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The impacts of climate change are real and in many parts of the world testify to its
harsh reality, including rampant extreme weather events, droughts, heat, wildfires,
and flooding which have recorded in places which have not experienced them in
recent memory. In the quest to avert such events, there is a growing awareness and
demand for sustainable processes andoperations. Today, sustainability encompasses
a balance between ecological footprint and human development index, taking into
consideration economics, the green environment, safety, quality, ethics, diversity and
inclusion (D&I), and communities. This article presents some steps that have been
taken by Algeria to balance energetic autonomy and sustainable development, and a
case studyongreenhydrogenproduction employingmembraneprocesses. Algeria’s
objective to join the global fight against climate change is to develop its green
hydrogen base. Given its resources, including available solar and wind power,
seawater desalination plants, building capacity, and its favorable location, it is
developing its green hydrogen economy to supply hydrogen, especially to
Europe. This presents an opportunity for other developing nations, especially in
Africa, to gain from this experience.
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1 Introduction

Hydrogen by nature is a green fuel and produces little to no toxic emissions if used effectively
(Wang et al., 2023; Anwar et al., 2021). Hydrogen is projected to be the clean energy of the future
and it is expected that green hydrogen will be a decarbonization substitute for much of the fossil
fuel energy used today, hence reducing the impacts posed by non-green fuels (Al-Zareer et al.,
2018; Lee et al., 2018; Anwar et al., 2021; Nasser and Hassan, 2023).

Hydrogen as a fuel is fundamentally green; however, it is the means of its production
that classifies it as green, grey, blue, red/pink, cyan/turquoise, brown and black, green,
yellow, and white (Lubbe et al., 2023; Chaudhary et al., 2024). A fully green production
process is preferable given the increasing requirements to reduce environmental impacts
and decarbonization (Chi and Yu, 2018; Lubbe et al., 2023).
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This study will share some of the different non-green and green
hydrogen production technologies and color codes. Algeria
currently produces grey hydrogen and is investigating ways to
change to green hydrogen to tap into the European market.
Algeria now is considering strategies to move into this space to
reduce environmental impacts.

Here we will discuss the global demand trends for hydrogen, the
types of hydrogen, and their production sources. The focus will be on
green hydrogen, various technologies used to produce it, its drawbacks,
the various cost contributors, and future research focuses.

Most hydrogen currently produced comes from the natural gas
or coal industry, as well as steam reforming of natural gas; in general,
these are not fully green (Wang et al., 2023). There is, however, a
drive to boost green hydrogen production despite its challenges.

The different color coding categorization of produced hydrogen
is generally based on the energy source, carbon emission associated
with the production process, the overall environmental impacts, and
the specific production process (Arcos and Santos, 2023).

Membrane science and technology have and will have a
significant role to play in renewable and non-renewable hydrogen
production as far as electrolyzers, water treatment, and separation
and purification are involved.

2 Literature

2.1 Current uses of hydrogen

Industrial processes that use hydrogen include: hydrodesulfurization,
where sulfur is removed from fuels in the petroleum refining industry
(Lee et al., 2018); the metal industry for treatment such as sintering,
brazing, annealing, powder coating, and metal injection modeling; in the
fertilizer industry for ammonia-based fertilizer production (Chaudhary
et al., 2024); in the food industry for oil hydrogenation for margarine
production (Puprasit et al, 2022).Hydrogen has the potential to replace or
supplement natural gas for cooking and heating; hydrogen-powered fuel
cells provide the energy to power vehicles, maritime vessels, and aviation,
as well as devices such as cell phones, laptops, and back-up and
emergency power in buildings and military applications (Chaudhary
et al., 2024).More areas of interest are emerging for hydrogen application
(Agyekum et al., 2022; Osman et al., 2022; Chaudhary et al., 2024).

2.2 Global demands for hydrogen

Hydrogen Insight projects that the global demand for
hydrogen in 2050 is expected to more than triple. This will
mainly be driven by aviation, power generation/energy
storage, heavy industry (E1A, 2019; Otto et al., 2022; Dally,
2024), water and road transport, and residential/commercial
heating. S&P Global Commodity Insights projects that by
mid-century, the total global hydrogen produced (249.5 MT)
will comprise 67% green hydrogen, 16% blue hydrogen fossil fuel
with carbon capture and storage (CCS), and the remaining 17%
produced from unabated gas or coal without carbon capture and
storage (CCS) technology (Collins, 2023).

Moreover, it is expected that 17% of total global hydrogen
produced will be traded across borders from areas with abundant
wind and solar power, including Australia, Chile, North Africa, and
the Middle East, to carbon conscious regions such as the Europeans
Union and East Asia (Collins, 2023).

2.3 Global projection for green hydrogen
production

Rystad Energy through Hydrogen Insight projects the top ten
green hydrogen producing nations for 2023–2030 to be Australia,
the United States, Spain, Canada, Chile, Egypt, Germany, India,
Brazil, and Morocco, with Australia, the US, and Spain in the lead
(Klevstrand, 2003). Table 1 shows some of the companies in the
individual top ten (10) hydrogen producing countries projected
for 2023–2030.

2.4 Hydrogen type color coding and
production technologies

Several technologies are involved in the production of renewable
and non-renewable hydrogen (Anwar et al., 2021; Hydrogen
Technologies, 2023). Table 2 shows hydrogen color codes
assocaited with the different hydrogen production processes.
Ambiguities exist in the literature on hydrogen color coding,
highlighting the need for a global uniform color coding.

Figure 1 shows the various non-renewable and renewable
hydrogen production technology relative positions on
technology maturation versus readiness (Hydrogen
Technologies, 2023).

The demand for green hydrogen is focused the on the four
promising electrolyzer types: alkaline (ALK), polymer electrolyte
membrane (PEM), anion exchange membrane (AEM), and solid
oxide electrolyte (SOE) (Chi and Yu, 2018; Lu et al., 2023). They
have advantages and disadvantages, challenges they face and
expected future research and development directions (Kumar and
Lim, 2022).

2.5 Green hydrogen production
technologies involving electrolyzers

Green hydrogen production involves electrolyzers, which use
electrodes, membranes, electrolytes, water, and renewable energy,
comprising ALK, PEM, AEM, and SOE mentioned above (Chi and
Yu, 2018; Kumar and Lim, 2022; Lu et al., 2023). Both ALK and PEM
are commercialized while SOE and AEM are still in the pre-
commercialization stage, with SOE ahead of AEM in
development (Patonia and Poudineh, 2022; Franco and
Giovannini, 2023; Hydrogen Technologies, 2023).

Figure 2 shows the operation mechanisms of these four. Each
has advantages and disadvantages that need to be understood and
explored for their proper selection, application, and operation
(Franco and Giovannini, 2023).
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TABLE 1 Some companies in the projected top ten hydrogen producing countries 2023–2030.

Hydrogen producing countries Hydrogen producing companies

Australia BHP Energy, Frontiers Energy, ReNu Energy, Gold Hydrogen, and Sparc Energy (Cummins, 2023)

United States Air Products & Chemicals, Bloom Energy Corp, Plug Power Inc., Fuel Cell Energy Inc., Nel Hydrogen (brc, 2024a), Cummins
(Ernst and Young LLP, 2023)

Spain Cepsa, Iberdrola, Enagás, Endesa, Naturgy, Fertiberia, ArcelorMittal, Repsol, and DH2 Energy (E&M Combustion, 2023)

Canada Ballard Power Systems, First Hydrogen, Charbone Hydrogen, DynaCERT, Loop Energy, and Enbridge Inc. (Brown, 2023)

Chile AES, Enel, EdF, Siemens, Antofagasta (Garip, 2023), Empresa Nacional del Petroleo (ENAP), Enel Green Power Chile, and
Engie (Daza et al., 2021)

Egypt Rana Group (Samir, 2024), Infinity Power (Samir, 2022a), CIEG (Samir, 2022b)
ACWA (Čučuk, 2023a), Fertiglobe, Scatec, Orascom (Sheikh, 2022), and GeoPura (Energy Transition, 2024)

Germany Thyssenkrupp, Sunfire (Ernst and Young, 2023), HH2E AG, and LEAG (Čučuk, 2023b)

India Adani Green Energy, Reliance Industries Ltd, Bharat Petroleum Corporation Ltd, National Thermal Power Corporation Ltd.,
Larsen & Toubro Ltd, Indian Oil Corporation Ltd., Oil & Natural Gas Corporation Ltd, and GAIL India Ltd (brc, 2024b)

Brazil Petrobras, FFI (Kinch, 2003), Grupo Jepri (Matalucci, 2023), and White Martins & Linde (Linde, 2024)

Morocco Fortescue (Reuters, 2024a), Nareva Holdings, and GE Vernova (Reuters, 2024b)

TABLE 2 Hydrogen color codes associated with different hydrogen production processes.

Hydrogen Color
Code

Production Process References

Non-Renewable Hydrogen

Red Hydrogen produced by high temperature catalytic splitting or thermolysis of water
using nuclear power plant which is non-renewable.

Arcos and Santos, 2023;
Lubbe et al. (2023)

Pink Hydrogen produced by electrolytic splitting of water using electricity from nuclear
power plant which is non-renewable.

Lubbe et al., 2023; Arcos and Santos, 2023

Purple/Violet Hydrogen produced by combined electrolysis and thermolysis of water from nuclear
power source which is non-renewable.

Arcos and Santos, 2023

Blue Hydrogen produced from steam reforming of natural gas or methane with resulting
CO2 byproduct captured and stored with carbon capture and storage (CCS)
capabilities.

Lubbe et al., 2023; Anez-Lingerfelt, 2022; Arcos and
Santos, 2023

Grey Hydrogen produced from steam reforming of natural gas or methane with resulting
CO2 byproduct uncaptured.

Lubbe et al., 2023; Anez-Lingerfelt, 2022; Arcos and
Santos, 2023

Black and Brown Hydrogen produced from fossil fuel through gasification and associated with
significant environmental impacts.

Lubbe et al., 2023; Arcos and Santos, 2023

Turquoise Hydrogen produced from methane pyrolysis with solid carbon byproduct.
Considered low-emission hydrogen if the energy source is renewable.

Lubbe et al. (2023)

Cyan Anez-Lingerfelt (2022)

Yellow Hydrogen produced from electrolytically splitting water using grid electricity which
is partially green.

Liponi, et al. (2023)

Renewable Hydrogen

White Naturally occurring and known as geological or native hydrogen. Found in
underground deposits and produced through fracking.

Lubbe et al., 2023; Arcos and Santos, 2023; USGS, 2023

Golden Hydrogen produced by direct solar photolytic splitting of water. Lubbe et al. (2023)

Green Hydrogen produced electrolytically from splitting water into hydrogen and oxygen
using green or renewable energy sources including solar and wind with no CO2

emission.

Lubbe et al., 2023; Anez-Lingerfelt, 2022, Arcos and
Santos, 2023; Chi and Yu, 2018

Hydrogen produced electrolytically from splitting water into hydrogen and oxygen
using green or renewable energy sources including geothermal and hydroelectric
with no CO2 emission.

Lubbe et al. (2023)

Frontiers in Membrane Science and Technology frontiersin.org03

Anim-Mensah et al. 10.3389/frmst.2024.1382651

https://www.frontiersin.org/journals/membrane-science-and-technology
https://www.frontiersin.org
https://doi.org/10.3389/frmst.2024.1382651


2.6 A basic water electrolyzer–green
hydrogen production system

A basic water electrolyzer–green hydrogen production
system consists of feed water into a gas separator to remove
all gases including oxygen (O2) produced from the electrolyzer
stack(s) on the input end, and an electrolyzer stack(s) where
renewable electricity is supplied to split the feed water. The
output end has another gas separator to enhance hydrogen
purification, a deoxo unit to further purify the hydrogen

produced, and a unit to dry the hydrogen for compression to
storage (IRENA, 2020; El-Shafie, 2023).

2.7 Global demand for green hydrogen
production electrolyzers and the
companies involved

The increasing demand for hydrogen, specifically green
hydrogen, has led to an increasing demand for electrolyzers. For

FIGURE 2
Promising electrolyzer types (IRENA, 2020; El-Shafie, 2023).

FIGURE 1
Hydrogen production technology maturation versus technology readiness level (Hydrogen Technologies, 2023).
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the United States and Europe, ALK is dominant and will remain so
into the near future, then PEM followed by SOE and then AEM. For
manufacturers outside the United States and Europe, a twelve-fold
growth (i.e. 1000E to 12,000E) is expected by 2030, driven by ALK,
PEM, and SOE. The total global demand for electrolyzers is expected
to see a six-fold growth by 2025 and a ten-fold growth by 2035, also
mainly driven by ALK, PEM, and SOE (Ernst and Young LLP, 2023).

2.8 Various electrolyzers: advantages,
disadvantages, and challenges

These electrolyzers have different electrodes and electrolyte
materials, construction, installation, feedwater requirements, and
associated operational costs. The electrolyte carries the created
chemical charges from one electrode to the other.

From a general and simplistic standpoint, an electrolyzer system is
composed of water and electrical supply systems, electrodes
comprised of an anode (positive) and cathode (negative),
membrane(s), and a separation system for the gases produced.

A general electrolyzer operational flow process is depicted in
Figure 3.With the electrical system turned on, (1) the water supplied
to the electrolyzer at the anode side undergoes oxidation where both
O2 and positively charged hydrogen ions (H+) are produced
alongside the release of electrons, and (2) the membrane(s)
selectively transport H+ to the cathode to be reduced to hydrogen
gas (US Department of Energy, 2024).

Figure 2 shows the various reactions at the anodes and cathodes
for the individual PEM, ALK, AEM and SOE electrolyzers.

Both ALK and AEM electrolyzers are considered alkaline
systems while PEM as acidic and SOE is a solid oxide or ceramic
(IRENA, 2020; Patonia and Poudineh, 2022).

The alkaline systems use liquid electrolytes such as potassium
hydroxide (KOH) and sodium hydroxide (NaOH), while PEM uses

acids such as perflurosulfonated acids (PFSA) (El-Shafie, 2023).
Both AEM and PEM use solid polymers, and SOE uses solid oxide or
ceramic. The alkaline systems(i.e., ALK and AEM) are involved in
the transport of anions—hydroxide or hydroxyl ions (OH−)—
through the electrolyte from the cathode to the anode, while the
acidic system (i.e., PEM) selectively transports cations—protons or
H+ —through the solid polymer electrolyte from the anode to the
cathode. SOE selectively transports anions—charged oxygen ions
(O2-)—through the solid oxide or ceramic electrolyte from the
cathode to the anode. For all four electrolyzers, hydrogen is
generated on the cathode side. ALK is the most mature, durable,
and cheapest (Simoes et al., 2021; Nasser and Hassan, 2023; Yang,
et al., 2023).

However, the drawbacks of ALK include only pressurized
versions being compatible with renewable electricity and having
lower purity hydrogen than PEM (Nasser and Hassan, 2023) While
AEM could compete with ALK from a cost perspective and better
compatibility with renewable electricity, it has lower degradation
rates (Miller, 2022; Yang, et al., 2023).

Commercialized PEM, while compatible with renewable
electricity, has high material costs (Wang et al., 2023). SOE, the
most efficient and compatible with renewable electricity, is
associated with very high operating temperature and lower
durability (Nasser and Hassan, 2023) and is still in development.

PEM requires the use of pure water while ALK uses a variety of
water sources, including seawater and wastewater. PEM’s pure water
requirement could make it expensive and, in some cases, limit its
use. Similarly, the pressurized ALK version for renewable energy
compatibility makes it less efficient than PEM and could limit its use.
ALK electrode material includes nickel and iron, making it more
durable and less sensitive to feedwater impurities (Hydrogen
Newsletter, 2022).

Generally, AEM requiring drinking quality water (Du et al.,
2022) produces better results with similar PEM iridium anode
(Miller, 2022) while SOE is exploring the use of a wide range of
water qualities, especially impure water sources (Maddaloni
et al., 2023).

ALK, PEM, and AEM, which operate at lower temperatures
compared than SOE, have improved performance, longer device
lives, and produce higher quality hydrogen with quality feedwater
water. However, quality feedwater adds to the costs, process
complexities, and design limitations (Becker et al., 2023).

2.9 Environmental and social impacts of
green hydrogen production

Green hydrogen is considered a potential fuel to reduce the
overall global carbon footprint; however, the green hydrogen
industry is associated with some environmental and social
impacts and risks (Vernick, 2024). The hydrogen industry
production, storage, and utilization is associated with
environmental and social risks and impacts (Vernick, 2024).

However, the resultant impact is expected to be lower. Green
hydrogen production involves the use of energy, water, and land.
The land acquisition and clearing for green hydrogen production
plants is associated with both environmental and social risk and
impacts. Environmental risk and impacts include deforestation and

FIGURE 3
Electrolyzers operational flow process (US Department of
Energy, 2024).
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habitat loss (Tolba and El-Kholy, 1992), soil erosion and
degradation (Lal, 2001), water pollution and decreased water
quality (Camara et al., 2019), loss of biodiversity and ecosystem
disruption (Mullu, 2016), and increased greenhouse emissions
(Romijn, 2011).

Social risks and impacts include displacement of indigenous
communities and loss of traditional lands (Moreda, 2017), conflict
and human violation (Grant and Das, 2015), economic impacts on
local communities, particularly loss of livelihood (Hufe and
Heuermann, 2017), cultural heritage destruction (Pankaj et al.,
2023), and health impacts, including increased respiratory
problems (Myers et al., 2013).

Moreover, energy is required to split water to produce green
hydrogen, and the energy source needs to be green (Osman et al.,
2022). The equipment used in green hydrogen production itself
could be associated with a significant carbon footprint (Hurwitz
et al., 2023). Additionally, the production process requires a
significant quantity of water which could lead to water scarcity
(Vernick, 2024). The different electrolyzers require different
water quality, which in turn demands different treatment
methods with different environmental or social impacts.
Hydrogen stored in high pressure containers and pipelines can
leak and cause explosions (Vernick, 2024). Ensuring both
environmental and safety integration will lower overall
environmental and safety impacts and risks. Moreover, the
proper integration of land, energy, and water alongside the
selection of a production process and storage systems reduces
overall impacts and risks.

3 Green hydrogen production cost and
economic viability

There is a general drive to increase green hydrogen adoption,
partly due to lower environmental impacts and costs, while driving
favorable policies over its non-green hydrogen counterparts (Ishaq
et al., 2022).

The electrolyzers and renewable electricity costs (Badgett et al.,
2022) are among the factors which may be hindering green
hydrogen growth and adoption. Hence, as costs reduce, green
hydrogen will be able to compete with the dominant fossil
fuel hydrogen.

The total cost of ownership (TCO) of green hydrogen mostly
includes the costs of electrolyzers, ancillary equipment, installation,
and operational costs. Ancillary equipment to electrolyzers includes
cooling equipment, compression, electricity sources, water
treatment, purification, dryers, and power electronics
(IRENA, 2020).

There are costs associated with installing a complete system,
while operating costs involve consumable and unit costs involved
in the production process, including the electricity consumption
rate and cost, water quality and consumption rate, and stack
degradation and replacement rates. Other factors affecting
overall production costs include operational efficiency,
economy of scale, increasing automation, and design
complexities. A large capacity system operating close to
maximum capacity for longer hours is preferred for reducing
costs and improving return on investment from an operational

efficiency standpoint. Improving electrolyzers and their electrical
efficiency are expected to reduce electrical consumption and
costs. Generally, increasing module and manufacturing plant
sizes can all significantly reduce costs in addition to
automation (Corbeau and Merz, 2023). Each of the above
factors could impact the overall cost differently, given that all
the electrolyzers have some distinct differences.

From 2019 to 2022, electrical efficiencies generally improved for
each type of electrolyzer. Electrolyzers improved in the following
order: SOE > PEM > ALK > AEM. In 2050, system electrical
efficiencies expressed in kilowatt-hours per kilogram of green
hydrogen produced are expected to be lowest for SOE (<40) and
similarly for ALK, PEM and AEM (<45) (IRENA, 2020; Patonia and
Poudineh, 2022).

Generally, ALK requiring the use of low-cost steel or nickel
alloy-plated material has the lowest cost (Miller et al., 2020).
However, costs are associated with controlling the hydroxide
electrolyte solution concentration, temperature, corrosion
(Lohmann-Richters et al., 2021), and hydrogen produced needing
further purification to meet some requirements.

PEM requires the use of expensive platinum-group metals,
mostly iridium, to withstand the corrosive acid operating
environment. The high voltage applied for high hydrogen
production rates results in higher initial costs (Corbeau and
Merz, 2023). This restricts opportunities for cost reduction.

SOE, still in development, has the flexibility of being constructed
from a variety of materials including steel, nickel, and zirconia
(Hauch et al., 2020). This offers some advantages in reducing costs.
However, in the current developmental stages, manufacturing
process complexities mean that it is more expensive than ALK
and PEM. The expectation is that SOE still will implement cost
reduction opportunities (Minary-Jolandan, 2022).

AEM is a better alternative to ALK for easy renewable energy
compatibility, costs the same as ALK, and performs like PEM.
Moreover, AEM is being explored as an alternative to PEM but
with lower overall costs. AEM performance with PEM iridium
anodes has returned the best AEM results (Miller, 2022; Yang,
et al., 2023).

In conclusion, selection of any of these electrolyzers depends
on the specific application, availability of resources and
infrastructure, and expected project viability (Hydrogen
Newsletter, 2022).

While green hydrogen production using an electrolyzer is
driven by many factors, available electricity and costs are among
the most critical. Industry guides suggest that economic viability
could favor higher efficiency and higher capex electrolyzers such
as SOE, which may be applicable to areas with a scarcity of
renewable electricity, while lower efficiency and lower capex
electrolyzers such as ALK may be suitable for areas with
sufficient renewable electricity. Driving green hydrogen
production costs down depends on the upfront investment,
electricity availability and cost, efficiency, stack degradation,
and replacement rates. Other considerations include the
effects of module size, manufacturing economy of scale,
hydrogen produced for specific applications, feed water
quality, and the integration of an electrolyzer of interest with
intermittent renewable energy operation (Corbeau and
Merz, 2023).
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Remarkably, some of these parameters may be coupled such that
an improvement in any of the parameters could adversely impact the
others. This requires making a conscious decision on selection. The
ALK, AEM, PEM, and SOE electrolyzers operate differently, hence
entailing different cost implications, effectiveness, and production
system designs (Kumar and Lim, 2022).

Furthermore, the fast-paced industrial innovation occurs behind
closed doors, so up-to-date information is lacking in the public
domain. This lack of access to new information means that outdated
information is available to academia and the public (Corbeau and
Merz, 2023).

The role of membrane science and technology in green hydrogen
production using electrolytic splitting of water cannot be overstated,
from transporting ionic species from one electrode to the other in
electrolyzers, treating the different water sources tomeet electrolyzers’
feed water quality to ensure improved productivity and system lives,
and producing hydrogen purification.

Increasing use of green hydrogen over established fuels will not
only lead to decarbonization of the energy system but a revolution in
the water industry, leading to improved water treatment
technologies and water use strategies in the face of dwindling
clean water resources. The water industry is and will play a vital
role in electrolytic green hydrogen production given that water is
one of the key raw materials. Hence, countries seeking to adopt net
zero strategies should consider a more integrated approach to
renewable electricity, water, and green hydrogen (Newborough
and Cooley, 2021).

Future green hydrogen development includes increasing
adoption of renewable hydrogen by lowering costs and instituting
favorable policies to promote it over non-green hydrogen (Kumar
and Lim, 2022).

SOE, still in development, is expected to emerge as the best
electrolytic solution with lower costs and high efficiency (Miller,
2022). Other green hydrogen developments include exploring (1)
photolytic means, where sunlight is directly used to split water into
hydrogen and oxygen, (2) thermochemically converting biomass into
liquid or gas and separating hydrogen, and (3) biological production
of hydrogen by microbes (EIA, 2023).

Growing infrastructure demands include hydrogen refueling
stations, storage, and transportation which are crucial for the
industry’s success and growth. Economic opportunities associated
with green hydrogen include the growth of new industries, job
creation, and economic expansion (Hassan et al., 2024; Jones, 2024).
The future of hydrogen as part of the global energy mix will depend
on continued investment, improvement, lowering of costs,
increasing adoption, and policy direction.

4 The Algerian case study: existing
capabilities and preparation for its
green hydrogen economy

Algeria is a motivated player in the hydrogen industry given
that is has many assets for becoming a regional and international
player. Currently, Algeria is involved in the blue hydrogen
industry. However, it wants to join the fight against climate
change and plans to become a leading green hydrogen
production country. The road map towards this includes (1)

regulatory and institutional adaptation, (2) human capital
development, (3) industrial integration and growth, (4)
financing mechanisms and incentives, (5) international
cooperation and technology transfer, and (6) deployment of
the hydrogen sector. The road map involves the following
actionable phases with objectives and timelines. (1) Start-up
phase (2023–2030) focusing on start-up activities and training,
laying the groundwork for building projects and expertise, and
initiating pilot projects to explore hydrogen production and
utilization. (2) Market expansion and creation phase
(2030–2040) that emphasizes the shift to market expansion
and creation, scale-up, and the establishment of markets for
the applications. (3) Industrialization and export phase
(2040–2050) that prioritizes the export of hydrogen derivatives
and contributing to global energy markets. (National Hydrogen
Development Strategy in Algeria, 2023).

Algeria’s energy transition quest will promote energy transition,
innovation, and efficiency (ITA, 2023). Moreover, Algeria seeks to
establish a supportive hydrogen sector framework by 2050 dubbed
the “The Algerian Strategy on Green Hydrogen 2050”. Algeria’s
ambitious target includes reducing its greenhouse gases (GHG) and
petroleum products consumption. Algeria projects to export
30–40 TWh of gaseous, liquefied, and derived green hydrogen by
2040 (Stambouli et al., 2024).

Algeria is taking the necessary steps in developing strategies
and policies. It is forming internal and external alliances and
dealing with some of the existing challenges to make it align with
the needs of a green hydrogen economy. Algeria’s plans to appeal
to the European market across the Mediterranean. It has acquired
land and solved its water scarcity issues by building desalination
plants as well as boosting green energy resources with solar and
wind energy systems. Moreover, Algeria is considering ways to
reduce the impacts of its blue hydrogen industry amid its pursuit
of green hydrogen production. Furthermore, it is collaborating
with local energy clusters to build and sustain the overall energy
ecosystem (National Hydrogen Development Strategy in
Algeria, 2023).

Algeria’s Sonatrach state-owned oil company signed a
memorandum of understanding (MoU) with Hecate Energy
Global Renewables (HGR Energy) to explore both renewable
energy and green hydrogen projects in Algeria (Djunisic, 2024).

One of Algeria’s local energy clusters is the Green Energy
Cluster Algeria (GEC) which is a collaborative organization
including industries, universities, research centers and
institutes, and representatives from key government ministries.
Its main goal is to foster synergies among its members, promote
competitiveness, contribute to sector-specific training to add to
its human resource capacity to develop and transfer the
knowledge base to support Algeria’s hydrogen economy
(Green Energy Cluster Algeria, 2024).

5 Conclusion and directions

Algeria is on track with the start-up phase of its roadmap,
building more capability as it positions itself, including lowering
costs and moving in the right direction to grow its green hydrogen
base. Currently, it is addressing challenges to its water supply by
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installing desalination plants, designating land, building more solar
energy plants, collaborating with local energy clusters, signingMoUs
with major global companies for hydrogen projects, and pilot
projects to build expertise and training (National Hydrogen
Development Strategy in Algeria, 2023).

The above review presents some information on renewable
hydrogen production strategies and Algeria’s plans so that other
developing nations can decide whether to replace existing non-
renewable hydrogen production with renewable hydrogen.
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