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ABSTRACT

Hydrogen, with its high energy content and zero emissions, has emerged as a promising alternative to
traditional fossil fuels for various applications, including transportation, power generation, and industrial
processes. This article provides an overview of hydrogen production methods, highlighting their advantages,
limitations, and current developments. The main focus is on the most common methods of hydrogen
production, including steam methane reforming, electrolysis, and biomass gasification. Additionally,
alternative and emerging technologies, such as photoelectrochemical and biological processes, are discussed.
This abstract provides a brief overview of hydrogen production methods and their significance in the
transition towards a sustainable energy future. Hydrogen, has gained considerable attention as an alternative
to conventional fossil fuels. This article aims to summarize the various methods of hydrogen production,
including steam methane reforming, electrolysis, biomass gasification, and emerging technologies such as
photo electrochemical and biological processes.
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Introduction

The article also highlights the global hydrogen mar-
ket, government initiatives, and the role of hydrogen
in achieving sustainable energy goals. Potential ap-
plications of hydrogen in transportation, industrial
processes, and energy storage are explored, empha-
sizing its potential to decarbonize these sectors.

In summary, this overview article provides a con-
cise understanding of hydrogen production, its en-
vironmental implications, and its potential as a clean
energy carrier. It aims to inform readers about the
current state of hydrogen production technologies,
the challenges they pose, and the opportunities they
present in driving the transition to a sustainable en-
ergy future, (Amin, 2022).

Biohydrogen is valuable gas; it is used as a source
of feedstock for industries. Hydrogen is known as a
clean energy source that demand on hydrogen pro-

duction has been increased in recent years. The
steam reforming of hydrocarbon, electrolysis of wa-
ter, and thermal processes are well known methods
of hydrogen production, but these methods are not
sustainable for environment because it requires fos-
sil fuel based as high energy source. Hence, the
biohydrogen production has been advantageous our
over chemical methods. In fact the area of existing
scientific field dealing with the conversion of low
cost of organic waste to valuable fuels (Ahmed,
2021), source of clean energy that called hydrogen.

Methods of hydrogen Production

Hydrogen is an important energy source in hydro-
gen production, and has always been the subject of
vigorous and intensive research and development,
the production of hydrogen energy in the world is
increasing at a rate of 8-10% per year, for many
years hydrogen has been used to produce ammonia
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and the remaining hydrogen is used for the produc-
tion of hydrocracking and hydrodesulphurization of
oil, and currently hydrogen is mainly produced for
the production of methanol. Hydrogen is mainly
produced using fossil fuels, water splitting and bio-
mass, and these production methods can be classi-
fied as below (Kothari, 2004) as non-biological and
biological:

A) Non biological methods

1. Hydrogen production using a source of fossil fuel
2. Water splitting
3. Utilization of solar energy

B) Biological methods

1. Fermentative hydrogen production from organic
compounds

2. Solar-Driven Biological Processe
3. Hydrogen production from biomass

A) Non biological methods

1. Hydrogen production using a source of fossil fu-
els:
Presently hydrogen is used for the ammonia pro-

duction and refinery products processing and 90%
more hydrogen is produced from fossil fuel. The
different types of fossil fuels using a source like coal,

gasoline, methanol, natural gas has been used.

Steam reforming of fossil fuels

Steam reforming of fossil fuel is a widely used in
industrial processes for the production of hydrogen.
This process involves the reaction between hydro-
carbon fuels, typically natural gas or methane, and
steam to produce hydrogen gas, carbon monoxide
and carbon dioxide. The reaction is typically carried
out in the presence of a catalyst, such as nickel or
platinum, to enhance the reaction rate, (Efstathiou,
2013).

In the steam reforming reaction, the hydrocarbon
fuel reacts with steam in the presence of the catalyst,
resulting in the following reactions:

CH4+H2O                CO+3H2 (Endothermic)
CO+H2OCO2+H2 (Exothermic)
Thermal cracking is a highly energy- intensive

process due to requirement of high temperatures.
Therefore, it’s often integrated with other processes,
such as cogeneration or heat recovery systems, to
maximize environmental impact.

Partial oxidation of hydrocarbons (naphtha)

The partial oxidation of heavier hydrocarbons, such
as naphtha, is a chemical process used to convert
these hydrocarbon molecules into valuable prod-

Plate 1. Hydrogen utilization (Dusseault, 2022).
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ucts. This process involves the controlled combus-
tion of hydrocarbons in the presence of limited sup-
ply of oxygen or air.

The partial oxidation reaction typically results in
the formation of a variety of products, depending on
the specific conditions and composition of the feed-
stock. These products may include carbon monox-
ide, hydrogen gas, light hydrocarbons such as meth-
ane and ethylene, as well as various other
byproducts (Darouich, 2005).

Coal gasification

Coal gasification is a process that converts coal into
synthesis gas, also known as syngas. Syngas is a
maximum of carbon monoxide, hydrogen and other
gases that can be used as a fuel or gas as a feedstock
for  production of chemicals and other products,
(Rauch, 2014).

Water splitting

Water splitting, also known as water electrolysis, is
a process that involves breaking water molecules
(H2O) into hydrogen (H2) and oxygen (O2) gases. It is
a key method for producing hydrogen, which is con-
sidered a clean and sustainable energy carrier.
(Effah, 2015).

There are two primary methods of water split-
ting:
Electrolysis: Electrolysis involves the use of an elec-
tric current to drive the water splitting reaction.
Water is typically electrolyzed using two elec-
trodes—an anode and a cathode—immersed in an
electrolyte solution. When an electric current is
passed through the water, the anode undergoes oxi-
dation (loses electrons), generating oxygen gas (O2),
while the cathode undergoes reduction (gains elec-
trons), producing hydrogen gas (H2), (Sen, 2022).

Photocatalysis: Photocatalytic water splitting uti-
lizes a semiconductor material as a photocatalyst to
absorb light energy and facilitate the water splitting
reaction. When light is absorbed by the photocata-
lyst, it generates electron-hole pairs. The electrons
reduce water molecules, forming hydrogen gas (H2),
while the holes oxidize water, producing oxygen gas
(O2). This process is typically enhanced by adding
co-catalysts or co-absorbents to improve the effi-
ciency of the reaction,(Joy, 2018).

Utilization of solar energy

Solar energy can be utilized for hydrogen produc-
tion through various methods, enabling the genera-

tion of clean and renewable hydrogen gas. Here’s
some information on the utilization of solar energy
for hydrogen production, (Orhan, 2016):
Photoelectrochemical (PEC) Water Splitting:
Photoelectrochemical water splitting involves the
use of specialized materials called photoelectrodes,
which absorb sunlight and initiate the water split-
ting reaction. These photoelectrodes are typically
semiconductors, such as titanium dioxide (TiO2) or
metal oxides. When illuminated by sunlight, the
photoelectrodes generate an electric current that
drives the water splitting process, producing hydro-
gen gas at the cathode and oxygen gas at the anode.
PEC systems offer the advantage of directly convert-
ing solar energy into chemical energy (hydrogen),
(Moakhar, 2021)
Photovoltaic-Electrolysis Systems: Photovoltaic-
electrolysis systems combine solar photovoltaic (PV)
technology with water electrolysis. Solar PV panels
generate electricity from sunlight, which is then
used to power an electrolyzer. The electrolyzer splits
water into hydrogen and oxygen through the appli-
cation of an electric current. This method enables
on-site hydrogen production using solar-generated
electricity, (Khelfaoui, 2020).
Solar Thermochemical Water Splitting: Solar ther-
mochemical water splitting utilizes concentrated
solar energy to drive high-temperature thermo-
chemical reactions for hydrogen production. The
process involves the use of solar concentrators to
focus sunlight onto a reactor containing a thermo-
chemical material, such as metal oxides or metal
hydrides. Under high temperatures, the thermo-
chemical material undergoes a series of reactions,
releasing hydrogen gas. Solar thermochemical sys-
tems offer the advantage of potential high efficiency
and the ability to store and release solar energy as
hydrogen. (Steinfeld, 2001).

Biological methods

Fermentative hydrogen production from organic
compounds

Fermentative hydrogen production from organic
compounds offers advantages such as the utilization
of renewable feedstocks, production under mild
conditions, and the potential for integration with
waste treatment processes. However, challenges re-
main in terms of optimizing process efficiency, scal-
ing up production, and reducing costs.Fermentative
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hydrogen production from organic compounds is a
biological process where microorganisms, typically
anaerobic bacteria, convert organic substrates into
hydrogen gas through fermentation. Here’s some
information on this specific method (logan, 2008):

Microorganisms Involved

Various anaerobic bacteria, such as Clostridium spe-
cies, Enterobacter aerogenes, and Escherichia coli, are
commonly used in fermentative hydrogen produc-
tion. These bacteria possess hydrogenase enzymes
that facilitate the conversion of organic compounds
into hydrogen gas, (Hydrogen production by bio-
logical processes: a survey of literature, 2001).

Fermentation Process

During fermentation, microorganisms break down
complex organic compounds, such as sugars, carbo-
hydrates, and organic acids, into simpler molecules,
including hydrogen, carbon dioxide (CO2), and or-
ganic byproducts (e.g., acetate, ethanol). This pro-
cess occurs in the absence of oxygen and typically
operates at mesophilic (moderate) temperatures,
(Anish Ghimire, 2015)

Fermentation Pathways

Different pathways are involved in the fermentative
hydrogen production process. For example, the
sugar fermentation pathway involves the break-
down of sugars into organic acids, which are further
converted into hydrogen gas and CO2. The dark fer-
mentation pathway is a common route used by bac-
teria like Clostridium species, where complex or-
ganic compounds are metabolized to produce hy-
drogen, (Das, 2004).

Factors Affecting Fermentative Hydrogen
Production

Several factors influence the efficiency and yield of
fermentative hydrogen production. These include
the type and concentration of organic substrate, pH
level, temperature, retention time, and reactor de-
sign. Optimal conditions must be maintained to pro-
mote the growth and activity of hydrogen-produc-
ing bacteria while minimizing competing reactions
(Wang, 2008).
Co-culture Systems: In some cases, researchers use
mixed or co-culture systems, combining different
species of bacteria to enhance hydrogen production.
Each microorganism plays a specific role in the pro-
cess, such as one species consuming organic sub-

strates and producing organic acids, while another
species converts the organic acids into hydrogen
gas.

Substrates for Fermentative Hydrogen Production

A wide range of organic compounds can serve as
substrates for fermentative hydrogen production.
These include sugars (e.g., glucose, sucrose, xylose),
lignocellulosic biomass, waste materials (e.g., food
waste, agricultural residues), and wastewater from
various sources. The choice of substrate depends on
availability, cost, and compatibility with the micro-
organisms used, (Bhatia, 2021).

Dark Fermentation

 Dark fermentation is a biological process where cer-
tain anaerobic bacteria break down organic com-
pounds in the absence of light to produce hydrogen
gas. Common bacteria used in dark fermentation
include Clostridium species and some strains of Es-
cherichia coli. These microorganisms can utilize a
variety of organic substrates, such as sugars, starch,
cellulose, and wastewater, to produce hydrogen
through complex metabolic pathways. Dark fermen-
tation has the advantage of utilizing a wide range of
feedstocks, including organic waste, and can operate
at ambient temperatures (Rodrigo et al., 2015).

Photofermentation

Photofermentation involves the use of photosyn-
thetic bacteria, such as purple non-sulfur bacteria
(e.g., Rhodobacter spp., Rhodopseudomonas spp.), to
produce hydrogen gas in the presence of light. These
bacteria have the ability to perform both photosyn-
thesis and hydrogen production. Light energy is
used to generate ATP (adenosine triphosphate),
which is then used by specific enzymes to produce
hydrogen. Photofermentation typically requires or-
ganic substrates, such as carbohydrates or organic
acids, as carbon sources. However, some photosyn-
thetic bacteria can utilize volatile fatty acids pro-
duced from organic waste materials.(Reungsang,
2018).

Algae-Based Systems

Certain species of microalgae, such as Chlamydomo-
nas reinhardtii, have the ability to produce hydrogen
gas through a process called photobiological hydro-
gen production. These microalgae use light energy
and enzymes called hydrogenases to split water
molecules and produce molecular hydrogen. The



S338 Eco. Env. & Cons. 30 (February Suppl. Issue) : 2024

process occurs under anaerobic conditions when the
algae are deprived of sulfur and undergo cellular
stress. Algae-based systems for hydrogen produc-
tion offer the advantage of utilizing sunlight as an
abundant and renewable energy source, (Khetkorn,
2017).

Genetic Engineering

Advances in genetic engineering techniques have
enabled the modification of microorganisms to en-
hance their hydrogen production capabilities. Re-
searchers have focused on engineering bacteria to
optimize hydrogen-producing enzymes, improve
metabolic pathways, and increase hydrogen yield.
For example, introducing hydrogenase enzymes
from hydrogen-producing bacteria into other micro-
organisms can enhance their hydrogen production
efficiency. Genetic engineering also offers the poten-
tial for tailoring microorganisms to utilize specific
substrates or to withstand harsher operating condi-
tions, (Gupta, 2013).

Solar-Driven Biological Processes

Solar energy can also be harnessed in biological sys-
tems for hydrogen production. For example, certain
photosynthetic microorganisms, such as green algae
or cyanobacteria, can use sunlight to drive the pro-
cess of photosynthesis, which results in the produc-
tion of hydrogen gas as a byproduct. These systems,
known as photobiological systems, use genetically
engineered or naturally occurring microorganisms
to convert solar energy into hydrogen through bio-
logical pathways (Azwar, 2014).

The utilization of solar energy for hydrogen pro-
duction offers several advantages, including the
production of clean and renewable hydrogen fuel,
potential integration with existing solar energy in-
frastructure, and the ability to store and transport
energy in the form of hydrogen. However, chal-
lenges remain in terms of improving efficiency, scal-
ing up production, and reducing costs for wide-
spread implementation, (Kayfeci, 2019).

Hydrogen production from biomass

Hydrogen production from biomass refers to the
process of extracting hydrogen gas from various
forms of organic matter, including plant biomass,
agricultural residues, and organic waste materials.
Biomass as Feedstock: Biomass is a renewable and
abundant resource that can be used as a feedstock
for hydrogen production. It includes various organic

materials such as energy crops (e.g., switchgrass,
miscanthus), agricultural residues (e.g., corn stover,
rice husks), forestry residues, dedicated energy
crops (e.g., algae), and organic waste, (e.g., sewage
sludge, food waste), (Jhonsan, 2007).
Thermochemical Processes: Thermochemical pro-
cesses are commonly employed for biomass-to-hy-
drogen conversion. These processes include gasifi-
cation and pyrolysis,(Zhang, 2010).
Gasification: Biomass gasification involves heating
biomass in a controlled environment with limited
oxygen supply. This thermochemical conversion
produces a gas mixture known as syngas, which
contains hydrogen (H2), carbon monoxide (CO), car-
bon dioxide (CO2), and other trace gases. The
syngas can be further processed to separate and
purify hydrogen gas.
Pyrolysis: Biomass pyrolysis involves heating biom-
ass at high temperatures in the absence of oxygen,
resulting in the decomposition of biomass into bio-
oil, char, and gases. The produced gases, including
hydrogen, can be separated and utilized.

Biological Processes: Biological methods can also be
employed for hydrogen production from biomass.
Anaerobic fermentation or dark fermentation using
specialized microorganisms, such as Clostridium
species, can break down biomass into hydrogen, car-
bon dioxide, and organic acids. The process occurs
in the absence of light and oxygen and operates at
moderate temperatures.
Biochemical Processes: Biomass can undergo bio-
chemical processes, such as enzymatic hydrolysis
and fermentation, to produce hydrogen. Enzymes
can break down complex carbohydrates present in
biomass into simple sugars, which are then fer-
mented by specific microorganisms to generate hy-
drogen, (Vasic, 2021).

Hydrogen production from biomass offers the
advantage of utilizing renewable feedstocks, reduc-
ing greenhouse gas emissions, and potentially inte-
grating with existing biomass supply chains. Ongo-
ing research focuses on improving conversion effi-
ciency, exploring novel feedstocks, and developing
cost-effective technologies.

References

Ahmed Shams Forruque, N. 2021. Biohydrogen Produc-
tion From Biomass Sources: Metabolic Pathways
and Economic Analysis. Frontiers in Energy Research.
13.



PATIL ET AL S339

Amin Muhammad, H. H. 2022. Hydrogen production
through renewable and nonrenewable energy pro-
cesses and their impact on. https://
www.sciencedirect.com/journal/international-
journal-of-hydrogen-energy, 23.

Amin, F. R., Khalid, H., El-Mashad, H. M., Chen, C., Liu,
G. and Zhang, R. 2021. Functions of bacteria and
archaea participating in the bioconversion of or-
ganic waste for methane production. Science of The
Total Environment. 763: 143007.

Anish Ghimire, L. F. 2015. A review on dark fermentative
biohydrogen production from organic biomass: Pro-
cess parameters and use of by-products.
www.elsevier.com/locate/apenergy, 23.

Aravindan, M. and Kumar, P. 2023. Hydrogen towards
sustainable transition: A review of production, eco-
nomic, environmental impact and scaling factors.
Results in Engineering. 101456.

Azwar, M.Y., B. d, M. H. W. 2014. Development of
biohydrogen production by photobiological, fer-
mentation and electrochemical processes: A review.
https://www.sciencedirect.com/journal/renew-
able-and-sustainable-energy-reviews.

Benemann, J. R. 2000. Hydrogen production by
microalgae. Journal of Applied Phycology. 12: 291-300.

Bhatia Shashi Kant, S. S. H. 2021. Renewable biohydrogen
production from lignocellulosic biomass using fer-
mentation and integration of systems with other
energy generation technologies. Science of The Total
Environment.

Chandrasekar, M., Gopal, P., Kumar, C. R. and Geo, V. E.
2022. Effect of solar photovoltaic and various pho-
tovoltaic air thermal systems on hydrogen genera-
tion by water electrolysis. International Journal of
Hydrogen Energy. 47(5): 3211-3223.

Clarke, S. H., Dicks, A. L., Pointon, K., Smith, T. A. and
Swann, A. 1997. Catalytic aspects of the steam re-
forming of hydrocarbons in internal reforming fuel
cells. Catalysis Today. 38(4): 411-423.

Darouich, T.A. 2005. Thermal cracking of the light aro-
matic fraction ofSafaniya crude oil – experimental
study and compositional modelling of molecular
classes. www.elsevier.com/locate/orggeochem, 25.

Das, K. N. 2004. Improvement of fermentative hydrogen
production: various approaches. Appl Microbiol
Biotechnol. (2004) 65: 520–529 DOI 10.1007/s00253-
004-1644-0, 10.

Effah Kwasi, C. C, O. A. 2015. A Review on Electrolytic
Method of Hydrogen Production from Water.
American Journal of Renewable and Sustainable Energy.
7.

Efstathiou, C. M. 2013. Hydrogen Production Technolo-
gies: Current State and Future Developments.
Hindawi Publishing Corporation Conference Pa-
pers in Energy.  2013, Article ID 690627, 9

Eloffy, M. G., Elgarahy, A. M., Saber, A. N., Hammad, A.,

El-Sherif, D. M., Shehata, M. and Elwakeel, K. Z.
2022. Biomass-to-sustainable biohydrogen: Insights
into the production routes, and technical challenges.
Chemical Engineering Journal Advances. 12: 100410.

Gupta Sanjay Kumar, S. K. 2013. Trends in biohydrogen
production: major. Environmental Technology. 19.

Hassan, Q., Sameen, A. Z., Salman, H. M., Jaszczur, M. and
Al-Jiboory, A. K. 2023. Hydrogen energy future:
Advancements in storage technologies and implica-
tions for sustainability. Journal of Energy Storage. 72:
108404.

He, Y., Hamann, T. and Wang, D. 2019. Thin film
photoelectrodes for solar water splitting. Chemical
Society Reviews. 48(7): 2182-2215.

Hung, C. H., Chang, Y. T. and Chang, Y. J. 2011. Roles of
microorganisms other than Clostridium and
Enterobacter in anaerobic fermentative biohydrogen
production systems–a review. Bioresource Technol-
ogy. 102(18): 8437-8444.

Jain, R., Panwar, N. L., Jain, S. K., Gupta, T., Agarwal, C.
and Meena, S. S. 2022. Bio-hydrogen production
through dark fermentation: An overview. Biomass
Conversion and Biorefinery. 1-26.

Johansan Jane, M.F. 2007. Biomass-Bioenergy Crops in the
United States:. The Americas Journal of Plant Science
and Biotechnology. ©2007 Global Science Books, 28.
Steinfeld Aldo, R. P. 2001. Solar thermochemical
process technology. Encyclopedia of Physical Science
& Technology.

Joy Josny, J. M. 2018. Nanomaterials for photoelectro-
chemical water splitting e review. https://doi.org/
10.1016/j.ijhydene.2018.01.099.

Karapinar, Ilgi and Kapdan, F. 2005. Bio-hydrogen pro-
duction from waste materials. Enzyme and Microbial
Technology. 38: 569–582.

Kayfeci Muhammet, A. K. 2019. Hydrogen production.
Solar Hydrogen Production. 45-83.

Kersten, S. R., van Swaaij, W. P., Lefferts, L. and Seshan,
K. 2007. Options for catalysis in the thermochemi-
cal conversion of biomass into fuels. Catalysis for
renewables: From feedstock to energy production,
119-145.

Khelfaoui N.A. 2020. Experimental investigation of solar
hydrogen production PV/PEM electrolyser perfor-
mance in the Algerian Sahara regions. https://
doi.org/10.1016/j.ijhydene.2020.11.193.

Khetkorn Wanthanee, R.P. 2017. Microalgal hydrogen
production – A review. Bioresource Technology. 13.

Kodama, T. and Gokon, N. 2007. Thermochemical cycles
for high-temperature solar hydrogen production.
Chemical Reviews. 107(10): 4048-4077.

Kothari Richa, D.B. 2004. Sources and technology for hy-
drogen production: Int. J. Global Energy Issues. 21:
Nos. 1/2, 2004, 25.

Kothari Richa, D.B. 2004. Sources and technology for hy-
drogen production:a review. Inderscience Enter-



S340 Eco. Env. & Cons. 30 (February Suppl. Issue) : 2024

prises Ltd.
Lee, K. S., Whang, L. M., Saratale, G. D., Chen, S. D.,

Chang, J. S., Hafez, H. and Naggar, H. 2014. Biologi-
cal hydrogen production: dark fermentation. Hand-
book of Hydrogen Energy. 249.

Li, S., Tabatabaei, M., Li, F. and Ho, S. H. 2022. A review
of green biohydrogen production using anoxygenic
photosynthetic bacteria for hydrogen economy:
challenges and opportunities. International Journal of
Hydrogen Energy.

logan bruce e., 2008. Microbial Electrolysis Cells for High
Yield Hydrogen Gas Production from Organic Mat-
ter. Critical Review. 11.

Lombardi, L., Carnevale, E. and Corti, A. 2015. A review
of technologies and performances of thermal treat-
ment systems for energy recovery from waste. Waste
Management. 37: 26-44.

Mansoori, G. A., Agyarko, L. B., Estevez, L. A., Fallahi, B.,
Gladyshev, G., Santos, R. G. D. and Yen, J. 2021.
Fuels of the Future for Renewable Energy Sources
(Ammonia, Biofuels, Hydrogen). arXiv preprint
arXiv:2102.00439.

Moakhar Roozbeh Siavash, S. M. H. P. A. H. N. F. 2021.
Photoelectrochemical Water-Splitting Using CuO-
Based Electrodes for Hydrogen Production: A Re-
view. http://www.advmat.de/.

Muh, E., Tabet, F. and Amara, S. 2019. Biomass conversion
to fuels and value-added chemicals: a comprehen-
sive review of the thermochemical processes. Curr
Altern Energy. 4(1): 3-25.

Nath, K. and Das, D. 2004. Improvement of fermentative
hydrogen production: various approaches. Applied
Microbiology and Biotechnology. 65: 520-529.

Navarro, R. M., Pena, M. A. and Fierro, J. L. G. 2007. Hy-
drogen production reactions from carbon feed-
stocks: fossil fuels and biomass. Chemical Reviews.
107(10): 3952-3991.

Nithyanandam, R., Mun, Y. K., Fong, T. S., Siew, T. C., Yee,
O. S. and Ismail, N. 2018. Review on production of
benzene from petroleum associated gas by
dehydroaromatization, partial oxidation of methane
and methanol-to-aromatics processes. J. Eng. Sci.
Technol. 13(12): 4290-4309.

Orhan Mehmet F., H. K. 2016. Approaches for integrated
hydrogen production based on nuclear and renew-
able energy sources: Energy and exergy assessments
of nuclear andsolar energy sources in the United
Arab Emirates. http://dx.doi.org/10.1016/
j.ijhydene.2016.05.044, 16.

pageshttp://dx.doi.org/10.1155/2013/690627, 11. Hy-
drogen production by biological processes: a survey
of literature. 2001. International Journal of Hydrogen
Energy. 26 (2001) 13–28.

Rauch Reinhard, J. 2014. Biomass gasification for synthe-
sis gas production and applications of the syngas.
WIREs Energy Environ. 2013. doi: 10.1002/wene.97,
21.

Reungsang Alissara, N. Z. 2018. Hydrogen from Photo
Fermentation. Green Energy and Technology. 231-327.

Rodrigo Juan and Oyanedel Bastidas, Bonk Fabian . Mette
Hedegaard Thomsen, J. E. 2015. Dark fermentation
biorefinery in the present and future (bio)chemical
industry. Rev Environ Sci Biotechnol. DOI 10.1007/
s11157-015-9369-3, 26.

Sen Rakesh, 1. S. 2022. Electrocatalytic Water Oxidation:
An Overview With an Example of Translation From
Lab to Market. https://doi.org/10.3389%2
Ffchem.2022.861604.

Solomon, B. D. and Banerjee, A. 2006. A global survey of
hydrogen energy research, development and policy.
Energy Policy. 34(7): 781-792.

Song, C. 2002. Fuel processing for low-temperature and
high-temperature fuel cells: Challenges, and oppor-
tunities for sustainable development in the 21st cen-
tury. Catalysis Today. 77(1-2): 17-49.

Srirangan, K., Pyne, M. E. and Chou, C. P. 2011. Biochemi-
cal and genetic engineering strategies to enhance
hydrogen production in photosynthetic algae and
cyanobacteria. Bioresource Technology. 102(18): 8589-
8604.

Torzillo, G., Scoma, A., Faraloni, C. and Giannelli, L. 2015.
Advances in the biotechnology of hydrogen produc-
tion with the microalga Chlamydomonas
reinhardtii. Critical Reviews in Biotechnology. 35(4):
485-496.

Vasic Katja, Z. K. 2021. Bioethanol Production by Enzy-
matic Hydrolysis from Different Lignocellulosic
Sources. https://www.mdpi.com/journal/mol-
ecules, 23.

Wang Jianlong, W. W. 2008. Factors influencing fermen-
tative hydrogen production:A review. International
Journal of Hydrogen Energy. xxx: 1–13, 13.

Wang, J. and Wan, W. 2009. Factors influencing fermen-
tative hydrogen production: a review. International
Journal of Hydrogen Energy. 34(2): 799-811.

Wang, J. and Yin, Y. 2018. Fermentative hydrogen produc-
tion using various biomass-based materials as feed-
stock. Renewable and Sustainable Energy Reviews. 92:
284-306.

Wang, J. and Yin, Y. 2018. Fermentative hydrogen produc-
tion using various biomass-based materials as feed-
stock. Renewable and Sustainable Energy Reviews. 92:
284-306.

Zhang Linghong, C. 2010. Overview of recent advances in
thermo-chemical conversion of biomass. Energy
Conversion and Management. 15.


