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Abstract - This study explores an innovative biological approach to produce bio- hydrogen from organic waste substrates such as
wastewater sludge and landfill leachate, employing dark and photo fermentation methods. In dark fermentation, the process occurs in the
absence of light, whereas photo fermentation takes place in a well-lit environment. Microorganisms are pivotal in both methods, breaking
down organic materials to generate hydrogen gas [1, 2].

The research meticulously compares the efficiency and performance of dark and photo fermentation in generating bio-hydrogen from
these waste sources. Controlled experiments, utilizing a controlled-environment flask, were conducted. Initially, separate dark and photo
fermentation processes were applied to sewage sludge [2]. Subsequently, experiments involving a 70%—-30% mixture of sewage sludge
and landfill leachate were conducted for both fermentation methods. Key variables such as pH, temperature, substrate concentration, and
duration of experiments were strictly regulated [3, 4].

Results revealed significant bio-hydrogen production from wastewater sludge alone and in combination with landfill leachate in both
dark and photo fermentation processes [4]. Dark fermentation of pure sewage sludge demonstrated superior bio- hydrogen yield, reaching
116.20 pL, equivalent to 23.24% of the total gas volume produced during the 87-hour experiment. In comparison, photo fermentation of
the same substrate yielded 76.56 pL, constituting 15.31% of the total gas volume.

Furthermore, when a mixture of wastewater sludge and landfill leachate was utilized, dark fermentation outperformed photo fermentation,
producing 67.63 pL of bio-hydrogen (13.53% of the total gas volume), while photo fermentation produced 63.37 pL, accounting for
12.67% of the total gas volume. Thus, the overall comparison demonstrates that dark fermentation of pure sewage sludge yields the
highest bio-hydrogen production.

Keywords: bio-hydrogen production, organic waste substrates, wastewater sludge, landfill leachate, dark fermentation,
photo fermentation, microorganisms, controlled experiments, hydrogen gas, renewable energy.

References

[1] Ghimire A, Frunzo L, Pirozzi F, Trably E, Escudie R, Lens PNL, Esposito G (2015) A review on dark fermentative
biohydrogen production from organic biomass: process parameters and use of by-products. Appl Energy 144:73-95.
https://doi.org/10.1016/j.apenergy.2015.01.045.

[2] Acar C, Dincer I (2019) Review and evaluation of hydrogen production options for better environment. J Clean Prod
218:835-849. https://doi.org/10.1016/j.jclepro.2019.02.046.

[3] LiY, Zhang Z, Zhang Q, Tahir N, Jing Y, Xia C, Zhu S, Zhang X (2020) Enhancement of bio-hydrogen yield and pH
stability in photo fermentation process using dark fermentation effluent as succedaneum. Bioresour Technol
297:122504. https://doi.org/10.1016/].biortech.2019.122504.

[4] Liu X, He D, Wu'Y, Xu Q, Wang D, Yang Q, Liu Y, Ni BJ, Wang Q, Li X (2020) Freezing in the presence of nitrite
pretreatment enhances hydrogen production from dark fermentation of waste activated sludge. J Clean Prod 248:119305.
https://doi.org/10.1016/j.jclepro.2019.119305.

ICEPTP 122-1


https://doi.org/10.1016/j.apenergy.2015.01.045
https://doi.org/10.1016/j.jclepro.2019.02.046
https://doi.org/10.1016/j.biortech.2019.122504
https://doi.org/10.1016/j.jclepro.2019.119305

