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Abstract. The growing world need of clean and renewable energy 

requires formulation of sustainable strategies that are capable of 

effectively converting organic waste into substitutes. Agro-industrial 

residues which include beet pulp, used coffee grounds and whey, in this 

case form an enormous unused biomass with high bioenergetic 

potential. This paper presents a combined discussion of the main 

biological routes to biohydrogen generation based on agro-industrial 

wastes and dark fermentation, photofermentation, and coupled H2-CH 4. 
Dark fermentation is based on the capability of anaerobic 

microorganisms to quickly transform organic material to hydrogen, 

whereas the ratio of photofermentation improves the product by 

recovering organic acids of the first step with the aid of photosynthetic 

bacteria. Moreover, the biohydrogen generation in combination with 

anaerobic digestion would allow the complete valorization of organic 

waste to biomethane, hence, maximizing the total energy balance and 

reducing environmental costs. The effect of important operating 

parameters such as pH, temperature, substrate composition, and 

fermentation time are also talked about in order to streamline the 

process performance. All in all, combined biological methods of agro-

industrial waste include the integrated valorization of waste, which is a 

promising concept in terms of sustainable energy generation, 

greenhouse gas emissions, and the concept of a circular economy. 

Keywords: Biohydrogen, Agro-industrial waste, Dark fermentation, 

Photofermentation, Coupled H2-CH4 system, Circular economy. 

1. Introduction 

Biohydrogen as a clean energy carrier is thus an excellent solution to the energy switch and 

global environmental issues especially the problem of increasing agro-industrial waste 

management [1-7]. Hydrogen has a bright side as it is highly energetic with zero-emission 

combustion generating nothing but water as the byproduct [4,7,8]. Compared to 

thermochemical and electrochemical schemes, biohydrogen production of biomass is a 

green technology, non-pollutant and not demanding as it reacts under mild conditions with 

low-energy consumption [4,8,9]. 
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Agro industrial wastes present a huge feedstock that has a large bioenergetic capacity in 

production of biohydrogen [5, 10-15]. About 1.3 billion tonnes of food are wasted or lost 

per year in the whole world which is a third of the food production [16]. The build up of 

this waste has some serious consequences in the environment [13, 17]. The process of 

valorizing these residues is fully consistent with the concept of a circular economy since it 

aims at turning low-value byproducts into an energy source and at the same time, 

minimizes pollution [18, 19]. 

Among the agro-industrial wastes that could be used to produce biohydrogen, it is worth 

noting that we have this beet pulp, used coffee ground, and whey [10]. These are materials 

that contain high organic compounds and have high fermentable potential [13,16,20]. As an 

example, the lignocellulosic biomass residues can serve as a source of abundant and 

inexpensive sources of hydrogen production [21, 22]. Other byproducts high in soluble 

sugars (79.8% +- 0.8% salvageable) and fiber (12.3% +- 0.4% salvageable) are also 

produced in date production [23]. Likewise, Palm Oil Mill Effluent [POME] although a 

significant environmental problem, has potentials of being used to produce biohydrogen 

[24]. 

2. Biological pathways for biohydrogen production: 

The biological pathways used to produce biohydrogen also largely include dark 

fermentation and photofermentation, which is largely used in a sequential mode with an 

aim of maximizing the overall hydrogen production [1, 3, 25–31]. 

Ethics of biohydrogen production through dark fermentation. 

Dark fermentation is an anaerobic mechanism, where microorganisms convert organic 

matter into hydrogen gas [3, 11, 15, 32]. This technique is specifically appropriate when 

valorizing agro-industrial waste since it operates under mild working conditions which are 

ambient temperature and pressure [11]. 

An aerobic bacterium, especially a genus of bacteria called Clostridium, are commonly 

used in dark fermentation [32]. The organisms break down the complex carbohydrates to 

volatile fatty acids [VFAs] and hydrogen [33]. 

There are metabolic pathways that are important in the process of breaking down sugars 

into pyruvate, which is further changed into acetyl-COA. Hydrogen is synthesized with the 

help of the essential enzyme hydrogenase that helps in deprotonating reduced NADH 

and/or ferredoxin [34]. 

Parameters that affect Yield: 

PH: The optimal pH is also a very important determinant. Ideally, a range of 5.5 to 6.5 is 

considered a range that will encourage hydrogen-producing processes whilst trading-off 

methanogenesis [1, 34]. 

Temperature: The dark fermentation may be performed in mesophilic (30-40°C)] or 

thermophilic (50-60°C ) temperature [1, 35]. The thermophilic cultures have been proven to 

be better in producing high yield of hydrogen, especially food waste [35]. 
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Type of Substrate and Concentration: The best feedstock is carbohydrate-rich feedstocks 

[food waste and lignocellulosic biomass] [10, 20, 21, 32, 36]. It is important to establish the 

optimal concentration of substrates since a high concentration will result in inhibition of the 

process [35]. 

Fermentation Time: To allow the microorganisms to get minimal degradation of the 

substrate in order to produce hydrogen, a proper hydraulic retention time [HRT] is 

necessary [1]. 

Advantages and limitations: 

At the first place, one can mention such bonus as the possibility of utilizing a wide range of 

organic waste, non-aggressive operating conditions, and the possibility to work in 

incomplete light [11, 32]. Hydrogen yields and production with byproducts that accumulate 

to inhibit production are among the limitations, though [34, 37]. To scale back these 

limitations, integration with other processes that complement them [e.g. photofermentation] 

is often suggested [29, 30]. Also, ensuring the stability of the systems is a long-standing 

issue [38]. 

Biohydrogen production through photofermentation principle: 

Photofermentation refers to a biological reaction and involves the use of photosynthetic 

microorganisms to generate hydrogen with the presence of light [3, 26, 37]. It can 

sporadically be considered complementary to dark fermentation since it can valorize the 

VFA-rich effluents produced in the dark stage [29, 30, 39, 40]. 

Photosynthetic microorganisms, especially purple non-sulfur bacteria [PNSB] use the light 

energy to break down organic acids and generate hydrogen [26, 37, 41, 42]. Nitrogenase 

enzyme catalyzes this reaction [41]. 

Interactive photosynthetic microorganisms: 

An example of bacteria which have been studied extensively with regard to their 

effectiveness in the production of hydrogen through the process of photofermentation 

include: Rhodobacter capsulatus [29, 3, 39, 43]. 

The operating conditions and light role: 

Light is an important requirement in photofermentation [26,37]. Irradiance and spectral 

composition have significant effects on hydrogen yields. In this connection, PBRs are now 

commonly used to optimise the high light exposure settings [31, 43]. Such parameters as 

pH, concentrations of different nutrients (especially nitrogen since nitrogenase is highly 

sensitive to ammonia), and temperature are all essential in optimisation of production 

efficiency [39, 41]. 

Dark fermentation effluents need to be valorised: 

One of the major benefits of photofermentation is the ability to use the volatile fatty acids 

(VFAs) present in the effluents of dark fermentation as a feedstock [29, 30, 39, 40]. It 

enables a more thorough transfer of the chemical energy of the original substrate to 

hydrogen and will improve the results in waste management [29, 31]. The production of 

biohydrogen using the dark fermentation effluents of molasses and thick juice has been 

reported to be successful in terms of result in empirical studies [31, 43]. 

Opportunities, limitations, and supplementarity: 

Photofermentation has a high substrate conversion efficiency [42] and the ability to react 

with residual VFAs of dark fermentation and engage in the establishment of more efficient 

integrated system [40]. However, it is plagued with inefficient light conversion efficiency, 

and low biohydrogen generation, which altogether limit large-scale applications 

[26, 37, 41]. The dark fermentation in combination with photofermentation has a promising, 

synergizing, approach to proletiate the drawbacks of the two methods to enable maximum 
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biomass-to-hydrogen transformation [29, 30]. Enhanced strategies, such as media 

optimisation and biotechnological interventions, are already being evaluated to supplement 

the performance of photofermentative treatments [37, 41]. 

3. The coupled hydrogen (H 2) and methane (CH 4) system:

The paired system of H 2 -CH 4 is a novel practice of agro-industrial waste to realize dual 

energisation and enhance the waste management behavior [44]. This idea is completely 

corroborated with the values of the circular economy, and bioeconomy, where the targets of 

creating a sustainable energy transition and minimizing greenhouse gas (GHG) emissions 

can be achieved [44]. 

Idea and principle of biohydrogen biomethane coupling: 

This coupled hybrid system to produce biohydrogen and biomethane uses the integration of 

dark fermentation and anaerobic digestion (AD), also known as biohythane [45]. This two-

phase approach has been considered more effective than the traditional one-stage anaerobic 

procedures as the allowance of the optimisation of conditions to each microbial consortium 

maximises energy recoveries [45]. 

It is traditionally initiated with the dark fermentation where anaerobic bacteria are used to 

metabolise the carbohydrates obtained through an organic waste into biohydrogen and 

VFAs [46]. The organic constituents in substrates, e.g. food waste and agro-industrial 

wastewater, especially suit this stage. An example is the production of hydrogen using the 

cassava processing, dairy, and citrus wastewaters, which gave 31.41, 37.25, and 28.95 ml of 

H 2 per gram Chemical Oxygen Demand (COD), respectively [47]. The best pH of the 

hydrogenic stage is usually 5.5-6. 

The resulting VFA-enriched effluents are then moved to a methanogenic anaerobic reactor 

in which the methanogenic archaea transform them into biomethane [48]. The ideal pH of 

methane production is found under the range of 6.8 to 7.2 [48]. Getting these two processes 

connected leads to the more complete degradation of organic matter and an increased 

recovery of energy as compared to isolated processes [48]. 

Other novel systems also include Microbial Electrolysis Cells (MECs) with dark 

fermentation in order to increase biohydrogen production [49]. This blend allows the 

occupational conversion of non-hydrogenic fermentation outputs into further hydrogen and 

therefore the maximum transformation of energy [49]. Furthermore, some designs integrate 

the process of methanogenesis with MECs, to produce both biomethane and biohydrogen, 

bypassing the difficulties engaged with traditional membrane frameworks, including high 

expenses and contamination [49]. 

4. Global energy recovery and reducing residual organic load

optimisation:

One of the main goals of coupled H 2 -CH 4 system is the agreement of maximum total 

energy recovery [44]. The separation of hydrogen and methane production steps will allow 

the use of the best conditions of the process that will maximize the performance of the 

particular microbial population. Production of biohythane using agro- industrial waste is 

recognized as an effective cleaner energy source [44]. 

In addition, anaerobic digestion which follows dark fermentation produces a significant 

decrease in residual organic load [48]. The digester transforms VFAs and other by-products 

of the fermentation process into methane hence reducing COD in the effluent and the 

potential to pollute the atmosphere. The resulting digestate can even be used as a bio-

fertiliser so the nutrient cycle is complete and therefore waste is reduced to a minimal [48]. 
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Endocrine contribution to circular economy and bioeconomy : 

The coupled H 2 -CH 4 system of valorisation of agro-industrial waste fits perfectly well 

with the model of the circular economy and bioeconomy. The given economic models are 

aimed at reducing the use of fossil resources, reducing the production of waste, and creating 

value out of the second stream. The food waste, such as that of food, is a perfect feedstock 

to such processes since it is very moist and rich in organic matter [44]. 

A system like this reduces the environmental impact of the conventional disposal systems 

(e.g., landfilling and incineration) by converting them into biofuels (H - and CH 4 ) and 

value-added products (e.g., digestate). It develops a circular economy through continued 

utilization of resources over long periods of time as well as acquiring the highest value out 

of waste streams [44]. 

5. Impacts on the environment and energy: 

Production of biohydrogen and bio-methane as a result of agro industrial waste produces 

huge positive environmental and energy procedures. 

The greenhouse gas (GHG) emission reduction: 

The use of renewable biofuels like biohydrogen and biomethane significantly reduces the 

emissions of CO 2, CH 4 and N2O, which are the main GHGs resulting in the 

disintegration of organic waste and burning of fossil fuels. Specifically, the honouring of 

agricultural organic refuse prevents the significant GHG gaseous emissions that would 

otherwise become a reality during the landfilling or by burning in the open air. Research 

has revealed that by integrating biomethanation system with a wastewater treatment plant, 

the organic constituents can be used to produce 13420kg of biomethane, which is 

equivalent to about 133826kWh electricity [50]. 

Comparison to conventional energy pathways: 

In comparison with traditional sources of fuel, biohydrogen and biomethane synthesis are 

based on renewable sources, which provide a cleaner alternative. Hydrogen, especially, is a 

better clean-energy vector due to its large calorific value and the fact that its combustion 

produces no toxic by-products. Hydrogen-based energy systems are, therefore, seen to be 

central towards achieving low-carbon industrialisation and high-quality development goals 

[51]. 

International eco-energetic and green advantages. 

The integrated system encourages the saving of resources, improved air and water quality, 

reduction in the amount of waste and conservation of biodiversity. It provides a twofold 

usage waste-management device and produces energy, a key foundation of sustainable 

development. 

Donation to sustainability and carbon neutrality targets: 

The coupled system is the direct next step to the United Nations Sustainable Development 

Goals (SDGs), in particular, to such areas as ―Affordable and Clean Energy‖ and 

―Responsible Consumption and Production.‖ It also supports national and international 

policies to shut the carbon-neutrality grid through lessening the use of fossil fuels and 

through the appraisal of renewable energy sources [50]. 

6. Future and technology issues and prospects: 

Well meaning as it is, the coupled system faces a number of technological and biological 

challenges. 

Existing Biological and Technical constraints. 
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There is a great variation in the hydrogen yield and production rate, as shown by studies 

that clearly indicates the importance of optimising the process conditions. Furthermore, 

enzymatic stability necessary to perform biocatalytic GHG conversion is often low, and 

enzymatic activity is very vulnerable to the environmental factors. Selectivity in reactions 

can be problematic too and undesirable by-products will appear. 

Industrial upscaling constraints: 

The process of leaving laboratory scale production to an industrial application is 

complicated, due to the enormous volumes of waste that need treatment and the necessity to 

maintain both stable and cost effective performance. Infrastructure capital and risk 

investments to optimise integrated systems are the salient risks. As an example, pre-

treatment of lignocellulosic feedstock may be expensive and energy-demanding [52]. 

Process optimisation needs: 

Strategies used to optimise its operation, such as the selection of substrates, co-digestion, 

enhanced pretreatment methods, enrichment of inoculum and a precise control of all 

operational parameters (temperature, pH, hydraulic retention time and substrate 

concentration) are critical in improving the hydrogen yields and stability of the process. 

Optimising the allocation of energy and the efficiency of a process by regulating redox 

potentials and materials Direct Interspecies Electron Transfer (DIET) Direct Interspecies 

Electron Transfer (DIET) using thermodynamic analyses can be used to optimise the 

distribution of energy and efficiency of a process in the context of syntrophic 

methanogenesis of hydrogen (this example). 

7. Future innovations and perspectives of research: 

The study in future should focus on the creation of hybrid and integrated technologies to 

overcome presently existing limitations in biohydrogen production procedures [54]. Process 

optimisation can also be enhanced with the help of the use of kinetic modelling and 

computational simulations and the use of artificial intelligence. The stabilization of 

enzymes and catalysts, as well as the process of enhancing the conversion process, is a 

promising body of research. Lastly, the effects on the environment will have to be further 

enriched with extensive Life cycle Assessments (LCA) to stringently compare divergent 

biofuel production methods [54]. 

8. Conclusion: 

An example of a green solution to the dual requirements of energy transition and a 

sustainable use of organic waste demonstrated through the valorisation of agro-industrial 

waste to produce biohydrogen is a green and environmental benign solution with the 

capacity to satisfy long-term challenges in energy production. The results provided in this 

work highlight the potential of such biological methods as dark fermentation and 

photofermentation as the effective pathway of converting organic residues into clean 

hydrogen. Dark fermentation allows the fast generation of biohydrogen, compared to 

photofermentation which holds the possibility of increasing the amount of hydrogen 

retrieved across the by-products of fermentation, thus increasing the total production. 

The adoption of these processes into coupled systems where biohydrogen and 

methanogenesis processes are coupled together has a significant impact in enhancing the 

sustainability of the sector by rendering full valorisation of the residual organic matter into 

biomethane. The integrated approach enhances energy recovery leading to a reduction in 

6

EPJ Web of Conferences 350, 01004 (2026)
ICASIN’2025

https://doi.org/10.1051/epjconf/202635001004



greenhouse-gas emissions besides reduction in the amount of pollutant load related to agro-

industrial waste. 

However, despite the bright future, the technologies continue to deal with a number of 

challenges connected with optimisation of the operating conditions, microbiological 

stability, and upscaling of industry. More research works are still needed to improve the 

performance, economic sustainability, and industrialization of these systems. Finally, the 

agro-industrial biomass and its interdependent biological valorisation is a key avenue of 

developing circular bioenergy systems, which actively can help to meet clean energy 

production and sustainable development over the long term. 

References : 

1. PRABAKAR, Desika, MANIMUDI, Varshini T., SAMPATH, Swetha, et 

al. Advanced biohydrogen production using pretreated industrial waste: outlook and 

prospects. Renewable and Sustainable Energy Reviews, 2018, vol. 96, p. 306-324. 

2. KAMARAJ, M., RAMACHANDRAN, K. K., et ARAVIND, J. Biohydrogen 

production from waste materials: benefits and challenges. International Journal of 

Environmental Science and Technology, 2020, vol. 17, no 1, p. 559-576. 

3. FENG, Siran, NGO, Huu Hao, GUO, Wenshan, et al. Biohydrogen production, storage, 

and delivery: A comprehensive overview of current strategies and 

limitations. Chemical Engineering Journal, 2023, vol. 471, p. 144669. 

4. KANWAL, F. et TORRIERO, A. A. J. Biohydrogen—A Green Fuel for Sustainable 

Energy Solutions. Energies 2022, 15, 7783. 2022. 

5. OSMAN, Ahmed I., DEKA, Tanmay J., BARUAH, Debendra C., et al. Critical 

challenges in biohydrogen production processes from the organic feedstocks. Biomass 

Conversion and Biorefinery, 2023, vol. 13, no 10, p. 8383-8401. 

6. SHARMA, Surbhi, BASU, Soumen, SHETTI, Nagaraj P., et al. Waste-to-energy nexus 

for circular economy and environmental protection: Recent trends in hydrogen 

energy. Science of the Total Environment, 2020, vol. 713, p. 136633. 

7. MONA, Sharma, KUMAR, Smita S., KUMAR, Vivek, et al. Green technology for 

sustainable biohydrogen production (waste to energy): a review. Science of the Total 

Environment, 2020, vol. 728, p. 138481. 

8. HU, Jianjun. Comparisons of biohydrogen production technologies and processes. In 

: Waste to renewable biohydrogen. Academic Press, 2021. p. 71-107. 

9. YAASHIKAA, P. R., DEVI, M. Keerthana, et KUMAR, P. Senthil. Biohydrogen 

production: an outlook on methods, constraints, economic analysis and future 

prospect. International Journal of Hydrogen Energy, 2022, vol. 47, no 98, p. 41488-

41506. 

10. BÉLAFI-BAKÓ, Katalin, TÓTH, Gábor, BAKONYI, Péter, et al. Utilization of agro-

wastes in biohydrogen fermentation by various microorganisms. Hungarian Journal of 

Industry and Chemistry, 2022, vol. 50, no 2, p. 57-60. 

11. KULKARNI, Sunil J., SURYAWANSHI, Mahesh A., MANE, Vijay B., et 

al. Biohydrogen From Waste Feedstocks–Materials, Methods and Recent 

Developments. BioNanoScience, 2023, vol. 13, no 4, p. 1501-1516. 

12. RAME, Rame, PURWANTO, Purwanto, et SUDARNO, Sudarno. Biotechnological 

approaches in utilizing agro-waste for biofuel production: An extensive review on 

techniques and challenges. Bioresource Technology Reports, 2023, vol. 24, p. 101662. 

13. EZEORBA, Timothy Prince Chidike, OKEKE, Emmanuel Sunday, MAYEL, Mida 

Habila, et al. Recent advances in biotechnological valorization of agro-food wastes 

7

EPJ Web of Conferences 350, 01004 (2026)
ICASIN’2025

https://doi.org/10.1051/epjconf/202635001004



(AFW): optimizing integrated approaches for sustainable biorefinery and circular 

bioeconomy. Bioresource Technology Reports, 2024, vol. 26, p. 101823. 

14. KUMAR, Vinay, SHARMA, Neha, UMESH, Mridul, et al. RETRACTED: Emerging 

challenges for the agro-industrial food waste utilization: A review on food waste 

biorefinery. Bioresource Technology, 2022, vol. 362, p. 127790. 

15. URBANIEC, Krzysztof et BAKKER, Rob R. Biomass residues as raw material for 

dark hydrogen fermentation–A review. International Journal of Hydrogen Energy, 

2015, vol. 40, no 9, p. 3648-3658. 

16. HABASHY, Mahmoud M., ONG, Ee Shen, ABDELDAYEM, Omar M., et al. Food 

waste: a promising source of sustainable biohydrogen fuel. Trends in Biotechnology, 

2021, vol. 39, no 12, p. 1274-1288. 

17. RAI, Amrita et KUNDU, Krishanu. Agro-industrial waste management employing 

benefits of artificial intelligence. Environmental Science and Pollution Research, 2024, 

vol. 31, no 22, p. 33148-33154. 

18. MISHRA, Bishwambhar, MOHANTA, Yugal Kishore, REDDY, C. Nagendranatha, et 

al. Valorization of agro-industrial biowaste to biomaterials: An innovative circular 

bioeconomy approach. Circular Economy, 2023, vol. 2, no 3, p. 100050. 

19. SIVANESAN, Jothivel, VIJAYALAKSHMI, Anandan, SIVAPRAKASH, Baskaran, et 

al. Biohythane as a sustainable fuel–A review on prospective synthesis based on 

feedstock preprocessing, optimization approach and circular economy concept. Process 

Safety and Environmental Protection, 2024, vol. 185, p. 739-753. 

20. DINESH, G. Kumaravel, CHAUHAN, Rohit, et CHAKMA, Sankar. Influence and 

strategies for enhanced biohydrogen production from food waste. Renewable and 

Sustainable Energy Reviews, 2018, vol. 92, p. 807-822. 

21. ALI, Sameh S., AL-TOHAMY, Rania, ELSAMAHY, Tamer, et al. Harnessing 

recalcitrant lignocellulosic biomass for enhanced biohydrogen production: Recent 

advances, challenges, and future perspective. Biotechnology Advances, 2024, vol. 72, 

p. 108344. 

22. SHARMA, Rajat Kumar, NAZARI, Mohammad Ali, HAYDARY, Juma, et al. A 

review on advanced processes of biohydrogen generation from lignocellulosic biomass 

with special emphasis on thermochemical conversion. Energies, 2023, vol. 16, no 17, 

p. 6349. 

23. YAHMED, Nesrine Ben, DAUPTAIN, Kévin, LAJNEF, Imen, et al. New sustainable 

bioconversion concept of date by-products (Phoenix dactylifera L.) to biohydrogen, 

biogas and date-syrup. International Journal of Hydrogen Energy, 2021, vol. 46, no 1, 

p. 297-305. 

24. ALBUQUERQUE, Marcela Moreira, MARTINEZ-BURGOS, Walter Jose, DE BONA 

SARTOR, Gabriela, et al. Advances and perspectives in biohydrogen production from 

palm oil mill effluent. Fermentation, 2024, vol. 10, no 3, p. 141. 

25. AZWAR, M. Y., HUSSAIN, M. A., et ABDUL-WAHAB, A. K. Development of 

biohydrogen production by photobiological, fermentation and electrochemical 

processes: a review. Renewable and Sustainable Energy Reviews, 2014, vol. 31, p. 

158-173. 

26. PUTATUNDA, Chayanika, BEHL, Manya, SOLANKI, Preeti, et al. Current 

challenges and future technology in photofermentation-driven biohydrogen production 

by utilizing algae and bacteria. International Journal of Hydrogen Energy, 2023, vol. 

48, no 55, p. 21088-21109. 

27. HAY, Jacqueline Xiao Wen, WU, Ta Yeong, JUAN, Joon Ching, et al. Biohydrogen 

production through photo fermentation or dark fermentation using waste as a substrate: 

overview, economics, and future prospects of hydrogen usage. Biofuels, Bioproducts 

and Biorefining, 2013, vol. 7, no 3, p. 334-352. 

8

EPJ Web of Conferences 350, 01004 (2026)
ICASIN’2025

https://doi.org/10.1051/epjconf/202635001004



28. RAWAT, Shweta, RAUTELA, Akhil, YADAV, Indrajeet, et al. A comprehensive 

review on enhanced biohydrogen production: pretreatment, applied strategies, techno-

economic assessment, and future perspective. BioEnergy Research, 2023, vol. 16, no 4, 

p. 2131-2154. 

29. ÖZGÜR, Ebru, AFSAR, Nilüfer, DE VRIJE, Truus, et al. Potential use of thermophilic 

dark fermentation effluents in photofermentative hydrogen production by Rhodobacter 

capsulatus. Journal of Cleaner Production, 2010, vol. 18, p. S23-S28. 

30. VENTURA, Jey-R. S., ROJAS, Saul M., VENTURA, Ruby Lynn G., et al. Potential 

for biohydrogen production from organic wastes with focus on sequential dark-and 

photofermentation: the Philippine setting. Biomass Conversion and Biorefinery, 2023, 

vol. 13, no 10, p. 8535-8548. 

31. AVCIOGLU, Sevler Gokce, OZGUR, Ebru, EROGLU, Inci, et al. Biohydrogen 

production in an outdoor panel photobioreactor on dark fermentation effluent of 

molasses. international journal of hydrogen energy, 2011, vol. 36, no 17, p. 11360-

11368. 

32. SARANGI, Prakash K. et NANDA, Sonil. Biohydrogen production through dark 

fermentation. Chemical Engineering & Technology, 2020, vol. 43, no 4, p. 601-612. 

33. CHEN, Yuexi, WU, Yang, BIAN, Yaozhi, et al. Long-term effects of copper 

nanoparticles on volatile fatty acids production from sludge fermentation: Roles of 

copper species and bacterial community structure. Bioresource Technology, 2022, vol. 

348, p. 126789. 

34. CHANDRAN, Eniyan Moni et MOHAN, Edwin. Sustainable biohydrogen production 

from lignocellulosic biomass sources—metabolic pathways, production enhancement, 

and challenges. Environmental Science and Pollution Research, 2023, vol. 30, no 46, p. 

102129-102157. 

35. LIN, Chiu-Yue, TSENG, Yu-Te, et LEU, Hoang-Jyh. Thermophilic biohydrogen 

fermentation of kitchen waste. Waste and Biomass Valorization, 2020, vol. 11, no 3, p. 

1041-1047. 

36. GBIETE, Djangbadjoa, NARRA, Satyanarayana, MANI KONGNINE, Damgou, et 

al. Insights into Biohydrogen Production Through Dark Fermentation of Food Waste: 

Substrate Properties, Inocula, and Pretreatment Strategies. Energies, 2024, vol. 17, no 

24, p. 6350. 

37. CHENG, Dongle, NGO, Huu Hao, GUO, Wenshan, et al. Enhanced photo-

fermentative biohydrogen production from biowastes: an overview. Bioresource 

Technology, 2022, vol. 357, p. 127341. 

38. CHEN, Weixian, LI, Tianpei, REN, Yangyi, et al. Biological hydrogen with industrial 

potential: Improvement and prospection in biohydrogen production. Journal of Cleaner 

Production, 2023, vol. 387, p. 135777. 

39. NORTEZ, Kendrick B., MOVILLON, Jovita L., ALFAFARA, Catalino G., et 

al. Optimization of photofermentative biohydrogen production in a mixed volatile fatty 

acid medium by Rhodobacter sp. MAY2: A response surface methodology (RSM) 

approach. International Journal of Hydrogen Energy, 2024, vol. 56, p. 844-852. 

40. REDWOOD, Mark D., OROZCO, Rafael L., MAJEWSKI, Artur J., et al. An 

integrated biohydrogen refinery: synergy of photofermentation, extractive fermentation 

and hydrothermal hydrolysis of food wastes. Bioresource technology, 2012, vol. 119, 

p. 384-392. 

41. TIANG, Ming Foong, HANIPA, Muhammad Alif Fitri, ABDUL, Peer Mohamed, et 

al. Recent advanced biotechnological strategies to enhance photo-fermentative 

biohydrogen production by purple non-sulphur bacteria: an overview. International 

Journal of Hydrogen Energy, 2020, vol. 45, no 24, p. 13211-13230. 

9

EPJ Web of Conferences 350, 01004 (2026)
ICASIN’2025

https://doi.org/10.1051/epjconf/202635001004



42. WU, Ta Yeong, HAY, Jacqueline Xiao Wen, KONG, Liu Bi, et al. Recent advances in 

reuse of waste material as substrate to produce biohydrogen by purple non-sulfur 

(PNS) bacteria. Renewable and Sustainable Energy Reviews, 2012, vol. 16, no 5, p. 

3117-3122. 

43. BORAN, Efe, ÖZGÜR, Ebru, YÜCEL, Meral, et al. Biohydrogen production by 

Rhodobacter capsulatus in solar tubular photobioreactor on thick juice dark fermenter 

effluent. Journal of Cleaner Production, 2012, vol. 31, p. 150-157. 

44. XIANG, Guanning, TSUI, To-Hung, ZHANG, Le, et al. Biohythane production from 

agro-industrial wastes–Current status and future prospects. International Journal of 

Hydrogen Energy, 2025, vol. 196, p. 152534. 

45. ZHENG, Xinyi et LI, Ruying. Critical review on two-stage anaerobic digestion with 

H2 and CH4 production from various wastes. Water, 2024, vol. 16, no 11, p. 1608. 

46. TAUFIK, Dani, PURWANTO, Purwanto, et SUDARNO, Sudarno. Optimization 

Strategies and Sustainable Challenge on Biohydrogen Production from Food Waste: A 

Review. In : E3S Web of Conferences. EDP Sciences, 2025. p. 02017. 

47. LUCAS, Shaiane DM, PEIXOTO, G., MOCKAITIS, Gustavo, et al. Energy recovery 

from agro-industrial wastewaters through biohydrogen production: Kinetic evaluation 

and technological feasibility. Renewable energy, 2015, vol. 75, p. 496-504. 

48. RAWOOF, Salma Aathika Abdur, KUMAR, P. Senthil, VO, Dai-Viet N., et 

al. Sequential production of hydrogen and methane by anaerobic digestion of organic 

wastes: a review. Environmental Chemistry Letters, 2021, vol. 19, no 2, p. 1043-1063. 

49. NDAYISENGA, Fabrice, YU, Zhisheng, ZHENG, Jianzhong, et al. Microbial 

electrohydrogenesis cell and dark fermentation integrated system enhances 

biohydrogen production from lignocellulosic agricultural wastes: Substrate 

pretreatment towards optimization. Renewable and Sustainable Energy Reviews, 2021, 

vol. 145, p. 111078. 

50. PATTERSON, Tim, SAVVAS, Savvas, CHONG, Alex, et al. Integration of Power to 

Methane in a waste water treatment plant–A feasibility study. Bioresource technology, 

2017, vol. 245, p. 1049-1057. 

51. CHENG, Yunlv, ZHENG, Renyang, LIU, Zhicheng, et al. Hydrogen-based industry: a 

prospective transition pathway toward a low-carbon future. National Science Review, 

2023, vol. 10, no 9, p. nwad091. 

52. LI, Aipeng, CAO, Xupeng, FU, Rongzhan, et al. Biocatalysis of CO2 and CH4: Key 

enzymes and challenges. Biotechnology Advances, 2024, vol. 72, p. 108347. 

53. LIU, Yu, GU, Mengqi, YIN, Qidong, et al. Thermodynamic analysis of direct 

interspecies electron transfer in syntrophic methanogenesis based on the optimized 

energy distribution. Bioresource Technology, 2020, vol. 297, p. 122345. 

54. BOBOESCU, Iulian Zoltan, GHERMAN, Vasile Daniel, LAKATOS, Gergely, et 

al. Surpassing the current limitations of biohydrogen production systems: the case for a 

novel hybrid approach. Bioresource technology, 2016, vol. 204, p. 192-201. 

 

 

10

EPJ Web of Conferences 350, 01004 (2026)
ICASIN’2025

https://doi.org/10.1051/epjconf/202635001004


