CA21146 (PURPLEGAIN) — 2™ Workshop “Resource recovery from waste and wastewater and downstream procedures for PPB
biomass” in the frame of WG2: Resource recovery from waste and wastewater and downstream procedures for PPB biomass, 6™ July
2023, Madrid, Spain

An insight on Purple-B project: Hydrogen production from immobilized cells in
photo-bioreactors
Graziano Tassinato', Pietrogiovanni Cerchier?, Anna Stoppato®, Marco Biasiolo*", Cristina Cavinato*

'Green Propulsion Laboratory, VERITAS spa., via della Geologia 31, Fusina, 30176, Italia
29-tech srl, via Triestina bassa 74, Eraclea, 30020, Italia
3Dipartimento di Ingegneria Industriale, Universita degli Studi di Padova, via Venezia 1, Padova, 35131, Italia
“Dipartimento di Scienze Ambientali, Informatica e Statistica, Universita Ca’ Foscari Venezia, via Torino 155,
Venezia, 30172, Italia

*marco.biasiolo@unive.it

Hydrogen has been widely recognized as a promising tool to address global warming problems, due to its high
energy density and the sustainability of its utilization[1]. Although being currently not economically
competitive[2], hydrogen production through bioprocesses is regarded as a promising approach in terms of
sustainability. This is attributed to the mild operative conditions[3—4], minimal net greenhouse gas emissions[4],
and the potential to exploit waste materials and wastewaters as carbon and energy source[5]. In this perspective,
the Purple-B project aims to develop a two-stage sequential Dark and Photo-fermentation system for treating waste
generated by astronaut crews. The implementation of a two-stage process using food waste and black water or
sewage sludge, which are the primary waste streams in a space station, presents an opportunity to maximize
hydrogen (H:) recovery from these substrates. This approach creates a direct waste-to-energy nexus,
simultaneously purifying the effluent and generating a supply of H.. Moreover, the immobilization of Purple
Non-Sulfur Bacteria (PNSB) on a hydrophilic matrix enables the system to function in microgravity conditions,
such as on planets (e.g., Mars) or within a gravity-free environment like a space station. By employing an
immobilized biomass photobioreactor, the volume of water circulating through the system is minimized, allowing
for better control of biomass growth. Thus, the Purple-B reactor serves as a crucial component within the closed
system of a space station, effectively transforming waste into energy.

Figure 1. Schematic representation of the Purple-B project



CA21146 (PURPLEGAIN) — 2™ Workshop “Resource recovery from waste and wastewater and downstream procedures for PPB
biomass” in the frame of WG2: Resource recovery from waste and wastewater and downstream procedures for PPB biomass, 6% July
2023, Madrid, Spain

References
[1] D. Guilbert, G. Vitale, Hydrogen as a Clean and Sustainable Energy Vector for Global Transition from
Fossil-Based to Zero-Carbon, Clean Technol., 2021, 3, 881-909.

[2] A. Ajanovic, M. Sayer, R. Haas, The economics and the environmental benignity of different colors of
hydrogen, International Journal of Hydrogen Energy, 2022, 47(57), 24136-24154.

[3] J. Baeyens, H. Zhang, J. Nie, L. Appels, R. Dewil, R. Ansart, Y. Deng, Reviewing the potential of bio-
hydrogen production by fermentation, Renewable and Sustainable Energy Reviews, 2020, 131.

[4] D.B. Pal, A. Singh, A. Bhatnagar, A review on biomass based hydrogen production technologies,
International Journal of Hydrogen Energy, 2022, 47(3), 1461-1480.
[5] P.K. Rai, S.P. Singh, Integrated dark- and photo-fermentation: Recent advances and provisions for

improvement, International Journal of Hydrogen Energy, 2016, 41(44), 19957-19971.



