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ABSTRACT ARTICLE HISTORY
Africa’s abundant renewable energy resources and vast land areas present an Received 13 September 2023
unprecedented opportunity for the development of a green hydrogen economy. Accepted 2 July 2024

Several countries in Africa have already initiated ambitious projects to establish

green hydroger) economies, mainly targeting export markets in' Europe. This Green hydrogen; Sustainable
perspective article explores the potential of green hydrogen in Africa and development; Africa;
examines the challenges and risks associated with green hydrogen development Universal access; Sustainable
on the continent. We believe that the role of hydrogen in the transformation of energy

Africa should go beyond energy export and aim to harness its competitive

advantage for various industries that require low-cost green hydrogen. We argue

that prevailing extractive and geopolitical realities pose a major barrier in Africa’s

path towards harnessing the full potential of green hydrogen for its development.

To break this cycle, Africa must demand equitable partnerships, invest in

technology transfer, and foster collaboration to drive a transformative green

hydrogen revolution that is aligned with Agenda 2063s vision for a self-

empowered and sustainable Africa.

KEYWORDS

Key Policy insights

e Green-hydrogen has the potential to provide affordable energy to transport and
industry, accelerating sustainable development in Africa.

e The current resource development practice in Africa will constrain the continent’s
ability to chart an independent course towards a sustainable green hydrogen
economy.

o There is a need for clear regulation, incentives, and financial support for the
adoption of green hydrogen technology.

e Itisimportant that national governments create local demand which can stimulate
new and sustainable jobs, and bilateral and regional collaborations to build and
operate hydrogen infrastructure.

o Despite the high technical potential, Africa’s role in the global hydrogen market is
hindered by limitation in access to finance, technology, infrastructure, and policy
stability.

o Africa must assert itself on the global stage, demanding equitable partnerships
and investments that foster technological transfer and knowledge sharing that
benefit wider socio-economic development.
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Introduction

Several African nations place a high priority on ensuring that their rapidly expanding populations have access to
clean and modern energy to support economic growth, secure energy sovereignty, and improve the well-being of
the people. This calls for exploring and sustainably harnessing all available energy resources on the continent.

Hydrogen is increasingly at the forefront of the discussion for a reliable energy carrier to decarbonize
energy-intensive industries and heavy transport, given its high energy density and clean combustion. The
current global hydrogen market represents an annual sale of USD 174 billion. Its use is primarily limited to
industrial processes; however, the potential across various sectors is enormous. The current hydrogen industry
is dominated by ‘grey hydrogen’, which is produced through steam methane reformation (SMR) of natural gas.
Sometimes the process is combined with Carbon Capture and Storage (CCS) technologies and is referred to as
‘blue hydrogen’. But Africa has the potential to produce hydrogen through water electrolysis using renewable
energy sources, also called ‘green hydrogen’, which offers great potential for climate change mitigation.

A recent report estimates that, under the commitment to keep global temperature to well below 2°C above
pre-industrial levels, the global demand for green hydrogen could grow to 607Mt from 90Mt in 2021, poten-
tially abating 75Gt of emissions by 2050 (AGHA, 2022b). The benefits of green hydrogen in Africa are big if
coupled with industrial development, facilitating electricity access to homes and businesses by diversifying
supply or reinvesting the earnings in energy access programmes, and local economic development throughout
the value chain. However, questions also abound on whether Africa will be able to harness the potential
benefits offered by green hydrogen in ways that are different from the ‘resource course’ associated with
fossil fuel and other mineral resources in Africa and failure of the ‘green revolution’ in Africa’s agriculture.
We argue that a different resource development practice in Africa that is built around equitable partnership
with advanced economies, access to technology and energy sovereignty of the continent is necessary to trans-
late the opportunities in green hydrogen into real economic and development gains.

The current status of hydrogen in Africa

In Africa, several countries have initiated ambitious projects to establish green hydrogen economies, leveraging
their abundant renewable energy resources to drive sustainable development and economic growth. The Africa
Green Hydrogen Alliance (AGHA) is one of the coalitions that is setting the pathway for green hydrogen in
Africa. It has an alliance of six countries, which include Egypt, Kenya, Mauritania, Morocco, Namibia, and
South Africa. The alliance aims to facilitate public and regulatory policy, capacity building, financing, and cer-
tification needs (AGHA, 2022a). According to AGHA, by 2050, green hydrogen could increase the GDP of the six
countries by USD 126 billion, which is equivalent to 12% of these countries’ current GDP (AGHA, 2022b).
The European investment bank estimates Africa’s green hydrogen potential at EUR 1 trillion and can
produce 50 million tons of green hydrogen in 2035 (CVA, 2022; European Investment Bank, 2022). There is
already a USD 30 billion investment announced in the hydrogen value chain in Africa and an additional
USD 70 billion for renewable energy infrastructure required for green hydrogen production (Dagnachew
etal., 2023). Egypt (AEP, 2022) and Zimbabwe (Matalucci, 2023) already have 1T00MW of installed electrolyzers
for green hydrogen production, demonstrating early efforts to tap into this emerging energy source. Further-
more, Egypt recently announced a new 100MW project for green ammonia production (Voltalia, 2022), indi-
cating a commitment to expanding the use of green hydrogen for other applications, such as fertilizer
production. Mauritania has already signed a MoU to develop a 30GW green hydrogen project together
with a 18GW wind and 12GW solar capacity that will produce an estimated 1.7 million tons of green hydrogen
at a cost of USD 40 billion (Atchison, 2021), roughly four-times the country’s current GDP. The project is
located on a 8500 km? site and it has a water desalination capacity of more than 50 million m?* that would
also supply local communities and increase agricultural production (IEA, 2023c). Namibia is in the process
of establishing a green hydrogen economy, aiming to build an electrolyzer capacity of 3GW coupled with
7GW of renewable generation capacity and a desalination plant (Sundar, 2023). The USD 10 billion
HYPHEN Tsau Khaeb project (Hyphen Hydrogen Energy, 2022), established on a 4000 km? land, aims to
produce 350,000Mt of green hydrogen once complete. These initiatives highlight the growing interest and
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Figure 1. Large-scale clean hydrogen projects and investments as of November 2021 (IRENA, 2022a).

commitment of some African countries to clean energy development and their aspiration to become major
players in the global green hydrogen market. Figure 1 presents the distribution of clean hydrogen projects
worldwide announced as of November 2021, including those in South Africa, Namibia, Mauritania, Morocco,
Algeria, and Egypt.

The future cost of green hydrogen, which depends on various aspects of the supply chain, is an important
determinant of its adoption in demand sectors. The studies by IRENA (2022b) and Dagnachew et al. (2023) show
that this cost mainly depends on the cost of electricity, electrolyzer price, electrolyzer utilization factor, and the
weighted average cost of capital. As the green hydrogen industry continues to gain momentum in Africa, it is
critical to consider the scale of the opportunities, challenges, and barriers that countries may face in realizing
their ambitious goals.

The green-hydrogen potentials and challenges in Africa

The green hydrogen potential in Africa is immense, given the continent’s abundance of critical resources necess-
ary for low-cost large-scale production. Key ingredients for green hydrogen production include renewable energy,
land, and water, while the availability of infrastructure to transport hydrogen also plays an important role in deter-
mining the cost. Among these factors, electricity accounts for the single-largest cost component of producing
green hydrogen at high operating hours (IRENA, 2020). Fortunately, Africa boasts one of the largest renewable
energy potentials in the world, with vast untapped solar, hydro, wind, and geothermal resources (IRENA,
2022c). This abundant renewable energy capacity makes Africa one of the regions with the highest potential
for low-cost green hydrogen production. Figure 2 shows the solar and wind potentials of Africa, particularly
countries in north and south of the continent having high solar and wind potentials.

Africa also has an extensive land area that can be used for green hydrogen production in combination with
renewable energy generation. The wind and solar farms required for green hydrogen production have low
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Figure 2. Solar and wind power potentials in Africa (AGHA, 2022b).

energy density per surface area and, together with desalination plants, need vast areas of land. To put this to
perspective, Oman, a country with ambition to become amongst the biggest producers of green hydrogen in
the world, has identified 50,000 km? of land with an estimated potential to produce 25Mt of hydrogen per year
coupled with 500GW of renewable energy (IEA, 2023b). Several countries in North and South Africa have large
non-arable land that is sparsely populated that could be exploited for the green-hydrogen economy. However,
getting access to land for large-scale development might not be easy given the fact that ownership is guided by
complicated socio-cultural customary user rights (Agyekum, 2024).

Water is another necessary input for green hydrogen production, and, if not managed properly, it could
increase the local competition for water. The water withdrawal and consumption of green hydrogen depends
on the energy technology and production process used and can vary by over a factor and the impact should
be clearly considered in national energy planning (Kaandorp et al., 2021). For example, while a theoretical
minimum of 9 kg of water for every kg of hydrogen produced is stated by Beswick et al. (2021), a recent
report (IEA, 2023b) shows that, if sea water is used for green hydrogen production, 40-90 kg of water is required
per kilogram of hydrogen. As demonstrated by the use of hydrogen for the decarbonization of heating in the
Netherlands (Kaandorp et al.,, 2021), decarbonization policy scenarios in the EU, driven by an international
energy market and by European taxes on CO, emissions, are likely to lead to more import of hydrogen. This
could transfer the water footprint of EU energy transitions to hydrogen exporting countries in Africa and else-
where (Kaandorp et al.,, 2021). The challenge could be amplified by the fact that the regions with the highest
renewable energy potential are also the regions that are water stressed the most (Woods et al., 2022). The
impact on the water can be location specific (Dagnachew et al., 2023) and there is a need to identify sustainable
sources of water and improve the water efficiency of hydrogen projects to avoid exacerbating water security con-
cerns in some countries. There are already technological innovations for using sea water and tertiary effluent
water for hydrogen production (Dagnachew et al., 2023). Figure 3 shows the impact of hydrogen production
on country level water availability for different renewable energy technologies.

Europe is among the regions betting heavily on hydrogen for its net-zero ambitions. Given the limited
capacity of several European countries to produce green hydrogen, and most of the renewable energy poten-
tial likely being used to produce clean electricity, there is a growing interest in Africa’s clean hydrogen potential.
This has led to steady increase in international (trade) agreements for hydrogen between European countries
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Figure 3. Country water availability scenario after hydrogen production with solar photovoltaic, concentrated solar power, wind, and bioe-
nergy (Mukelabai et al., 2022). Disclaimer: This map is provided for illustration purposes only. Boundaries shown on this map do not imply any
endorsement or acceptance by the authors.

and other regions including North Africa (Dagnachew et al., 2023). However, the role of hydrogen in the trans-
formation of Africa should go beyond energy export. Several countries in the region, such as South Africa,
Guinea, and Sierra Leone, have large deposits of natural resources, including iron ore, bauxite, and mineral
sands (U.S. Geological Survey, 2021). The availability of these resources, coupled with the renewable energy
potential of these countries and their neighbours, could provide a competitive advantage for various industries
that require low-cost green hydrogen (Fuel Cells and Hydrogen 2 Joint Undertaking, 2019).

For instance, the steel industry, which is responsible for a significant portion of global carbon emissions,
could benefit from green hydrogen as a clean alternative to traditional fossil fuel-based production
methods. By leveraging their natural resources and renewable energy potential, African countries could
foster the growth of a sustainable, low-emission steel industry that relies on green hydrogen as the main
energy source (Hydrogen Europe, 2022).

Additionally, green hydrogen could play a pivotal role in the development of clean transportation infra-
structure to meet the growing demand for efficient and sustainable public transport systems in rapidly
expanding urban centres across the continent. Green hydrogen could serve as the fuel for hydrogen-
powered buses, trains, and even maritime transport (Hydrogen Council, 2022). The integration of green
hydrogen into Africa’s transportation sector would not only reduce carbon emissions but also improve air
quality in major cities (IEA, 2019).

Moreover, green hydrogen can be utilized for energy storage, offering a flexible solution to address the
intermittency of renewable energy sources (van Renssen, 2020). By converting excess renewable energy
into green hydrogen, African countries can store energy for later use and ensure a reliable power supply
during periods of low solar or wind generation. This capability could enhance the resilience of Africa’s
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energy grid and promote the widespread adoption of renewable energy across the continent (IRENA, 2018).
Similarly, since a large share of industry hydrogen demand is used for fertilizer production, cheap green
hydrogen could enable local fertilizer production, lower fertilizer costs thereby enhancing food security,
decouple fertilizer prices from natural gas price fluctuation, and reduce emissions from fertilizer production
(Dagnachew et al., 2023).

There are, however, several challenges to establishing a hydrogen economy for shared benefits related to
cost-competitiveness, technological advancement, market and legislative settings, affordable finance, and
infrastructure development (Dagnachew et al.,, 2023). Substantial finance is needed to develop infrastruc-
ture for the production, conversion, storage and transport of hydrogen. This calls for bilateral and multilat-
eral agreements between producers and off-takers to reduce the risk and therefore cost of capital (IPHE,
2022). Some Non-Governmental organizations also argue for a deliberate setting of priorities by govern-
ments to address the competition for vital resources such as water and land by the food and energy sectors.

A critical reflection
The shifting geopolitics of energy

The potential of green hydrogen as a clean and versatile energy carrier has gained significant attention as a
means to address climate change and transition to a low-carbon economy. Several countries around the
world are establishing national hydrogen strategies to accelerate the development of this technology and
its value chain. This is highly likely to affect or even reshape the global geopolitics of energy (Pflugmann &
Blasio, 2020; Scita et al., 2020; Van de Graaf, 2021) and uncover new risks and vulnerabilities related to
future energy alliances (Research Network Sustainable Global Supply Chains, 2023).

Countries rich in renewable energy resources could become major exporters, altering traditional energy
market dynamics (Muttitt et al., 2021). Namibia, a country with little prior experience in the oil and gas industry,
recently announced a USD 9.4 billion green hydrogen project with the ambition to become a major player in
the energy market. At the moment, hydrocarbon imports account for 90% of the energy supply in Morocco
(Weko et al.,, 2023), a country now leading renewable energy and green hydrogen investments in Africa.
Morocco has an ambitious target to export 10 TWh of green hydrogen by 2030, increasing to 115 TWh by
2050 (Caillard et al., 2024). There are also several other countries coming in as players in the energy arena
forcing a new pattern of relationships.

The transition will be disruptive and potentially has redistributive effects on geopolitical power as the
influence of oil and gas exporting nations declines, and new trade relationships emerge. With the possibility
of declining revenues and a shrinking overall market, some oil and gas producers are already seeing their sover-
eign credit ratings downgraded (IRENA, 2022a). Most fossil fuel exporting countries, including those in Africa,
are investing in pivoting to hydrogen production. However, there is also potential for new patterns of trade and
investment interdependencies between countries, thereby disrupting the over 200 years of hydrocarbon-based
global energy market structure. As countries establish bilateral energy relations centred on hydrogen-related
technologies, new economic relations will not only impact their political relations but also potentially
reshape foreign policy (Thompson, 2022).

Driving local socio-economic development

The current status of hydrogen in Africa showcases the continent’s enormous potential to capitalize on its abun-
dant renewable energy resources and establish itself as a global leader in green hydrogen production. By devel-
oping large-scale green-hydrogen projects, countries like Egypt, Zimbabwe, Mauritania, Morocco, and Namibia
are laying the groundwork for a sustainable low-carbon future. If properly implemented, green hydrogen has
the potential to deliver affordable energy for long-haul transport and (heavy) industry in these countries. Low-
cost green hydrogen could also help attract energy intensive industries and facilitate the integration of large
amounts of renewables in the energy system (Dagnachew et al., 2023). This is especially true if African countries
aim to maximize the gains from the large reserve of critical minerals that are crucial for the global energy tran-
sition through resource-based industrialization, as suggested by Ouedraogo and Kilolo (2024).
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However, African countries and their partners elsewhere also have another important responsibility. In
Africa, countries that aspire to become hydrogen exporters face pervasive energy poverty and energy insecurity
challenges, as well as rising domestic demand for electric power. Sub-Saharan Africa is home to four out of five
people on the globe without access to electricity, and access rates in 24 out of the 54 countries are below 50%.
To address these local development challenges and energy insecurity, African governments must take steps to
align their export ambitions in the global energy market with national policies and development priorities.
Given the significant influence they have in shaping the advancements in technology as well as its governance,
high-income nations would also need to play an active role in mitigating any potential risks associated with
such investments and support positive spill over effects by helping African countries pursue strategies such
as diversifying their economies, building local capacity and expertise in green hydrogen technologies, fostering
regional cooperation, and ensuring sustainable and inclusive development (Matambalya, 2014).

Realizing the full potential of green hydrogen in Africa requires addressing the associated challenges and
fostering an enabling environment for investment, innovation, and collaboration. Building a strong green
hydrogen economy requires policy makers to carefully consider the allocation of scarce public resources and
ensure that the risks of investment are well understood. Considering these complex domestic and international
dynamics, government policies and regulations will heavily influence the political economy of developing
green hydrogen. Governments can support the development of green hydrogen industries through incentives
and supportive regulatory frameworks related to exports, standards, and other trade arrangements. To effec-
tively navigate the political economy of exporting green hydrogen, African countries must develop a compre-
hensive approach that combines supportive policies, robust regulations, and international collaboration.

Limited technical and financial capabilities

The biggest hydrogen consumers are China, the United States, India, Russia, and Europe (IRENA, 2022a).
However, production will be most economically viable in locations that have an optimal combination of abun-
dant renewable resources, available land, access to water, and the ability to transport and export energy to
large demand centres (IRENA, 2022a). These conditions put many countries in Africa and the Middle East
within the supplier or producer zone, particularly to large demand centres in Europe and Asia, and they are
at the top of Europe’s list for strategic partners (Research Network Sustainable Global Supply Chains, 2023).
But the ability to which many African countries can actually fulfil this role is contingent on technical capacity
and the wider geopolitics of global energy trade, access and control of technology, and competition over scarce
resources such as water. Despite all the advantages of renewable energy, vast land availability and other natural
resources, the continent lacks local demand, and human and financial capacity to scale production.

Developing a green hydrogen industry requires substantial investments in infrastructure, even more so if
coupled with addressing other development challenges, such as lack of drinking water and lack of access to
clean energy. Countries with the necessary resources and capabilities are already gaining a competitive advan-
tage. Most cost reductions in hydrogen production are attributed to advancements in electrolyzer technology,
driven by factors such as improved efficiency, longer lifetimes, and lower operational costs. Patent data is used
to gauge innovative activities, with China leading in hydrogen patent developments, followed by Japan, the US,
Korea, and Germany, with private enterprises being the major recipients (Delaval et al., 2022). In contrast, inter-
national patent families show the EU, Japan, and the US leading in overall hydrogen patent development, while
Europe and Japan stand out for patents across the entire hydrogen value chain (IEA, 2023a). There is a need for
increased global investment in hydrogen R&D, particularly for emerging technologies. In Africa, South Africa,
Morocco, and Egypt have initiated hydrogen-related R&D and innovation projects, although public financing
in the region is limited compared to other countries like China and the EU (Dagnachew et al., 2023).

This concentration of intellectual property and know-how means not only domestic value-added but also
translates into institutional power, meaning an advantage in setting the global green hydrogen governance
agenda and prominence where decisions are made. For instance, it gives power for shaping the rules and stan-
dards, a process that determines the technologies that dominate future markets and reward those who master
them (Grinschgl et al., 2021). Though we believe that there should be a balance between protection and sharing
of property rights, it should not be a burden to the energy transition. The process should rather facilitate the
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green hydrogen economy development where the potentials are by allowing technology transfer to African
countries in the short-term, and building of local technological capabilities in the long run.

The competition for limited local resource

The production of green hydrogen requires significant amounts of water, land, and renewable energy sources,
which could give rise to local and regional competition over scarce resources and will have interrelated impacts.
Water is essential for agriculture, industry, and households, and the demand for green hydrogen production
may intensify competition at the local level. Locations with excellent renewable energy potential on the con-
tinent often face severe water stress, posing challenges for green hydrogen production and exacerbating water
scarcity issues. The renewable energy production and infrastructure construction for green hydrogen also
requires large amounts of land. As demand for farming, climate change mitigation, and other essential uses
grows, competition for land and its resources will intensify in the coming decades (King et al., 2023).

In parts of the continent where there is a scarcity of these resources, it could lead to tensions and conflicts
within and across communities. Besides disputes and potential unrest, competition over such resources will
have implications for food and water security, as well as the migration or displacement of communities (Bazilian
et al,, 2019). Conflicts over rights are becoming increasingly common across the continent (Ugwueze et al.,
2022). Overall, such competitions over resources expose countries to the risk of disrupting lives and livelihoods,
potentially triggering a renewable energy-related ‘resource curse’. This curse could lead to detrimental social,
environmental, and economic consequences that paradoxically impede growth. A renewable energy resource
is particularly at risk, as Leonard et al. (2022) caution when institutions and regulatory frameworks are weak.
Without adequate safeguards and regulatory measures, large-scale clean hydrogen energy investments
could trigger socio-ecological and political crises, including food insecurity, damage to local biodiversity,
and internal conflicts.

Cost - and institution-related barriers

The cost of green hydrogen production compared to grey and blue hydrogen is a major barrier in realizing the
full potential. Currently, green hydrogen production costs USD 4-9 per kg, which is high compared to blue
hydrogen (USD 1.5-3.0 per kg) and grey hydrogen (USD 1.0-2.5 per kg). Model projections show that, with
declining renewable energy and electrolyzer prices driven by learning, coupled with stringent climate mitiga-
tion policies, green hydrogen can become increasingly competitive with fossil fuel based hydrogen and so the
cheapest option by 2050 (Dagnachew et al., 2023). Political instability, weak regulatory frameworks, bureauc-
racy, and the lack of equitable offtake agreements are also other challenges that limit the growth potential
of green hydrogen as a clean and renewable energy carrier (UNIDO, IRENA, and IDOS, 2023). Raising the
required investment for green hydrogen requires offtake agreements to support the business case and
enable access to affordable finance. However, these offtake agreements should avoid reproducing the historic
dependencies on energy resource rents but rather incentivise the development of local industrial demand or
higher value-add products and allow a shift to domestic consumption.

To enhance the economic competitiveness, there is the need for technological advancement, clear regu-
lation, incentives, and financial support for the adoption of green hydrogen technology. Furthermore, it is stra-
tegic to embrace and encourage small scale green-hydrogen projects (for instance captive hydrogen projects
aimed at meeting domestic demand) that serve as pilots to explore and improve generation, storage and dis-
tribution infrastructure. Finally, it is important to create demands that can stimulate new and sustainable jobs,
and bilateral and regional collaborations to build and operate hydrogen infrastructure. The new initiatives and
projects are encouraging but more must be done.

A new path of cooperation for progress and broadly shared benefits

Africa’s struggle to achieve a green hydrogen economy, akin to the historical failure of the green revolution in
African agriculture, is intrinsically linked to complex geopolitical dimensions and imbalanced power relations
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with advanced economies. Historically, a few countries including the US and some European countries have
perpetuated a dependency on fossil fuels, exploiting Africa’s vast natural resources for their own economic
gains, while relegating the continent to a mere supplier of raw materials (Custers & Matthysen, 2009). In
recent times, Sino-African partnerships have also been contested as extractive (Freitas, 2023; Kamoche et al.,
2021). Currently, there is much attention focused on developing the green hydrogen economy in Africa for
export. This is influenced by European interests (Amouzai & Haddioui, 2023), with most of the capital invest-
ment flowing from European countries and multiple cooperation agreements already signed between
African nations and European partners.

While there is nothing intrinsically wrong with targeting the export market, the current resource develop-
ment practice in Africa with characteristics of neo-colonial practices (Odijie, 2022; Udegbunam, 2020), will con-
strain Africa’s ability to chart a course towards sustainable energy solutions that also broadly benefits the
citizens of exporting nations. The contestation on neo-colonial practices broadly refers to patterns of relations,
where external powers exert control or influence over resource extraction, often to the detriment of local com-
munities and the environment. This may include exploitative agreements at the expense of fair compensation
for local communities, resulting in limited revenues created locally. In other cases, the lack of environmental
protections and insufficient local participation limit benefits such as jobs and revenue from reaching local com-
munities, leading to or exacerbating economic disparities and social tensions.

A myopic focus on exporting to the European market should be avoided, given that the concerns associ-
ated with energy access challenges, water scarcity, land use and inequalities in access locally need to be
addressed. We, therefore, argue for embedding hydrogen dilemmas within the national integrated develop-
ment plans for the water-energy-food-environment sectors by African countries. We also argue that hydro-
gen policy development by the EU and other importing partners should develop clear guidelines on the
assessment of impacts on water, environment and community in the exporting countries. For example,
ongoing capacity building activities should also target these integrated dimensions, and not merely techno-
logical assistance.

For a green-hydrogen economy to support a wider socio-economic development on the continent, Africa
must assert itself on the global stage, demanding equitable partnerships and investments that foster techno-
logical transfer and knowledge sharing. As has been contested through the Covid Pandemic vaccine technol-
ogy sharing process, more productive international cooperative efforts for sustainable development require
‘innovation cooperation’ that go well beyond current practices to address developmental needs (Pandey
et al., 2022). At the moment, the OECD countries are far ahead in building the necessary capabilities as demon-
strated by technological innovations and trademark ownership in hydrogen production, storage and fuel cells
(Cammeraat et al., 2022), and so will likely determine the winning technologies and the market rules - if insti-
tutional power relations stay the same.

The cost of capital to develop hydrogen and other energy infrastructure remains high for Africa (Mulugetta
et al., 2022). If the rules of the game do not change, the continent would remain at a disadvantage and the
development of a green-hydrogen economy will be an extension of the extractive economic relationship
that kept Africa underdeveloped and exacerbated poor governance at a massive scale. Although there is no
single path that all African nations should follow, development should be guided by local markets and con-
ditions that may target export, import substitution, or expanding the development of green industries.
Green hydrogen strategies in Africa must therefore be embedded in national industrial strategies, development
plans and programmes including Agenda 2063, Nationally Determined Contributions, and other national
energy and climate change mitigation strategies. This could motivate more knowledge production locally
and provide strategic guidance on whether and how green hydrogen is financed and developed. The partici-
pation of various stakeholders and civil society is useful to ensure societal acceptance, to create ownership and
to prevent local development from being driven by external interest (Adow et al., 2022). Strengthening bilateral
- and regional-collaborations and South-South cooperation in science, technology and innovation can enable
African nations to pool resources, expertise, and negotiate collectively for a greener and sustainable future. By
addressing the geopolitical dimensions and power imbalances head-on, Africa can pave the way for a truly
transformative green hydrogen revolution, empowering its people and building the Africa we want as envi-
sioned in Agenda 2063.



300 A. G. DAGNACHEW ET AL.

Disclosure statement

No potential conflict of interest was reported by the author(s).

References

Adow, M., Wemanya, A., Opfer, K., Nweke-Eze, C., Njamnshi, A. B., Fernandez, J., & Singer, S. (2022). Civil society perspectives on
green hydrogen production and Power-to-X products in Africa. Germanwatch e.V. (Bonn). https://www.germanwatch.org/de/
84785

AEP. (2022). EGYPT: Africa’s first green hydrogen plant goes live in Ain Sokhna. Retrieved August. https://africa-energy-portal.org/
news/egypt-africas-first-green-hydrogen-plant-goes-live-ain-sokhna

AGHA. (2022a). The Africa Green Hydrogen Alliance (AGHA). Retrieved August. https://gh2.org/agha

AGHA. (2022b November). Africa’s green hydrogen potential. https://climatechampions.unfccc.int/wp-content/uploads/2022/11/
AGHA-Green-Hydrogen-Potential-v2_Final.pdf

Agyekum, E. B. (2024). Is Africa ready for green hydrogen energy takeoff? - A multi-criteria analysis approach to the opportunities
and barriers of hydrogen production on the continent. International Journal of Hydrogen Energy, 49, 219-233. https://doi.org/10.
1016/j.ijhydene.2023.07.229

Amouzai, A., & Haddioui, O. (2023). Green hydrogen in Morocco: Just transition or greenwashing neocolonialism? Transnational Institute
(Netherlands). https://policycommons.net/artifacts/6943737/october-2023-green-hydrogen-in-morocco/7853680/

Atchison, J. (2021). Mauritania ammonia mega-project enters next phase. Ammonia Energy Association. https://ammoniaenergy.org/
articles/mauritania-ammonia-mega-project-enters-next-phase/

Bazilian, M., Bradshaw, M., Goldthau, A., & Westphal, K. (2019). Model and manage the changing geopolitics of energy. Nature, 569
(7754), 29-31. https://doi.org/10.1038/d41586-019-01312-5

Beswick, R. R., Oliveira, A. M., & Yan, Y. (2021). Does the green hydrogen economy have a water problem? ACS Energy Letters, 6(9),
3167-3169. https://doi.org/10.1021/acsenergylett.1c01375

Caillard, A., Plazas-Nino, F., Cannone, C., Yeganyan, R., & Howells, M. (2024). A critical analysis of Morocco's green hydrogen roadmap:
A modelling approach to assess country readiness from the energy trilemma perspective. Climate, 12(5), https://doi.org/10.33774/
coe-2024-5srcs

Cammeraat, E., Dechezleprétre, A., & Lalanne, G. (2022). Innovation and industrial policies for green hydrogen. https://doi.org/10.
1787/f0bb5d8c-en. https://www.oecd-ilibrary.org/content/paper/fObb5d8c-en

Custers, Raf, and Ken Matthysen. 2009. Africa’s natural resources in a global context. IPIS (Antwerp).

CVA. (2022). Africa’s extraordinary green hydrogen potential. European Investment Bank, African Union, International Solar Alliance.
https://www.eib.org/attachments/press/africa-green-hydrogen-flyer.pdf

Dagnachew, A. G., Solf, S., Ibrahim, S. ., & Boer, H.-S. d. (2023). The opportunities, challenges and potentials for hydrogen in Africa:
African-European partnerships for sustainable development. PBL Netherlands Environmental Assessment Agency (The Hague).
https://www.pbl.nl/en/publications/the-opportunities-challenges-and-potentials-for-hydrogen-in-africa

Delaval, Benedicte, Trevor Rapson Raghav Sharma, Will Hugh-Jones, Erin McClure, Max Temminghoff, and Vivek Srinivasan. 2022.
Hydrogen RD&D collaboration opportunities: Global report. (Australia: CSIRO). https://explore.mission-innovation.net/wp-
content/uploads/2022/09/H2RDD-Global-FINAL.pdf

European Investment Bank. (2022). New study confirms €1 trillion Africa’s extraordinary green hydrogen potential. https://www.eib.
org/en/press/all/2022-574-new-study-confirms-eur-1-trillion-africa-s-extraordinary-green-hydrogen-potential

Freitas, M. V. d. (2023). The impact of Chinese Investments in Africa: Neocolonialism or cooperation? Policy Center for the New South.

Fuel Cells and Hydrogen 2 Joint Undertaking. 2019. Hydrogen roadmap Europe — A sustainable pathway for the European energy tran-
sition. Luxembourg: Publications Office of the European Union. https://data.europa.eu/doi/10.2843/341510

Grinschgl, J., Pepe, J., & Westpha, K. (2021). A new hydrogen world: Geotechnological, economic, and political implications for Europe.
SWP Comments.

Hydrogen Council. (2022). Global hydrogen flows: Hydrogen trade as a key enabler for efficient decarbonization.

Hydrogen Europe. (2022). Steel from solar energy: A techno-economic assessment of green steel manufacturing. Hydrogen Europe.
https://hydrogeneurope.eu/wp-content/uploads/2022/06/Steel_from_Solar_Energy_Report_05-2022_DIGITAL.pdf

Hyphen Hydrogen Energy. (2022). Southern Corridor Development Initiative (SCDI) Namibian Green Hydrogen Project. https://
hyphenafrica.com/projects/

IEA. (2019). The future of hydrogen: Seizing today’s opportunities. International Energy Agency (Paris). https://www.iea.org/reports/the-
future-of-hydrogen

IEA. (2023a). Hydrogen patents for a clean energy future. IEA (Paris). https://www.iea.org/reports/hydrogen-patents-for-a-clean-
energy-future

IEA. (2023b). Renewable energy opportunities for Mauritania. IEA (Paris). https://www.iea.org/reports/renewable-energy-
opportunities-for-mauritania

IEA. (2023c). Renewable hydrogen from Oman. IEA (Paris). https://www.iea.org/reports/renewable-hydrogen-from-oman

IPHE. (2022). International trade rules for hydrogen and its carriers: Information and issues for consideration. (The International
Partnership for Hydrogen and Fuel Cells in the Economy (IPHE). https://www.iphe.net/_files/ugd/45185a_29c90ecOeal
5463eadf5d585cfd7b20a.pdf


https://www.germanwatch.org/de/84785
https://www.germanwatch.org/de/84785
https://africa-energy-portal.org/news/egypt-africas-first-green-hydrogen-plant-goes-live-ain-sokhna
https://africa-energy-portal.org/news/egypt-africas-first-green-hydrogen-plant-goes-live-ain-sokhna
https://gh2.org/agha
https://climatechampions.unfccc.int/wp-content/uploads/2022/11/AGHA-Green-Hydrogen-Potential-v2_Final.pdf
https://climatechampions.unfccc.int/wp-content/uploads/2022/11/AGHA-Green-Hydrogen-Potential-v2_Final.pdf
https://doi.org/10.1016/j.ijhydene.2023.07.229
https://doi.org/10.1016/j.ijhydene.2023.07.229
https://policycommons.net/artifacts/6943737/october-2023-green-hydrogen-in-morocco/7853680/
https://ammoniaenergy.org/articles/mauritania-ammonia-mega-project-enters-next-phase/
https://ammoniaenergy.org/articles/mauritania-ammonia-mega-project-enters-next-phase/
https://doi.org/10.1038/d41586-019-01312-5
https://doi.org/10.1021/acsenergylett.1c01375
https://doi.org/10.33774/coe-2024-5srcs
https://doi.org/10.33774/coe-2024-5srcs
https://doi.org/10.1787/f0bb5d8c-en
https://doi.org/10.1787/f0bb5d8c-en
https://www.oecd-ilibrary.org/content/paper/f0bb5d8c-en
https://www.eib.org/attachments/press/africa-green-hydrogen-flyer.pdf
https://www.pbl.nl/en/publications/the-opportunities-challenges-and-potentials-for-hydrogen-in-africa
https://explore.mission-innovation.net/wp-content/uploads/2022/09/H2RDD-Global-FINAL.pdf
https://explore.mission-innovation.net/wp-content/uploads/2022/09/H2RDD-Global-FINAL.pdf
https://www.eib.org/en/press/all/2022-574-new-study-confirms-eur-1-trillion-africa-s-extraordinary-green-hydrogen-potential
https://www.eib.org/en/press/all/2022-574-new-study-confirms-eur-1-trillion-africa-s-extraordinary-green-hydrogen-potential
https://data.europa.eu/doi/10.2843/341510
https://hydrogeneurope.eu/wp-content/uploads/2022/06/Steel_from_Solar_Energy_Report_05-2022_DIGITAL.pdf
https://hyphenafrica.com/projects/
https://hyphenafrica.com/projects/
https://www.iea.org/reports/the-future-of-hydrogen
https://www.iea.org/reports/the-future-of-hydrogen
https://www.iea.org/reports/hydrogen-patents-for-a-clean-energy-future
https://www.iea.org/reports/hydrogen-patents-for-a-clean-energy-future
https://www.iea.org/reports/renewable-energy-opportunities-for-mauritania
https://www.iea.org/reports/renewable-energy-opportunities-for-mauritania
https://www.iea.org/reports/renewable-hydrogen-from-oman
https://www.iphe.net/_files/ugd/45185a_29c90ec0ea15463eadf5d585cfd7b20a.pdf
https://www.iphe.net/_files/ugd/45185a_29c90ec0ea15463eadf5d585cfd7b20a.pdf

CLIMATE POLICY e 301

IRENA. (2018). Hydrogen from renewable power: Technology outlook for the energy transition. International Renewable Energy Agency
(Abu Dhabi: International Renewable Energy Agency).

IRENA. (2020). Green hydrogen cost reduction: Scaling up electrolysers to meet the 1.5°C climate goal. International Renewable Energy
Agency (Abu Dhabi). https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA_Green_hydrogen_cost_
2020.pdf?rev = 4ce868aa69b54674a789f990e85a3f00

IRENA. (2022a). Geopolitics of the energy transformation: The hydrogen factor. International Renewable Energy Agency (Abu Dhabi).
https://www.irena.org/publications/2022/Jan/Geopolitics-of-the-Energy-Transformation-Hydrogen

IRENA. (2022b). Global hydrogen trade to meet the 1.5° climate goal part | - trade outlook for 2050 and way forward. International
Renewable Energy Agency (Abu Dhabi). https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jul/IRENA_
Global_hydrogen_trade_part_1_2022_.pdf?rev = f70cfbdcf3d34b40bc256383f54dbe73

IRENA. (2022c). Global hydrogen trade to meet the 1.5°C climate goal part lll - green hydrogen cost and potential. International
Renewable Energy Agency (Abu Dhabi: International Renewable Energy Agency). https://www.irena.org/-/media/Files/IRENA/
Agency/Publication/2022/May/IRENA_Global_Hydrogen_Trade_Costs_2022.pdf

Kaandorp, C, van de Giesen, N., & Abraham, E. (2021). The water use of heating pathways to 2050: Analysis of national and urban
energy scenarios. Environmental Research Letters, 16(5), 055031. https://doi.org/10.1088/1748-9326/abede7

Kamoche, K., Gunessee, S., & Kufuor, N. K. (2021). The Africa—China engagement: Contemporary developments and directions for
future research. Africa Journal of Management, 7(4), 447-464. https://doi.org/10.1080/23322373.2021.1932349

King, R., Benton, T. G, Froggatt, A., Harwatt, H., Quiggin, D., & Wellesley, L. (2023). The emerging global crisis of land use: How rising
competition for land threatens international and environmental stability, and how the risks can be mitigated. (the Royal Institute of
International Affairs Chatham House).

Leonard, A., Ahsan, A., Charbonnier, F., & Hirmer, S. (2022). The resource curse in renewable energy: A framework for risk assessment.
Energy Strategy Reviews, 41, 100841. https://doi.org/10.1016/j.esr.2022.100841

Matalucci, S. (2023). The hydrogen stream: Zimbabwe to develop first utility-scale plant.

Matambalya, F. A. S. T. (2014). Pathways to Africa’s industrialisation and economic growth and development: A digest of stylised
ideas and facts. In F. Matambalya (Ed.), African industrial development and European Union co-operation: Prospects for a reengi-
neered partnership (pp. 291-349). Routledge.

Mukelabai, Mulako Dean, Upul K. G. Wijayantha, and Richard E. Blanchard. 2022. Renewable hydrogen economy outlook in Africa.
Renewable and Sustainable Energy Reviews 167, 112705. https://doi.org/10.1016/j.rser.2022.112705.

Mulugetta, Y., Sokona, Y., Trotter, P. A,, Fankhauser, S., Omukuti, J., Somavilla Croxatto, L., Steffen, B., Tesfamichael, M., Abraham, E.,
Adam, J.-P., Agbemabiese, L., Agutu, C., Aklilu, M. P, Alao, O., Batidzirai, B., Bekele, G., Dagnachew, A. G., Davidson, O., Denton, F.,
... Yussuff, A. (2022). Africa needs context-relevant evidence to shape its clean energy future. Nature Energy, 7(11), 1015-1022.
https://doi.org/10.1038/s41560-022-01152-0

Muttitt, Greg, Shruti Sharma, Mostafa Mostafa, Kjell Kiihne, Alex Doukas, Ivetta Gerasimchuk, and Joachim Roth. 2021. Step off the
gas: International public finance, natural gas, and clean alternatives in the Global South. International Institute for Sustainable
Development.

Odijie, M. E. (2022). Unintentional neo-colonialism? Three generations of trade and development relationship between EU and West
Africa. Journal of European Integration, 44(3), 347-363. https://doi.org/10.1080/07036337.2021.1902318

Ouedraogo, N. S, &Kilolo, J. M. M. (2024). Africa’s critical minerals can power the global low-carbon transition. Progress in Energy, 6(3),
033004. https://doi.org/10.1088/2516-1083/ad46da

Pandey, N., de Coninck, H., & Sagar, A. D. (2022). Beyond technology transfer: Innovation cooperation to advance sustainable devel-
opment in developing countries. WIREs Energy and Environment, 11(2). https://doi.org/10.1002/wene.422

Pflugmann, F., & Blasio, N. D. (2020). The geopolitics of renewable hydrogen in low-carbon energy markets. Geopolitics, History, and
International Relations, 12(1), 7. https://doi.org/10.22381/ghir12120201

Research Network Sustainable Global Supply Chains. (2023). Sustainable global supply chains in times of geopolitical crises. Stiftung
Wissenschaft und Politik (SWP) (Berlin).

Scita, R., Raimondi, P. P, & Noussan, M. (2020). Green hydrogen: The holy grail of decarbonisation? An analysis of the technical and
geopolitical implications of the future hydrogen economy. Fondazione Eni Enrico Mattei (Milan, Italy).

Sundar, S. (2023). Namibia to sign implementation agreement for $10bin green hydrogen project in Q2.

Thompson, H. (2022). The geopolitics of fossil fuels and renewables reshape the world Nature, 603(7901), 364-364. https://doi.org/10.
1038/d41586-022-00713-3

Udegbunam, C. U. (2020). Neo-colonialism and Africa’s development: A critical review. Public Policy and Administration Research, 10
(10), 69-86. https://doi.org/10.7176/ppar/10-10-08

Ugwueze, M. |, Omenma, J. T., & Okwueze, F. O. (2022). Land-related conflicts and the nature of government responses in Africa: The
case of Farmer-Herder crises in Nigeria. Society, 59(3), 240-253. https://doi.org/10.1007/s12115-022-00685-0

UNIDO, IRENA, and IDOS. (2023). Green hydrogen for sustainable industrial development: A policy toolkit for developing countries. IRENA.
https://www.irena.org/Publications/2024/Feb/Green-hydrogen-for-sustainable-industrial-development-A-policy-toolkit-for-
developing-countries

U.S. Geological Survey. (2021). Mineral commodity summaries 2021: U.S. Geological Survey. https://doi.org/10.3133/mcs2021.

Van de Graaf, T. (2021). Clean hydrogen: Building block of a new geopolitical landscape. In Energy and geostrategy (pp. 185-230).
Madrid: Ministry of Defence.

van Renssen, S. (2020). The hydrogen solution? Nature Climate Change, 10(9), 799-801. https://doi.org/10.1038/541558-020-0891-0


https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA_Green_hydrogen_cost_2020.pdf?rev=4ce868aa69b54674a789f990e85a3f00
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA_Green_hydrogen_cost_2020.pdf?rev=4ce868aa69b54674a789f990e85a3f00
https://www.irena.org/publications/2022/Jan/Geopolitics-of-the-Energy-Transformation-Hydrogen
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jul/IRENA_Global_hydrogen_trade_part_1_2022_.pdf?rev=f70cfbdcf3d34b40bc256383f54dbe73
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jul/IRENA_Global_hydrogen_trade_part_1_2022_.pdf?rev=f70cfbdcf3d34b40bc256383f54dbe73
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/May/IRENA_Global_Hydrogen_Trade_Costs_2022.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/May/IRENA_Global_Hydrogen_Trade_Costs_2022.pdf
https://doi.org/10.1088/1748-9326/abede7
https://doi.org/10.1080/23322373.2021.1932349
https://doi.org/10.1016/j.esr.2022.100841
https://doi.org/10.1016/j.rser.2022.112705
https://doi.org/10.1038/s41560-022-01152-0
https://doi.org/10.1080/07036337.2021.1902318
https://doi.org/10.1088/2516-1083/ad46da
https://doi.org/10.1002/wene.422
https://doi.org/10.22381/ghir12120201
https://doi.org/10.1038/d41586-022-00713-3
https://doi.org/10.1038/d41586-022-00713-3
https://doi.org/10.7176/ppar/10-10-08
https://doi.org/10.1007/s12115-022-00685-0
https://www.irena.org/Publications/2024/Feb/Green-hydrogen-for-sustainable-industrial-development-A-policy-toolkit-for-developing-countries
https://www.irena.org/Publications/2024/Feb/Green-hydrogen-for-sustainable-industrial-development-A-policy-toolkit-for-developing-countries
https://doi.org/10.3133/mcs2021
https://doi.org/10.1038/s41558-020-0891-0

302 (&) A.G.DAGNACHEW ET AL.

Voltalia. (2022). In Egypt, Voltalia and TAQA Arabia sign a memorandum of understanding to develop a cluster combining renewable
energy generation with green hydrogen production. https://www.voltalia.com/news-releases/news-release-details/egypt-
voltalia-and-taga-arabia-sign-memorandum-understanding/

Weko, Silvia, Andrew Farrand, Dina Fakoussa, and Rainer Quitzow. 2023. The Politics of green hydrogen cooperation: Emerging
dynamics in Morocco, Algeria and Mauritania. Research Institute for Sustainability (RIFS).

Woods, Philip, Heriberto Bustamante, and Kondo-Francois Aguey-Zinsou. 2022. The hydrogen economy - where is the water? Energy
Nexus 7. https://doi.org/10.1016/j.nexus.2022.100123. https://www.sciencedirect.com/science/article/pii/S277242712200078X?
via%3Dihub


https://www.voltalia.com/news-releases/news-release-details/egypt-voltalia-and-taqa-arabia-sign-memorandum-understanding/
https://www.voltalia.com/news-releases/news-release-details/egypt-voltalia-and-taqa-arabia-sign-memorandum-understanding/
https://doi.org/10.1016/j.nexus.2022.100123
https://www.sciencedirect.com/science/article/pii/S277242712200078X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S277242712200078X?via%3Dihub

	Abstract
	Introduction
	The current status of hydrogen in Africa
	The green-hydrogen potentials and challenges in Africa
	A critical reflection
	The shifting geopolitics of energy
	Driving local socio-economic development
	Limited technical and financial capabilities
	The competition for limited local resource
	Cost – and institution-related barriers
	A new path of cooperation for progress and broadly shared benefits

	Disclosure statement
	References

