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DESCRIPTON
Hydrogen is increasingly acknowledged as a clean and efficient 
energy carrier and microbial systems have emerged as a 
promising solution for its sustainable production. The 
generation of bio hydrogen through microbial consortia offers 
several key advantages, including the conversion of renewable 
energy sources, low greenhouse gas emissions and the ability to 
use a wide range of organic waste materials as feedstock. These 
microbial consortia, composed of both bacteria and archaea, 
operate in cooperative metabolic networks that enhance 
hydrogen output. Their combined biochemical activities allow 
for the breakdown of complex organic matter into simpler 
compounds while simultaneously producing hydrogen, thus 
providing a green alternative to conventional hydrogen 
production methods that often rely on fossil fuels.

One of the most researched microbial methods for hydrogen 
production is dark fermentation. In this process, anaerobic 
bacteria decompose carbohydrates and other organic materials in 
the absence of light, producing hydrogen along with organic 
acids and gases as by-products. Species from the genus 
Clostridium are especially proficient in dark fermentation due to 
their high hydrogen yields and metabolic versatility. However, 
one major limitation of this method is the build-up of hydrogen 
partial pressure and metabolic by-products, which can inhibit 
microbial activity and reduce hydrogen production efficiency. 
Therefore, strategies to optimize fermentation conditions and 
remove inhibitory by-products are essential to improve the 
viability of this approach. In contrast, photo fermentation uses 
light-driven processes in photosynthetic bacteria to convert 
organic  acids   into   hydrogen.  Bacteria  species  and   some  are  
commonly used in photo fermentation studies because of their 
ability to utilize various waste-derived substrates under 
illuminated conditions. This method supports the principles of a 
circular bio economy by recycling waste into valuable energy 
products and has potential for scalable implementation in 
integrated bioprocessing systems.

Managing microbial community composition is also critical in 
improving hydrogen yields, especially in mixed cultures where

methanogenic archaea can compete for hydrogen-producing
substrates. Methanogens consume hydrogen and produce
methane, which reduces the overall hydrogen yield. However,
through careful control of microbial populations, such as
selectively inhibiting methanogens or modifying environmental
conditions, it is possible to suppress methane formation and
favor hydrogen accumulation. Advances in metagenomics and
systems biology have enabled scientists to better understand
microbial interactions and design consortia with optimized
metabolic pathways for enhanced hydrogen production.
Combining dark and photo fermentation into a two-stage system
has shown promising results in maximizing energy recovery. In
this setup, dark fermentation first generates hydrogen and
organic acids from complex substrates, which are then fed into
photo fermentation systems to produce additional hydrogen.
This sequential approach not only improves hydrogen yields but
also provides an efficient route for managing and valorizing
organic waste streams.

The choice of feedstock plays a pivotal role in the efficiency and
sustainability of microbial hydrogen production. Organic wastes
such as agricultural residues, food scraps and lignocellulose
biomass offer low-cost and readily available substrates for
fermentation. These materials are often underutilized yet
abundant, making them ideal candidates for bio hydrogen
generation. Pre-treatment techniques like enzymatic hydrolysis
enhance the accessibility of fermentable sugars in these complex
feedstock, improving microbial conversion rates and overall
hydrogen output. Recent developments in pre-treatment
technologies have expanded the range of usable substrates,
making the process more flexible and sustainable. Despite these
advancements, several challenges remain, particularly regarding
the scale-up and economic feasibility of microbial hydrogen
production. Factors such as bioreactor design, light availability in
photo fermentation and efficient gas separation systems need to
be optimized to compete with conventional hydrogen
production technologies. Nevertheless, continued progress in
genetic engineering, metabolic modelling and integrated
bioprocessing is steadily addressing these barriers. With the
rising global demand for clean and renewable energy sources,
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design of customized microbial strains with improved hydrogen-
producing capabilities, such as enhanced hydrogenase enzyme
expression or reduced sensitivity to by-product inhibition. These
engineered microbes can be tailored for specific substrates or
environmental conditions, increasing the versatility of bio
hydrogen systems. The integration of real-time monitoring tools,
including biosensors and advanced control systems, further
optimizes microbial activity and system performance. As these
innovations mature, they promise to transform microbial
hydrogen production into a more robust, scalable and
economically viable solution for renewable energy generation.
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microbial consortia-based hydrogen production systems are 
expected to play a significant role in building a sustainable 
energy future.

Beyond traditional fermentation approaches, emerging 
technologies are enhancing the efficiency and adaptability of 
microbial hydrogen production. One promising development is 
the use of Microbial Electrolysis Cells (MECs), where specific 
bacteria generate hydrogen through bio electrochemical 
processes when a small external voltage is applied. This method 
not only boosts hydrogen yields but also allows for energy 
recovery from wastewater, combining waste treatment with clean 
energy generation. Additionally, synthetic biology is enabling the
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