolado, S. (2023). Assisted-enzymatic hydrolysis vs chemical hydrolysis for
fractional valorization of microalgae biomass. Process Safety and Environmental Protection.
https://doi.org/10.1016/j.psep.2023.03.067

Peng, Z., Zhang, L., Li, P., Li, J., Shen, C., Tian, X., & Liu, S. (2025). Functional biochar and catalytic sustainable
biosynthesis of PHA derived from waste activated sludge. Bioresource Technology, 431, 132613.
https://doi.org/10.1016/J.BIORTECH.2025.132613



https://doi.org/10.1016/J.BIORTECH.2025.132613
https://doi.org/10.1016/j.psep.2023.03.067
https://doi.org/10.1016/J.JENVMAN.2021.112792

