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Executive Summary

This Joint Policy Study delves into North Africa’s renewable energy landscape,
examining the potential and challenges of megaprojects in the region. With a specific
focus on renewable energy production and exports, it explores the intricacies of
megaprojects in Morocco, Egypt, Algeria and Tunisia, assessing their successes,
hurdles, and future potential. North Africa, especially the Sahara Desert, has vast
potential for renewable energy production due to its exceptionally high solar irradiation
levels, positioning it as an ideal site for solar energy projects. Economically and geo-
politically, there is a strong rationale for Euro-North African collaboration to enhance
North Africa’s ability to generate and export renewable energy in a way that benefits
both regions. However, despite this significant potential, North African countries
have faced numerous geopolitical, economic, societal and infrastructural obstacles
in fully capitalising on these resources.

The study finds that Morocco has been particularly successful in developing a robust
green energy ecosystem, integrating renewable energy production with offtake
mechanisms such as green ammonia and soon, electric vehicle battery manufacturing.
Projects like the Noor solar power plants are pivotal in this ecosystem. Morocco's re-
newable energy exports, particularly green hydrogen and green ammonia are set to
play a significant role in Europe’s energy transition, as well as the current and future
electric interconnections to Spain, Portugal and the Xlinks project, which would
supply green energy to the United Kingdom.

In contrast, Egypt's early successes in renewable energy, exemplified by the
development of several solar and wind farms, have been overshadowed by recent
economic challenges. Rolling power cuts and a shift towards prioritising liquified
natural gas (LNG) exports over domestic energy needs have stalled progress.
Despite these setbacks, Egypt is focusing on green hydrogen projects, partnering
with international firms to develop green ammonia production facilities. These efforts
are part of a broader strategy to diversify Egypt's energy exports and reduce
dependence on natural gas.

Algeria’s renewable energy sector remains significantly underdeveloped, with solar
and wind power contributing minimally to its energy mix. The country continues to
rely heavily on natural gas exports. Algeria is concentrating on blue hydrogen,
utilising its vast natural gas resources, and aims to capture a substantial share of the



European hydrogen market, collaborating closely with Italian and German firms.
However, this approach may not sufficiently drive the development of renewable
energy infrastructure. The technical and commercial viability of transporting hydrogen
through existing natural gas pipelines is also questionable, potentially limiting Algeria’s
ability to capitalise on its renewable energy potential.

Tunisia has adopted a strategy of smaller, incremental renewable projects, attracting
foreign investment through revised legal frameworks. The country’s efforts to expand
its renewable capacity have been revitalised by legal reforms designed to attract
foreign direct investment (FDI) in renewable power development. Projects such as
the Kairouan solar plant demonstrate initial success. Moreover, Tunisia's National
Green Hydrogen Strategy aims to produce significant amounts of green hydrogen
for export, leveraging its strategic position and partnership with Italy. Tunisia’s
approach contrasts with the megaproject strategies of its neighbours, focusing
instead on multiple smaller-scale projects that collectively contribute to a substantial
increase in renewable energy capacity.

This study finds that successful megaprojects require deliberate coordination between
renewable power generation and offtake mechanisms. Countries must align their re-
newable energy production with export markets, integrating dedicated renewable
power infrastructure with offtake facilities like green ammonia plants. Private sector
participation is crucial in this endeavour. North African governments should cultivate
relationships with private investors and create favourable legal and regulatory en-
vironments to attract foreign investment. For instance, Morocco'’s success can be at-
tributed to its ability to align renewable energy projects with domestic industrial
needs and international market demands, creating a holistic green energy eco-
system.

Developing green energy ecosystems can provide socioeconomic benefits to local
populations and enable countries in North Africa to establish themselves in new
markets. These ecosystems should include diverse renewable energy supply chains,
ranging from agri-food and automotive exports to green hydrogen and ammonia pro-
duction. Green hydrogen, particularly in the form of green ammonia, is emerging as a
key export commodity. The integration of renewable energy into local industries not
only boosts export potential but also ensures that the benefits of these projects are
distributed more widely within the countries.

The study finds that energy megaprojects in North Africa could serve as a collaborative

framework that enhances energy security, supports sustainable economic growth,
and facilitates the transition to renewable energy sources across the Mediterranean.
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However, while electric interconnections with Europe have the potential to attract
essential investment in North Africa’'s green energy infrastructure, they also risk
facing significant local opposition and criticism. Concerns such as green energy neoco-
lonialism may emerge, highlighting fears of exploitation and unequal distribution of
benefits between European Union (EU) and North African countries.

The first chapter of this Joint Policy Study provides a thorough introduction to green
energy, international electrical interconnections, energy megaprojects, and the socio-
economic context in North Africa. The second chapter offers an in-depth analysis of
energy megaprojects in Egypt, highlighting associated risks and opportunities, and
presents a detailed overview of Egypt's socioeconomic landscape from an energy per-
spective. The third chapter focuses on Tunisia, examining its electricity interconnections
and energy megaprojects, assessing the legal framework, emphasizing the importance
of social consultations, and analysing institutional oversight mechanisms. The final
chapter delves into the European Union's strategic objectives and challenges in North
African countries. It includes detailed profiles of megaprojects in each North African
country and explores EU initiatives and financial and policy instruments designed to
support North Africa’s green transition, such as the European Green Deal, the Global
Gateway Initiative, green bonds, debt swaps, industrial cooperation and the EU’s new
Carbon Border Adjustment Mechanism. Lastly, the chapter reflects on the potential for
future collaboration between the countries on both shores of the Mediterranean.

The Joint Policy Study provides a comprehensive overview of the current state and
future potential of renewable energy megaprojects in North Africa. It emphasises the
need for better coordination between renewable power projects and offtake mechanisms
to enhance the effectiveness and socioeconomic benefits of megaprojects. The study
finds that expanding legal reforms and incentives to attract more private sector
investment in renewable energy projects is essential. Critical investments can be
attracted through legal and regulatory reform, facilitated by public-private partnerships,
and supported by export credit agency financing guarantees. Fostering the development
of green energy ecosystems that integrate renewable energy production with diverse
offtake markets, including green hydrogen and ammonia, can drive growth. Prioritising
green ammonia production as a key component of renewable energy supply chains, le-
veraging existing industrial sectors like fertilisers, will be critical. Incorporating dedicated
renewable power infrastructure into trans-Mediterranean interconnection projects will
boost their success and scalability. The study recommends that North African countries
place a greater emphasis on developing coordinated renewable energy projects that
align with both local needs and export opportunities. By adopting a holistic approach
that considers the entire energy ecosystem — from production to consumption — North
African countries can ensure that their renewable energy projects are sustainable and
economically viable in the long term.
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SEFA Sustainable Energy Fund for Africa
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SOE State-Owned Enterprise

SEFA Sustainable Energy Fund for Africa
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TuNur unisian Solar Power Export Project

UN United Nations

UNIDO United Nations Industrial Development Organization
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WB World Bank
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Introduction

North Africa holds the potential to be the
world's largest renewable energy-pro-
ducing region. The Sahara Desert, which
covers the majority of North Africa and
extends partially into the adjacent Sahel
region, receives the world's highest levels
of solar irradiation and comprises a territory
of 9 million square kilometres (sq. km),
over twice the total area of the European
Union (EU). If all of the solar energy
striking the Sahara Desert were used for
power generation, the amount of electricity
produced would be 7,000 times greater
than the entire EU electricity demand at
any given moment (De Freitas, 2020).
Even if North Africa was able to generate
an amount of electricity from the Sahara's
solar resources three orders of magnitude
less than the theoretical potential, it would
still be enough to make North Africa elec-
tricity self-sufficient and supply all of the
EU’s power demand. From an economic
and geopolitical perspective, the logic of
Euro-North African cooperation to develop
North Africa's capacity to produce and
transport renewable power in a mutually
beneficial manner is compelling.

While the scale of the resources and the
potential offtake markets would justify a
megaprojects approach, North Africa’s
renewable power megaprojects and elec-
tricity interconnection megaprojects overall
have met with mixed results. With the ex-
ception of Morocco, the renewable energy
megaprojects that have been built, are
under construction, and are under con-
sideration have so far provided no clear
pathway in each North African nation to
secure their respective energy supplies,
achieve economic uplift, and capture sig-
nificant energy export market share in
Europe and elsewhere. This survey of re-
newable energy development efforts
across North Africa, including the devel-

opment of offtake mechanisms for export,
examines the successes and ongoing
challenges in the region through a com-
parative lens to assess each country's
current course and to suggest parameters
for implementable measures to improve
the effectiveness of North Africa’s re-
newable energy development efforts. The
measures also provide important guidelines
for the successful cooperation between
North Africa and international partners.
After providing an overview of the region,
the chapter examines Morocco, Egypt,
Algeria and Tunisia individually before pres-
enting its conclusions.

For the purposes of the volume on North
African megaprojects for renewable energy
production and export, in which this study
is the opening chapter, megaprojects are
defined as large-scale and complex infra-
structure projects involving the collab-
oration of a number of public and private
entities in a multiple-year timeframe. These
projects are also usually characterised
by high risk and complexity, as well as
significant capital investment. Fur-
thermore, megaprojects seek to achieve
significant economic, social, and/or ecol-
ogical impacts. While these projects typi-
cally cost at least $1 billion, a high risk,
complex project costing less than $1
billion may be considered
a megaproject depending on the magni-
tude of the transformational effects on
the country in which they are developed.
The North African country of Libya was
not considered in this volume due to the
divided nature of governance between the
western and eastern halves of the country.
Mauritania is also not considered because
it is regarded as belonging to the Sahel
region for the purposes of this volume.

The major finding of this chapter is that
initiatives in North Africa require better
and deliberate coordination between the
development of renewable power projects

euremesco IEMed.
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and the development of offtake mechan-
isms. This deliberate coordination is par-
ticularly required for megaprojects; the
often-lacklustre results of mega-initiatives
for renewable power development and
electric interconnection development have
stemmed from this lacuna. The diffusion
of socioeconomic benefits of megaprojects
to local residents is also more easily ac-
complished when this deliberate coor-
dination occurs, a trend that is being wit-
nessed with green hydrogen projects in
several parts of Africa (Tanchum, 2020).
As discussed below, this deliberate co-
ordination best occurs through a green
energy ecosystem, leading to a diversity
of offtake mechanisms and robust re-
newable energy supply chains for export.
Private sector participation is a key factor
in the equation for success, requiring the
careful cultivation and management of
private sector relationships by North Af-
rican governments and their international
partners. Green hydrogen is rising in
prominence as an export offtake mech-
anism for renewable power and is proving
to be a fundamental element in the
growth of green energy ecosystems in
North Africa. Cross-border electricity in-
terconnection, particularly trans-Medi-
terranean interconnection for North Af-
rican power exports to reach the wider
EU electricity market, remains an offtake
mechanism with great potential. Several
of the initiatives to develop trans-Medi-
terranean interconnections would benefit
from more deliberate coordination be-
tween renewable power generation ca-
pacity and offtake mechanisms to serve
export markets, suggesting incorporating
more of a green energy ecosystem ap-
proach in interconnection development
efforts.

Two paradigms of North
African renewable energy
development: oil and
natural gas producers
versus countries without
significant hydrocarbon
reserves

Large swathes of North Africa from Morocco
to Egypt possess the world's largest pho-
tovoltaic (PV) power potential and con-
centrated solar power (CSP) potential,
with direct normal irradiation (DNI) levels
reaching or exceeding 2,300 kWh/m2
(World Bank, 2019a). For perspective, the
sunniest region of Germany — North Africa’s
main European partner for renewable energy
development — reaches only half that DNI
level, with most of the country receiving
even less (World Bank, 2019b). North
Africa also possesses significant onshore,
nearshore, and offshore wind power re-
sources, especially along Morocco's Atlantic
coast and Egypt's coasts along the Gulf
of Suez.!

The potential of North Africa’s vast re-
newable energy resources for electricity
exports prompted the initiation of the
ambitious Desertec project in Germany
in 2009. The forward-looking project
sought to create solar and wind power
facilities across a 16,835 sqg. km area
of North Africa as well as the trans-
Mediterranean electricity interconnections
to supply about 15% of Europe’s elec-
tricity demand. Visionary but faulty in
conception, the Desertec project fell
apart in 2014 (Reuters, 2014). Although
public-private partnerships were involved,

' For an example of wind power in the region, see the discussion on Egypt's advances in wind power in
Michaél Tanchum'’s article: Egypt's Prospects as an Energy Export Hub Across Three Continents

(Tanchum, 2020).
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Renewable
energy remains
virtually an
unutilised
resource in the
region

Desertec evolved out of a development
aid framework in which the private sector
played a limited role and the goals of
the project were not sufficiently attuned
to the economic and political needs of
North Africa itself. Consequently, De-
sertec faced accusations that it was
laying the foundations for a green energy
neo-colonialism. Desertec’s demise dam-
pened enthusiasm for renewable energy
transmission via trans-Mediterranean
undersea electric cables, casting doubts
on its commercial feasibility.

In light of the scale of North Africa’s
enormous potential for renewable power
production, renewable energy remains
virtually an unutilised resource in the
region. The 2022 installed solar power
capacity of the four countries of Morocco,
Algeria, Tunisia, and Egypt combined was
five times less than that of France and
20 times less than Germany (Energy In-
stitute, 2023). The state of wind power
in North Africa parallels the state of solar
power in the region. North Africa’s dearth
of renewable energy infrastructure reflects
the difficulty among the nations of the re-
gion to attract investment and financing,
with the exception of Morocco. In 2022,
Morocco ranked as the most attractive
renewable energy market for investment,
according to the Renewable Energy
Country Attractiveness Index (RECAI)
published by international accounting firm
EY (Ernst & Young), when normalised for
gross domestic product (GDP).2 Morocco
also placed within the top 20 of the
RECAI's “raw” score, ranking 19th while
Egypt ranked in the top 30, at 29th place
(EY, 2022).

Despite Desertec’'s® collapse, Morocco
and Egypt continued with their plans to
construct large, utility-scale solar and wind
power facilities and are the two leading
countries in North Africa for renewable
power development. Both countries are
engaged in the development of undersea
interconnectors to Europe. Most significantly,
Morocco’s and Egypt's advances in the
construction of renewable power generation
infrastructure have laid the foundation for
these nations to also become North Africa’s
trailblazers in the development of green
hydrogen as an alternative carrier for re-
newable energy.

Morocco’s growing success in developing
renewable energy infrastructure is anchored
in the country’s development of a green
energy ecosystem in which the development
of utility scale renewable energy infrastruc-
ture is coordinated with the development
of robust offtake markets and the estab-
lishment of commercially viable storage
and transportation mechanisms to service
those markets. As will be explained below,
Morocco has anchored the development
of renewable power production in its fertiliser
and agri-food production sectors, both of
which are two of Morocco’s main export
sectors. Now Rabat is eyeing the use of
renewable energy in industrial manufacturing
and mining, with an emphasis on electric
vehicle (EV) production and metals pro-
cessing for EV batteries. In this way, Mo-
rocco has created offtake markets that are
generating renewable energy supply chains
through “green” exports products produced,
at least in part, with renewable power. In
parallel, Rabat is eyeing direct renewable
energy exports via both undersea high volt-

2 The normalised score is obtained by taking the RECAI “raw” score and dividing it by the log of GDP (EY,

2022).

5 Desertec is a renewable energy project aimed at harnessing solar power from deserts, particularly the
Sabhara, to provide sustainable electricity for Europe, the Middle East, and North Africa. Initiated in 2009,
it failed due to economic infeasibility, political instability in the target regions, logistical challenges, and
lack of cohesive international collaboration (Desertec Foundation, n.d.).
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age direct current (HVDC) cables and
seaborne shipments of green hydrogen
in the form of its derivative green ammonia.

Egypt, which enjoyed success in re-
newable energy development during the
second half of the previous decade, has
recently stumbled (as will be discussed
below and in the second chapter of this
volume). Nevertheless, the foundations
created by Egypt's successful renewable
energy build-out from 2015-2019 remain,
and a course correction based on the
lessons learned from the country’s current
difficulties could enable Egypt to realise
its potential as a major producer and
exporter of energy produced from re-
newable resources. One important as-
pect of Egypt's pathway out of its current
impasse is a greater emphasis on a
green energy ecosystem approach. Egypt
has made some recent advances in this
direction with development of its own
green hydrogen industry.

The differences between Morocco and
Egypt also reflect the major economic
division among North African nations
between those nations without significant
oil and natural gas reserves — Morocco
and Tunisia — and those which are major
oil and natural gas producers — Egypt,
Algeria and Libya. Algeria and Egypt
are Africa’s top two natural gas pro-
ducers, with 2022 output at 98.2 billion
cubic metres (bcm) and 65.4 bcm re-
spectively (Energy Institute, 2023). With
a combined production greater than that
of Australia, Algeria and Egypt are im-
portant supply sources for nearby Eu-
rope, which in the short-term is scram-
bling to replace its Russian natural gas
imports with gas from alternative sup-
pliers.

In the case of the North African natural

gas producers, the use of a “gas-by-
wire” approach to incentivise cross-

Policy Study n. 34

border, and particularly trans-Mediter-
ranean, electricity interconnections has
so far not proven especially successful.
Gas-by-wire can occur when it is more
commercially viable to generate electricity
from natural gas where it is produced
and then sell the power through electricity
interconnectors rather than to build pipe-
line interconnectivity to transport and
sell physical volumes of natural gas.
Once the electricity export offtake mech-
anism is established, power produced
from renewables can replace power
generated from natural gas, incentivising
investment in additional renewable power
production capacity. As the lack of a
functioning Egypt-Europe interconnector
demonstrates, the approach can face
obstacles including the competition from
liquified natural gas (LNG) exports and
the need to have reliable surplus elec-
tricity from year to year.

As a result of global green transition ef-
forts, the value of global LNG trade will
be surpassed by the value of the clean
hydrogen market by 2030, with the ac-
celerated expansion of trade in green
hydrogen (Mazzotta, 2023). By 2050,
the clean hydrogen market will be worth
an estimated $1.4 trillion (Tanchum,
2023a). Conventional natural gas-derived
hydrogen, now referred to as “grey
hydrogen”, results from a process that
discharges considerable amounts of car-
bon dioxide (CO2) into the atmosphere.
In contrast, green hydrogen is produced
by using electricity generated from re-
newable sources to split water into its
hydrogen and oxygen components, cre-
ating a carbon-free (hence, “green”)
energy carrier. A versatile energy carrier,
green hydrogen may be used directly
as a fuel or can provide on-demand, cli-
mate-smart power by reversing the elec-
trolysis process in a fuel cell, which
generates electric current by recombining
green hydrogen and oxygen back into
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water. The most cost-effective way to
store and transport green hydrogen is
in the form of its derivative green am-
monia. Since ammonia is one of the
basic inputs for fertiliser manufacturing
— currently accounting for about 70%
of global ammonia consumption — there
is already offtake demand for green am-
monia, which can easily use existing
ammonia storage and transportation in-
frastructure (IEA, 2021b).

In Morocco and Egypt, the construction
of new renewable power generation in-
frastructure is increasingly being driven
by the need for green ammonia produc-
tion and other international renewable
energy supply chains. In Morocco and
in Egypt, to a lesser extent, the advent
of green ammonia production is advanc-
ing the development of robust green
energy ecosystems. Exemplars of two di-
vergent paradigms for renewable power
development in North Africa — non-hydro-
carbon industry-based economies versus
heavily hydrocarbon-based economies —,
Morocco and Egypt each have highly de-
veloped fertiliser manufacturing sectors
that have incentivised green ammonia
development. This common pathway for
the initiation of green energy ecosystems
is also applicable for Algeria and Tunisia.

Morocco has also undertaken an elec-
tricity interconnection project to the
United Kingdom (UK) that deliberately
coordinates the development of renew-
able power generation production with
the development of the offtake mechan-
ism that serves the export market. Dis-
cussed in the next section, this ambitious
undersea interconnection initiative, known
as the Xlinks project, mirrors aspects of
the deliberate coordination of production
capacity and offtake capacity seen in
green ammonia development. Incorpor-
ation of these aspects into North Af-
rica-Europe interconnector initiatives

could prove beneficial to the timely com-
pletion and operation of trans-Mediter-
ranean interconnection megaprojects.

Morocco: diversifying
renewable energy export
supply chains by growing
a green energy
ecosystem

In 2022, renewable power accounted for
38% of Morocco's installed power gener-
ation capacity, with solar and wind power
accounting for a combined 21.3% of the
Kingdom's total installed capacity and
hydroelectric power comprising 16.7%
(Ministry of Energy Transition and Devel-
opment, 2022). Morocco’s wind power
capacity stood at 1.77 GW while solar
was 1.43 GW. Morocco is slated to add
about 6.5 GW of solar and wind by power
2027. With an emphasis on solar power
development, securing the $5.6 billion for
its construction will help Morocco meet its
2030 target of renewables, comprising
52% of its power generation capacity
(Erraji, 2023). Currently, Morocco's solar
power development programme consists
of a cluster of “Noor” solar power projects
spread across the country, with the flagship
megaprojects of Morocco’s build-out, Noor
I, I, and lll, to have a combined installed
capacity of 1.6 megawatts (MW) (ESFC,
n.d.; Kawach, 2023; Masen, n.d.-b; Reuters,
2028). Morocco's wind power programme
is distributed over nine projects across the
country (Masen, n.d.-a; ONEE, n.d.).

The development of more recent renewable
power megaprojects is directly driven by
the needs of Morocco's green energy eco-
system and international renewable energy
supply chains. For example, Morocco's lar-
gest wind power facility is being developed
by Total Eren, a wholly-owned subsidiary
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of French energy giant TotalEnergies (Diop,
2023), as part of the company’s $10 billion
green ammonia megaproject in Morocco's
Guelmim-Oued Nour region. The dedicated
5 GW wind farm, along with a dedicated
5 GW solar power complex, will take ad-
vantage of the region’s near constant night-
time winds to provide virtually 24-7 renew-
able power to the green ammonia plant
(GWEC, 2023; Rahhou, 2022).

The country’s green energy ecosystem is
anchored in the food-water-energy nexus,
with Morocco's OCP (originally, Office
Cheérifien des Phosphates), the world's lar-
gest producer of phosphate products and
the world's fourth largest exporter of fertiliser,
playing a central role. Morocco sits on 73%
of the world's phosphate rock reserves
from which the phosphorus used in synthetic
fertilisers is derived (Garside, 2022). Prior
to the 2021 natural gas price shocks,
OCP's total revenue in 2020 amounted to
$5.94 billion (OCP, 2021), accounting for
about 20% of the Kingdom’s export rev-
enues (Fitch Ratings, 2020). Due to a
global upsurge in demand, the fertiliser
giant's 2023 revenue stood at $9 billion.
The sustainability of OCP’s operations
through achieving energy transition is a
matter of Moroccan national interest (Tan-
chum, 2022a).

In 2022, OCP established its OCP Green
Energy subsidiary to develop the company'’s
renewable energy generation activities,
committing an investment of $13 billion
through 2027 (OCP, 2022). Dedicated
solar plants are being built in the mining
towns of Benguerir and Khouribga, home
to Morocco's largest phosphate reserves,
as well as in other locations. One of OCP'’s
highest priorities is transitioning fertiliser
production away from using ammonia syn-
thesised from natural gas-derived grey
hydrogen as its basic input to using the
green hydrogen-derivative green ammonia
whose production is powered by Morocco's
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solar energy and wind energy resources.
In 2023, OCP announced plans to construct
its own $7 billion green ammonia plant to
help the company replace its annual import
of $2 billion of grey ammonia with domes-
tically produced green ammonia. With an
initial annual production capacity of 200,000
tons by 2026, OCP is aiming to raise its
own green ammonia production to 1 million
tons by 2027 and reach 3 million tons by
2032 (Eljechtimi, 2023).

Morocco began its development of green
hydrogen production in partnership with
Germany in 2018 within a development
aid framework with financing from the Ger-
man development bank Kreditanstalt fur
Wiederaufbau (KFW) (Brown, 2018; Chau-
dier, 2021; Federal Ministry for Economic
Affairs and Energy, 2020; MAP, 2020;
OCP, 2021), but has since moved on to
private sector development projects backed
by Portugal, the Netherlands, Italy, and the
EU (Tanchum, 20283d). The green ammonia
project under construction by the Irish-
Portuguese firm Fusion Fuel is slated to
have an initial annual capacity of 183,000
tons by 2026, equivalent to approximately
10% of OCP's production input require-
ments (Tanchum, 2022a).

Rabat signed a memorandum of under-
standing (MoU) with Dutch oil trading giant
Vitol to market the green ammonia in Europe
(Sharpe, 2021). The Netherlands, the
world's second largest food exporter and
the EU’s largest fertiliser consumer per
hectare, itself provided loan guarantees in
2022 for the Dutch green hydrogen firm
Proton Ventures to build a green ammonia
plant at Morocco’s Jorf Lasfar port (Be-
nabdellah, 2022; Rianne, 2022). Also in
2022, the Netherlands initiated the devel-
opment of a new green ammonia import
terminal in Rotterdam’s Maasvlakte port to
handle green ammonia imports to Europe
starting in 2026 (Energy Capital and Power,
2022). Further indicative of Europe's eager-
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ness to import Moroccan green hydrogen
are Total Eren's green ammonia project
and a green ammonia plant possibly to be
built by Saipem (controlled by ltalian energy
major Eni) and ltaly-based Alboran Hydrogen
(Kouamé, 2021).

Beyond supplying fertiliser production, the
green ammonia can also be exported to
Europe for industrial manufacturing pro-
cesses and as fuel ammonia. After the
completion of the projects currently under
development, Morocco could export over
1-3 million tons of green hydrogen or its
green ammonia equivalent to Europe an-
nually (Tanchum, 2023a). Since fertilisers
and hydrogen imports form two of the six
initial sectors targeted under the EU’s Car-
bon Border Adjustment Mechanism
(CBAM) (European Commission, 2024),
the development of green ammonia capacity
is a matter of urgency for both Morocco
and its EU member state customers.

In addition to green hydrogen, Morocco's
agri-food and automotive exports to Europe
could form the basis of Morocco-to-Europe
renewable energy supply chains, with pro-
duction powered, in part or entirely, with
electricity generated from renewable energy
resources. Morocco's agri-food sector now
accounts for 21% of its exports by value
(European Training Foundation, 2021). Ra-
bat's Green Generation 2020-2030 plan
seeks to enhance the sustainability of agri-
cultural production through the expanded
production and use of renewable energy,
particularly to power seawater desalination
to provide sufficient water for the sector
(Ministry of Youth, Culture, and Communi-
cation, 2019; Mokena, 2020). Seawater
desalination typically requires 10 times the
amount of energy to produce the same
volume of water as conventional surface

water treatment (Tanchum, 2023d), meaning
additional desalination plants will require
new power generation capacity from re-
newable energy sources or possibly nuclear
energy (Tanchum, 2023c).

Morocco’s automotive industry accounts
for about 25% of the Kingdom's GDP
(North Africa Post, 2023; Morocco Now,
2024). With the Kingdom's annual pro-
duction capacity to top 1 million vehicles
by 2025, Morocco is eyeing the production
of 250,000 electric cars per year (Tanchum,
2022b). The European market accounts
for 90% of Morocco's exports (Medias
24, 2022), with Europe’s two best-selling
car models — the Peugeot 208 and Re-
nault's Dacia Sandero — made in Morocco
(Warrick, 2024). The manufacture of their
EV versions on Moroccan soil is a near-
term likelihood (Tanchum, 2022b). Already,
Germany's Opel and ltaly's Fiat have begun
the production of EV models in Morocco
(Tanchum, 2023f).

The European Commission’s July 2021 di-
rective to phase out all fossil fuel-powered
vehicles in the EU by 2035 makes green
mobility another Moroccan national priority
(Perkins, 2021). The use of renewable
energy in any aspect of production would
lower the carbon footprint of Moroccan
EV exports. Morocco's rise as an EV manu-
facturing giant hangs on the local manu-
facture of lithium ion batteries, which rep-
resent 30% to 40% of the cost of the
average EV (Tanchum, 2022b). Morocco's
massive phosphate reserves again come
into play as the EV industry is shifting away
from lithium batteries using nickel, man-
ganese, and cobalt to lithium iron phosphate
(LFP) batteries.* By manufacturing LFP
batteries, Morocco would enjoy a cost ad-
vantage of upward of 70% per kilogramme

4 For example, Tesla announced in its Q3 2021 report, For standard range vehicles, we are shifting to
Lithium Iron Phosphate (LFP) battery chemistry globally (2021).
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(Quantum Scape, 2021). Morocco would
need to expand its phosphate and phos-
phoric acid production to make LFP EV
batteries, requiring OCP's additional output
of phosphates and phosphoric acid to be
powered by renewable energy sources.
Morocco's renewable power also provides
another competitive advantage as it helps
automakers meet their own targets for re-
ducing the carbon footprint of their operation.
Renault, for example, has set carbon re-
duction goals for its EV batteries of 20%
by 2025 and 35% by 2030, compared to
2020 levels (Tribune, 2022).

Morocco'’s electricity interconnections to
Europe compete with alternative offtake
mechanisms of seaborne green ammonia
and renewable energy supply chains based
on the export of green products from the
fertiliser, agri-food and automotive sectors,
all of which more deliberately coordinate
renewable power production capacity with
European markets than Morocco's inter-
connections with Europe’s nearby Iberian
Peninsula.

Morocco'’s existing two interconnections
with Spain have a total exchange capacity
of 800 MW, with a third interconnector of
700 MW expected to be operational by
2026 (Red Eléctrica, 2019). Morocco and
Portugal are also advancing feasibility
studies for the construction of an electricity
connector (Ministry of Youth, Culture and
Commuication, 2023). However, the Iberian
Peninsula is a relatively isolated island in
the EU electricity market, as Spain’s 2020
exchange with the EU system was only
3% of its installed capacity, far below the
then EU minimum standard of 10% and
the current 15% (Fuente Cobo, 2023).
Morocco's interconnections with Spain
and Portugal will unlikely provide sufficient
access to the wider EU electricity market
to spur investments in additional renewable
energy infrastructure nor establish renewable
energy supply chains. The political tensions
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between Morocco and Algeria preclude
the near-term likelihood of Morocco ac-
cessing the EU electricity market via trans-
Mediterranean interconnection from the
central Maghreb to ltaly.

In contrast to Morocco's interconnections
with Spain, the ambitious Morocco-to-UK
Xlinks interconnector involves the con-
struction of 11.5 GW of dedicated renew-
able power. The $20 billion project plans
to develop 8 GW of solar power and 3.5
GW of wind power in the Guelmim-Oued
Nour region, which would supply the UK
with a near 24 hour-per-day supply of elec-
tricity via a 3.6 GW interconnector (Xlinks,
2024). The two 1.8 GW undersea cables
will need to traverse the formidable distance
of 3,800 km to supply about 8% of the
UK's power demand, starting in 2030 if
completed (Kumar, 2023). If the Xlinks in-
itiative succeeds in manufacturing and in-
stalling its undersea electricity intercon-
nection of unprecedented length, the project
could set a precedent for Morocco, and
perhaps elsewhere in North Africa, for
future trans-Mediterranean interconnection
megaprojects that include their own dedi-
cated renewable power infrastructure.

Egypt: progress, impasse,
and the way forward for
renewable power

After a period of significant progress,
Egypt's renewable energy development is
at a crossroads. The deliberate coordination
of renewable power infrastructure devel-
opment with offtake mechanisms and mar-
kets will likely become a prominent feature
in Egypt'’s future megaprojects in order to
move the country forward again. The trend
is already emerging with new green
hydrogen megaprojects, reflecting the grow-
ing importance of a green energy ecosystem
approach in Egypt. The disappearance of

The deliberate
coordination of
renewable
power
infrastructure
development
with offtake
mechanisms
and markets will
likely become a
prominent
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Egypt’s future
megaprojects in
order to move
the country
forward again
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electricity surpluses means that Egypt's
trans-Mediterranean interconnection to Eu-
rope will be delayed for a period of time,
making the timeframe for robust exports of
electricity generated from renewable sources
indeterminable. With the logic of the gas-
by-wire approach no longer applicable, the
development of Egypt's trans-Mediterranean
interconnection may also require the coor-
dinated construction of dedicated renewable
power infrastructure.

With the 2015 discovery of the Zohr off-
shore natural gas field, the Mediterranean’s
largest find, Cairo worked to ensure Egypt's
energy security through Zohr's rapid de-
velopment and the construction of three
large gas-fired power plants. By 2019,
Egypt achieved natural gas self-sufficiency
and became a net energy exporter in the
form of LNG. Concurrent with gas-fired
power plants, Cairo built Egypt's flagship
renewable power megaproject — the $4
billion Benban PV solar park, boasting a
1.8 GW installed capacity (New and Re-
newable Energy Authority & EcoConServ,
2016; NS Energy, 2016). Egypt also built
the 580 MW Gabel el Zait wind farm near
Ras Ghareb and the onshore coastal 262.5
MW Gulf of Suez | wind farm (Department
of Economic and Social Affairs, n.d.; Energy
Capital & Power, 2023; Nhede, 2019). By
2022, Egypt had reversed its 6 GW elec-
tricity generation capacity deficit into a
surplus of 15 GW through concurrently
developing natural gas and renewable re-
sources (Farag, 2023).

Egypt's 2035 Integrated Sustainable Energy
Strategy aims to boost power production
from renewable sources to comprise 42%
of the country’s total installed capacity, re-
quiring a 900% increase over its current
renewable power capacity (Daily News
Egypt, 2019). Formulated in 2019 after
the five boom years of renewable energy
development, the strategy calls for 32 GW
from PV solar power, 12 GW from con-

centrated solar power, and 18 GW from
wind power. Egypt's 2023 economic crisis
has cast doubt on its ability to meet these
targets. To cope with its dwindling foreign
reserves, burdensome debt servicing and
a surge in domestic demand, the govern-
ment reintroduced rolling power cuts so
more natural gas could be exported, earning
$300 million per month for Egypt's cash-
strapped treasury (Helal, 2023). The sus-
tained absence of an electricity production
surplus due to a lack of gas to fuel its
thermal plants will hamper Egypt's prospects
to establish a trans-Mediterranean inter-
connection that could serve to create a re-
newable energy supply chain to Europe.

Egypt hopes to access the wider EU elec-
tricity market by the proposed 2 GW Euro-
Africa interconnector to transport electricity
from Egypt to Europe via Cyprus and
Greece or the proposed 3 GW direct
Greece-Egypt (GREGY) interconnector
(Todorovi¢, 2023). Despite Egypt's progress
in establishing interconnections on three
continents, significant power exports will
not occur unless Egypt returns to electricity
surpluses. The soon to be operational $1.6
billion, 3 GW interconnection between
Egypt and Saudi Arabia could be used to
bolster the amount of electricity exports to
Europe through Saudi or even Emirati
green power exports that comply with
CBAM (European Commission, 2024; IEA,
2022; Tanchum, 2020). The planned ex-
pansion of Egypt’s interconnection with
Jordan from 300 MW to 2 GW could
enable Egyptian electricity exports to Jordan
to also enter the under-served electricity
markets of Lebanon, Syria, and Iraq (Arab
Fund for Economic & Social Development,
2023). Egypt also made significant upgrades
to its electricity interconnections with Africa
(Daily News Egypt, 2020). As part of its
2019 exuberance and with an eye towards
bolstering its geopolitical influence, Egypt an-
nounced that it was prepared to export
20% of its surplus electricity to African na-
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tions at up to a 50% discount (Sabry,
2019). At the time of writing, Egypt has
experienced sustained, continual power
cuts. If the present power cuts persist, re-
newable energy supply chains via inter-
connection are unlikely to materialise soon
unless the interconnections are accom-
panied by dedicated renewable power in-
frastructure.

Egypt's current dilemma shows that offtake
for renewable energy by electricity inter-
connection alone is insufficient to incentivise
a sustained renewable energy infrastructure
build-out. Green hydrogen in the form of
green ammonia could enable Egypt to ac-
cess renewable energy markets in Europe
as well as in Asia, given Egypt’s geographic
location and Asia’s interest in replacing
coal with fuel ammonia in its coal-fired
power plants (Tanchum, 2023b). Egypt is
the world's seventh largest ammonia pro-
ducer (Statista, 2023). Already a major
grey ammonia producer, the country can
utilise its existing ammonia storage and
transportation infrastructure for green am-
monia.

Green ammonia is likely to form a central
part of Egypt's low carbon hydrogen strategy
for both domestic use and exports, as re-
ducing the amount of natural gas required
for its domestic ammonia production will
also free up more natural gas to be sold as
LNG. With natural gas supplies to Egypt’s
fertiliser sector having been reportedly cut
by 30% during the current crisis to create
more LNG for export (Khalid, 2023), green
ammonia is vital for the sustainability of
Egypt's market share in the fertiliser sector.
Egypt is likely to develop green ammonia
production concurrently with blue ammonia,
which is produced like grey ammonia except
with a carbon capture mechanism to lower
the carbon footprint of the natural gas-de-
rived hydrogen. ltaly’s Eni, one of Egypt's
leading natural gas partners and Zohr's
lead operator, is eyeing the possibility of
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using Egypt's depleted natural gas fields
for the storage of CO2 produced by carbon
capture. Egypt is currently the world's sixth
largest producer of urea, also used in ni-
trogen-based fertilisers, and could relatively
easily use the captured CO2 for urea
manufacture (Egypt Today, 2021; Eni,
2021).

Egypt's estimated 2019 grey hydrogen
production totalled 1.82 million tons (Habib
& Ouki, 2021). To produce this amount as
green hydrogen would require approximately
16.22 million cubic metres (mcm) of water.
Given Egypt's annual water deficit of 30-
35 bem (Tanchum, 2023e), coastal green
hydrogen production sites with dedicated
water desalination units also powered by
renewable energy are a necessity. To
replace its entire grey hydrogen production
with domestically produced green hydrogen,
i Egypt would also need an estimated 21
GW of electrolyser capacity (Habib & Ouki,
2021), making Cairo likely to opt for some
combination of green hydrogen and blue
hydrogen as it seeks to capture market
share in European and Asian markets. Ulti-
mately, Cairo aims to capture 5-8% of the
global market for green hydrogen. Egypt's
trailblazing green hydrogen project is being
developed by the Norwegian renewable
energy company Scatec and the Dutch-
Emirati fertiliser producer Fertiglobe, in
partnership with the Sovereign Fund of
Egypt. The facility, now in its pilot stage, is
located at the Red Sea port of Ain Sokhna,
near Fertiglobe's subsidiary Egypt Basic
Industries Corporation (EBIC) (Scatec,
2021a). Scatec will operate the Ain Sokhna
facility with Fertiglobe, enjoying a long-
term off-take agreement for the plant’s
green hydrogen output as a feedstock for
EBIC's green ammonia production (Scatec,
2021b). In November 20283, Fertiglobe
made its first consignment of certified
green ammonia from green hydrogen pro-
duced from the Scatec-operated plant’s
pilot electrolyser (Ahram Online, 2023b).

Egypt’s current
dilemma shows
that offtake for
renewable
energy by
electricity
interconnection
alone is
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incentivise a
sustained
renewable
energy
infrastructure
build-out
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At the 2022 COP27 hosted by Egypt in
Sharm EI Sheikh, Egypt's Minister of Energy
signed framework agreements with Aus-
tralia’'s Fortescue Future Industries, India’s
ReNew Power, Dubai-based AMEA, Saudi
project developer Alfanar, the London-
headquartered Africa-focused green energy
developer Globeleq, Total Energies, and
EDF, as well as an MoU with Energy China
(Lewis, 2022; SCZone, 2023). Most of
the agreements concerned project devel-
opment around the Ain Sokhna port and
the Suez Canal Economic Zone (SCZone).
The financing mechanisms of these green
hydrogen and green ammonia projects
form a key factor in determining whether
Egypt will develop a robust green hydrogen
industry. Financing through foreign direct
investment (FDI) or other mechanisms that
do not add to Egypt's debt burden is an
essential requirement.

Among the most promising agreements
signed at COP27 was the framework
agreement signed by a consortium led by
the Unites Arab Emirates (UAE)'s Masdar
and including the Emirati-Egyptian joint
venture Infinity Power, and Egypt’'s Hassan
Allam Utilities for the construction of a 2
GW green hydrogen facility in the SCZone
to be operational in 2026 (Masdar, 2022).
The framework agreement follows two April
2022 agreements signed by Egypt with
the Masdar-led consortium to construct
two green hydrogen facilities with a com-
bined electrolyser capacity of 4 GW. The
other green hydrogen facility is to be built
on Egypt's Mediterranean coast. The 2030
target for the combined output from both
green hydrogen facilities will be 480,000
tons per year (Masdar, 2022). The same
consortium signed an agreement for the
development of a 10 GW wind project,
potentially freeing up about $5 billion in
natural gas cost per year (Masdar, 2023).
The electric output would also be sufficient
to power the green hydrogen production
facilities while providing electricity for other

industrial or residential power needs. A
feature common to newer green hydrogen
megaprojects in Africa, such as those in
Mauritania, is the provision of renewable
power or desalinated water to residents in
regions where new megaprojects are lo-
cated, which would help diffuse the benefits
of renewable energy to the wider popu-
lace.

In August 2023, Egypt established a Na-
tional Council for Green Hydrogen and its
Derivatives to help ensure the country's
regional and international competitiveness
in the sector, particularly overcoming ob-
stacles impeding the attraction of invest-
ments (Ahram Online, 2023a). Sub-
sequently, Egypt's Minister of Finance an-
nounced that Cairo would offer tax incentives
ranging from 33% to 55% and engage in
other financing mechanisms to encourage
green hydrogen investment in the heavily
debt-burdened country (Egypt Today, 2023).
The renewable power foundations that
Egypt established remain, and they still
can be utilised to great effect. Egypt's de-
velopment of a green energy ecosystem
that more deliberately connects renewable
energy production to a diversity of desig-
nated offtake mechanisms could help pro-
vide the country a path out of its present
impasse.

Algeria: gas first, green
second, and the gamble
on piped hydrogen

Despite its enormous potential, Algeria's
renewable energy sector is arguably the
least developed in North Africa. Renewable
power accounts for less than 1% of the
Algeria’s electricity generation (IEA, 2021a).
In 2022, Algeria’s installed capacity for
solar power was 460 MW, while its hydro-
electric and wind power capacities stood
at 228 MW and 10 MW respectively
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(Galal, 2023; IRENA, 2023). The 2030
target of Algeria’'s Renewable Energy and
Energy Efficiency Development Plan is 22
GW of installed renewable power gener-
ation capacity (Ministry of Energy and
Mines, n.d.). Announced in 2011, the
plan would now require Algeria to achieve
a 3,000% renewable power capacity in-
crease in six years, with solar power ca-
pacity reaching 15.58 GW and wind
power reaching 5.01 GW. With less than
1 GW of solar and wind power capacity
combined, Algeria is very far from realising
the plan’s ambition to use a designated
10 GW of the anticipated renewable
power production capacity for exports
(Nachmany et al., 2015).

As Africa’s largest natural gas exporter,
Algeria’s oil and gas sector dominates
the economy, earning 94% of its export
revenues (World Bank, 2022). Like the
difficulties that have often plagued Algeria’s
efforts to develop other industries outside
the hydrocarbon sector, the development
of Algeria’s solar power sector has been
set back by institutional challenges that
have hampered foreign private sector en-
gagement (Tanchum, 2021). Renewable
energy development could be incentivised
through Algeria’s widespread use of re-
newable power to lower the carbon foot-
print of oil, gas and petrochemicals pro-
duction. In 2018, Eni and Algeria’s state-
owned energy company Sonatrach built
a 10 MW PV plant to power the capture
of greenhouse gases in the Bir Rebaa
North upstream oil and gas operations
(Eni, 2018).

In 2020, Algeria began preliminary work
on installing a 3.04 GW rooftop solar
power system at Oran’s Ahmed Ben Bella
International Airport. Supplying about
30% of the airport’s electricity when com-
pleted, the project will contribute to Algeria
reaching its 2030 target 15.58 GW solar
power capacity (Fimer, 2020). Algeria's
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flagship renewable energy megaproject,
the $3.6 billion, 4 GW Tafoukl1 solar
power complex, has floundered for lack
of foreign investment, despite Algiers sus-
pending its requirement to cap foreign
stakeholders at 49%. In 2023, Algeria
issued a new tender for 15 solar PV pro-
jects with an aggregate capacity of 2
GW (Takouleu, 2023), hoping to emulate
neighbouring Tunisia's approach of opting
for multiple, small scale independent
power projects.

While Algeria eyes capturing 10% of the
European hydrogen market, Algiers has
placed its focus on blue hydrogen, de-
claring the eventual development of a
green hydrogen as a long-term goal (Em-
bassy of Algeria to Croatia, 2022). In
March 2023, Algeria unveiled its first
hydrogen roadmap. Although formulated
in cooperation the German development
agency Deutsche Gesellschaft fiir Inter-
nationale Zusammenarbeit (G12) (Algerian
Press Service, 2023), the 30-year frame-
work contains no target commitments to
specific hydrogen types. Four months
prior in December 2022, Algeria signed
a declaration of intent with Germany's
VNG, a subsidiary of German utility EnBW,
to develop a pilot green ammonia plant.
Although Germany's KfW agreed to fi-
nance the 50 MW pilot green hydrogen
facility (lvanova, 2023), the agreement
appears to have been a precursor to
clearing a path for German purchases of
Algerian natural gas. In early February
2024, VNG - previously a main purchaser
of Russian natural gas for German busi-
nesses — signed a landmark deal with
Sonatrach to become the first German
company to buy Algerian pipeline gas
(Burgess & Elliot, 2024).

North Africa-Europe natural gas pipeline
connectivity may prove the greatest im-
pediment to Algerian renewable energy
supply chains based on green hydrogen.

Algeria eyes
capturing 10% of
the European
hydrogen
market, Algiers
has placed its
focus on blue
hydrogen
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The extent to
which Algeria
and its
international
partners
succeed in the
attempt to ship
blue hydrogen
via undersea
pipelines will
determine the
fate of Algeria’s
green hydrogen
industry

Italy, Germany, and Austria are seeking to
create the “SoutH2 Corridor”, which envi-
sions using the undersea natural gas
pipeline interconnection between Tunisia
and ltaly and ltaly’s gas transmission system
to transport hydrogen produced primarily
in Algeria to ltaly and Central Europe
(South H2 Corridor, 2024). However, the
technical and commercial viability of a
trans-Mediterranean pipeline of hydrogen
is questionable (Tanchum, 2024).

In contrast to significantly larger natural
gas molecules, the small hydrogen mol-
ecules severely degrade the hard steel of
undersea natural gas pipelines, permeating
the micro-fissures that develop in the pipe
(Barnard, 2022), leading to an emission
rate much higher than the 3.5% leakage
rate for methane (Burgess, 2021). The es-
caped hydrogen would have a global warm-
ing potential 7.9 times that of the CO2 it is
intended to replace (WARWICK et al.,
2022). Being 8.5 less dense than natural
gas, hydrogen is more difficult to move,
requiring 200% more energy to compress
than natural gas for same quantity of heat
energy, requiring the pipeline network to
have compressor units three times as
powerful, with three times the suction dis-
placement — in addition to special capabil-
ities to prevent the smaller hydrogen mol-
ecules from leaking. The resulting capital
expenditures and operating costs of trans-
portation make hydrogen exports trans-
ported via pipeline over three times more
expensive than Algeria’s piped gas exports
to Europe (Martin, 2020).

The proposal of transporting a blend of
20% hydrogen and 80% natural gas would
not sufficiently resolve the transportation
problems. Even if green hydrogen were
used, the 80-20 blend would not be even
“20% green”. The 80-20 proportion is by
volume, and contains only 86% of the
energy content of the same amount of
natural gas alone. The 80-20 blend requires

14% more of the blend to produce the
same amount of energy as natural gas,
making the greenhouse gas reduction of a
blend with 20% green hydrogen lower
than 6% when accounting for the 13%
more energy required to compress the 80-
20 blend (Martin, 2020).

The extent to which Algeria and its inter-
national partners succeed in the attempt
to ship blue hydrogen via undersea pipelines
will determine the fate of Algeria’s green
hydrogen industry, unless Algiers and its
European partners can be convinced to
also develop Algerian exports of green
ammonia. Barring a policy shift by Algiers,
the absence of a robust green hydrogen
sector means that a gas-by-wire approach
could be the only option for establishing
Algeria-to-Europe renewable energy supply
chains, placing a spotlight on trans-Medi-
terranean interconnection megaprojects.
Absent the rapid development of the pro-
posed 2 GW Algeria-ltaly interconnector
via the ltalian island of Sardinia (Bongarra,
2022), Algeria's only near-term export
offtake option for renewable energy pro-
duction is trans-Mediterranean electricity
interconnection to ltaly via Tunisia.

Tunisia: scaling up to
meet ambitious green
energy targets

In 2022, Tunisia possessed 472 MW of
installed capacity of power generation from
renewable sources, accounting for 8% of
Tunisia’s total installed capacity (IEA,
2021c). Tunisia's wind power capacity
stood at 244 MW, while its solar power
capacity was 166 MW and its hydroelectric
power 62 MW. Tunisia has set a 2030
target for renewable power to comprise
35% of total power generation capacity
(Global Forum on Sustainable Energy, n.d.).
In seeking to achieve an almost 900% in-
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crease in its renewable power capacity,
the Tunisian government has steered away
from megaprojects in favour of attracting
foreign companies to build a large number
of smaller renewable facilities as indepen-
dent power projects. In 2023, Tunisia initi-
ated a tender round for 18 projects with
combined capacity 1.7 GW - ten 100
MW solar power projects and eight 75
MW wind power projects (Enerdata, 2023;
Sambidge, 2023). Given Tunisia’s relatively
small population, these projects collectively
could form the foundation upon which to
develop international renewable energy
supply chains, but would not be sufficient
by themselves.

Tunisia's efforts to expand its renewable
capacity have been revitalised by the 2015
revision of its legal framework to attract
FDI in renewable power development (Je-
nayah, 2023). Still in its early days, the
new concessions regime has met with
initial success. In 2023, the Emirati renew-
able power developer AMEA reached its
final close on a 120 MW solar power plant
in Tunisia's Kairouan governate (AMEA
Power, 2023), being the first solar project
to do so under the new concessions
regime. Beyond the revision of its legal
framework for concessions and authorisa-
tions, Tunisia needs to repair the financial
health and transparent functioning of the
state-owned energy production and dis-
tribution company STEG (Sociéte Tuni-
sienne de I'Electricité et du Gaz), which
oversees the development of offtake mech-
anisms for renewable energy exports,
whether green hydrogen or electricity in-
terconnection. As observed by the World
Bank's Infrastructure Program Leader for
the Maghreb, STEG's achievement of
greater accountability in bills payment and
a workable balance of tariffs, revenue
requirements, and subsidies will greatly
impact Tunisia’s ability to work with inter-
national financial institutions and investors
(Cherif, 2023).

Policy Study n. 34

Tunisia’s National Green Hydrogen Strategy
aims to produce 8.3 million tons of green
hydrogen, 6 million of which are slated for
export (Tunur, 2023). Although Tunisia has
a strong potential for green hydrogen pro-
duction, the limited efforts to develop the
sector have occurred within a development
aid framework. In December 2020, Germany
kickstarted Tunisia's green ammonia de-
velopment with a $36 million development
grant for the construction of a pilot green
hydrogen project now known as H2 Vert
(Smaoui & Rich, 2021). While a devel-
opment aid approach can initiate the de-
velopment of a previously non-existent sec-
tor, both the SoutH2 Corridor project and
green ammonia development in the central
Maghreb are hampered by this limitation.
The concept of the SoutH2 Corridor builds
on a 2021 study published by GIZ as-
sessing the potential of Tunisia’s hydrogen
industry that did not address the previously
discussed challenges involved in transmitting
hydrogen through the undersea natural
gas pipelines ((Terrapon-Pfaff et al., 2021).
Spearheading Tunisia’'s green hydrogen
programme is TuNur, a joint venture between
Tunisian investment group Top Group and
UK-based firm Nur Energie, which came
to prominence through the endorsement
of the Desertec project (Szakal, 2014).

The H2 Vert project was officially launched
in June 2022, and the proof-of-concept
plant is slated to produce 1,500 tons of
green ammonia per year, with GIZ desig-
nated to oversee the implementation of
the project (Zawya, 2022). The economic
logic for Tunisia to develop a green ammonia
industry linked to fertiliser production, along
lines similar to Morocco's engagement
with foreign private sector investors, is
compelling and a viable pathway for scaling
up green ammonia production and the re-
newable power capacity and desalination
capacity it requires. Tunisia can only satisfy
25% of its domestic fertiliser demand
(FAO, 2024). Replacing imported grey am-

Tunisian
government has
steered away
from
megaprojects in
favour of
attracting
foreign
companies to
build a large
number of
smaller
renewable
facilities
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monia with locally produced green ammonia
would boost Tunisia's domestic fertiliser
industry. With a population three times
smaller than that of Morocco, Tunisia would
be well-positioned also to develop an export
industry for surplus green ammonia or
possibly higher value-added fertiliser. Green
ammonia production with dedicated de-
salination infrastructure and renewable
power infrastructure would also facilitate
the provision of affordable green electricity
and desalinated water produced from re-
newable power to local residents.

Trans-Mediterranean interconnection forms
an important offtake mechanism for Tunisia,
which is partnering with ltaly to interconnect
their electricity grids with 192 km-long,
600 MW undersea cable between Tunisia
and Sicily (Industry Europe, 2019). Known
as the EIMed interconnector, the project
was scheduled for completion in 2025,
but now is on track to be completed in
2028 thanks to the financial infusions of
€308 million and $268 million respectively
by the European Commission and the
World Bank (Enerdata, 2022; World Bank,
2023). In contrast to Morocco's intercon-
nections with Spain and Portugal, Tunisia's
interconnection with Italy will enable power
exports to the wider EU electricity market.

Conclusions

Energy production, power generation and
electricity transmission megaprojects have
been means by which nations have secured
their energy supplies and economic uplift.
Possessing the world's largest solar energy
resources supplemented by ample wind
energy resources, North Africa can achieve
these objectives through the development
of renewable power generation capacity.
The region’s renewable resources are so
enormous that the countries of North Africa
could become electricity self-sufficient as
well as leading exporters of renewable

power. Profits from exports would provide
the return on investment that would attract
the foreign private sector partnerships
necessary for the required infrastructure
build-out. Since nearby Europe is the major
export market for North African renewable
energy supply chains, Euro-North African
cooperation to develop North Africa’s ca-
pacity to produce and transport renewable
power in a mutually beneficial manner is a
geopolitical and economic imperative.

The major finding of this chapter is that re-
newable energy megaprojects in North Af-
rica require better and deliberate coor-
dination between the development of re-
newable power generation infrastructure
and the development of offtake mechanisms
for the service of clearly identified domestic
and especially export markets. The offtake
mechanisms can take the form of electricity
interconnection, green hydrogen, the green
hydrogen-derivative green ammonia, or
agri-food and manufactured products pro-
duced using renewable power. This delib-
erate coordination occurs most directly
with the construction of dedicated renew-
able power generation infrastructure as
part of the offtake mechanism development.
The diffusion of socioeconomic benefits of
megaprojects to local residents is also
more easily accomplished with dedicated
renewable power generation infrastructure.
This has been seen in the growing trend in
green ammonia production projects, in
which part of the renewable power gener-
ation capacity is used to supply affordable
green electricity to local residents or af-
fordable drinking water is provided by the
desalination units of the green ammonia
facility that use renewable power.

Private sector participation is an essential
factor in the equation for success, requiring
the careful cultivation and management of
private sector relationships by North African
governments and their international partners.
Morocco has demonstrated strong success
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in this regard, and serves as a model.
Recent legal reforms in Tunisia and
private sector incentives in Egypt have
met with initial success and should be
expanded.

Green hydrogen is rising in prominence
as an export offtake mechanism for re-
newable power and is proving to be a
fundamental element in the growth of
green energy ecosystems in North Africa.
Morocco is on track to produce 1-3 million
tons of green ammonia per year, sufficient
to replace imported natural gas-derived
ammonia for its fertiliser industry and to
become a major exporter of renewable
energy as seaborne shipments of green
ammonia. Egypt’s green ammonia sector
is attracting significant foreign investment,
with multiple projects under development
that will help lift Egypt’s renewable energy
sector out of its current impasse. These
projects will help Egypt's already devel-
oped fertiliser industry to become more
resilient to fluctuations in the amount of
natural gas supplied to the sector by
Egypt's natural gas industry, which is
under pressure to export natural gas to
earn foreign exchange. If the multiple
megaprojects for which each has signed
framework agreements are developed
and become operational, Cairo will be
on track to reach its target of capturing
5-8% of the global green hydrogen market.

Seaborne green ammonia export would
also provide Tunisia with increased flexibility
as it is slated to rely on its pipeline inter-
connection with ltaly to transport hydrogen
gas in conjunction with natural gas-rich
Algeria, which is focusing on piped ship-
ments of blue hydrogen. Not requiring
pipeline interconnection, seaborne green
ammonia shipments would also allow
Tunisia to participate in green hydrogen
trade flows with either Morocco or Egypt.
Green ammonia could also revitalise Tuni-
sia's fertiliser industry, which currently

Policy Study n. 34

cannot even supply its own domestic de-
mand.

Natural gas-rich Algeria is focused almost
entirely on the development of blue
hydrogen exports, primarily transported as
hydrogen gas through existing cross-border
natural gas pipelines. The commercial and
technical feasibility of this transport mech-
anism has not been adequately addressed
by Algiers nor its EU member state partners.
With its emphasis on blue hydrogen gas
shipments and secondarily blue ammonia
exports, Algeria has set no hard targets for
green hydrogen development, and therefore
green hydrogen is unlikely to spur the de-
velopment of renewable power generation
capacity, barring a policy shift by Algiers.
Employing renewable power to lower the
carbon footprint of Algeria’s oil, natural
gas, and petrochemicals operations could
incentivise the development of renewable
energy infrastructure.

The absence of a robust green hydrogen
sector means that Algeria’s only way of
establishing renewable energy supply
chains for export is through electricity in-
terconnection, primarily trans-Mediterra-
nean interconnection megaprojects to
Europe either directly via the ltalian island
of Sardinia or indirectly to Italy via Tunisia.
Algeria is the sole country in North Africa
currently capable of succeeding in a gas-
by-wire approach that would create trans-
Mediterranean interconnection infrastruc-
ture. This infrastructure could subsequently
be used for electricity exports generated
by renewable power, but is unlikely to be
sufficient to incentivise investment in the
development of renewable power gen-
eration capacity.

Cross-border electricity interconnection,
particularly trans-Mediterranean intercon-
nection for North African power exports
to reach the wider EU electricity market,
remains an offtake mechanism with great
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potential. Across the region, the gas-by-
wire approach has not succeeded in cre-
ating sufficient North Africa-to-Europe
electricity interconnection to incentivise
investment in a large-scale build-out of re-
newable power generation capacity. Several
of the initiatives to develop trans-Mediter-
ranean interconnections would benefit from
the construction of dedicated solar power
and wind power infrastructure as part of
the interconnection projects. The Morocco-
to-UK Xlinks mega-interconnector may
serve as a model of how to enhance trans-
Mediterranean interconnection megaprojects
that have struggled to progress in their
development.

A green energy ecosystem, in which in-
termediate and finished products are
produced using renewable energy, serves
as the foundation for the formation of di-
verse and robust renewable energy export
supply chains. In the case of Morocco
and to a more limited extent Egypt, green
energy ecosystems emerged from the
production of green hydrogen, in the form
of green ammonia, to service each
country’s fertiliser export industries. Algeria
and Tunisia have the potential to follow a
similar course of development. Since fer-
tilisers and hydrogen imports form two of
the six initial sectors targeted under the
EU’s Carbon Border Adjustment Mech-
anism, the development of green ammonia
capacity is a matter of urgency for Morocco
and potentially the other North African
states. The matter is also critical for North
Africa’'s European customers who seek
to ensure the security of their supplies
under the tightening carbon tax regimes.

The production of low carbon export
products could incentivise the devel-
opment of additional renewable power
generation capacity, particularly through
construction of dedicated solar and wind
power infrastructure. Morocco's consider-
able agri-food and automotive exports to

Europe could form the basis of Morocco-
to-Europe renewable energy supply chains.
Tunisia's automotive components export
industry could similarly export lower carbon
footprint components through manufac-
turing that uses renewable power. Egypt
could do the same with home appliance
manufacturing, which is emerging as an
important finished goods export sector.
Egypt and Tunisia could lower the carbon
footprint of their agricultural exports, par-
ticularly through water desalination and
irrigation powered with electricity gener-
ated from renewable sources. Mining and
metals processing in each of the five
North African countries is another sector
that could incentivise the development
of dedicated renewable power generation
capacity in the cases in which the size of
exports to Europe warrant the investment.

Conventional development aid framework
approaches to the construction of renewable
power megaprojects and interconnection
megaprojects will have decreasing utility
in moving North Africa’s green energy tran-
sition forward. Private sector investments
are proving to be an effective engine of
growth for green energy sectors in Morocco,
Egypt, and Tunisia. Such investments can
be attracted through legal and regulatory
reform and facilitated by public-private part-
nerships and export credit agency financing
guarantees. EU and EU member state in-
struments are adept at achieving these
outcomes.

By focusing more on the deliberate co-
ordination of renewable power generation
infrastructure and offtake mechanisms
for clearly defined export markets, Europe
and North Africa can cooperate to de-
velop North Africa’s capacity to produce
and transport renewable power in a win-
win manner that furthers global energy
transition and diffuses economic benefits
to citizens on both shores of the Medi-
terranean.
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Recommendations

¢ Better and deliberate coordination
between power production and off-
take mechanisms

Initiatives in North Africa require better
and deliberate coordination between
the development of renewable power
projects and the development of offtake
mechanisms, whether green hydrogen
or electricity interconnection.

* More emphasis on dedicated re-
newable power generation as part
of offtake mechanism development

The deliberate coordination occurs
most directly with the construction of
dedicated renewable power generation
infrastructure as part of offtake mech-
anism development.

* Dedicated renewable power gen-
eration infrastructure should include
the supply of affordable power or
affordable desalinated drinking
water to local populations

The diffusion of socioeconomic benefits
of megaprojects to local residents is
also more easily accomplished with
dedicated renewable power generation
infrastructure. This has been seen in
the growing trend in green ammonia
production projects, in which part of
the renewable power generation ca-
pacity is used to supply affordable
green electricity to local residents or
affordable drinking water is provided
by the desalination units of the green
ammonia facility that use renewable
power.

« Greater focus on offtake mechanism
through green energy ecosystems
that produce low carbon exports
products with renewable energy

Policy Study n. 34

The production of low carbon export
products could incentivise the de-
velopment of additional renewable
power generation capacity, particu-
larly through construction of dedi-
cated solar and wind power infra-
structure. Morocco's considerable
agri-food and automotive exports to
Europe could form the basis of Mo-
rocco-to-Europe renewable energy
supply chains. Automobile com-
ponents manufacturing in Tunisia
and home appliance manufacturing
in Egypt provide additional promising
North Africia-to-Europe renewable
energy supply chains.

Greater focus on green ammonia
and fertiliser production as entry
industries for renewable energy
supply chains

Green ammonia and fertiliser produc-
tion are entry industries for the devel-
opment of green energy ecosystems
and renewable energy supply chains.
Highly developed fertiliser manufac-
turing sectors have incentivised green
ammonia development, as seen in
Morocco. This developing trend should
be further facilitated in Egypt. This
pathway should be incorporated into
investment plans for renewable energy
in Algeria and Tunisia, helping each
country to meet its own domestic
fertiliser demand. Seaborne green
ammonia export would also provide
Tunisia with increased flexibility as it
is slated to rely on its pipeline inter-
connection with Italy as its only offtake
mechanism.

North Africa-Europe electricity in-
terconnection project should include
dedicated renewable power infra-
structure

The development of robust trans-
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Mediterranean electricity interconnec-
tion can be boosted by the coor-
dinated construction of dedicated re-
newable power infrastructure.

Use renewable power to “green
oil, gas, and petrochemical oper-
ations, particularly in Algeria

For the hydrocarbon energy producers
of North Africa, the use of renewable
power to lower the carbon footprint of
oil, gas and petrochemicals operations
could form an element in catalysing
the development of a green energy
ecosystem, particularly in the case of
Algeria.
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