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Key Messages

Hydrogen is a promising environmentally friendly alternative to fossil-fuel-based energy carri-
ers if it is green hydrogen (GH2), i.e. produced using renewable energy sources. Green hydro-
gen has been identified as a key element of the European as well as the global energy transi-
tion. Moreover, it is at the top of Germany's agenda for international cooperation, due to the
huge demand for GH2 projected in the future.

This report provides a socio-economic analysis of Algeria as one of the potentially strategic
partners of Germany in the field of hydrogen supply. The analysis focuses on Algeria’s overall
conditions, opportunities, and challenges and is complemented by an investigation of the po-
tential societal acceptance of hydrogen production and use (both locally and for export).

Algeria is endowed with huge renewable energy and GH2 potentials. The country enjoys one
of the highest solar irradiances worldwide. It also has a relatively well-developed gas infrastruc-
ture connecting it to Europe, which could be used alternatively for the transport of hydrogen
or hydrogen derivatives in the future.

At present, (green) hydrogen does not seem to be at the top of Algeria’s policymakers’ agenda.
The country is a latecomer to the race for hydrogen investments in the MENA region. The
Algerian government has just recently published its National Hydrogen Development Strategy
and signed a limited number of cooperation agreements with Germany, Italy, and other inter-
national partners for the eventual exploration of hydrogen production opportunities.

In light of the country’s slowdown in gas production and increasing energy consumption, hy-
drogen could contribute to increasing Algeria’s energy security, diversifying its energy mix,
decarbonizing carbon-intensive sectors, and helping to realize the country's commitments to
fight climate change. However, several economic, technical, and, above all, politico-economic
challenges arise from the potential investment in a hydrogen economy. Industrial development
and diversification and a strong private sector are largely lacking. Institutional and market re-
forms are necessary to increase transparency, encourage market entry, and level the playing
field for domestic as well as international investors along the hydrogen value chain. Most im-
portantly, the shift from a fossil fuel-based economy to a new model with uncertainties regard-
ing rent creation appears to be a risky choice for the different centers of power in Algeria, such
as the business elites, state-owned oil, and gas enterprises.



1 Introduction and Methodology

Hydrogen is a promising environmentally friendly alternative to fossil-fuel-based energy carri-
ers if it is green hydrogen (GH2), i.e. produced from renewable energy sources. A shift towards
greater use of (particularly green) hydrogen has been identified as a key element of the Euro-
pean as well as the global energy transition with the aim of decarbonizing economies and
contributing to sustainable transitions. Due to Germany's geographic and political limitations
in its own production of renewable energy, it is projected that a significant amount of hydrogen
will need to be imported from third countries outside of the EU to meet German hydrogen
demand. International cooperative agreements between potential export and import partners
may enable — if designed properly — a stable regional and global hydrogen economy with the
objective to foster the development of a socially, politically and environmentally sustainable
energy transition while also fulfilling both local demand of green hydrogen as well as the de-
mand of export countries and on a global scale.

The willingness of potential production countries to engage in an internationally networked
hydrogen economy depends strongly on securing value creation and creating jobs locally.
Green hydrogen production can be characterized as a large technical system (LTS) composed
of a complex, networked infrastructure involving at least renewable energy plants, electrolyz-
ers, and transport systems such as pipelines, ports and vessels. While its development is both
capital and labor-intensive, the operation is not, thus not providing per se the jobs desperately
needed in many countries of the Global South. For this reason, it will be paramount for poten-
tial production countries to open up new opportunities of value creation based upon and
around the core activity of green hydrogen production — be it through backward linkages (e.g.
the manufacturing of clean energy technologies) or through forward linkages (e.g. through the
use of GH2 for local industrial applications and green industrialization) (see, e.g.
UNIDO/IRENA/IDOS 2023). Tapping into these opportunities will require industrial and tech-
nological capacities and a wide spectrum of competencies that potential production countries
do not dispose of to the same degree. The stronger the local (co-)benefits of GH2 production,
the higher the chance of social acceptance and the willingness of countries to partner up with
Germany and other countries.

Societal acceptance by key stakeholders as well as the general public is vital to the develop-
ment, implementation, and diffusion of hydrogen technologies, its production and potential
export. Negative perceptions of hydrogen energy, production sites, and export routes or part-
ners can be a barrier to the development of an international hydrogen economy or, at the very
least, slow it down. Positive perceptions and societal acceptance by important stakeholders
on the other hand can accelerate the transition process. Therefore, the (qualitative-empirical)
investigation of the potential benefits and the social acceptance of national hydrogen produc-
tion and use (both locally and for export) needs to complement techno-economic assessments
of national conditions, opportunities, and challenges.

The country report describes one particular aspect of the HYPAT project. The HYPAT project is
developing a global hydrogen potential atlas and for the first time comprehensively identifies
possible partner countries of Germany for a cooperative development of a future green hydro-
gen economy including the importance of the production regions for a secure, economic and



ecologically sustainable supply. The report focuses on Algeria as one of the potential hydro-
gen-producing countries. Algeria is a member of the OPEC and is one of the major oil and gas
producers in the MENA region. It is also Africa’s largest gas producer and holds the world's
10" largest gas reserves and the 15™ largest oil reserves. The Algerian economic and political
model is heavily centered on fossil fuel rents: the government uses revenues from the exports
of oil and gas to subsidize food and energy systems and maintain political stability. However,
Algeria is facing a triple challenge of growing domestic energy demand, decreasing gas pro-
duction, and long-term commitments to oil and gas export agreements. These challenges re-
quire Algeria to embark on the effective implementation of renewable energy programs to
diversify its energy mix, increase energy security, honor its export agreements and maintain its
export revenues. Algeria enjoys substantial renewable energy resources (particularly solar and
wind energy) and has the potential to become one of the strategic regional producers and
exporters of green hydrogen. Recent policy initiatives, including the National Hydrogen Devel-
opment Strategy, demonstrate a significant move towards diversifying energy sources beyond
hydrocarbons.

The report is organized as follows: after a brief overview of the methodology used in the work-
ing paper, Section 2 provides a detailed analysis of the newly released hydrogen strategy and
roadmap, as well as an overview of other relevant sector policies. In Section 3, the main stake-
holders in the future hydrogen sector are discussed. Section 4 provides an overview of the
overall environment, infrastructure, and enabling factors that could contribute to the deploy-
ment of the hydrogen sector in Algeria. Section 5 summarizes the different opportunities that
a future hydrogen sector could provide to the Algerian economy by supporting the decarbon-
ization of hard-to-abate sectors, as well as the multiple political, economic, and institutional
challenges facing the development of the hydrogen value chain. Finally, Section 6 concludes
and provides an outlook into a future hydrogen economy in Algeria.

The report uses varied data sources including governmental publications, industry reports, and
scientific publications for comprehensive insights into Algeria's renewable energy and poten-
tially GH2 landscape. The desk-based research was complemented by semi-structured inter-
views. The interview guide contained questions about export, national climate and energy
goals, stakeholders, and potential conflicts. Ten experts in Algeria were contacted, and five
have agreed to participate. The experts were selected based on their knowledge and expertise
in hydrogen and renewable energy in Algeria. They have roles in research, the government, a
utility company, and civil society. The interviews were conducted in the last two weeks of March
2023. Some challenges occurred during the interviewing process. First, one interviewee re-
neged on the interview recording, although they had signed the consent form. Second, the
interview questions on conflicts made one interviewee uneasy, and they opted to stop the
interview because of the political nature of the questions. Third, the government-affiliated in-
terviewees were careful with their answers, and they repeated the points from the national
hydrogen and climate strategy. Three of the interviews were in French, and 2 were in English.
The following abbreviations were used to reference the experts: Interviewee 1: 11, Interviewee
2: 12, Interviewee 3: 13, Interviewee 4: 14, and Interviewee 5: 15.



2 Hydrogen Strategy and Roadmaps

2.1 The national hydrogen strategy

The Algerian government has adopted an official position favorable to developing clean and
renewable energy. This includes the development of a clean hydrogen industry, including green
and blue hydrogen. The country’s energy transition agenda is a proposed solution to meet the
country’s energy challenges and to reinforce Algeria’s role as one of the main exporters of
clean hydrogen. Against a backdrop of decreasing conventional energy production and in-
creasing energy consumption, the transition from a fossil fuel-based economy to a sustainable
hydrogen economy could solve Algeria's current major energy challenges and increase its en-
ergy security. This includes reducing the country's dependency on oil and gas, cutting green-
house gas emissions, and achieving climate objectives. Hydrogen’s multiple functions make it
a potential key component of Algeria’s energy future (Rahmouni et al. 2017). In general, for
renewable energies, Algeria has set a goal of producing 22,000 MW by 2030, 12,000 MW for
domestic use and 10,000 MW for export (Ministére de I'Energie et des Mines n.d.; Bouraiou et
al. 2020). Despite the relatively slow progress in the field of clean energy (at least if compared
to Algeria’s neighboring and/or fossil-fuel rich MENA countries), the government has recently
shown commitment to implement a hydrogen strategy (Fatiha 2021; Heinemann et al. 2022a).
In November 2021, a national hydrogen strategy committee was founded with the objective of
orchestrating a roadmap for executing Algeria's hydrogen development strategy in collabora-
tion with the Ministry of Energy and Mines (Itri Insights 2021). The committee comprises rep-
resentatives from key entities, including the Commission for Renewable Energies and Energy
Efficiency, the Ministry of Energy Transition and Renewable Energies, and Sonatrach and Sonel-
gaz, two state-owned companies and the main actors in the field of hydrocarbons and elec-
tricity, respectively.

In December 2022, the National Hydrogen Development Strategy roadmap was accepted, and
was announced later in 2023 (Ministere de I'Energie et des Mines 2023b). However, the public
online version only became available in February 2024." According to the strategy, both blue
and green hydrogen are included in the country’s future hydrogen development plans (Mi-
nistere de I'Energie et des Mines 2023a). As far as blue hydrogen is concerned, Algeria consid-
ers that its state-owned gas company SONATRACH has already mastered steam methane
reformation (SMR) as well as CO2 capture. Green hydrogen is the main focus of strategy, and
its development will strengthen Algeria’s cooperation with its international partners. The pro-
duction of green hydrogen will exclusively involve Proton Exchange Membranes (PEM) elec-
trolyzers, fueled by solar PV and/or wind energy. Water sources for the project will be derived
from groundwater, wastewater treatment stations, and desalination plants, depending on the
plant’s location (desalination in the north, groundwater in the south) (Ministére de I'Energie et
des Mines 2023a). The strategic plan aims to install 19 GW of renewables by 2040, with a break-
down of 70% PV and 30% wind, alongside the installation of 2.5 GW of PEM electrolyzers.
Algeria’s goal is to produce 40 TWh of green hydrogen annually by 2040, which will take an
investment of approximately $25 billion. This investment cost project excludes storage costs of

! Algeria’'s Hydrogen Development Strategy is available online at: https://www.energy.gov.dz/Me-

dia/galerie/doc_strategie_nationale_hydrogene_v.fr_(sept.2023)_65b65e6f0b8eb.pdf



electricity and hydrogen. In 2050, Algeria envisions exporting 40 TWh of hydrogen while allo-
cating 10 TWh for its domestic market (Ministere de I'Energie et des Mines 2023a).

The hydrogen production strategy includes two modes:

e A centralized production mode, featuring high capacity electrolyzers in the north
powered by PV/wind power plants in the south.

e A decentralized production mode, by building electrolyzer units near industrial sites
or gas pipelines for direct injection into the gas network. (Ministere de I'Energie et des
Mines 2023a)

Algeria's national hydrogen strategy underscores its commitment to a sustainable economy
and therefore aligns with the renewable energy strategy to diversify the country’s energy mix,
enhance energy security, and reduce carbon footprints. The strategy recognizes the importance
of hydrogen as a strategic vector of this transition and focuses on three phases for hydrogen
development: pilot projects, market scaling, and industrialization. In the initial (short-term)
phase (2023-2030), the necessary regulatory, normative, and institutional frameworks will be
developed, and pilot projects are to be conducted. The production of hydrogen will be rather
decentralized and infrastructure development will be limited. During the second phase (2030-
2040), hydrogen production will be scaled up and the hydrogen market will be established. The
profitability of hydrogen projects will depend on synergies between an increasing demand for
hydrogen on the one hand, and economies of scale in hydrogen production on the other.
Moreover, the development of power-to-X (PtX) sectors should be guided by global demand.
During the last phase (2040-2050), the so-called industrialization and export phase, Algeria
should supply (green) hydrogen internationally and on a competitive basis (Ministére de I'En-
ergie et des Mines 2023a).

Algeria’s hydrogen strategy mainly revolves around the seven strategic axes showcased in the
following table:

Table 1:  Axes of the Algerian Hydrogen Strategy (adapted from Ministére de I'Energie et des
Mines 2023a and Stambouli et al. 2024)

STRATEGIC AXE DESCRIPTION TIME FRAME
ADAPTED REGULATORY AND e Elaboration of the necessary regulatory and 2023-2025
INSTITUTIONAL FRAMEWORK institutional framework.

e Capacity building, adapting education and

training to the needs of the industry.
e Development of specialized training and cur-

ricula. 2023 / continuous
e Expand national research programs.

DEVELOPMENT OF HUMAN
CAPITAL

e International scientific and technological co-
operation.
e Industrialization of the Renewable Energies
and Hydrogen sectors.
e Production of equipment and inputs for this
INDUSTRIAL INTEGRATION sector. 2025-2030
e Provision and management of related ser-
vices (studies, engineering, maintenance, op-
eration, etc.).




e Access to the advantages of common and

preferential programs.
FINANCING MECHANISMS AND

INCENTIVIZING MEASURES e Access to local and foreign funds. 2023 / continuous

e Benefit from state and intergovernmental
aid.
e Participate in strategic alliances.

INTERNATIONAL COOPERA- . . . :
TION e Strengthening bilateral and multilateral co- 2023 / continuous
operation.

PILOT PROJECTS AND DEPLOY- | ¢ Implementation of pilot projects. 2023-2030
MENT OF A HYDROGEN INDUS- | « |ndustrial deployment. 2030-2045
TRY

e Mass production of green hydrogen. 2030-2040
DEPLOYMENT AND EXPORTS

e Export of green hydrogen. 2040-2050

To implement the strategy, an adequate regulatory framework, skill-building, industrial inte-
gration, funding, and international cooperation are required. The latter is key to a successful
implementation of both the hydrogen strategy, and the overarching energy transition strategy.
In this regard, Italy and Germany are key partners, and, to a lesser degree, the Netherlands, the
EU Commission, Qatar, and China (I5) (Stambouli et al. 2024). In this context, Eni and Sonatrach
signed a Memorandum of Understanding (MoU) on December 14, 2021, focusing on a strategic
energy transition, including initiatives related to hydrogen, among other aspects (Heinemann
et al. 2022a). Another MoU was signed with the German company VNG to explore future de-
velopment of green hydrogen.? In October 2023, the "SoutH2Corridor" project was presented
in the framework of the German-Algerian Energy Cooperation. The project is a partially repur-
posed natural gas pipeline that will be used for the transport of 4 million tons of green hydro-
gen annually between North Africa and Italy, Austria, and Germany by 2030.3 Moreover, Ger-
many signed a technical cooperation agreement with Algeria for the "technology and socio-
economic development for Renewable Energies and Green Hydrogen."* Algeria is also member
of the MENA Hydrogen Alliance (Stambouli et al. 2024). The alliance acts as a consultant for
stakeholders in the hydrogen sector in MENA countries, provides support in establishing the
needed regulatory frameworks, and supports pilot projects.

Currently, Algeria has three ongoing pilot projects (Stambouli et al. 2024):

e A natural gas/hydrogen pipeline experimental loop with a separation unit and saline
cavity storage in HassiR'mel;

e a pilot project for the storage of solar energy for Sonatrach’s remote sites; and

- a pilot project to produce ammonia or green methanol in Arzew, Annaba, El Oued,
Adrar.

4th edition of the German-Algerian Energy Day | (energypartnership-algeria.org)

https://www.energypartnership-algeria.org/tr/home/4th-edition-of-the-german-algerian-energy-
day-copy-1/
4 ibid



2.2 Other relevant sector policies

The Algerian economy faces several challenges which require a coordination between climate,
energy, and investment-related policies. The so-called “triple-challenge” is the result of the
country’s growing pressure on energy resources due to population growth and increasing do-
mestic energy demand, a slowdown in gas extraction and production, and the economy’s heavy
reliance on export revenues from the oil and gas sector in addition to its commitments to long
term export agreements (Boukhatem, 2023). To overcome these multiple challenges, Algeria
will need to increase the contribution of renewables to its energy mix by 2035 to maintain its
domestic energy security and keep the stream revenues from hydrocarbon export. Thus, the
ongoing hydrogen development plans can contribute to the successful implementation of the
country’s energy diversification and climate policies.

In line with its submitted NDCs, Algeria announced its plans to generate 27% of its electricity
from renewable sources (principally solar energy) and reduce its greenhouse gas emissions by
7% to 22% by 2030 (UNFCCC, 2015). To realize these targets, the government announced the
2015-2030 Renewable Energy Development Program®. During its first phase (2015-2020), the
installation of 4,000 MW of PV and wind, as well as 515 MW of biomass/cogeneration/geo-
thermal were foreseen. During the second phase (2020-2030), a capacity expansion of 17,475
MW was planned. An electrical interconnection between the North of the country and the Sa-
hara in the South was planned and should allow for solar energy megaprojects to take place
in the Sahara and to be integrated into the national grid in the North. With the implementation
of the targets of the program, renewables should account for 37% of the total installed power
generation capacity and 27% of the national consumption of electricity (Hasni et al 2021).

However, the country’s NDCs as well as energy diversification plans seem rather ambitious
when compared to the actual implementation of country’s environmental and energy policies.
Progress in renewables has slowed down after the war on Ukraine and the surge in oil and gas
prices. Under the new National Energy Transition Program, the deadline was pushed from 2030
to 2035, and the program is now focused on building 15,000 MW of solar power plants to serve
the national energy market with a possibility of export. To implement the targets of the new
program, SHAEMS (Société Algérienne des Energies Renouvelables Spa), a joint venture be-
tween Sonatrach and Sonelgaz, was established. SHAEMS is responsible for processing calls for
tenders and investing in the renewables sector.

Other sector- and investment-related reforms were recently carried out with the objective of
increasing hydrocarbon and non-hydrocarbon investments and exports. These include a new
hydrocarbon law issued in 2020 to lift restrictions on foreign ownership and to boost foreign
and domestic investments in the sector. In 2022, the investment law was amended: investment-
related regulations were streamlined and a one-stop-shop for investors was established. These
reforms, especially those related to investments, should also encourage prospective develop-
ment of renewable energy and hydrogen projects. Finally, restrictions on foreign ownership in
the renewable energy sector (i.e., the 49/51 clause) were dropped.

> A previous Energy Development Program (The National Program for the Development of Renewa-

ble Energy and Energy Efficiency) was announced in 2011, but its implementation was not success-
ful.



3 Actors Impacting the GH2 Economy

3.1 Stakeholders, “veto-players”, and governance structures

The governance structure in Algeria reflects a centrally managed economy with an extensive
state involvement. Given the fundamental role of the oil and gas sector as one of the main
pillars of the post-independence nation state building, the main stakeholders in the energy
sector are also among the potential veto-players in the hydrogen sector. The main actors® in
the hydrogen sector can be categorized into the following alliances:

a) The governmental alliance: stakeholders from the government include the Presidency,
the Ministry of Finance, and the Ministry of Energy and Mines, the Ministry of Environ-
ment and Renewable Energy, the Commission of Renewable Energy and Energy Effi-
ciency. These are responsible for different tasks related to the implementation of the
hydrogen development strategy, such as the elaboration of the necessary regulatory
and institutional framework, funding, international cooperation, deployment, and ex-
ports. As will be elaborated in the next section, some members of this alliance can be
also considered “veto players” (12). Other governmental entities, such as the Ministry
for Higher Education and Scientific Research, the Ministry of Economy, the Ministry of
Industry and Pharmaceutical Production also play a role in the implementation of the
strategy.

b) The utility companies’ alliance: this alliance mainly includes Sonatrach and Sonelgaz
(two state-owned companies and monopolies in the field of hydrocarbons and elec-
tricity, respectively). Both companies play a determinant role in the renewables sector
through their joint venture SHAEMS. The members of this alliance can also be consid-
ered veto players, given their role and interests in the oil and gas sector. Utility com-
panies exercise substantial influence in renewable energy development but also enjoy
a veto power (I4; 15). On the one hand, their involvement in the renewable energy sec-
tor will be profitable, yet on the other hand, a potential development of the hydrogen
industry will have implications for the oil and gas sector in the long term.

c) The academic and technical alliance: including researchers, technicians, and engineers.
Although researchers are not part of the decision-making, they could be supportive of
the transition.

d) The private sector alliance: this alliance is composed of mostly minor companies that
could sell hydrogen locally in the future. At present, these companies have a limited
impact on the hydrogen development, the energy, and the climate agenda. The do-
mestic private sector is not expected to be the first to enter the hydrogen market but
may have an important role to play when large-scale hydrogen projects are imple-
mented in the future.

e) International stakeholders: including Algeria’s international partners, predominantly
Italy and Germany, and, to a lesser degree, the Netherlands, the EU Commission, Qa-

® The categorization of stakeholders into five mainly alliance-groups is based on the interviews.



tar, and China. These partners can play an active role in financial and technical assis-
tance and support their respective investors to enter and operate in the hydrogen
market in Algeria.

The governmental actor landscape of the energy sector is depicted in Figure 1. Renewables
(including hydrogen) fall under the mandate of the Ministry of Energy and Mines. Originally, a
Ministry of Energy Transition and Renewable Energy was established in July 2020 and began
working on the development of a national hydrogen strategy. In late 2022, a ministerial rear-
rangement took place, and the functions of the newly established ministry were assigned to
the Ministry of Energy and Mines.

The regulator of the electricity sector is the Commission for Electricity and Gas Regulation
(CREQG). It is not an independent regulator as it falls under the umbrella of the Ministry.

Investment in renewable energy takes place under purchase power agreements (PPA) tenders
operated by the renewable energy company SHAEMS. As mentioned before, the latter is a joint
venture between state-owned Sonatrach and Sonelgaz, created to implement the national re-
newable energy program. SHAEMS also acts as a one-stop-shop for international investors
considering operating in the field of renewable energy. Despite these reforms, barriers to entry
are reportedly high and the regulatory framework remains uncompetitive. Under such highly
centralized, top-down governance system, with state-owned monopolies controlling entry and
operation in the renewable energy sector, domestic and foreign investors often face bureau-
cratic and lengthy processes (Ersoy and Terrapon-Pfaff, 2021).
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Figure 1: The energy market in Algeria: institutions and actors
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4 Enabling Environment and Framework Conditions
4.1 Natural and production capital
411 Energy resources

Algeria has one of the highest solar and wind potentials in the world. The country is the largest
in terms of area in Africa, and the desert constitutes more than 80% of its total area. Together
with a coastline of 1,200 km and an average solar irradiation of 2,000 hours per year (reaching
up to 3,900 hours per year in the South), Algeria has the necessary endowments to host re-
newable energy power plants and can be among the potential leaders in green hydrogen pro-
duction and export (Ministry of Energy and Mines, 2023a). Figure 2 compares the annual gen-
eration per unit of installed PV capacity and wind power density at 100m height in Algeria and
worldwide, considering the proportion of land area needed. The figures show the huge poten-
tial Algeria has, compared to the rest of the world.

Figure 2: Distribution of solar and wind potential for Algeria (IRENA 2023)
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However, using biomass for green hydrogen production in Algeria may not be ideal due to
limited biomass resources. The biomass potential in Algeria, defined by the net primary pro-
duction, is lower than the global average value as shown in Figure 3. This is primarily due to
Algeria’s landscape being mainly composed of the Sahara desert, whereas forests constitute
only 0.8% of the total surface area (The World Bank n.d.b). Figure 2 shows that Algeria’s bio-
mass potential is substantially lower than the global average (0.5 tC/ha/year compared to a
global average of 3.4TC/ha/year).
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Figure 3: Biomass potential for Algeria (IRENA 2023)
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Figure 4: Share of different renewable energy sources in electricity generation in African coun-
tries- 2021 (own depiction based on (Our World in Data 2023))
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Despite Algeria’s significant renewable energy potential (particularly solar and wind), the con-
tribution of renewable energy to electricity generation remains modest, compared to other
African countries (Figure 4). Renewables account for less than 10% of the country’s total elec-
tricity generation and are primarily sourced from solar, wind, and hydropower. The contribution
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of renewables to electricity generation does not differ substantially across North African coun-
tries. Apart from Morocco, North African countries such as Tunisia, Egypt, and Algeria, have
comparable shares of renewables in electricity generation. These shares are among the lowest
in the continent, especially when compared to countries in Central and Southern Africa, where
renewables contribute to more than 90% of total electricity generation.

Algeria has designed renewable energy programs since 2011. However, these efforts have
largely failed to diversify the country’s energy mix, and the government achieved only 10% of
its announced renewable energy targets (Boukhatem, 2022). As shown in Figure 5, electricity
generation predominantly relies on gas, with its usage steadily increasing from 25 TWh in the
year 2000 to 72 TWh in 2020. Other energy sources including oil, hydropower and solar, con-
tribute marginally to electricity generation. Under the current renewable energy program, the
government seeks to increase solar and wind-based energy generation.

Figure 5: Electricity generation in Algeria by source- 2000 to 2021 (own depiction based on
Our World in Data)
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4.1.2 Water

One of the major challenges facing the future production of (green) hydrogen is the availability
of fresh water. All North African countries suffer from high or extremely high-water stress
(World Resources Institute, 2024). Since 2014, water shortages have obliged the government
to begin decommissioning the 13 hydroelectric turbines Algeria built into dams across the
north (Farrand, 2022). At the same time, Algeria is investing heavily in seawater desalination
for purposes of consumption, with 12 plants already in operation and more under construction
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(El watan 2023). The actual production of desalination plants amounts to 2.3 million m*/d
(Hamiche et al. 2018). In 2021, Sonatrach’s Algerian Energy Company (AEC) contracted two
local companies to build three desalination plants with a combined capacity of 150,000m?/d
to help alleviate water restrictions due to local drought conditions (Global Water Intelligence
2021). However, desalination is an energy-intensive process with potentially adverse effects on
the environment. Desalination plants that run on diesel will contribute to greenhouse gas emis-
sions. Moreover, the desalination process produces a huge amount of chemical waste (the
brine) which includes toxic chemicals and is higher concentration in salt than saltwater. Thus,
the desalination process as well as the dumping of the brine in the sea can have adverse envi-
ronmental effects and harm sea life. These consequences need to be considered if the govern-
ment decides to develop green hydrogen production.

413 Built infrastructure

Algeria's existing oil and gas infrastructure lays a foundation for future hydrogen production
and distribution. The oil and gas transportation pipelines are strategically established across
many parts of the country and can be repurposed or adapted for hydrogen transportation.
Algeria has major gas pipeline networks with 406 Mtoe of pipeline transportation capacity, in
addition to a national gas transportation system with a total length of over 23,000 km (Stam-
bouli et al. 2024). Additionally, Algeria boasts multiple ports along its northern coastline, offer-
ing logistical hubs that can facilitate the import and export of hydrogen-related equipment
and resources. The presence of desalination plants in the northern regions further reinforces
the infrastructure, potentially providing a critical resource—water—for hydrogen production
through electrolysis, a process that requires a significant amount of water (Heinemann et al.
2022b; Itri Insights 2021). Overall, the established infrastructure, together with future plans to
expand infrastructure in the south, positions Algeria favorably for the production, transporta-
tion, and distribution of hydrogen (see Figure 6).



Figure 6: Algeria key hydrogen infrastructure (Jaroudi 2023)
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4.2 Human and social capital

421 Human resources

Algeria has a population of 44.9 million with 63% aged between15 and 64. Overall, educational
attainment is comparable to the rest of the region. The share of people who completed at least
upper secondary education is 24.1% (compared to 25.2% in Tunisia and 67.1% in Egypt) and
those with a university degree or higher represent 11.4% of the population aged 25 or older
(compared to 13.4% in Tunisia and 6.1% in Egypt) (World Development Indicators, n.d.). While
this relatively young population represents an asset for the economy in general and as a po-
tential skill in the hydrogen value chain, Algeria’s labor market continues to suffer from struc-
tural challenges undermining an optimal use of its human capital. Women, people with ad-
vanced education, and young people are the most vulnerable to unemployment, especially
those residents of the south of the country. According to the most recent estimates, the un-
employment rate is 12.3%. This share is higher for people with advanced education (18%) and
for young people (31.3%) (The World Bank, 2023a). Moreover, female labor force participation
remains significantly lower than men’s (16.4 % for women compared to 64 % for men) (ibid).
While the gender gap in labor market outcomes could be partially attributed to social and
cultural aspects, the more general structural labor market issues originate from the concentra-
tion of Algeria’s economic activity and value creation in the oil and gas sector, the lack of
economic diversification, and the lack of investments in labor-intensive sectors. An additional
challenge would be to create jobs along the hydrogen value chain. As mentioned before, the
GH2 value chain may be both labor- as well as capital-intensive. However, the production of



GH2 per se is a capital-intensive process. Nevertheless, some job creation will take place due
to the development of technical skills required for the hydrogen sector (I1). Cooperation with
countries like Germany in this matter would be beneficial.

4.2.2 R&D institutions, incubators

Research and Development (R&D) is under the umbrella of the Algerian General Directorate
for Scientific Research and Technological Development (DGRSDT), which is responsible for en-
hancing the country's research and innovation capabilities. The Directorate collaborates with
various international partners and organizations to improve research capacity, foster public-
private collaboration, and promote innovation-led socioeconomic growth across Algeria. It also
oversees all the country’'s R&D projects and organizations, such as research laboratories, incu-
bators, universities, and research centers (DGRSDT n.d.b). To date, Algeria has 1,749 laborato-
ries, 30 research centers, and 43 research units (Ministry of Higher Education and Scientific
Research). More specifically, Algeria’s Center for the Development of Renewable Energies
(CDER) can act as a starting point for research on hydrogen. Overall, it is thought that Algeria’s
focus on and political interest in the oil and gas sector has undermined research and develop-
ment of renewables more generally, and hydrogen more specifically. Therefore, greater state
involvement and investment in R&D of renewables (including hydrogen) is required.

4.3 Business and investment climate

Recently, the Algerian government carried out reforms to expand the production of oil and gas
and attract FDI. In this context, the new hydrocarbon law was issued in 2020. The law lifted
previous restrictions on foreign ownership to boost foreign and domestic investments in the
sector (the 49/51 clause). In 2022, the investment law was amended. Investment-related regu-
lations were streamlined and a one-stop-shop for investors was established. Despite the
above-mentioned reforms, investments in the hydrocarbon sector did not increase signifi-
cantly. Between 2023 and 2030, the government plans to carry out further institutional and
regulatory reforms to boost investments in the renewable energy and upcoming hydrogen
sectors.

The limited impact of the reforms can be attributed to Algeria’s structural challenges stemming
from a business environment undermined by the centralized economy model and the strong
presence of the public sector. Despite the implementation of several reform programs dating
back to as early as the mid-eighties, investments in Algeria face challenges related to —inter
alia- insufficient regulatory independence, fair market access, and the rule of law.

Algeria's economy remains highly centralized and excessively bureaucratic, constraining private
enterprise and entrepreneurship crucial for job creation and economic diversification (Karam
2023). The policy process follows a hierarchical structure, primarily driven by the president and
ministries within stable institutions (12). While a centralized government can be advantageous
(with supportive governance and efficient institutions), it can also slow down bureaucratic pro-
cesses, limit investment initiatives, and raise concerns about potential lobbying efforts (12; 15).
The energy sector reflects these different challenges perfectly. It is heavily dominated by state-
owned firms, and antitrust regulations are largely absent. Moreover, by giving the two state-
owned monopolies Sonatrach and Sonelgaz the mandate to establish the renewable energy
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company SHAEMS, the Algerian government opened the door for heavy state presence in the
renewables sector, thus in the hydrogen value chain.

Due to lengthy bureaucratic procedures, the business environment in Algeria may be less at-
tractive to investments compared to its neighboring MENA countries, especially Morocco
which has already embarked on hydrogen production and export projects. According to Doing
Business data (Figure 7), Algeria ranks 157" out of 190 economies in the ease of doing business
and 152" in the ease of starting a business. Dealing with a construction permit takes up to 131
days compared to 173 days in Egypt and 58 days in Morocco. Getting electricity takes longer
than in both other countries (84 days in Algeria compared to 53 days in Egypt and 31 days in
Morocco). To enforce a contract, it takes as long as 630 days in Algeria. This is substantially
lower than the number of days required in Egypt (1,010 days) but higher than in Morocco (510).
Moreover, access to credit is one of the major constraints in the MENA region. The Algerian
economy is ranked 181 out of 190 countries in access to credit, and 185™ in paying taxes,
substantially lagging behind other countries such as Egypt (ranking 67" in access to credit) and
Morocco (ranking 24™ worldwide in the ease of paying taxes) (Doing Business Data 2020).

Figure 7: Constraints from the business climate: Time in days (Doing Business Data 2020)
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Moreover, the quality of logistics and related services could undermine Algeria’s attractiveness
to investments. Figure 8 depicts components from the logistics performance index for Algeria,
Egypt, and Morocco. Overall, Algeria scores slightly lower than both other MENA countries and
when compared to upper middle-income countries. Other bureaucratic hurdles related to trad-
ing across borders also undermine the country’s potential to attract FDI and increase the cost
of importing inputs and necessary equipment. According to the Doing Business data (2020), it
takes importers 96 hours and 209 hours respectively to complete documentary and border
compliance procedures (compared to 26 and 57 hours respectively in Morocco). Similarly, the
cost of complying with customs regulations and with the required documents is 807 dollars in
Algeria, compared to only 344 dollars in Morocco for the same scenario.
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Figure 8: Logistics Performance Index (World Bank Data, 2023b)7
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4.4 Availability of funds for RDI

441 National level

The General Directorate for Scientific Research and Technological Development (DGRSDT) is
the main organism in charge of R&D in Algeria. The organization falls under the authority of
the Minister of Higher Education and Scientific Research, and is responsible for the develop-
ment, the evaluation and the financing of research in the country (DGRSDT n.d.a). According
to the General Directorate’s official website, a total of 2,731 research program projects have
been completed, and 203 projects are being currently implemented (DGRSDT n.d.c). According
to World Bank data, only 0.53 % of the country’s GDP was devoted to R&D in 2017 (The World
Bank 2023b). This share is relatively comparable to neighboring MENA countries (about 0.6%
for Egypt, Tunisia, and Morocco) yet lower than that of upper middle-income countries (1.5%
on average) (ibid).

4.4.2 International level

Algeria has ongoing research and development (R&D) cooperation agreements with several
countries and entities. Some of these collaborations include:

e The United Kingdom (UK): Algeria and the UK have signed a Memorandum of Under-
standing to strengthen bilateral partnership and cooperation in economic, trade, sci-
entific research, education, and cultural cooperation. The two countries have also

” Note: The data for Morocco are from 2018. The score is between 0 and 5, with 0 being the lowest

score and 5 being the highest.
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agreed to foster the exchange of best practices and facilitate fundraising for Algerian
start-ups (UK Government 11/16/2023).

Germany: The Algerian and the German governments have negotiated about devel-
opment cooperation in late 2021, the negotiations resulted in the German govern-
ment committing a total of around 50 million € for cooperation for the years 2021
and 2022. The main topics of the cooperation were “Sustainable economic develop-
ment, training & employment” and “Climate and energy, just transition” (BMZ n.d.).

The European Union (EU): Algeria participates in EU-funded research projects and in-
novation programs. Algerian researchers and institutions are eligible to apply for
funding and participate in initiatives such as the Partnership for Research and Innova-
tion in the Mediterranean Area (PRIMA) and the Marie Sktodowska-Curie Actions,
which offer fellowships for post-doctoral researchers from Algeria (The European
Commission n.d.).

China: During President Abdelmadjid Tebboune's visit to China, Algeria and China
signed 19 cooperation agreements, including an executive program for cooperation
and exchange in scientific research. The agreements also covered various other sec-
tors such as trade, investment, economic cooperation, and technical cooperation in
animal and plant quarantine (pest prevention/control) (Asharg Al Awsat 2023).



5 Opportunities and Challenges

5.1 Opportunities to decarbonize “hard-to-abate” industries

5.1.1 Metal industry (iron and steel, aluminum)

Regarding the steel industry, three large complexes dominate the market: the Algerian com-
pany Sider El Hadjar, the Algerian-Qatari Steel Company, and a Turkish subsidiary of Tosyali
Group. The industry has been expanding over the past years, with the Turkish subsidiary Tosyali
and the Qatari investor announcing plans to double their production capacity (EUROMETAL
2022). The new investment law lifted restrictions on the share of foreign ownership, which may
also increase the attractiveness of the Algerian market for investors and contribute to an even-
tual expansion of steel production if the sector is decarbonized in the future. One of the most
promising opportunities for Algeria could be the exports of carbon-neutral steel in the future.
A recent study by the IEEFA highlights the potential of the MENA region as future exporters of
green steel (IEEFA 2022).

5.1.2 Mineral industry (cement)

For the production of cement, a recent study highlights that the transition to green hydrogen
to produce the required heat will entail considerable investments to modify the production
system. In the short-to-medium term, this may not be a technologically and economically via-
ble option for Algeria (GIZ 2021).

513 Chemical industry (ammonia and fertilizer)

Algeria exports about 7 million tons of fertilizer per year (3 million tons of urea, 2 million tons
of ammonia, and 2 million tons of treated raw phosphates). “Greening” the fertilizer industry
would contribute to the climate goals but may reduce the competitiveness of Algeria’s exports
of fertilizers. At the same time, the expansion of the domestic market is unlikely, given that
Algerian farmers’ exploitation of fertilizers is low by international standards (37 kg of fertilizer
per hectare compared to a global average of 140 kg) (AlgerialNVEST n.d.).

514 Transport (heavy road and rail, aeronautics, maritime)

The transport sector is responsible for 29% of Algeria’s CO2 emissions and has a strong decar-
bonization potential. Green hydrogen could be either used directly as feedstock or transformed
into synthetic fuels. There is growing research on decarbonizing the transport sector and in-
creasing its competitiveness vis-a-vis fossil fuel-based transport (GIZ 2021).

5.2 Challenges and lines of potential conflicts

Challenges facing hydrogen development in Algeria are mainly of technological, economic,
institutional, and politico-economic nature. As far as technological challenges are concerned,



Algeria needs to develop capacities for the storage and transport of hydrogen and its by-prod-
ucts affordably and safely (12). There is a limited understanding of the efficiency of transporting
hydrogen using the current pipelines used to transport gas. Moreover, developing new pipe-
lines would be an expensive project requiring major investments that can only be justified with
high hydrogen demand (14). Depending on the hydrogen sector’'s economic viability, these
investments would not take place before 2030 (the second hydrogen development phase).

Algeria faces other key hurdles in hydrogen production: Although it has untapped potential in
low-cost PV and wind energy, its adoption of renewable sources is limited. The existing natural
gas infrastructure conflicts with plans for green hydrogen exports.

Water scarcity also adds to the technological challenges. The production of hydrogen requires
abundant water resources. Currently, desalination stations are used to produce the water
needed. However, as mentioned by 11, these stations are run on gas and not on renewable
energies. According to |14, water is scarce, but the predicted cost of the desalination stations is
around 1% of the overall hydrogen projects. There are efforts to reuse grey water. However, |1
and 15 express uncertainty about the water issue. While desalination should not represent a
substantial problem in the case of seawater use (the use of groundwater in energy projects is
not allowed (12; 15)), developing environmentally friendly technologies for the desalination pro-
cesses is a challenge per se. Moreover, the disposal of residues from the desalination stations
may have adverse environmental effects.

Economic and institutional challenges include insufficient funding and investments, in addition
to the above-mentioned constraints affecting the business climate. Moreover, the pre-existing
restrictions on foreign investments in energy projects also slowed down the process of imple-
menting large-scale projects (I5) and the recent reforms did not have a significant impact on
FDI. Therefore, more flexible regulations are required to develop hydrogen production and to
protect the stakeholders (13; 14).

Surprisingly, none of the experts mentioned corruption as a significant challenge. Considering
the government’s role as a decision-maker, there appears to be trust in state-owned institu-
tions to show good judgment in investments and funding, such as the Ministry of Finance,
which was described as cautious in investing in large-scale projects until proof of secure and
long-term demand (12). Germany'’s cooperation with Algeria would also demonstrate “political
support” (I2; 15) and increase domestic trust in international partnerships in the hydrogen sec-
tor.

According to the interviews, there appears to be no current social challenges or conflicts
around the question of energy transition. According to 12, “In the broader public, there is no
resistance”. If anything, the public is critical of the slow pace in renewable energies. 15 also
corroborates this opinion: “The use of renewable energies is being discussed very positively, so
we are in a situation where actually the citizens are criticizing the government for being slow in
developing rules." However, the public is not engaged in the broader question of energy tran-
sition, and in the question of hydrogen development specifically, be it for domestic consump-
tion or for export. For example, local communities who might be affected by the development
of the hydrogen sector (especially in the south, where vulnerabilities and lack of economic
opportunities are more persistent than in the north) are not engaged in the policymaking.
Likewise, there is little awareness of the dangers of climate change and pollution. Thus, the
development of the hydrogen value chain requires a more democratic governance adopting



bottom-up and participatory mechanisms (Boukhatem, 2023). Other potential lines of conflict
could also arise from the impact of a future energy transition on those who work in the oil and
gas sector and their families, if adequate adjustment mechanisms are not implemented, in-
cluding financial assistance, social protection, requalification and integration in the labor mar-
ket.

Finally, and perhaps most importantly, the future of hydrogen development in Algeria depends
on the political economy of the energy sector. Although the interviewed experts emphasized
the role of the Ministry of Finance, together with Sonagraph and Sonelgaz, in securing invest-
ment in large-scale projects to support hydrogen development (12; 14; 15), they also warned
against the risks from potential lobbying by these very same actors to influence the decision-
making process (I5). As mentioned before, some of the stakeholders, especially the state-
owned energy giants Sonatrach and Sonelgaz, are also potential veto-players. The longstand-
ing dependence of the Algerian economy on oil and gas export revenues and of the elites on
fossil fuel rents may create conflict with the development of a hydrogen sector if comparable
rents are not created and captured by the present elites.

|deally, tax revenues from investments in renewables, green hydrogen, and its derivatives may
provide the government with the necessary resources to create linkages to downstream sectors
and encourage industrial development and diversification. However, this economic transfor-
mation may be one of the main reasons why Algeria is reluctant to move to green hydrogen
in the short-to-medium term. Moving away from a rent-based economic model to one that is
based on tax revenues could be a risky option for business elites, state-owned monopolies,
and army generals who benefit from the status quo. Moreover, this shift also jeopardizes the
pre-existing social contract, which is centered on food and energy subsidies from fossil fuel
rents and could entail substantial socio-economic adjustment costs. In Algeria, the few large
private sector businesses are known for their “lobbying-for-gas” (Boukhatem and Oei, 2024).
On the one hand, the industrial sector benefits from subsidized gas, and the oil and gas busi-
ness elites have supported the continued use of fossil fuels. On the other hand, the Algerian
army benefits from rent-based budget allocations, which would make the army less likely to
support strategic shifts threatening its access to resources. It is worth noting that since the
forced resignation of Bouteflika in 2019, the army has an increasingly important role in deci-
sion-and policymaking and in shaping the international (economic) relations of Algeria.

Therefore, the shift to a green hydrogen economy could be possible if it helps maintain the
status quo, and guarantee rents to the present elites. One of the possible scenarios is that the
hydrogen sector is, at least partially, state-owned and mainly export-oriented. Whether rents
are extractable from green hydrogen production and exports, and whether these rents are
comparable to rents from fossil fuels is, however, another question that motivates further re-
search.



6 Conclusions and Outlook

Algeria has a potential to become one of the key regional players in the field of green hydrogen
and one of the main suppliers to Europe and Germany. Until recently, Algeria’s renewable en-
ergy programs failed to meet their targets. The surge in oil and gas prices after the Russian
invasion of Ukraine slowed down progress in the Algeria’s energy diversification agenda. How-
ever, trends in domestic energy supply and demand, along with Europe’s (and Germany's) in-
creasing need to diversify away from Russian gas, motivated several countries, including Alge-
ria, to embark on a hydrogen development strategy. On the one hand, investment in hydrogen
and renewables necessary to produce hydrogen should increase domestic energy security. On
the other hand, hydrogen could create a sustainable source of revenue from export to Europe.
Moreover, technological progress will enable the decarbonization of hard-to-abate industries,
such as iron and steel, cement, ad fertilizers.

In response to these domestic and global developments, Algeria recently launched its National
Hydrogen Development Strategy and opened the door for cooperation with Germany and
other European countries. Compared to its MENA peers, especially Egypt and Morocco, Algeria
is a latecomer in the hydrogen sector. For example, Egypt had already launched its Hydrogen
Strategy during the COP 27 in 2022 and signed a number of MoU and framework deals with
several European and Gulf countries and announced the shipping of its first green ammonia
cargo.? In Morocco, several hydrogen production projects are currently in the phase of concept
development or feasibility studies (IEA).

Despite the government'’s favorable position towards green hydrogen development and the
country’s rich renewable energy endowments, several structural challenges are likely to under-
mine the effective outcome of the hydrogen roadmap. To develop the hydrogen value chain,
substantial reforms of investment-related laws, streamlining regulations and levelling the play-
ing field for the private sector are indispensable. Moreover, the government should work on
developing the financial market and enhance access to credit, allocate more investments to-
wards R&D, modernize its infrastructure, and invest in human capital, to mention only a few
necessary policy actions.

However, and above all, this transition requires a political will, which appears to be the most
difficult barrier to overcome in the Algerian case. At least in the short- to medium term, there
seems to be little incentive for the 60-year-old rentier state to shift from its only source of
income towards hydrogen, when technologies are still largely immature. Moreover, the extent
to which the main veto-players (state-owned monopolies in the energy sector, industries) may
lobby to block or slow down progress in hydrogen development projects depends on the na-
ture of rents they will be able to extract from the hydrogen sector.

8 Fertigloble claims World's First Green Ammonia Shipment with Egypt-India Cargo”,

https://www.mees.com/2023/11/24/refining-petrochemicals/fertiglobe-claims-worlds-first-green-
ammonia-shipment-with-egypt-india-cargo/dc5c8810-8ad0-11ee-9cb4-
41765c7bf970#:~:text=The%20Egypt%2DEmirati%20Ferti-
globe%20JV,end%200f%20Egypt's%20Suez%20Canal
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