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Abstract
This thesis is realized within the framework of KTH Master of Sustainable Energy Engineering in
collaboration with Global Wind Power France. The study conducted hereafter analyses the potential of
wind power in North Africa. Focusing on Morocco, Algeria, Tunisia and Egypt, it aims at identifying the
opportunities for onshore wind power in the region. To realize greenfield development in an emerging
market is challenging and requires some knowledge of the country’s energy background, policies and
legal framework in place. First, the study compares the four countries on six necessary criteria that we
considered mandatory for a small or medium company to develop wind business in the region. Secondly,
the risk of developing wind projects (from a private company’s point of view) is evaluated using five
additional criteria such as the presence of an energy regulator, the land use rights or the mechanism of
electricity purchase. Finally, one scenario per country is made up to evaluate the financial viability of a
project. Taking into account the wind data of four selected areas, and the risks criteria exposed
previously, the Net Present Value (NPV) of four potential projects is determined. Based on this two
times analysis, the study gives a complete picture of the possibility and profitability of wind farms
development in the region. As a conclusion, the study points out the most suitable country to invest in
but also highlight the lacks in the different wind markets and regulatory frameworks. Far from judging
the choices of the governments, the objective is to foresee the development of those countries and keep
a head start on future regulations that would make profitable the development of wind power.
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1 Introduction
Wind power is a mature technology presenting warranties and technology reliability. Denmark produced
35% of its electricity from wind power in 2014 and has a target of 100% renewable energy in the
electricity mix by 2050. In Germany the wind market is growing very fast, so is France with more than
40 companies sharing the business of greenfield development. However, this business is highly
dependent on subsidies. Given the current legislation, Denmark’s onshore remaining space is almost
non-existent. A new market, offshore, taking advantage of policies still favourable to wind power and a
reviewed legislation, is opening. As the technical challenges are different, an invitation to tender is most
of the time needed, which requires resources, both financials and human, restricting the market to the
biggest companies. In Europe, most of the windiest onshore areas, in countries having favourable policy
toward wind power, are under study by projects developers. The development activity is therefore
moving to lower wind speed areas. For an investor (the farm owner), since the price of a wind farm is
directly related to its production capacity (itself driven by the amount of wind on the site), the return on
investment of new European farms is decreasing.
For the hereinabove reasons, at the scale of a small or medium company, it is necessary to evolve by
extending to new markets and sizing opportunities in developing countries.
North Africa is a fast growing region with important needs in electricity. The current energy mix, based
on fossil fuel is risky, both from an economic and from a security of supply point of view. In Renewable
energy perspectives for the North African electricity systems: A comparative analysis of model-based scenario studies
(Bernhard Brand and Kornelis Blok, January 2015), it is admitted that the North African energy system’s
evolution is hardly predictable. However, all of the scenarios agree about an imminent transition in the
electricity system. With the growing attention paid on sustainability and carbon emissions, and the
increasing scarcity of fossil fuels, this transition might either take the form of an explosion of renewable
energy or the implementation of nuclear power. Economic and geopolitical dimensions of renewable vs. nuclear
energy in North Africa (Marcus Marktanner and Lana Salman, February 2011), studies those two
development scenarios from an economic and geopolitical point of view. Conclusions of this article
highlight the scepticism of the international opinion toward nuclear power in countries where political
stability is not always ensured and where non-democratic regimes could threaten security. From a socioeconomic point of view, although the price of electricity would be cheaper with nuclear energy, the study
did not stressed higher benefits for the population with nuclear power (taken into consideration job
opportunities and economic development such as industry’s development or electricity trade). On the
other hand, the potential of the region for renewable energy technologies is huge and offers great
opportunities. If the choice were made to follow this path, the North African countries would receive
the approval of the international community and especially the European one. Investments would rise,
not only in renewable energy sector, and the dependency of importing countries like Morocco and
Tunisia would be reduced. In the long term, the region might become a net electricity exporter and
develop its relations with Europe to become a key economic player on the international stage.

Objectives
The objective of this thesis is to evaluate the different electricity markets of the North African region
from a risk and profitability perspective in order to determine best locations and best timelines for a
small or medium company to enter the wind power market. Each country has its own targets and
policies in term of renewable energy. Being a pioneer of wind power in expanding countries is
challenging, as it normally requires time to get used to the policy instruments and other legal frameworks
or processes in place. To successfully enter the North African wind power market in the present context,
a risk over profitability analysis is carried out.
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To fulfil the objective stated hereinabove, the thesis will answer the following research question: Where
and when should a SME enter the wind energy markets of North Africa?

Methodology
To successfully develop a wind farm in an emerging market, there are two requirements. First, the
context and legal framework must make the development of the technology feasible. Secondly, the
project must be profitable for the private company.
Following a short overview of the four studied countries, the report is articulated around those two
requirements. To evaluate the feasibility of project development, a comparison of Morocco, Algeria,
Tunisia and Egypt on six key criteria is realized. Those criteria, judged necessary to business
development, are the following: a growing electricity demand, a growing price of electricity, a
governmental policy toward renewable energy, a reliable grid, an electricity market open to IPPs and a
legal framework presenting schemes for the development of wind farms by private parties. At the
beginning of each comparison, a justification of the mandatory nature of the criterion is provided. Then,
the criterion is examined country per country to give a better understanding of the specificity of each.
Finally the comparison is summarized in a table and an intermediate conclusion on the respect of the
criterion is established.
The second chapter of the report assesses the risk and profitability of developing wind farms in
Morocco, Algeria, Tunisia and Egypt. We can agree that the objective of every investment organisation
is to earn money. Two parameters are therefore important, the earnings promised by the project and the
level of risk. The most valuable the project is, the higher the investment can be, but the investor also
aims at limiting the risk of lost. Thus, even if a project is highly profitable, if the probability of loosing
the invested money is too important, investors will look away. Investment risk in renewable energy
projects is subjects to numerous studies around the world including Wind farm investment risks under
uncertain CDM benefit in China (Ming Yanga, François Nguyenb, Philippine De T’Serclaesb and Barbara
Buchnerb, March 2010), Solar power investment in North Africa: Reducing perceived risks (Nadejda
Komendantova, Anthony Patt and Keith Williges, December 2011) or Perception of risks in renewable energy
projects: The case of concentrated solar power in North Africa (Nadejda Komendantovaa, Anthony Patta, Lucile
Barrasb and Antonella Battaglinib, January 2012). All of those researches agree on the fact that today’s
measurement tools and models make wind studies and financial models reliable enough to ensure
suitable level of risk for investors. The real risk comes from the regulatory (i.e.: the legal framework set
by the government). While previous researches have focused on the risks related to the tariff mechanism
(incentives given on the sale of electricity such as: feed in tariff, green certificate, quotas, among others),
this study will look at a broader picture and evaluate the influence of the following parameters on the
profitability of a project: the deciding institutions (and more specifically the presence of a ministry for
energy and an energy regulator), the maturity of the market, the tariff mechanism, the grid connection
and the land use right. As per the six first criteria, the study compares Morocco, Tunisia, Algeria and
Egypt but rather than looking at the mandatory nature, it evaluates the impact of the criterion on the risk
level of a project.
Finally, the last part of the study considers all of the above-mentioned criteria and elaborates four
scenarios (one per country) based on similar farm conditions (same turbine types and number) to
determine which project would be the most valuable. To do so, the wind potential of the four territories
is detailed. Then, four sites, among the windiest of each country, are chosen and 6 months wind data are
recovered. A turbine manufacturer and a turbine type are chosen, depending on existing wind farms. In
order to reduce costs, the manufacturer is chosen based on its establishment in the studied countries.
The turbine type is determined according to the wind conditions. By combining the wind speed data and
the power curve of the turbine, an estimation of the produced power per year is calculated. To
determine the profitability of the projects, a financial model is used. The financing scheme is singular for
-10-

each project. The share of equity that must be brought by an investor as well as the interest rate of loans
depend on the reliability of the project. A low risks project can entitle low interest loans. Based on the
five criteria studied in the first part of chapter 2, the risk level of each project is assessed. Given all those
parameters, the NPV (Net Present Value) of the scenario projects are determined.
Thanks to a two times analysis, the study gives a full picture of the possibility and the profitability for a
small or medium private company to develop wind projects in Morocco, Algeria, Tunisia and Egypt. As
a conclusion, the feasibility of wind project by a SME, without going through an offer to tender, is
ensured. The financial analysis points out the most profitable country given the development risks and
the financing conditions. To fully answer the research question, the conclusion also highlights the lacks
in the legal framework to foresee any adjustment in the policies instruments that would make wind
power development viable in a close future.
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2 Country overview
2.1 Morocco
Morocco experienced a GDP growth of 4,4 % in 2014. Leading economy of the region, the government
is investing lots of efforts in creating a favorable climate for the economic development. At a national
scale, this means liberalization of market with more space for competition and development of foreign
investment. 40% of the population is leaving from agriculture, mostly cereal, despite the difficult climate
and the frequent dryness. Industries and especially the mining one are well developed, Morocco being
the third world producer of phosphate. Manufacture is also an important sector of the Moroccan
industry. More specifically, textile factories represent 42% of the manufacturing jobs. Finally, the service
sector is driven by an increasing touristic activity that requires lots of energy.
The territory is controversial. Morocco alone is 446 550 km² but the Western Sahara (266 000 km2),
which legal status is unclear and contested, is controlled at 80% by Morocco. Claimed by both Morocco
and the Sahrawi Arab Democratic Republic (SADR), this area has a very high wind potential and is
currently included in every political decision of the Moroccan government.
The country’s population was around 33 millions in 2013 (500 thousand people in Western Sahara), and
is expending in average by 1,5% per year.
In terms of energy, Morocco is relying on hydrocarbons. The country has some production of oil and
gas but is a net importer of fossil fuels. It has two oil refineries which products are destined to local
consumption. To put figures on those statements, Morocco produced 5,100 oil barrels per day (bbl/day)
of petroleum in 2013 while total consumption was 209,000 bbl/day. In 2012, Morocco completed a 3.35
million barrel-capacity oil tank to secure oil resources and to mitigate dependency risks. More tanks are
under construction in the port of Jorf Lasfar. As per natural gas, the consumption was 38 billion cubic
feet (Bcf) in 2012 from which only 2 Bcf were met by local resources. The Pedro Duran Farell pipeline
(Europe Maghreb gas pipeline) transports natural gas from Spain to Algeria through Morocco. As transit
fee, Morocco receives an amount of gas every year from the pipeline operator. Considering Western
Sahara’s territory, Morocco would hold 20 trillion cubic feet of recoverable shale gas resources.
Since the closing of the Jerada coal power plant due to too high operational cost, and the scarcity that
resulted in 2000, Morocco also has to import the totality of its coal consumption. To ensure security of
energy supply, the government diversifies resources and countries of importation. Coming from USA,
Columbia and South Africa, this coal amounts to 6 million tons per year, and is expected to rise to 9,5
million tons by 2017. In addition, according to the Arab Oil and Gas Journal, the government plans to
reach 42 % of renewable energy in the electricity consumption by 2020. The first law for renewable
energy concerned self-production and was enforced in June 2008. Thanks to the important reserves of
oil and gas of Algeria, Libya and Egypt, Morocco takes advantage of a relatively cheap energy.
From the electricity point of view, Morocco also made the choice of diversification. As the graph
hereafter shows, the electricity production is functioning almost at equal share with coal, oil and gas.
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Figure 1: Share of electricity production per source in Morocco
(Sources: International Energy Agency)

Wind and hydro are the two sources of renewable energy that slowly start to emerge.
It is important to notice that 17% of the electricity used in the country is imported. Electricity imports,
added to the primary sources of energy ones, also contribute to mitigate the dependency of the country.
Interested in nuclear energy to meet the demand and reduce the cost of energy imports, Morocco
equipped itself with a National Center for Scientific Nuclear Technologies (Centre National de l’Energie, des
Sciences et des Techniques Nucléaires CNESTEN). A project of building a nuclear power plant (two reactors
of 1000 MW each) by 2024 exists since 1984. The location has been chosen close to the ocean, in Sidi
Boulbra. With several plans and partnerships with Europe for renewable energy projects, the Moroccan
government is looking for more insurance in its energy supply. The energy background is likely to
change in the coming years. Sidelining fossil fuel, nuclear power and renewable energy, including solar
which is not significant yet, should soon play a major role in the electricity production of the country.
The demand is for an important part due to a heavy industry sector. As shown on the graph hereafter, it
accounts for 44% of the consumption while the commercial sector (tertiary sector) only represents 17%.
This is a typical profile of developing countries, which still take its economic growth from wellestablished industry while developing their tertiary sector.

Electricity consumption per
sector Morocco
Commercial
and Public
Services
17%

Residential
33%

Agriculture
Forestry
Fishing
5%

Transport
1%

Industry
44%

Figure 2: Electricity consumption per sector in Morocco
(Sources: International Energy Agency)

-13-

2.2 Algeria
The GDP growth of Algeria reached 3,0 % in 2014. Since its economy is based on fossil fuel exports,
and because Algeria is a member of the Organization of the petroleum exporting countries (OPEC), it is
likely that the development of its economy keep growing for the next few years, despite the recent fall of
oil prices. During the last decades, the government invested a lot in industries, developing transport,
plants and universities. In spite of the liberalization of markets since 1994, the industry keeps struggling
on the international market. Agriculture is still very important in the country, employing 23 % of the
population and accounting for 10% of the total GDP. The territory is vast, but like the neighboring
countries, agriculture is dependent on the difficult climate. Consequently, the sector is water and energy
intensive. The industry is driven by hydrocarbons, which represent by far the main wealth of the
country. Among other industries, food processing and iron and steel (Algeria has important iron
reserves) are the most developed. Looking at the tertiary sector, tourism is the leading activity. Transport
also represents a great source of employment in the country. The rails and roads networks size increased
a lot over the past few years, especially in the North.
The territory is huge, 2 381 741 km² although half of it is desert and therefore unexploited. The windiest
spots are located in the center of the country, almost the same place where the fossil fuels deposits are.
The population was 39,20 millions people in 2013 and increases by almost 2% every year (highest rate of
the North African countries).
Together with Libya, Algeria is the main player of North Africa on the fossil fuel exporting market.
Ranked 19th on the list of country per proven reserves of oil, Algeria is part of the OPEC since 1969,
which gives it a powerful position on the energy market. Natural gas is also plentiful. Added to the
Egyptian reserves, the gas resources account for 4% of the world’s proven reserves.
Oil and gas are exported but are also the main energy source in the country. Sonelgaz, the state owned
company, is by law responsible for oil and gas projects and owns 80% of hydrocarbon’s production.
Today, only 15% of the oil and 15% of the gas produced in the country are used for domestic
consumption. Both resources are exported mainly to Europe and secondary to the United States.
Due to its important resources, the energy mix of Algeria is structured around fossil fuels. Deeper
looking at the electricity production, the role of gas and oil in the country is obvious: oil serves for
transportation and gas for electricity generation. The graph hereafter shows the electricity production
per source of energy.
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Figure 3: Share of electricity production per source in Algeria
(Sources: International Energy Agency)
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Except from hydro, no electricity is produced from renewable sources. Nuclear power has been
mentioned several times over the last 20 years, but yet, no actual project is in progress.
Like Morocco, two main sectors are consuming electricity: the residential and the industrial ones. Wealth
of the country, the extraction of fossil fuel is also energy consuming, so is the mining of steel and iron.
The graph hereafter shows the repartition of electricity consumption per sector.

Electricity consumption per
sector Algeria
Agriculture
Forestry
Fishing
3%

Residential
36%

Other
22%

Transport
2%
Industry
37%

Figure 4: Electricity consumption per sector in Algeria
(Sources: International Energy Agency)

Independent and self sufficient on energy, Algeria should however consider alternative sources to
foresee a potential scarcity of petrol and save its resources to export. Recently, the government launched
plans for renewable energy. Although the current framework for renewable energy is not yet among the
most attractive ones, the plans take into consideration a transition phase before setting very ambitious
targets for 2030.
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2.3 Tunisia
The country had a GDP growth of 2,5% in 2014. Similarly to its neighbors, Tunisia’s development has
slowed down the last few years after reaching a fair level of wellness. During the last two decades, the
country engaged itself in a policy of markets liberalization where the state does not participate anymore.
Recently, Tunisia opened up to international trade through the free trade agreement between Europe
and Tunisia that was enforced in 2008. Overall, the economy looks similar to the Moroccan one with an
agriculture based on cereal, date, citrus fruits and olive. The industry is driven by energy and mining and
consequently, the relevant ministry is named Ministry for Industry, Energy and Mining. Tunisia owns
huge resources of phosphate and a little bit of fossil fuels. The third industry of the country is the textile
manufacture. Tourism is driving the tertiary sector and, similar to Morocco and Algeria, this activity
requires significant amounts of energy. To summarize, the economy of Tunisia is the most diversified of
the region but also the most liberalized. First economy of North Africa in term of GDP per inhabitant,
Tunisia is together with Morocco classed as a middle-income country.
From a legislative point of view, Tunisia faces an inexperience situation. Indeed, a new constitution was
enforced in 2014. The progresses are many, right of religion, fundamentals liberties and women’s right
are some of those . On the other hand, the legislative system has been reviewed and the recent law for
energy has been considered to be against the constitution.
The territory of Tunisia is only 163 610 km² but it has a large access to the Mediterranean Sea and an
ideal position for trade with Europe. The population is three times less than in Morocco (10,89 millions
people in 2013) but keeps growing at a rate of 1,0% per year.
From an energy resources point of view, Tunisia’s position on the market is similar to the Moroccan
one. The production of petroleum has been decreasing during the last 30 years, going from 120 000 oil
barrels per day in the eighties to 34 000 bbl/day nowadays. This roughly represents one third of the oil
demand in the country. The remaining energy has to be imported. To withstand the important rise of
energy demand, the government plans to increase the production in the coming years. Shale gas and
shale oil resources have recently been discovered in two locations in the south of the country. The
Enrico Matte Pipeline (or Trans-Mediterranean Pipeline) transports gas from Algeria to Italy through
Tunisia who takes an agreed amount of gas as royalty.
At the opposite of Morocco, the governments chose the cheapest way to produce electricity with gas
imported from the neighbors. The graph hereafter clearly demonstrates the lack of interest in mitigating
the risk of dependency.
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Figure 5: Share of electricity production per source in Tunisia
(Sources: International Energy Agency)
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With 98% of its electricity produced from gas, and few electricity imports, Tunisia is vulnerable to
scarcity of raw material and fluctuating prices but also to changes of policies of the gas exporting
countries.
Two projects of nuclear reactors (the first of 700 MW and the second of 1000 MW) are under study for
2024 despite the recent talk of M. Zakaria Hamad, Minister of Industry, Energy and Mining who said
that for technical reasons, no nuclear projects would be possible before 2030.
Similar to Morocco, electricity demand is high in the residential sector. It is important to notice that
those two countries are relying a lot on tourism and that residential sector also includes hostels and
facilities dedicated to this activity. The diagram hereafter exhibits the repartition of electricity
consumption per sector of activity.

Electricity consumption per
sector Tunisia
Commercial
and Public
Services
27%
Agriculture
Forestry
Fishing
6%

Residential
30%

Industry
36%

Transport
1%

Figure 6: Electricity consumption per sector in Tunisia
(Sources: International Energy Agency)

If today renewable energies only represent a very small share of the total energy consumed in the
country, Tunisia has claimed its will to be part of the DESERTEC super-grid and set the ambitious
target of 25% renewable energy by 2030. To do so, some regulation changes (and especially the opening
of the market to private companies) are expected in the coming months.
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2.4 Egypt
With a growing GDP of 2,2% per year, the development of Egypt is quite similar to the one of the
neighboring countries. Third power of Africa, Egypt is however still considered as a developing country.
During the last decade, a policy of decentralization and liberalization of the markets raised the GDP to
7% per year. However, 20% of the population is still living under the poverty limit. The main wealth of
Egypt is its fossil fuel resources that are responsible for 9% of the GDP and 40% of exports in 2008.
Agriculture is well developed especially around the Nile borders where its rise irrigates the fields. From
the point of view of industry, mining of metals is the most important sector. Finally, like other North
African countries, tourism is a very important activity, not only for resorts and hotels but also for
sightseeing.
After the revolution of 2011 that dismissed the president Hosni Moubarak, a new constitution was
established in 2012. One year after its election, the president Mohamed Morsi was overthrown by a coup
d’état of the military forces. Followed a review of the constitution (Constitution 2014), which is currently
in place. Despite this political instability, new regulations for renewable energy have been adopted end of
2014. Among others the New Electricity Law 203-2014 ratify the Draft Electricity Law of 2008 that was
still pending and set a Feed in Tariff incentive for wind projects.
With its big territory (1 001 450 km²), Egypt enjoys a privileged position, corner between Europe, Asia
and Africa, having access to the Mediterranean Sea as well as the Red Sea and controlling the Suez
Canal.
Egypt is the most populated country of North Africa with 90 Million people and a growth rate of 1,6%
per year in 2014.
Looking at the energy of the country, it owns important resources of oil and natural gas. Though the
country is not a member of the OPEC, it is part of the Gas Exporting Countries Forum (GECF). Not
being part of the OPEC organization gives it a considerable independency in the choice of its selling
price but also in its policy toward its resources. Thanks to its position, it is a major route for oil and gas
transit around the world. As discussed before, fossil fuel constitutes the biggest part of the country’s
exports and is the main source of wealth. Despite huge refinery capacities, the production of oil in Egypt
fell by 28% from 2009 to 2013. Egypt is the biggest oil and natural gas consumer of Africa and the
demand keeps increasing by an average of 3% per year. The production is expected to decrease so that it
will not even cover the consumption by 2020 and the country will become a net oil importer.
From an electricity point of view, the country obviously relies on its natural resources to generate
electricity. The graph herein below shows the electricity production per energy source.
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Figure 7: Share of electricity production per source in Egypt
(Sources: International Energy Agency)

Historically, the country used to produce almost 70% of its electricity from hydropower. Since the
1990s, this share kept decreasing to account for 8% in 2015. Facing dryness and conflicts for the Nile’s
water use, the shift to a more secure energy is understandable. However, in regard of the important solar
and wind potential of the country, an increase of renewable sources in the production of electricity
would profit the economy by saving fossil fuel to export and foresee the loss of natural resources.
The consumption is driven by the residential sector, which is of course due to the important population
and the tourism activity. Industry and services account for one forth each, which shows an important
tertiary sector in comparison with the others countries.

Electricity consumption per
sector Egypt
Commercial
and Public
Services
24%

Agriculture
Forestry
Fishing
5%

Residential
43%

Industry
28%

Transport
0%

Figure 8: Electricity consumption per sector in Egypt
(Sources: International Energy Agency)

In 2014, renewable (hydro included) only met 4% of the energy demand. However, Egypt has already
several wind farms and a liberalized market favorable to the development of this kind of energy. If the
recent riots and political shifts slowed down the regulatory improvement, the targets for 2020 and 2030
are still high.
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3 Chapter 1: Feasibility of wind project
To determine the feasibility of wind projects in Morocco, Algeria, Tunisia and Egypt the study analyses
six criteria that are necessary for the introduction of a small or medium company in the North African
market.

3.1 Growing Electricity Demand
Although sustainable development encourages energy efficiency and electricity rationalisation, from a
business point of view, if the electricity demand decreases, the installation of new production unit is not
necessary. In developed countries, politics can impact the energy system so to shift the electricity
generation from one technology to another keeping a constant electricity demand. Germany is the
perfect example, with the shift from nuclear power to coal and renewable energy. In developing
countries however, the government’s objective in term of electricity production is different since the
primary goal of politics is to improve economy and population’s living standards. The implementation of
renewable energy must come as a necessity for the security of supply rather than a tool to mitigate global
warming.

Morocco
More than the population growth and the economic development, it is probably the grid development of
the past 20 years that justifies the strong increase of electricity demand in the country. The graph
hereafter shows the evolution of the demand since 1980.

Figure 9: Net electricity demand in Morocco between 1980 and 2012
(Source: US Energy Information Administration)

Between 1980 and nowadays, the electricity demand of the country has been multiplied by 5: going from
5 billion kilowatt-hour (kWh) to more than 25 billion in 2010.
Morocco is a net importer of electricity. Indeed, in 2012 5660 GWh were imported and only 818 GWh
were exported. This share of import accounts for 17% of the total electricity consumption and puts the
country in a position of dependency on its neighbors. Peaks of consumption happen at the end of the
day around 21:00 as demonstrated in the graph hereafter:
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Figure 10: Hourly consumption of electricity in Morocco
(Source: Office Nationale de l’Electricité et de l’Eau)

The difference of electricity charge between summer and winter is less significant in North Africa than it
is in Europe. While in Northern Europe a larger amount of energy is used in winter for heating, in
North Africa the electrical peak happens in summer. Indeed, the climate requires air conditioning in
summer and heating in winter, which lower the delta of consumption between seasons. The trend,
however, is showing an increase. Every year, the peak of consumption is higher than the previous one.
In line with the increase in life standards, more and more households are equipping themselves with air
conditioners.
Algeria
The graph hereafter shows the evolution of electricity demand since 1980. Although the trend looks the
same as Morocco, it is important to notice that the total amount of energy consumed is almost two
times higher.

Figure 11: Net electricity demand in Algeria between 1980 and 2012
(Source: US Energy Information Administration)
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The hourly consumption is similar to the Moroccan one with a peak of consumption happening around
20:00 as the graph below shows:
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Figure 12: Hourly consumption of electricity in Algeria
(Source: SONELGAZ)

The climate is similar to the Moroccan one although the topography is less mountainous. The delta of
consumption between seasons is not significant enough to be considered.
In surface area, Algeria is 2 400 000 square meters large, four times bigger than France. Most of the
population is leaving in the Northern part, where climate is more suitable for agriculture and close to the
sea to facilitate international exchanges. This is also where most of the electrical consumption is
happening and where the electricity grid is the most developed.
Tunisia
The electricity demand has been multiplied by three in 20 years but remains very small compared to the
one of its direct neighbors Algeria and Libya. The graph displays the evolution since 1980.

Figure 13: Net electricity demand in Tunisia between 1980 and 2012
(Source: US Energy Information Administration)
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Air conditioners play an important role in the country electricity demand’s increase. It is assumed that
50% of the households own such unit today compared to only 15% in 2009.
The hourly consumption is standard for the region with a peak of consumption around 20:00 and a
lower consumption point between 2:00 and 6:00 in the morning.
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Figure 14: Hourly consumption of electricity in Tunisia
(Source: Société Tunisienne de l’Electricité et du Gaz)

Egypt
The increase in electricity demand in Egypt between 2009 and 2012 is identical to the Tunisian total
electricity demand in 2012. The graph hereunder shows the evolution of the electricity consumption
since 1980.

Figure 15: Net electricity demand in Egypt between 1980 and 2012
(Source: US Energy Information Administration)
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Proportionally to the others countries of North Africa, the electricity needs of an Egyptian inhabitant are
huge. Consuming 1 700 kWh per capita per year, it is more than twice a Moroccan would need. For the
purpose of comparison, a French inhabitant consumes 7 300 kWh per year.
Comparison
To summarize on the criterion of electricity demand, Morocco, Algeria, Tunisia and Egypt all
experienced a very important increase over the last few years. It is reasonable to assume that such
increase in demand will continue. More developed than the rest of Africa, the four countries have an
expending population that aspires to the wellness of developed countries. While the total population of
the area was only 136 million inhabitants 15 years ago, we now count 171 million people. Because of the
average growth rate of 2% per year, it is expected that the population will be multiplied by 1,6 by 2050.
Despite the recent political instability in Egypt and Tunisia, and despite the rise of extremism the
economy is developing. Mostly based on fossil fuel export, the region took advantage of the rising price
of petrol during the past decades.
Between 2000 and 2012, the electricity consumption doubled, going from 105 000 GWh/year to 223
000 GWh/year. The evolution of the electricity demand is similar in the four countries, although there is
big difference in amount of electricity use per capita. An Egyptian used two times more electricity than a
Moroccan. This could also be a result of the access to electricity, which may vary inside the country. The
table hereafter compares the four countries on their electricity demand.

Total consumption of
electricity

Total population

Electricity consumption per
inhabitant

(GWh / year)

(Million inhabitants)

(kWh / inhabitant / year)

Morocco

32362

33,49

966,32

4,43%

Algeria

57348

39,93

1436,21

7,61%

Tunisia

17943

11,12

1613,58

3,60%

Egypt

163927

83,39

1965,79

5,00%

Table 1: Comparison of Electricity Demand
(Sources: International Energy Agency
US Energy Information Administration)
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Growth of electrical
consumption
(Mean growth per year over
the last 5 years)

3.2 Growing Electricity Price
Wind power is a mature technology, meaning that the capital expenditures (CAPEX) necessary to the
development of a farm are likely to reach their minimum soon. Recent researches, published in June
2015 and called Dynamic evaluation of the levelized cost of wind power generation (Guzmán Díaz, Javier GómezAleixandre and José Coto, June 2015) showed that the CAPEX of wind farm projects tend toward 850
euros / kW by 2050, quite close from the current average of 1000 euros / kW. Currently, in most of the
countries where wind power is developing, renewable electricity is heavily subsidized. In the future,
those subsidies are likely to decrease and the electricity produced by renewable sources will have to be
sold at the market price. As we will see later, Morocco and Tunisia have not established any feed in tariff
for wind power. Therefore, for competitiveness of the technology in the region, a rising price of
electricity is very important.

Morocco
In Morocco, the electricity price for customers is set by decree from the prime minister who decides
about the subsidies given to ONEE, the state owned company in charge of distribution. Currently, the
government is trying to disengage its incentives for electricity generation, making its price cheaper than
the cost of generation but much higher than the average price in the region. Added to the additional cost
of importing raw material (coal especially), the diminution of subsidies is putting ONEE in financial
difficulties. To avoid shrinking and face the challenges of the country’s electricity production, the cost of
electricity is expected to suffer important rises in a close future. The price of electricity depends on the
voltage (low, medium or high voltage), the type of customer (household, professional or municipality)
and the time slot (peak hours, day time and night).
The tariffs for electricity for residential and professional customers as well as the definition of the time
slots are available to customers on ONEE’s website.

Algeria
In matter of electricity price, Algeria has the most singular, but maybe the most advanced, system of
North Africa. The CREG (Commission de Régulation de l'Electricité et du Gaz) is the regulatory agency for
electricity and gas in charge since 2005 of fixing the electricity prices. In contrast with the three others
countries, Algeria does not differentiate the price per range of consumption but only per sector of
activities (residential, industrial and commercial sectors). Prices have been readjusted in May 2005 and
later in December the same year but have not evolved since. The price for residential sector is around
0,027 € / kWh, which is very low and strongly subsidized. According to the International Monetary
Fund (IMF), in 2012, 7,35 billions € were spent in electricity subsidies.
Tunisia:
In Tunisia, the price of electricity is decided every year by the government in consultation with the
Ministry for Industry and Technology. It is calculated based on three criteria, which are:
•
•
•

The international price of a barrel of oil
The financial state of STEG, its subsidiary and the others companies of the sector
The amount of subsidies the government is granting

The sale of electricity barely covers 50% of generation and distribution cost. The government highly
subsidizes the electricity to keep the price at a socially acceptable level. In 2013, the Tunisian
government granted 2,700 Billion Tunisian Dinar (roughly 1,25 billion Euros) to STEG. In addition, it
has to be notice that the price of electricity has increased by 10% per year for high and medium voltage
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and by 8% per year for low voltage during the period 2000 – 2010. The Ministry of industry, electricity
and gas announced a rise of 7% of the electricity and gas price for 2015.
Egypt
As per Morocco, in Egypt, the price is set by the Prime Minister and strongly subsidized. The country
experiences one of the cheapest electricity price in the world but like its neighbors the Egyptian
government also plans to reduce those subsidies. Today, a client pays less than 50% of the generation
cost. They entered a 5 years plan to double the electricity price within this time bringing the average
price of electricity from 0,23 Egyptian pounds (0,03 €) / kWh up to 0,51 pounds (0,06 €) / kWh in 2020.
The pricing system is similar to Morocco and Tunisia with different prices for residential, industrial and
commercial clients and a range of price fluctuating in regard to consumption. Little consumers are more
subsidized, which promotes energy efficiency.
The whole range of price can be found in the Egyptian Electricity Holding Company annual report.
Comparison
All four countries enjoyed a low price of electricity for several years thanks to governments’ subsidies.
With the increasing demand, the governments are starting to disengage and leave the market to selfregulation. This phenomenon, combined with an increasing share of renewable energy and a decrease of
fossil fuel resources can only lead to a strong increase in the end-user’s price of electricity.
Although the price of electricity of the last years is not known, the governmental positions as well as the
financial situation of the historical producers leave few doubts on the evolution of electricity price. The
mandatory criterion of an increasing electricity price can be considered achieved.
Except from Algeria, the price of electricity depends on the monthly consumption (also called
“Segment”). The table hereafter summarizes and compares the four countries on their electricity price:
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Segment
kWh /
Month
0-50
51-100
101-150
151-200

Morocco

Algeria

€ / kWh

€ / kWh

0,094

Tunisia
Eco

Normal

1-2 kVA

> 2 kVA

0,042

0,052

0,100

Egypt

0,075

€ / kWh

€ / kWh
0,009

0,075

0,018

201-250
251-300
301-350
351-400

0,027
0,109

401-450

0,027

451-500

0,036

501-550
551-600

-

0,128

601-650
651-700

0,113

501-750

0,071

751-1000
>1000

0,089
Table 2: Comparison of electricity price
(Sources: Office Nationale de l’Electricité et de l’Eau
Société Tunisienne de l’Electricité et du Gaz
SONELGAZ
Egyptian Electricity Holding Company)
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3.3 Targets
Europe equipped itself with a higher instance able to fix directives and force the member countries to
respect their engagements for renewable energy. In the North African region, the governments chose
their own targets for renewable energy independently from their neighbors. Although wind power is
getting more and more competitive without subsidies on the electricity market, the governments have at
their disposal a set of policy tools powerful enough to shape the energy system of their country at their
will. If states are not willing to move toward sustainability and renewable energy, wind power
development is unlikely to happen. In this sense, from a SME’s point of view, a pre-requisite to
investment in a foreign country is for the government to have proved its will to move toward renewable
energy by setting targets.

Morocco:
In 2009, the government set the objective of 42% of renewable energy in total electricity consumption
by 2020. Following this announcement, a National Renewable Energy Strategy for 2030 was launched.
Main parts of this strategy, the Solar Plan (Projet Solaire Intégré) and Wind Plan (Projet Eolien Intégré) set the
objective of building 2000 MW of solar and 2000 MW of Wind power by 2020.
Algeria:
As per Morocco, a Solar Plan has been decided by CREG in Algeria. If this plan is called solar, it
considers all renewable energy sources and fix an ambitious objective of 40% of electricity consumption
satisfied by renewable by 2030. The specific targets per technology are for 2020:
- 1500 MW of Concentrated Solar Panels (CSP)
- 800 MW of Photovoltaic (PV)
- 300 MW of Wind
And for 2030:
- 7200 MW of CSP
- 2800 MW of PV
- 2000 MW of Wind
Out of those, 2 GW are destined to exportation in 2020 and 10 GW for 2030.
Tunisia:
The ANME we discussed earlier in the institutions part launched the Tunisian Solar Plan (Plan Solaire
Tunisien) in 2009. Reviewed in April 2012, it sets targets for the period 2010 to 2030.
The objective for 2030 is to reach 4,7 GW installed capacity of renewable energy. To do so some
milestones are set for 2020:
- 230 MW of Concentrated Solar Panel (CSP)
- 220 MW Photovoltaic (PV)
- 460 MW of Wind Power
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Egypt:
While no official documents set renewable energy targets for the country, the NREA announced in 2007
its goal to reach 20% of renewable energy sources in the total electricity consumption by 2020. To reach
this target, the country should have:
- 7,2 GW of Wind power of which 2375 MW would be owned by the state and 4825 MW of private
projects.
- 100 MW of CSP
- 20 MW of PV
Additionally, 3500 MW of solar capacity (2800 MW CSP and 700 MW PV) are to be added by 2027.
Comparison:
The four countries have set ambitious targets in terms of renewable energies for the next two decades,
proportionally to their territory size and population. It is interesting to notice the very high targets for
wind power of Morocco and Egypt for 2020. Assuming project development of 5 years, a strong
acceleration in the authorization process should happen in the coming years. Conscious of the effort to
be done for a better market structure, the government has planned reasonable targets for 2020 but very
ambitious ones for 2030. Reaching those targets would probably require the establishment of a
liberalized market in which the private sector would play a main role.
A summary of Moroccan, Algerian, Tunisian and Egyptian targets are gathered in the table hereafter:

Plan for Renewable

Targets for 2020

Targets for 2030

Solar Plan
(Projet Solaire Intégré)
Wind Plan
(Plan Eolien Intégré)

42% of RE in electricity consumption
2000 MW installed capacity of Wind
2000 MW installed capacity of Solar

-

Algeria

Solar Plan

1500 MW installed capacity of CSP
800 MW installed capacity of PV
300 MW installed capacity of Wind

40% of electricity demand met by RE
7200 MW installed capacity of CSP
2800 MW installed capacity of PV
2000 MW installed capacity of Wind

Tunisia

Tunisian Solar Plan (Plan
Solaire Tunisien)

230 MW installed capacity of CSP
220 MW installed capacity of PV
460 MW installed capacity of Wind

4,7 GW installed capacity of RE

NREA

20% of electricity demand met by RE
7,2 GW installed capacity of Wind
100 MW installed capacity of CSP
20 MW installed capacity of PV

-

Morocco

Egypt

Table 3: Comparison of the renewable energy targets
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3.4 Grid
Having a thousand MW of renewable electricity production units installed every year would be a great
progress for North African countries. However, those technologies are reputed variable and require grid
adaptation to fluctuating peaks of production. This part of the study depicts the grid state of each
country giving the rate of electrification and some off-grid solutions for remote areas. It also discusses
the interconnections from a regional point of view, which are of great help to dispatch the excess of
electricity during peak hours. The overall objective is to ensure that the grid is developed enough to
withstand an important increase of renewable energy.
Morocco
For the past 20 years, lots have been done to electrify the region and develop the electricity grid. The
global rural electrification program (Programme d’Electrification Rurale Global, PERG) increased the
electrification of the country from 18% when launched in 1996 to more than 98% in 2012.
The Moroccan grid is 23 000 km long and made of 225 kilo volt (kV) and 400 kV lines. ONEE is the
only grid operator but the grid is used by seven distribution companies to transmit electricity over the
country. The Moroccan grid is probably the most well structured one of the region since it received lots
of subsidies from the PERG during the last two decades. The map hereafter shows the main lines of the
electricity grid.

Figure 16: Moroccan electricity grid
(Source: Office Nationale de l’Electricité et du Gaz)
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From an international point of view, the grid is connected to Algeria through one 400 kV and two 225
kV lines for a total of 1500 MW available.
Morocco plays a central role in electricity trade in the region. Indeed, the only link between European
grid and the African one is a two subsea 400 kV lines connection between Morocco and Spain. The
current capacity of the connection is 1400 MW and a third line should be added soon.

Algeria
Algeria, Tunisia and Egypt had a more linear progression over the years, and although their programs
(Five year plan, Rural Electrification program V in Tunisia during the 1990s, Programme d’Electrification et de
distribution publique du gaz in Algeria for the past decade) look less sensational they achieved the same
objective of bringing electricity to a high percentage of their population. At the initiative of the
governments, all those programs depict the countries engagements to be a driving force of Africa.
Algeria’s grid is divided into 3 sub-systems:
- The Réseau Interconnecté National (RIN), which is the main network and supplies electricity to the
urban areas through the country thanks to 40 power plants connected between each other with
220 kV and 400 kV electric lines.
- The sub network of Salah - Adrar - Timimoun, which delivers electricity to remote villages
thanks to the gas power plant of Adrar and In Salah through 220 kV lines.
- Les Réseaux Isolés du Sud (Remote networks of South), made up of 26 gas and diesel power
plants not connected to each other but designed to supply electricity in remote areas.
Operated by GRTE, a subsidiary of SONELGAS, the grid is barely longer than the Moroccan one but
thanks to its sub-systems organization, it is able to supply electricity to 99,3% of the population.
At regional scale, Algeria is connected to Morocco (through three High Voltage lines as explained
before) and to Tunisia with two 225 kV lines, one 150 kV and two 90 kV lines.
Tunisia
The Tunisian network is 5500 kilometers long and is divided into three voltages: high (225 kV), medium
(150 kV) and low (90 kV). Operated by STEG, the grid has expanded a lot to reach rural areas but due
to the increasing demand and a few out-dated power plants that cannot cope with the current grid, it is
now subject to saturation. The map hereafter comes from STEG’s website and shows the country’s grid
as well as the interconnections.
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Figure 17: Tunisian electricity grid
(Source: Société Tunisienne de l’Electricité et du Gaz)

Regarding the interconnections and despite its size, the country is well connected to its neighbors. Five
lines link the Tunisian grid to the Algerian one. Two 225 kV lines connect Tunisia to Libya. Some
studies are in progress to extend the grid to Saudi Arabia, Sudan, the Democratic Republic of Congo,
and Ethiopia.
Egypt
Finally, the Egyptian grid is probably the most fragile one, despite the impressive cover of the country
with 43 600 kilometers of electrical lines. Due to constant changes of politics those last months and in
face of increasing demand, the network is facing regular blackouts. Indeed, during summer time, when
there is high demand for cooling, the country can suffer from up to 20% production deficit, overloading
-32-

the grid and leaving some parts of the country with 6 power cuts per day for up to two hours each time.
In addition, the country counts 30 remote power plants (mostly gas and diesel for a total capacity of 224
MW) that supply electricity to decentralized villages or tourist resorts.
From a regional point of view, Egypt is connected to Libya through a 180 km long 220 kV line and to
Jordan through a 400 kV.

Comparison
The average rate of electrification in Africa is around 40%, meaning that 3 persons out of 5 do not have
access to electricity. In this matter, North Africa (Morocco, Algeria, Tunisia, Libya and Egypt) is
particularly well off. Thanks to its numerous electrification plans, the Northern part of the continent
reached 90% of electrification.
Obviously, the electrical network is not equally spread over the territories since most of the human
activities happen along the Mediterranean cost in the Northern part of the countries or along the Nil
River in Egypt.
All of the countries of North Africa are interconnected to each other, nevertheless, the capacity of each
connection are different as well as the frequency of the different networks. The region is divided into
two synchronization zones. The first one includes Morocco, Algeria, Tunisia (also called TAM zone) and
is functioning on the same synchronization as Europe since 1997. The second one gathers Libya, Egypt,
Jordan and Syria (LEJS). Several attempts have been made to create a common interconnection line,
unfortunately all of them failed. The last test dates from 2010 and almost created a blackout in Libya and
Tunisia. Since then, all tests have been suspended.
A second connection between Africa and Europe is currently under study with the DESERTEC project.
This project aims at generating electricity in the African desert to export to Europe. This would require
the installation of production units but also the financing of a transmission line between Tunisia and
Italy. Project ELMED is studying this opportunity and plan a 1000 MW line of which 200 MW would be
reserved for Renewable Energy. This line of 200 km long would be operated under 400 kV.
The map herein below summarizes the different interconnections between the countries. Thin grey lines
represent the main lines of each national grid. Thick blue lines are the existing inter-connections, pink
ones are in construction and the orange dots represent the attempt of grid synchronization between the
North African states.
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Figure 18: Mediterranean grid interconnections
(Source: Réseau de Transport de l’Electricité, subsidiary of EDF)
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Finally, the table hereafter shows the specificities of each grid:

Size of the network

Voltage

Interconnection

Morocco

23000 km

400 kV
225 kV

Spain (2 lines)
Algeria (3 lines)

Algeria

23802 km

400 kV
220 kV

Morocco (3 lines)
Tunisia (5 lines)

Tunisia

5500 km

225 kV
150 kV
90 kV

Algeria (5 lines)
Libya (1 line)

43600 km

500 kV
400 kV
220 kV
132 kV
66 kV
33 kV

Libya (1 line)
Jordan (1 line)

Egypt

Table 4: Comparison of the electricity grids
(Sources: ONEE, STEG, SONELGAZ, EEHC)

All of the countries have a very good rate of electrification and a grid working at least on three voltage
levels. Only Morocco is connected to Europe but all of the others countries are strongly interconnected
with each other. Given the current amount of renewable electricity in North Africa, the four grids seem
enough developed to withstand a potential increase of renewable energy in the next decade.
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3.5 Electricity market open to IPPs
The role of this part is to understand how far the different markets are liberalized. The graph hereafter
comes from Microeconomix, a consulting company in economics and illustrates well the process of
liberalizing electricity in a developing country.

Model 1
• Regulated
Monopoly

Model 2

Model 3

• Single Buyer

• Concurrency
on large
customers
only

Model 4
• Concurrency
on large
customers
plus details

Figure 19: Models of market liberalization
(Source: Microeconomix)

Historically, in Morocco, Algeria and Tunisia, a state company per country was given by law the
monopoly of producing, operating the grid and distributing electricity over the country. ONEE in
Morocco, STEG in Tunisia, SONELGAZ in Algeria were all created in the sixties slightly after their
respective country’s independency and are still today among the biggest companies of the region. The
second step toward liberalization is the model of a “Single Buyer”, where the state owned company does
not have the monopoly on electricity production and leave some space to Independent Power Producers
(often under an offer to tender scheme followed by a concession). In a third time, the distribution can
also be made by the IPPs if they manage to find large customers to sell the produced electricity. The grid
is still operated by the state company but the distribution side is liberalized to big customers. Finally in a
last model, power producers can directly sell electricity to end use customers, which are households and
professionals.
For a private company to produce electricity and sell it to the grid, the market must at least have reached
the Model 2.
Morocco
Morocco has been the first country to break the monopoly of electricity production in 1994.
Since then, ONEE (and its 40% of electricity produced in 2014) is not the first electricity producer
anymore. Jorf Lasfar Energy company (JLEC), with its 2056 MW coal power plant in Jorf Lasfar, supply
roughly 50% of the country’s electricity. The remainder production is ensured by two others coal power
plants in Safi (owned in consortium by Nareva and International Power) and in Jerada (whose capacity is
about to be tripled by the Chinese company Sepco III). Facing some financial difficulties (the state had
to re-invest 1 billion dirhams in 2013 to compensate for to high operating cost compared to the price of
electricity), it is likely that ONEE will lose even more market share at the advantage of IPPs in the
coming years.
Morocco reached a second stage in 2009 (with the Law 13-09), which specifies a new scheme for
renewable energies and makes much more space to private development.
To summarize, so far in Morocco, the market is organized as follows:
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Figure 20: Organization of electricity players in Morocco
(Source: ONEE)

Under the regular scheme, ONEE, together with some IPPs, produce electricity and sell it to ONEE,
who operates the grid and distributes the electricity to all of the customers, either directly or through
local public companies.
The market of Morocco recently reached the third Model, with the possibility for a power producer to
sell directly to large customers using the High Voltage and the Very High Voltage grid.
Algeria
Algeria was the last country to break the production monopoly of the state owned company. In 2002,
law 02-01 opened the market to IPPs.
Nowadays, 54% of the electricity produced in the country comes from Independent Power Producers
(IPPs), which are: Kahrama, Shariket Kahraba Berrouaghia (SKB), Shariket Kahraba Koudiet
Eddraouche (SKD), Shariket Kahraba Hadjret Ennouss (SKH), Shariket Kahraba Skikda (SKS) and
Shariket Kahraba Terga (SKT).
SONELGAZ, the state company, owns exactly 38 subordinated companies in the energy sectors.
Among other, the Société Algérienne de Production de l'Electricité (SPE) is in charge of electricity production
for the Group while the Société Algérienne de Gestion du Réseau de Transport de l'Electricité (GRTE) takes care
of grid operation. The distribution of electricity is organized per geographical region (West, Center, East
and the region of Alger) and spread between four companies La société de distribution de l'ouest (SDO), la
société de distribution du centre (SDC), la société de distribution d'Alger (SDA) and la société de l'est (SDE).
In Algeria, the electricity market is currently working under the Model 2. SONELGAZ and some IPPs
produce electricity and sell it exclusively to SONELGAZ who takes care of the distribution. Under law
02-01, it is theoretically possible for IPPs to sell electricity directly to large customers. However, to date,
no project has ever been implemented under this business model.
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Tunisia
Law 96-27, first enforced in 1996, is the first regulation to break STEG’s monopoly of electricity
production in Tunisia.
Two Independents Power Producers generate electricity in addition to STEG. Following two offers to
tender, the Carthage Power Company (CPC) and the Societe d’Electricite d’El Bibane (SEEB) were
granted the right to build own and operate two natural gas power plants in 2002 and 2003. If some
specifics schemes are in place for IPPs from renewable energy sources, no project has ever been realized
yet.
The country is functioning under Model 2 with STEG as a single buyer and electricity distributor. So far,
the legislation does not allow IPPs to sell to large customers. The new law should however solve this
issue.

Egypt
The situation is a little bit different for the rest of North Africa since the Kingdom of Egypt was
established in 1922 after the United Kingdom recognized the independency of the country. At that time
electricity was produced by private companies, which were nationalized by the government around 1962.
First called Egyptian Corporation for Electricity, the organization in charge of generating and
distributing the electricity became in 1976 the state owned firm Egyptian Electricity Authority (EEA).
Contrary to its peers, the EEA only hold its monopoly for a few years before the distribution activity
was separated and placed under the responsibility of a new company, the Public Sector Authority for
Electric Power Distribution in 1983.
Following its neighbors, Egypt broke the monopoly of electricity production in 1998 with Law 36.
Approximately at the same time and ahead of the region’s norms, the Egyptian government also
liberalized its distribution market by establishing a BOOT scheme (Build, Own, Operate and Transfer).
The Egyptian Electricity Holding Company (EEHC) as we know it today is only fifteen years old and
was instituted in a context of free competitiveness of electricity production and distribution. Contrary to
ONEE or STEG, the EEHC delegated its activities of production and distribution to affiliated
companies. The graph hereafter shows the organization of the Egyptian Electricity Holding Company:
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Figure 21: Organization of the Egyptian Electricity Holding Company and its subsidiaries
(Source: EEHC)

Three IPPs were signed in 1998 for fossil fuel power plants: Petrochemicals, Carbon Black, Talkha
Fertilizer and Ghazl El-Mahaala. Generating 33GWh of electricity per year, they represent a drop in a
bucket compared to the total electricity production of the country. Three additional steam plants owned
by private companies under the Built, Own, Operate and Transfer (BOOT) scheme, were built between
2001 and 2003. The three owners were: Suez Gulf Power Company, Port Said East Power Company and
Sidi Krir Generating Company. With an installed capacity of 682.5 MW each, they are the result of a
tender offer and generate a little bit more than 8% of the electricity production in Egypt. Today, all three
power plants are owned by the Malaysian company Powertek Energy.
To summarize, Egypt probably has the opener electricity market of the region with a Model 3 that leaves
space for the IPPs to sell their electricity either to EEHC or to large customers.

Comparison
Morocco and Egypt have the most liberalized market with the possibility for a private company to
produce its electricity and sell it to large customers. Compare to Tunisia and Algeria, the partial
liberalization of the distribution market gives to the IPPs a little more power in the negotiation of the
tariff (when tariff is not guaranteed through a feed-in-tariff for instance).
The legal framework of Model 3 is in place in Algeria, however, no projects have ever been realized
under a BOOT scheme.
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It is interesting to notice the agenda of the markets opening and the legislations that were enforced on
this subject. Except from Tunisia, which is a little bit late, all the other countries have enforced similar
regulations at a few years interval. The table hereafter summarizes the main players of the different
markets:

Electricity
producers

Grid operator

Distributor

Buyer

Liberalization
model

Morocco

ONEE + IPPs

ONEE

ONEE or
state companies

ONEE or large
customer

Model 3

Algeria

SONELGAZ +
IPPs

GRTE (Subsidiary of
SONELGAZ)

Subsidiaries of
SONELGAZ)

SONELGAZ
single buyer

Model 3 framework
Model 2 actual

Tunisia

STEG + IPPs

STEG

STEG

STEG single buyer

Model 2

Egypt

EEHC + IPPs

EETC (subsidiary of
EEHC)

Subsidiaries of EEHC
or electricity producer

EEHC or large
customer

Model 3

Table 5: Comparison of the electricity players
(Sources: ONEE, STEG, SONELGAZ, EEHC)

Morocco, Algeria, Tunisia and Egypt all comply with the criterion of having an electricity market open
to Independent Power Producers.

3.6 Schemes to develop wind farms
In the specific case of this thesis, the objective being the development of private SME in North African
wind power markets, the legal framework has to offer a scheme allowing IPPs to develop wind projects
independently of a tender offer. This means that the government must have set a process of
authorization for wind farms detailing the required studies, and the institutions in charge of granting the
right to build and operate the wind farm.

Morocco:
Several schemes are in place in Morocco for a private company to develop wind farms.
- The Self-production scheme is made for industrial companies (large customers of electricity) to be able
to cut their cost by producing their own electricity from renewable. If the production is higher than the
consumption, the excess can be sold to the ONEE, in the limit of 30% of the produced energy. Projects
developed under this scheme are subject to authorization from the Ministry of energy.
- Through the IPP scheme, private companies can develop wind projects on their own, selecting the site
(within the priority development zones if the wind farm is greater than 2MW), securing the land access
and realizing the wind measurements and impact studies at their own cost. Such projects are reviewed by
a technical commission from the Ministry of energy and as per the self-production scheme, they are
subject to prior Authorization. At the time of law 13-09 enforcement, the size of the project could not
be bigger than 10MW. Recently, the regulation has been reviewed by decree and the cap has been
increased to 50 MW. Self-production projects are also restrained by this cap.
- For all bigger projects, a BOOT scheme is in place. This type of project is at the initiative of the
government (through MASEN) who selects the location and decides of the size of the farm. An offer to
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tender is launched and the winner gets a concession from the government. The owner operates the plant
and sells electricity exclusively to ONEE but the government takes a fee on this concession.
In the case of the IPPs and self-production schemes, and to be granted the right of building a wind farm
in Morocco, the power producer must first make a Request of Authorization (Dossier de Demande
d’Autorisation). The decree n° 2-10-578 from the 11th of April 2011 sets the process of application. The
file must at least include:
- Precise location (coordinate) of the project.
- The energy source, installed capacity, way of exploitation, annual availability and estimated production.
- Security conditions and any additional documentation regarding grid connection reliability.
- A timetable of the building process as well as the exploitation.
- An environmental impact study.
The Request of Authorization must be given in hand in 3 copies to the government’s authority in charge
of energy. The Ministry is then granting a temporary authorization. If pieces are lacking, the power
producer has one month to provide them after reception of the request.
Once the temporary authorization is granted the construction of the project can begin. In the meantime,
the power producer must ask for a definitive authorization. As per the previous one, it must be
submitted to the Ministry in 3 copies. If no additional request is made by the governmental institutions
within 6 months, the file is said to be complete. If the Ministry requests additional parts, the power
producer has 1 month to provide them.

Algeria:
The current framework allow three kinds of project development in Algeria:
- Self-production. As per Morocco, this scheme is designed for large energy consumers such as industrial
companies.
- IPP selling to large customers. Although in current functioning of the market SONELGAZ is the
single buyer of electricity, this scheme allow IPPs to develop renewable energy project and sell to large
customers. No projects have ever been realized under this scheme.
- Project under the Feed in Tariff scheme. This scheme is regulated by the decree of the 2d of February
2014, which sets the price of electricity and the decree number 13-218, which details the conditions of
eligibility. Projects under this scheme cannot oversize 50 MW.
Whatever the scheme, two different authorizations are required.
The first one is a Building Permit, which is delivered by local authorities. To apply for this permit, 5
copies of the request must be addressed to the relevant service in charge of city planning in the area. The
file must contain at least:
- An administrative form
- The land use rights
- The situation plan
- The ground plan
- A distribution plan
- A file with the precise description of the work
- Instruction with all technical information
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- Description of the grid connection
- A study of noise
- An Impact Study
A Request for Authorization of operates is also needed. The decree n°06-428 of 26 November 2006
details the application process. The Energy Regulator, CREG is responsible for granting this second
authorization. The file must be addressed in 6 copies and must contain:
- A study of integration of the electric installation in the national network.
- Technical, economic and financial capacities of the enquirer.
- Information on the installation: capacity, installed power, source of energy, efficiency, functioning
modes and destination of the produced electricity.
- An impact study assessing the risks and security measures applicable to the installation.
- An environmental impact.
- The precise location of the installation.
Within 10 days, CREG acknowledges receipt and has 4 months to grant the authorization. During those
4 months, CREG can ask for additional documents.

Tunisia:
The regulatory framework in Tunisia currently allows two ways of developing wind projects in the
country:
- Self-production scheme. As per the neighboring countries, important industrial companies can develop
their own renewable project and use the energy produced into their own plant. Law 2004-72 governs
this scheme and mandate the grid operator to transmit the electricity to the point of consumption and
STEG to buy the surplus. However, the excess sold to STEG can not exceed 30% (fixed by decree
2009-2773) of the total electricity produced.
- IPPs for large-scale projects. At the initiative of the government, location and size of project are
chosen and an offer to tender is launched. Once the winner of the tender process is chosen, a
concession agreement is signed and approved by decree. This scheme is not restrained to renewable
energy.
So far, no regulation is in place for the grant of an authorization to operate a renewable energy
installation since no scheme is in place for project development through private companies. The draft
law, currently discussed at the National Assembly specifies in article 12:
“The production of electricity from renewable energies for domestic consumption is subject to the delivery of a license by the
minister in charge of energy after consultation with the Technical Committee and within the limits of the maximum
installed power set by decree. The allocation of licenses is made after publication of an annual declaration by the minister in
charge of energy that determines national needs in terms of renewable energies.”
Since the law has not been adopted yet, no decree specifies the required pieces for the grant of a license.
Still according to the draft law, the application file would require the purchasing and power production
contract signed between the power producer and the electricity distributor. This new law plans to
separate authorizations into 4 kinds of permits directly related to the schemes of power production:
concession for exports, concession for large projects, authorization for small scale and self-production.
Self-production projects are subject to prior authorization from the Ministry of energy, who delivers the
authorization after the report of a technical consultative committee who studies the project’s feasibility.
The application file to submit to the Ministry must contain:
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- The company registration certificate
- Financial and technical studies
- Location and installed capacity
- Details on the plant to consume the produced electricity
- Report of consumption from the company
In addition, the electricity producer must obtain a written agreement from STEG to connect to the grid.
This agreement follow the study of the technical report supplied to STEG and which must contain at
least:
- A wiring plan of the installation
- A technical description of the electricity source that will supply energy to the electrical circuit
- A security diagram presenting the control and protection system of the plant
- A plan of the whole installation showing the generation point and the delivery point
- A form of application
- An agreement to the uninterruptible power supply
In the past, every other installation of renewable electricity production unit in the country has resulted
from an offer to tender launched by the government. Through this process, the authority responsible of
energy production has always been able to define the required documents to supply.
It is likely that the new law will extend the self-production authorization process to other schemes.

Egypt:
Egypt experienced some radical changes in its legal framework last year, opening the IPPs markets to
foreign investors and guaranteeing feed in tariff price for 20 years thanks to Law 203-2014. Two
schemes are in place for IPPs to develop wind power:
- Large-scale projects that follow an offer to tender. This scheme is similar for wind power and PV and
grant concession to private companies that win the bid. 2000 MW of PV divided into 69 tender offers
has been launched this year and the equivalent for wind projects is expected in July 2015.
- Feed in Tariff system for wind projects between 20 MW to 50 MW. This scheme allows any wind
developers to build projects in the country. Following its establishment, tens of projects have been
launched for a total capacity of 720 MW expected to be operational before 2020.
In October 2014, EgyptERA published the Renewable Energy – Feed in Tariff Projects’ Regulation, which sets
the guaranteed prices of purchased electricity, but also draws the step-by-step process to be granted
authorization under the new Feed in Tariff scheme.
- The first step is to fill an “Evaluation Application” and send it to “The Central Unit for Feed in Tariff
Projects”. After reception, the EETC has one month to answer.
- The investor has to create the Project Company
- The investor manages the feasibility studies
- For the land use right, in case the land is owned by the government and is part of the area dedicated to
wind power, the investor contacts the “Central Unit for Feed in Tariff Projects” and signs the land lease
usufruct agreement.
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- EgyptERA (EEUCPRA) grants a temporary license for one year that can be renewed for an additional
one year. During this year, the Project Company finishes the technical studies (including wind
measurements) and raises the capital cost of the Project Company to the share of equity agreed with the
bank.
- EgyptERA grants a permanent license once all the required studies are completed.
- The Project Company signs the PPA with EEHC and the 20 years of Feed in Tariff can begin
This process is illustrated in the graph hereafter:
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Figure 22: Egyptian process for the grant of operating license
(Source: EEHC)
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Comparison:
Each of the studied country has its own schemes with specific limits of capacity to develop project on
their territory. For each scheme, the process of authorization is different and the institutions in charge
are numerous. The self-production scheme is recurrent and expresses the need for North Africa to keep
a competitive industry while foreseeing an increase in electricity price (disengagement of the states in
electricity subsidies).
The table hereafter summarizes the development schemes and application processes.

Scheme
Self-production
Morocco

IPP scheme
BOOT
Self-production

Algeria

IPP eligible to Feed in Tariff

Tunisia

IPP selling to large customers
Self-production
IPP for large scale project
IPP for large scale project

Egypt

IPP eligible to Feed in Tariff

Authorization
Preliminary authorization
and definitive authorization
Preliminary authorization
and definitive authorization
Following tender offer
Building Permit plus
Authorization to operate
Building Permit plus
Authorization to operate
Following tender offer
Authorization
Following tender offer
Following tender offer
Licence (preliminary for 1
year and permanent after)

Relevant Authority
Ministry of Energy
Ministry of Energy
Ministry and MASEN
CREG
CREG
CREG
Ministry of Energy
Ministry of Energy
EgyptERA
EgyptERA

Table 6: Comparison of schemes and authorization for operating wind farms
(Sources: Desertec Industrial Initiative, ONEE, STEG, SONELGAZ, EEHC)
Morocco, Algeria and Egypt all have a scheme dedicated to IPPs allowing private companies to develop small and
medium scale wind farm (the cap being different depending on the country). In Tunisia however, under the current
legislation, only the Self-Production scheme allow a small or medium enterprise to take part in the wind market.
Under this scheme, the private company would be requested by the industrial to develop a wind farm. Because the
location and the cost would be agreed at the beginning of the project, this scheme leaves very little space to the
private company.
To summarize on this necessary criterion, all of the studied countries have schemes for IPPs to enter the electricity
generation market, however, as long as the draft electricity law of Tunisia is pending, Morocco, Algeria and Egypt
have a much more favorable legal framework than Tunisia.
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4 Chapter 2: Financial analysis
Through six key points, Chapter 1 ensured that wind power development was feasible in Morocco,
Algeria, Egypt and partially in Tunisia. With a growing electricity demand, an increasing price of
electricity, governments that have set targets for renewable energy, electricity grids able to withstand
variation of power, markets open to IPPs and legal schemes in place to develop wind power, the context
is very favorable. The second part of this study looks at the risks and profitability of wind farm
development. Knowing that the development activity is feasible is very important, but it is not sufficient.
Implementation of a wind farm must also be profitable. In this matter, this thesis digs two points: the
evaluation of investment risks and the use of a financial model to determine incomes. The first half of
this chapter will look at five criteria to assess risks and outcomes that could happen to projects. As per
the first chapter, the studied countries will be compared on those criteria. Then, in the second half of the
chapter, four scenarios will be drawn to evaluate the potential earnings of project development in
Morocco, Algeria, Tunisia and Egypt. Using a financial model, the Net Present Value of four theoretical
projects will be determined.

4.1 Risk factors
4.1.1 Deciding institutions
In the electricity sectors, two players have a primordial role. The presence of a Ministry dedicated to
energy and having the proficiency to establish targets, policies and directive in terms of renewable energy
proves the engagement of the government. A Regulator is an agency, which role is to solve disputes
among the different energy players. Especially, it monitors the prices of energy, helps the deciding
institutions to enforce new laws and ensure free competition on the markets. Such agency is very
appreciated by investors as it plays a protective role toward foreign power producers dealing with stateowned companies. As we will see, Morocco, Algeria, Tunisia and Egypt all have a Ministry in charge of
energy, but not all of them possess a Regulator. From the point of view of customers, the significance of
such agency has been demonstrated in Consumer engagement in alternative energy - Can the regulators and suppliers
be trusted? (John Mumforda and David Grayb, June 2010). Using two scenarios, this research shows the
role of a Regulator in enhancing the trust of customers toward energy suppliers. Because implementing
renewable energy (and consequently increase the price of electricity) in countries used to cheap and
plentiful energy might divide public opinion, the presence of an Energy Regulator is even more relevant
in North Africa.
Morocco
Morocco has a ministry called “Ministry of Energy, Mines, Water and Environment”. The ministry is led
by the minister Dr. Abdelkader Amara since October 2013. The decree n° 2-14-541 defines the
following missions of the ministry:
- Establish and enforce the government’s policy in the fields of energy, mining and geology
- Ensure administrative supervision of state owned companies
- Manage the energy and mining resources of the country
Currently the country does not have an Energy Regulator. Very important entity, the non-existence of
such Regulator is a brake to the development of Independent Power Producers (IPPs) in Morocco. To
increase transparency and create a favourable environment for investors, the government is working on
establishing one. Called National Authority for Energy Regulation, it will hopefully be legally created in
2015.
Two other agencies are working for development of renewable energy and wind power specifically:
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- Moroccan Agency for Solar Enegy (MASEN). Dedicated to solar energy, this agency is responsible for the
implementation of the Solar Plan.
- Agency for the Development of Renewable Energy and Energy Efficiency (ADEREE). This organization has 5 key
objectives: propose regulations and norms to the government, design and pilot innovative programs,
gather funds, develop a national expertise in renewable energy and energy efficiency and finally to
conduct campaigns for awareness of the population.
Finally, from a financing perspective, la Société d’investissements Energetiques (SIE), company owned by the
government promotes the development of renewable energy by financially supporting projects. Not
limited to government’s projects, it can as well play a role in private operations or can gather investors
for this purpose.
Algeria
Algeria has a Ministry of Energy and Mines, which is led by Dr Salah Khebri. As per Morocco, its
missions are set by decree n° 07-266 of 9th September 2007. Among other tasks, the ministry is
responsible for:
- Establishing policies of research, production and valorization of hydrocarbons, mining and energetic
resources and the related industries.
- Design and enforce regulations related to hydrocarbons, mining and energy.
- Define electrifications programs.
- Begin development studies for promotion of renewable energy.
La Commission de Régulation de l’Electricité et du Gaz (CREG) is the oldest Energy Regulator of the region.
Instituted by law n° 02-01 of 5th February 2002, its board is made up of one president and 3 members
appointed by presidential decree on advice of the ministry. This is where the link between the
government and the CREG stops, since the Energy Regulator is a totally independent organisation.
Its role is to care for transparency of electricity and gas markets and the respect of concurrency rules
between energy players. Three main tasks are entrusted to CREG:
- Realization and control of public services of electricity and gas.
- Advising the government on organization and functioning of the electricity and gas markets.
- Surveillance and control of law respect on the national electricity and gas markets.
Two others agency, both of them established before 2000, are working for more sustainability in the
country:
- The Centre de Développement des Energies Renouvelables (CDER) is similar to the ADEREE in Morocco. It is
a research centre whose objective is to develop pilot renewable energy projects, gather all the researches
on the subject and educate the population.
- The Agence de Promotion et de Rationalisation de l’Utilisation de l’Energie (APRUE). This agency is specific for
energy efficiency and diminution of electricity consumption. Its objective is to advice the ministry on
energy efficiency policies, enforce the government’s programs on the subject and promote efficiency
through projects in building and industrial sectors.
From a financial perspective, the government launched in 2013 a National Fund for renewable energies
and cogeneration. Directly connected to the ministry who decides of the funds attribution, its objective
is to financially contribute to the promotion of renewable energy in the country both for private and
public organisations.
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Tunisia
Tunisia has a Ministry for Industry, Energy and Mining who defines the policies of the government in
term of Industry and Technologies. Decree n° 2010-3215 of December 2010 sets the main tasks of the
ministry. The ministry covers lots of activities but for the part related to energy, it must:
- Promote research and efficient use of energy to ensure energy security over the territory.
- Define policies and legal framework for energy.
- Decide the concessions of hydrocarbon exploitation by private parties.
- Promote the use of Renewable Energy and rationalize the exploitation of energy sources.
Currently, no Energy Regulatory is in place in Tunisia although the government is considering
establishing one to facilitate the development of the market privatization.
One more agency (directly under care of the Ministry) is helping the government in its task for
sustainable development in the country. The Agence Nationale pour la maitrise de l’Energie (ANME) is
responsible for enforcing the government’s policies in the field of energy management, using research,
promotion of energy efficiency and renewable energy.
There is no investment facilitator in the country.

Egypt
Egypt has the most specific ministry of the region. Indeed, the Ministry of Energy and Electricity
(MOEE) is very specialized and is not responsible for Industry or Mining. Since 1974 and under the lead
of Dr. Mohamed Shaker El-Markabi, Minister of Electricity and Renewable Energy, the ministry has for
only goal to provide electricity to all customers all over the country. To do so, it must:
- Set up the general policy for electricity generation, transmission and distribution, and supervising their
enforcement.
- Define the electricity price for all voltages and all types of customers.
In 1997, the country established The Egyptian Electric Utility and Consumer Protection Regulatory
Agency (EgyptERA). A board assigned by presidential decree leads this agency. Contrary to CREG, it is
important to have in mind that EgyptERA is affiliated to the Ministry of Energy and Electricity. Like
others Regulators, its goal is to ensure that all activities of the sector comply with the Egyptian law and
protect competitiveness between the players.
Two additional organizations are working in the field:
- The New & Renewable Energy Authority (NREA) is in charge of developing alternative sources of energy
since 1986. Affiliated to the Ministry, the NREA’s activities include planning, researches, development
of pilot projects, design of certificates and norms and promotion of renewable energies.
- The Industrial Development Authority (IDA). This agency is not specific to renewable energy but is
working a lot for energy efficiency in industrial sector.
Finally, the General Authority for Investment and Free Zones (GAFI) is an investment facilitator. Not
specialized in renewable energy, it can however financially support projects either by creating pools of
investors or simply help in the process of gathering authorizations and licenses to establish business in
Egypt.
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Comparison
All the studied countries have a relevant ministry that takes care of the local policy and the management
of price electricity. Similarly, they all have Agencies to apply the government’s policies, promote the
development of renewable energy and energy efficiency. The main difference stands in the presence of a
Regulator. CREG in Algeria and ANRE in Morocco (when established) will provide a favorable safe
context for investors since they are independent and not related to the Ministry unlike the EgyptERA in
Egypt.
Although Tunisia does not have a regulatory organization, they have an Independent Commission for
IPPs, which assesses the energies companies of the country and gives technical recommendations on the
tender process for concessions. It is made of members of the Tunisian governments but also technical
experts.
The table hereafter summarizes the different institutions per country:

Ministry

Regulator

Renewable
Energy Agency

Investment Facilitator

Morocco

Ministry of Energy, Mines,
Water and Environment

ANRE*

- MASEN
- ADEREE

Société d'investissement
Energetiques (SIE)

Algeria

Ministry of Energy and
Mines

CREG

CDER

Fond National pour les Energies
Renouvelables et la cogénération

Tunisia

Ministry for Industry and
Technology

None**

ANME

None

Egypt

Ministry of Energy and
Electricity

EgyptERA

- NREA
- IDA

General Authority for Investment
and Free Zones (GAFI)

* Not yet established
** The government is considering establishing a Regulator
Table 7: Comparison of Deciding institutions
(Sources: CREG, Ministry of Energy, Mines, Water and Environment, Ministry of Energy and Mines, Ministry for
Industry and Technology, Ministry of Energy and Electricity)

-50-

4.1.2 Maturity of markets
The return of experience gives some clues on the maturity of a market: the competition between players
and most of all the turbine manufacturers already established in the region. It is easily understandable
that the first company to develop a wind farm in one of the countries supports a very important risk.
Even if the legal framework defines a clear process for wind farm authorization, it is likely that the
administrations will not be used to the activity. In this case, delays and unexpected additional costs are to
be foreseen. The following section lists the existing wind farms in Morocco, Algeria, Tunisia and Egypt
as well as the ones in construction or development phase. The objective is to evaluate the maturity of the
market but also to look for a common turbine manufacturer already established in all of the countries.
Morocco:
From the four countries, Morocco owns the biggest wind installed capacity. Due to a well established
regulation (law 13-09 in place since 2009), ambitious targets and a great potential, the wind park of the
country reached 787 MW in 2014. The main farms are described hereafter:

- Al Koudia Al baida
Installed capacity: 53,9 MW
Number of Turbines: 91
Types of Turbines: 84 Vestas V44/600 (600 kW, 44 m rotor diameter) and 7 Enercon E40/500 (500
kW, 40 m rotor diameter)
Location: Al Koudia Al baida
Commissioning: Part 1 in August 2000, Part 2 in March 2001
Developer: Compagnie du Vent
Operator: GDF Suez
Owner: CED
- Ciments du Maroc
Installed capacity: 5 MW
Number of Turbines: 5
Location: Laâyoune
Commissioning: October 2011
Operator: Ciment du Maroc
Owner: Ciment du Maroc
The energy produced by the wind farm is directly used by the cement industry that operates the plant.
Surplus is sold to ONEE.
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- El Haouma
Installed capacity: 50,6 MW
Number of Turbines: 22
Types of Turbines: Siemens SWT-2.3-93 (2,3 MW, diameter 93 m)
Location: Haouma (30km east of Tangier)
Commissioning: October 2011
Developer: NAREVA
Owner: NAREVA
Nareva is an energy company entirely held by SNI, the company of King Mohammed VI. This wind
farm sells electricity directly to industrial customer.
- Laâyoune Farm
Installed capacity: 51,1 MW
Number of Turbines: 39
Types of Turbines: Siemens
Location: Laâyoune
Developer: WIDEMAG
Owner: WIDEMAG

- Sendouk Farm
Installed capacity: 65 MW
Location: Tanger

- Tan Tan
Installed capacity: 10 MW
Location: Tan Tan
Commissioning: 2009
- Tanger
Installed capacity: 140,25 MW
Number of Turbines: 165
Types of Turbines: Gamesa G52/850 (850 kW, 52 m rotor diameter)
Location: Tanger-Tétouan
Commissioning: 2009
Developer: Gamesa
Owner: ONEE
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- Tarfaya
Installed capacity: 301,3 MW
Number of Turbines: 131
Types of Turbines: Siemens SWT-2.3-101 (2,3 MW, 101 m rotor diameter)
Location: Tarfaya
Commissioning: December 2014
Developer: TAREC, join venture between Nareva and GDF Suez
Owner: TAREC, join venture between Nareva and GDF Suez
Tarfaya Energy Company (Tarec) sells the electricity produced by the plant to ONEE through a 20 years
BOOT contract. GDF Suez revealed that the project has cost €450 million (around 1,5 millions € per
MW) and that the debt was financed by a consortium of three Moroccan banks.

- Tarfayer - Amogdoul Farm
Installed capacity: 65 MW
Number of Turbines: 76
Types of Turbines: Gamesa G52/850 (850 kW, 52m rotor diameter)
Location: Essaouira
Commissioning: 2007
Owner: ONEE
The overall cost of the project is assumed at 650 millions Moroccan Dirham (roughly 65 millions US$)
and was financed by the ONEE and the German Bank KfW.

- Tetouan
Installed capacity: 32 MW
Number of Turbines: 23
Types of Turbines: 12 Gamesa G52/850 (850 kW, 52m rotor diameter) and 11 (2 MW)
Location: Tetouan
Commissioning: May 2005 Extensions in 2009
Developer: La Compagnie du Vent (first 12 turbines) and Acciona Energia (extensions)
Owner: Lafarge SA
This Wind farm was the first one to be implemented under the self-production scheme in Morocco.
Originally, the farm was powering 50 % of the Lafarge cement plant but since 2009, not only it fully
supplies the Tetouan plant but the excess of electricity is transferred to the other plants of Lafarge SA.
The initial project would have cost 10 millions euros (1 million € / MW) while the extension is estimated
at 368 millions Dirham (1,11 millions € / MW).

-53-

- YNNA Bio Power
Installed capacity: 20 and 50 MW
Number of Turbines: Unknown
Types of Turbines: Gamesa
Location: Essaouira and Tangier
Commissioning: 2009 for the 20 first MW and 2011 for the second one
Owner: YNNA Holding
According to YNNA, the overall investment for the two wind farms was around 1 billiard Moroccan
Dirham (90 millions €).
Several projects, under different stages of progress are under development in the country. The Integrated
Wind Plan set two phases for the development of large-scale wind power and the achievement of the
targets. The first phase is almost over except from two, which are under construction at the moment:
- Foud El Wad
Installed capacity: 50,6 MW
Number of Turbines: 22
Location: Laâyoune
Types of Turbines: Siemens SWT-2.3-101 (power 2,3 MW, diameter 101 m)
Developer: NAREVA
- Jbel Sendouq-Khalladi
Installed capacity: 120MW
Number of Turbines: 40
Location: Tanger
Types of Turbines: Vestas V90 3MW (3MW, 90m rotor diameter)
Developer: UPC Renewables SARL
Owner: UPC Renewables SARL
Planned commissioning: End of 2015

The second phase involves 5 projects for a total capacity of 1000 MW. The sites have already been
chosen by the government and the commissioning is planned between 2016 and 2020. All of the
projects followed an offer to tender. Hereafter is the detail of each:
The project of Taza, in Tangier’s region, is the most advanced one. Currently under development, the
offer to tender was won by a consortium between EDF EN Morocco, Mitsui Engineering &
Shipbuilding Co Ltd (MES) and the turbine manufacturer Alstom. The project will include 50 wind
turbines of 3MW each and should start operating beginning of 2016.
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For the remaining four, which are: Tanger 2 (150 MW), Koudia El Baida in Tétouan (300 MW), Tiskrad
in Laâyoune (300 MW) and Boujdour (100 MW), an offer to tender is running and a decision should be
made in June this year. The 6 consortiums are already known:
- EDF Energies Nouvelles (France) ; Mitsui & Co (Japan) ; Alstom (France)
- Nareva Holding (Morocco); Taqa (United Arab Emirates) ; Enel Green Power (Italy) ; Siemens
(Germany)
- International Power (Great Britain, subsidiary of GDF-Suez); Vestas (Denmark)
- Acwa Power (Saudi Arabia) ; Gamesa Eolica (Spain) ; Gamesa Energia (Spain)
- General Electric (United States)
- Acciona Wind Power (Spain) ; Acciona Energia (Spain) ; Al Ajial Funds (Morocco)
As per the farm of Taza, those 5 projects will be developed under a BOOT scheme, which can be seen
as a partnership with ONEE who will be granted a fee for the concession. The overall cost of those 5
projects is estimated at 1,5 billions € (1,45 millions € per MW). Those 5 wind projects will also take into
consideration what is usually called the “local content”. After the awarding of the contracts, the
developers will be required to work through their local subsidiaries if existing or create affiliated
industrial companies to enhance employment of the region. So far, only one company Delattre Levivier
Maroc (DLM) is manufacturing wind turbines pieces (masts) in the country, while all the other items are
shipped from Europe.

Algeria:
Algeria is a very recent player on the wind market. The government’s targets in term of renewable energy
reflect both their ambitions and their recent involvement. The characteristics of the only wind farm
present in the country are detailed hereafter:
- Kabertene
Installed capacity: 10,2 MW
Number of Turbines: 12
Types of Turbines: Gamesa G52/850 (850 kW, 52 m rotor diameter)
Location: Adrar
Commissioning: July 2014
Developer: Cegelec
Owner: Sonelgaz
No projects are currently under development in the country. The market of wind power is still at a very
early stage and would require more studies from the deciding institutions and more specifically the
implantation of met masts to precisely assess the wind speed.
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Tunisia:
- Centrales éoliennes de Bizerte – 1
Installed capacity: 120,12 MW
Number of Turbines: 91
Types of Turbines: Gamesa Made AE-61 (1,32 MW, 61 m rotor diameter)
Location: Kchabta and Metline
Commissioning: 2012
Developer: Gamesa
Owner: STEG
- Centrales éoliennes de Bizerte – 2
Installed capacity: 68,64 MW
Number of Turbines: 52
Types of Turbines: Gamesa Made AE-61 (1,32 MW, 61 m rotor diameter)
Location: Kchabta and Metline
Commissioning: 2012
Developer: Gamesa
Owner: STEG

- Sidi Daoud
Installed capacity: 53,6 MW
Number of Turbines: 70
Types of Turbines: 32 Gamesa Made AE-32 (330 kW, 32 m rotor diameter), 10 Gamesa Made AE46/I (660 kW, 46 m rotor diameter), 1 Gamesa Made AE-52 (800 kW, 52 m rotor diameter), 27 Gamesa
Made AE-61 (1,32 MW, 61 m rotor diameter)
Location: Kchabta and Metline
Commissioning: Part 1 in 2000 (10,56 MW), Part 2 in 2003 (8,72 MW) and Part 3 in 2007 (34,32
MW)
Developer: Gamesa
Owner: STEG
Sidi Daoud was the first wind farm ever built in Tunisia. The project was funded by the Global
Environment Facility (GEF) and by the United Nations Development Programme (UNDP) for an
overall cost estimated at 54 millions € (1 million € / MW).
Small-scale wind farm are under study especially through the self-production scheme. Under this
scheme, the wind farm of SCG Kechabta (45 MW) was authorized in 2013 and should be commissioned
soon.
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Egypt:
- Gulf of El-Zayt
Installed capacity: 200 MW
Number of Turbines: 100
Types of Turbines: Gamesa G114 (2MW, 114 m rotor diameter)
Location: Golf of Suez
Commissioning: March 2015
Developer: Gamesa
This project was co funded by the European Commission (EC), the European Central Bank (EIB) and
the Kreditanstalt für Wiederaufbau (KfW) which is the lead donor.
- Zafarana 1
Installed capacity: 30 MW
Number of Turbines: 50
Types of Turbines: Nordex N43/600 (600 kW, 43 m rotor diameter)
Location: Zafarana
Commissioning: April 2001
Developer: Nordex
Operator: EEHC

- Zafarana 2
Installed capacity: 33 MW
Number of Turbines: 55
Types of Turbines: Nordex N43/600 (600 kW, 43 m rotor diameter)
Location: Zafarana
Commissioning: May 2001
Developer: Nordex
Operator: EEHC
- Zafarana 3
Installed capacity: 30,36 MW
Number of Turbines: 46
Types of Turbines: Vestas V47/660 (660 kW, 47 m rotor diameter)
Location: Zafarana
Commissioning: April 2004
Developer: Vestas
Operator: EEHC
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- Zafarana 4
Installed capacity: 46,86 MW
Number of Turbines: 71
Types of Turbines: Vestas V47/660 (660 kW, 47 m rotor diameter)
Location: Zafarana
Commissioning: June 2004
Developer: Vestas
Operator: EEHC
- Zafarana 5
Installed capacity: 85 MW
Number of Turbines: 100
Types of Turbines: Gamesa G52/850 (850 kW, 52 m rotor diameter)
Location: Zafarana
Commissioning: October 2006
Developer: Gamesa
Operator: EEHC

- Zafarana 6
Installed capacity: 79,9 MW
Number of Turbines: 94
Types of Turbines: Gamesa G52/850 (850 kW, 52 m rotor diameter)
Location: Zafarana
Commissioning: 2008
Developer: Gamesa
Operator: EEHC
- Zafarana 7
Installed capacity: 119,85 MW
Number of Turbines: 141
Types of Turbines: Gamesa G52/850 (850 kW, 52 m rotor diameter)
Location: Zafarana
Commissioning: ?
Developer: Gamesa
Operator: EEHC
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- Zafarana 8
Installed capacity: 119,85 MW
Number of Turbines: 141
Types of Turbines: Gamesa G52/850 (850 kW, 52 m rotor diameter)
Location: Zafarana
Developer: Gamesa
Operator: EEHC

This year, 69 large-scale solar projects were selected following tender offer process for a total capacity of
almost 2 GW. To fulfill its objectives, the government is also planning to launch a series of offers to
tender for wind power in July this year. Moreover, a total of 720 MW of wind projects are under
development at the moment in the country according to the Berlin-based consulting firm Apricum.
Following the IPP scheme, those projects are the result of the feed in tariff establishment last year. Due
to the recent political events the dynamism is falling down, but the government does not loose hope of
reaching the objective of 7,2 GW of wind energy by 2020.
Comparison:
Morocco, Algeria, Tunisia and Egypt have reached different level of evolution of their wind markets.
Morocco and Egypt have both reached a good installed capacity of almost 1GW while Tunisia is a little
bit behind with around 250 MW installed. Eventually, Algeria’s market is still at a very early stage of pilot
projects. Important disparities exist in projects under development too. While Morocco and Egypt have
or will launch(ed) an important number of tender offers, Tunisia and Algeria have almost no projects in
their pipe and it is likely that no more large scale projects will be developed before a new regulation
change.
The table hereafter summarizes the state of each country in term of project development.

Wind power installed
capacity

Capacity under
development

Turbine Manufacturers

Morocco

840 MW

1 GW (tender offer)

Vestas / Enercon
Siemens / Gamesa

Algeria

10 MW

-

Gamesa

Tunisia

240 MW

45 MW (self-production)

Gamesa

Egypt

740 MW

720 MW (private)
2GW (tender offer)

Gamesa / Nordex
Vestas

Table 8: Comparison of current and future wind capacities
(Sources: ONEE, STEG, SONELGAZ, EEHC)

None of the wind farms described before has ever been developed under an IPP scheme. From this
point of view, the risk is high in every country. Morocco and Egypt however look a little bit more
mature in the process of granting authorization. Finally, it appears that Gamesa, the Spanish
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manufacturer, has developed its distribution network so to supply turbines in the whole region. For the
creation of the scenario, we will therefore consider a Gamesa wind turbine.
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4.1.3 Tariff Mechanism
Renewable technologies are often subsidized by governments to enhance their introduction to the
market. Among the different incentives, tariff mechanisms are the most powerful. In Europe, two main
systems are in place: The feed in tariff and the green certificates. Fostering the use of renewable energies in the
European Union: the race between feed-in tariffs and green certificates (Marc Ringel, January 2006) compares those
two mechanisms in the specific case of Europe. Conclusion is made on their undeniable usefulness.
Both have been proven successful and the major difference is on the side effects. Indeed, a feed in tariff
scheme is easiest to implement since it directly involves the government, but it also question the
duration of the scheme and the depreciation of the tariff that should follow the trend of the technology’s
cost. This involvement of the government (who can change the tariff in few weeks) is one of the tariff
mechanism’s risk identified in Market and policy risk under different renewable electricity support schemes (Trine
Krogh Boomsmaa and Kristin Linnerudb, July 2015). It is agreed that Feed in Tariff is the safest scheme
for an investor who is then totally shielded from the market’s fluctuation. Therefore, the study focuses
on the termination of this policy and stresses the important risk of retroactively apply a change of policy.
Such shift of legislation would drastically slow down investments in the country and not only in the
energy sector.
The purchasing contract guarantees the independent power producer that the electricity produced from
its wind farm will be bought by the distributor. This contract specifies the tariff and the period of time
during which the distributor is obliged to buy the electricity. Not all of the North African countries have
adopted a feed in tariff or green certificates and therefore, the comparison hereafter focuses on the
conditions and terms of the power purchase agreement (tariff and duration especially).

Morocco:
As explained, ONEE is the only buyer of electricity produced from IPPs. No feed in tariff is in place in
the country and a contract must be made between the producer and the ONEE. Each contract has
therefore a different price, which depends on the negotiation between the producer and the Office.
Since ONEE has to deal with financial difficulties, the price offered to independent producers is very
low. It is assumed that the average price offered to non-ONEE producers is around 60% of the sale
price.
Wind Turbines operate at Medium voltage. The average sale price of electricity (which depends on time
slot) at this tension is around 0,96 MAD / kWh (0,09 € / kWh). It is therefore reasonable to assume a
buying price for ONEE around 0,06 € / kWh.
Algeria:
The decree of the 2d of February 2014 sets the principle of the power purchase agreement as well as the
feed in tariff in place in the country.
The purchasing agreement is made for a period of 20 years, which is divided in two. The first five years,
the tariff is granted according to the Full Load Hours (FLH) of the turbines. For the time of the second
segment, which last 15 years, the Energy Regulator (CREG) can reevaluate the tariff depending on the
actual performance of the farm at real conditions. To do so, the farm owner is forced to supply its
production data to the regulator. Those data include: the amount of energy produced, the number of
functioning hours, operation and maintenance costs, investment costs required after the construction.
A cap sets the maximum amount of energy that is subsidized through the feed in tariff. For a wind farm,
this maximum is the product of the FLH by the installed capacity. If the wind installations actually
produce more than the cap, the delta of electricity is bought at the market price. The two tables hereafter
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present the tariffs depending on the FLH. The first table concerns wind farms between 1 and 5 MW and
the second one concerns farms greater than 5 MW.

Table 9: Algerian Feed in Tariff for wind projects below 5 MW
(Sources: CREG)

Table 10: Algerian Feed in Tariff for projects between 5 and 50 MW
(Sources: CREG)

To benefit from the feed in tariff, an authorization is required which is delivered by the Energy
Regulator CREG. To apply, the power producer must already have an operating authorization and hold
a certificate of material origins. Those two documents are also delivered by the CREG earlier in the
project development. The Building permit as well as the Environmental Impact Study will be required.
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Tunisia:
The decree of 20th of June 1996 sets that “the concession of electricity production to private persons, known as
independent electricity producer, is designed to authorize private persons to produce electricity to be sold exclusively to STEG
under the terms of a contract entered into by the two parties”.
According to official Decree n°2009 2773 “the price of purchasing electricity by STEG produced by
renewable energy in the framework of the decree defining the condition of transport of electricity
produced from renewable energy and its sale:
- Projects connected to the grid in High (HT) and Medium Voltage (MT):
- Price = Price of general tariff of electricity in High Voltage at 4 different time slots.
- Projects connected to the grid in Low Voltage (LT):
- STEG invoice the difference between the electricity supplied and received by applying
the general tariff of electricity for low voltage. If the difference is negative, the excess is reported on the
next bill.”
For self-production, the tariff is as follow (in milli-Dirham):

Table 11: Price of purchased electricity from self-production connected to the Tunisian Low Voltage grid
(Sources: STEG)

For project connected in High and Medium Voltage, the tariffs are the same as for STEG’s clients:

Table 12 Price of purchased electricity from self-production connected to the
Tunisian Medium and High Voltage grid
(Sources: STEG)

Under the current scheme, STEG is the single buyer of electricity. In the future, the new law will include
possibility for PPAs with large customers. No subsidies are granted for the electricity produced from
renewable sources, which means that the profitability of a wind farm depends on the fluctuation of the
electricity price.
The purchasing contract with STEG is effective at the date of the signature until the 31st of December
the same year. The contract is then tacitly renewed for one more year unless one of the parties notices by
registered letter of the termination of the contract. This regulation gives STEG the power to end the
purchase agreement every year and therefor does not guarantee the possibility for the electricity
producer to sell its electricity. Although this agreement can look scary for the producer, the increase in
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electricity demand is so important that STEG would require more and more power from IPP and has no
interest in terminating the purchasing contract.
In February 2013, the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) published a study for the
introduction of a feed in tariff in Tunisia. For projects of 10 to 100 MW, a feed in tariff of 148 TND /
MWh (67,75 € / MWh) could be viable. More than the feed in tariff, the report assess the share of
equity, the return on equity and other useful indicators to be used in the benchmarker to estimate the
profitability of a project.
Egypt:
Anticipating the adoption of the Electricity Law 203-2014, the local Energy Regulator (Egyptian Electric
Utility for Consumer Protection and Regulatory Agency) published in October 2014 the Feed in Tariff
Projects’ Regulations.
The power purchase agreement is signed for a 20 years period. For the tariff, two time periods are
considered, the first segment last 5 years and the second one is 15 years long. To allow fast amortization
the first segment grant a much better tariff than the 15 next. Tariff depends on the Full Operating Hours
(or Full Load Hours FLH). The table hereafter is taken from the Feed in Tariff Projects’ Regulations and set
the tariffs for Renewable projects (PV greater than 500kW and Wind).

Table 13 Feed in Tariff for wind farms below 50 MW in Egypt
(Source: EgyptERA)

To apply for power purchase agreement, the project developer should contact the Central Unit for Feedin-Tariff which is located at EETC’s main office.
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Comparison:
Different types of PPAs are used in the countries. While Algeria and Egypt have implemented a Feed in
Tariff for a period of 20 years, Morocco is leaving more power to the distributor who can theoretically
negotiate the purchasing price. Eventually, in Tunisia, the tariff is following the market price but ONEE
can terminate the contract every year. In Morocco and Tunisia, since the liberalization of the markets is
still at an early stage, the IPP can only sell its electricity to STEG or ONEE. For investor, this possibility
for the operator to terminate the contract is a major risk. The table hereafter summarizes the main
conditions of PPA in Morocco, Algeria, Tunisia and Egypt:

Tariff

Duration of PPA

Morocco

Negotiated with ONEE

Negotiated with ONEE

Algeria

Feed in Tariff between 120,206€ to
68,895€ / MWh depending on production

20

Tunisia

Same as the tariff of STEG's industrial
clients

Tacitly renewed every year. Can be
terminated every year unilaterally

Egypt

Feed in Tariff between 101,918€ to
40,838€ / MWh depending on FLH

20

Table 14: Comparison of PPA and Tariffs
(Sources: CREG, STEG, EgyptERA, ONEE)

The tariff presented here in above will be used for computing the profitability of the four scenarios.
What is important to notice is the major difference in the risk taken by investors when entering into a
power purchase contract with ONEE (Morocco) or with STEG (Tunisia). As explained before, feed in
tariff remain the safest scheme for investors, although a retroactive shift of policy is always possible in
governments with questioned stability as literature has shown.
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4.1.4 Grid connection
To be able to sell its produced electricity, the independent power producer must be able to connect to
the grid. The formalization of the connection takes the form of a contract between the IPP and the grid
operator.
Depending on the regulation to access the grid, and the technical requirement the power installation
must comply with (grid code or operator’s judgment), the cost of connection can vary a lot. Additionally,
the grid connection contract itself, and especially its duration, might be a source of risk for investors.

Morocco:
No grid code is in place in the country. Renewable Energy producers can access to the Medium Voltage,
High Voltage and Very High Voltage grid thanks to law law 13-09 although the grid operator (ONEE)
has a right to examine the project. Connection to HV and VHV is already possible, but the MV grid has
to be regulated by a decree, not yet published. While the HV and VHV are only operated by ONEE, the
MV presents much more potential clients such as local public utilities. The grid connection has to
comply with the grid in term of technical requirement and that is the only reason why ONEE can refuse
the connection to a renewable energy power producer. The cost of connection is beard by the power
producer.

Algeria:
No specific grid code is in place for wind power in the country. Since the market is not open to private
producers others and the one who have been granted a concession, this code is not yet necessary.
Law 02-01 allows IPPs to connect to the grid (independently of the source of energy). Decree 07-293
precises this principle and sets that grid connection must be agreed by the grid operator without
discrimination. The only reason the grid operator can refuse the connection to an IPP is because of grid
substation capacity. In case the substation already reached its full capacity or can only partially integrate
the power from the new production installation, the grid operator must offer the IPP another way of
connection and let him know of the timeline. Finally, decree 06-429 obliges the grid operator to connect
the electricity installation up to 50 kilometers. The costs of connection studies however, are beard by the
power producer.
Tunisia:
A grid code for the connection of renewable energy sources to the national grid is currently under
development. Inspired from the German one, it has been developed by STEG in partnership with the
German federal Ministry of Economic Affairs and the GIZ (Association for International Cooperation)
since 2011. This code will set the technical requirements to fulfill for a power production unit to connect
to the grid.
From a regulation point of view, grid access is only detailed for self-production scheme under the decree
2009-2773. The decree mandates STEG to connect the self-producer to the grid and to by the excess of
electricity produced in the limit of 30%. The cost of connection is due by the power producer who is
also responsible for grid upgrade if necessary. This basically means that the cost of building a new
substation, if the power production unit cannot be totally connected to an existing one, is at the charge
of the IPPs. This regulation is very unfortunate for the power producer who should anticipate important
charges for grid connection.
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Egypt:
The regulation of grid access is described in the new electricity law 203-2014. EETC (subsidiary of
EEHC) sets the transmission and distribution costs which are then reviewed by the Energy Regulator.
Priority is given to Renewable Energy sources as the Egyptian Electric Utility and Consumer Protection
Regulatory Agency specifies: “The grid is committed to offer priority on dispatch for renewable energy, and offers PPA
based on take or pay”.
The Egyptian Distribution Code sets the technical requirement for a power production unit to connect to
the grid. Although no wind projects have ever been developed by IPPs in the country, a Wind Farm Grid
Connection Code is in place since March 2014. This code defines additional requirements specific for wind
power to connect to the High and Extra High Voltage (voltage higher than 33 kV), among other:
- In case of an important change in the grid frequency, it is prohibited for the wind farm to disconnect if
the deviation is within the range of 47,5 Hertz (Hz) to 51,5 Hz
- Voltage in a wind farm can fluctuate due to the generator start and stop. The maximum fluctuation of
the farm must not exceed 5%
- In case of over frequency, the active power should be decreased following the curve given in the code
- When starting, the wind turbine active power must not exceed 10% of its the rated power
All those specifications are not directly constraining the greenfield developer however, particular
attention should be given to the choice of turbine type in order to match the requirements of the code.
From a regulation point of view, every IPP has a guaranteed right to connect to the grid, independently
of the source of energy. Since the new law of 203-2014 of the 22d of December 2014, the grid operator
is forced to connect renewable energy projects that have been granted an authorization from the Energy
Regulator. The cost of connection to the grid is beard by the power producer but the grid operator has
finances all necessary improvement of the grid and creation of substation for the sake of the project.
Comparison:
In the four countries, in normal situation, the grid operators are forced to connect wind projects to the
grid. If they refuse, they have to explicitly justify. In some cases, the technical requirements are described
in a grid code, which is known from the developer, who has to comply with it. If no grid code is in
force, the refusal is at the grid operator’s sole judgment. In this case, the probability of not being granted
the right of connection is much bigger and most of all unforeseeable. Depending on the country, the
charge of grid connection can either be on the grid operator or on the IPP. The table hereafter
summarizes those points for each country:
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Grid code

Grid connection

Charge of connection

Morocco

No

HV and VHV grid
Decree for MV still pending

To the IPP

Algeria

No

Mandatory for RE projects

To the grid operator up to 50km
Grid upgrade and additional substations
if required are at the operator's charge

Tunisia

In progress

Mandatory for projects
under self-production
scheme

To the IPP
Grid upgrade and additional substation
if required are at the IPP's charge

Egypt

Yes

Mandatory for IPPs with
priority given to RE projects

To the IPP
Grid upgrade and additional substation
if required are at the operator's charge

Table 15: Comparison of Grid access regulation
(Sources: ONEE, STEG, SONELGAZ, EETC)

Tunisia and Egypt have published (or will publish) a grid code, which limits the risks of mistakes for the
project developer compared to Morocco and Algeria. Indeed, any refusal of grid connection would have
to be justified by non-compliance with the grid code. Algeria on the other hand has set an original law,
favorable to projects developers, which forces the grid operator to withstand the cost of grid
connection.
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4.1.5 Land use right
Land use right is a critical point in every project. The acceptability of a project by the neighbors is
directly related to the management of landowners. This key point is even more difficult to handle in
North African countries where property titles are not always legally registered and where the customs are
still an important part of a village’s life. If a mistake is made (we can imagine a case where the project
developer fail to identify a landowner while this landowner disagrees with the project) part or totality of
the wind farm might be refused. The criterion will analyze the countries’ regulation in term of land
access by foreigners and present the possible sites to develop projects.
Morocco:
Decree n°5984 of 6th October 2011 defines priority development zones for renewable projects. Project
bigger than 2MW must be developed in those zones. The wind map has been published and is shown
hereafter, however, the solar one is still pending.

Figure 23: Priority development zones in Morocco
(Source: Decree n°5984 of 6th October 2011)

L’Agence Nationale de la Conservation foncière du cadastre et de la cartographie is the responsible agency for
gathering properties and ownerships titles. The government is consuming lots of energy to sort out the
question of properties titles and step by step make the inventory the land. Nevertheless, and despite
those efforts, most of the rural lands, where wind projects can emerge, are not registered at the Agency.
Several types of land properties can be encountered:
- Property title (titre foncier in French), is the most powerful land right. This title has to be registered à
l’Agence Nationale de la Conservation foncière.
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- Le bien guiche is a property right that cannot be sold but can be rented. Historically, it was a piece of land
that was given to the soldier when returning from war.
- The Melkia right (bien Melkia). This kind of property was used in the past and is delivered by an
“adouls” who keeps record of the property titles at an “adulary court”. This right is not registered at the
National Agency and must be brought to them for validation. Since this right used to be religious, it is
still part of the customs and a foreigner cannot claim it.
Only the owner can ask for a copy of a property title at the National Agency of Property titles, however,
it should be possible for a private company to ask for the owner’s name.

Algeria:
End of 2014, the President of SKTM3 announced that the government identified 21 areas with high
wind potential. Out of those 21 areas, 100 sites for wind farms could be decided.
If no priority development zones have been decided yet, it seems however that the government has
already though about localization of future farms.
At a more detailed scale, the land use part of a project is also challenging in Algeria. In November 1975,
the ordinance n°75-74 established a land registry. The National Agency for Land property (Agence
Nationale du Cadastre) made considerable efforts to map property titles over the country. End of 2013, the
Agency claimed to have covered 97% of the national territory and more precisely:
- 39% of urban areas
- 75% of rural areas
- 100% of steppe and Sahara
On the website of the National Agency, a landowner can directly ask for a copy of his land title. For a
third party to know the owners of a piece of land however, a physical travel to the appropriate land
property conservation center (Conservation Foncière) is necessary. A map of those centers is available on
the website of the government (the general direction for national territory).
For information, the National Agency for land property can also provide cadastral plan on request on
their website.
Tunisia:
The new law, in pending of adoption, will define Renewable Energy priority zones. Similarly to
Morocco, a map of the area where wind power development is authorized should be published following
a decree.
La Conservation de la Propriété Foncière, created in 1885, is an organization affiliated to the government and
in charge of archiving and creation of property titles. It is possible to ask for looking at property titles.
The requirement must be placed in one of the 12 Regional Direction for land property of the country. It
is impossible to do the demand online or through email so the enquirer has to physically move to the
Regional office. The service is charged but immediate. As per the others countries of the region, the
register is far from being complete and it is therefore very difficult to rent the land if the property is not
public. In addition, the acquisition of agricultural land by a foreigner is forbidden. For a foreigner, the
purchase a piece of land (other than an agricultural one) is subject to prior approval by the Gouvernorat
(administration institution operating at regional scale). Obviously, this authorization follows a heavy
administrative process.
3

The subsidiary of SONELGAS for renewable energy
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All those constraint make the land use rights part of a wind project very difficult for a foreign company.

Egypt:
Currently in Egypt, the whole population leaves on only 4% of the territory, which is of course, the
coasts of Nil, most suitable place for agriculture. In rural area, few land use rights are registered
especially due to Law n°96 from 1992 which stripped around 1 million owners from their land right.
This law suppressed rental caps and reaffirmed lord’s properties. Before 2006, the land register covered
only 10% of the land. In 2004, the US Agency for International Development subsidized the Egyptian
government for a financial program of which one of the tasks was to update the land register. Two
agencies, the Real Estate Publicity Department (REPD) and the Egyptian Survey Authority (ESA)
affiliated to the government, are responsible of this task. In partnership with ESRI and using an
advanced GIS software, the Land Registry System (LRS) standardizes the documents. During the last
decade, the government put lots of efforts in land registration, however, most of the progresses have
been made in urban areas and especially the sites close from the Nil’s boarder. Customs and traditions
still play a very important part in the country and have to be considered when developing energy
projects. Women for instance legally have the right of property but because of discrimination, only few
of them actually own lands.
As discussed earlier, the government created a wind Atlas in 2005. Following this work, three
Presidential decrees allocated 7600 km2 of land to New and Renewable Energy Agency (NREA) to
develop wind projects. On 1200 km2 (located in desert, West of the Suez Gulf), NREA intends to
develop 1140 MW of governmental projects, 750 MW of private project operating under the build-ownoperate (BOO) scheme and 750 MW of IPPs projects. The purpose of the remainder 6400 km2 (located
west and east of the Nile river valley) has not yet been decided.
The NREA gives some of the land rights to the developer thanks to an Usufruct Agreement. The
attribution follows an auction process.
If projects are not forbidden outside of those 7600 km2, it is clear that the land use right would be a
brake to any developer. In case of land purchase, the ownership of Desert land (land that is located at
least 2 km away from urban areas) requires at least 50% of local content.
Comparison:
In every country, it is very difficult to precisely know who are the owners of the lands to be used for the
project. Many times, the property titles will not match the reality of the fields. Sometimes, inhabitants
take profit of a land they do not own but has been worked by their family for decades. The power
producer when developing its project has to take into consideration those local customs and manage to
satisfy everyone to avoid court disputes. To tackle this issue, a solution would be to buy the land needed
for a project rather than renting it as in Europe. Less expensive, another solution is to establish the
project on governments or municipal lands. The table hereafter summarizes the situation in each
country:
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Morocco

Agency for Land
Property
Agence Nationale de la
Conservation
Foncière et du Cadastre

Possibility for a
foreigner to buy land

Development zones

Yes

6 zones defined by decree
for project bigger than 2MW

Algeria

Agence Nationale du
Cadastre

Requires prior approval

Tunisia

Conservation de la
Propriété Foncière

Requires prior approval

Egypt

Egyptian Survey
Authority

50 % of land
ownership maximum

No mandatory zones but
areas defined by the government
for potential offer to tender
Not yet. To be established
in the new law
Not mandatory but 7600 km2
owned by NREA and dedicated
to wind project

Table 16: Comparison of land access regulation

To tackle the issue of land use rights, Egypt bought land dedicated to wind project. This solution
simplifies the work of developers (gain of time and money), and totally suppresses the risk for the
project. For Morocco, Tunisia and Algeria, the risk is as important as the land use titles are not well
registered. In this matter, Algeria and Tunisia seems to have a head start on Morocco.

4.2 Profitability
The first section of chapter two has qualified five majors risks subject to losses for an investor. Based on
those risks and a few other assumptions, this section of the report will assess the value of projects in
North Africa. Four scenarios, one per country, will be compared using a financial model. The model
computes incomes and outcomes of a project over the years of development and operation to determine
a Net Present Value. While outcomes are numerous, the incomes are easily calculated since directly
related to the wind conditions of the site.
4.2.1 Wind
Finding a suitable site is probably the most important phase of developing a wind farm. In general, the
windiest the site is, the most profitable the project. Lots of researches are made to assess wind potential.
Two types of data can be used in a financial model:
- Data from Computational Fluid Dynamics (CFD) models. This kind of study can be made at large
scale by international organizations.
- For more accurate data, met masts are required.
In real case of wind project development, the financing institution always requires data from a met mast.

Morocco:
Morocco is the country with the highest wind potential of the region. The total potential is estimated at
25 000 MW by the Moroccan Energy Ministry. For the most windiest area such as Tanger, Essaouira
and Tetouane regions, mean wind speed can be up to 9,5 – 11 m/S at 40 meters.
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Algeria:
Compared to its neighbors, Algeria has a moderate potential for wind power. With ambitious renewable
energy targets for 2030, the country is currently measuring its potential thanks especially to specialized
wind stations in development (Khenchela, built end of 2014, 20 others sited under study for more
stations). The sites with highest potential are located in the region of Adrar in the south, Oran, and in
the region going from Meghres and Biskra to El Kheiter and Tiaret with mean wind speed up to 8,5 m/s
at 80 meters height.
Tunisia:
End of 2009, Tunisia published a very detailed wind Atlas of its territory, which has required 5 years of
measures and the installation of 17 met masts between 20 and 40 meters in different areas of the
country. Together with the wind data collected by the National Institute of Meteorology from existing
wind farms, it gives a very detailed wind map extrapolated to 60, 80 and 100 meters. The map
interpolated at 100 meters height is shown hereafter:

Figure 24: Tunisian Wind Atlas
(Source: ANME)

Tunisia has a fairly good wind potential as the map hereinabove proves, however, the windiest regions
are often located in the south of the country where the conditions are the most challenging. A software
of the wind Atlas is available to wind developers on request to ANME. Additionally the ANME
published a map, which superimposes the wind atlas and the technical constraints.
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Figure 25: Exploitable sites for wind power in Tunisia
(Source: ANME)

As the map displays, only few sites are currently exploitable with good economic profitabilities. Based on
this map, the potential of the country is assessed at 8000MW.
Egypt:
Two wind atlas related to the Golf of Suez in 1993 and in 2003 partially included Egypt. Since 2005, the
country has its own wind map, which contrary to Tunisia is not downloadable freely. This atlas reveals
regions of high potential around the Golf of Suez, in border of the Nil and in the Sinaï region. The
overall potential of the country is assessed at 20 000 MW.
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Comparison:
Several international agencies have assessed the wind potential of the region combining computational
methods and data from existing wind farms. MERA and Convex are probability the two most reliable
sources. Providing long-term data, those organisms are often used to correlate data gathered by a windmet mast. Unfortunately those data are not free of charge. The National Center for Renewable Energies
(CENER) also made a wind map of Africa with a 10km mesh. Not very precise, it can however give and
overall idea of the wind in the region.
Finally, Vortex offers an intermediate solution with a wind assessment of the entire world with a mesh
of 1km. 6 months samples with hourly data are freely available as well as the primary wind directions.
The map hereunder shows wind speed of the studied countries at 100 meters height:

Figure 26: Vortex CFD Wind map of North Africa
(Source: Vortex)

For future calculation, 4 areas (one per country) have been identified as the pins on the map show. For
the sake of comparison between the scenarios, the 4 sites have been chosen among the windiest of each
country, within the development zones defined by the governments. The average wind speed over the
last 6 months at those points is given in the table hereafter for comparison:

Mean wind speed at
selected site

Main wind direction

Morocco

8,56 m/s

North-North-East

Algeria

7,81 m/s

North-East

Tunisia

7,28 m/s

West and East

Egypt

7,61 m/s

North-North-West

Table 17: Comparison of mean wind speed at 120m height at selected sites
(Source: Vortex)
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4.2.2 Benchmark
The four locations take on for the design of four scenarios, as presented on figure 24, are the following:
- Morocco: Region of Dora
- Algeria: Region of Reggane
- Tunisia: Region of Chenini
- Egypt: Region of Ras Shukeir
For each location, 6 month of wind data hourly processed by Vortex were recovered as well as the
primary wind directions. The result of an extrapolation to 120m heights for those 6 months
measurements can be displayed as a graph showing the frequency of each wind speed over the time
considered:

Morocco:

Figure 27: Wind rose and wind speed distribution in Dora, Morocco
(Source: Vortex)

Algeria:

Figure 28: Wind rose and wind speed distribution in Reggane, Algeria (Source: Vortex)
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Tunisia:

Figure 29: Wind rose and wind speed distribution in Chenini, Tunisia (Source: Vortex)

Egypt:

Figure 30: Wind rose and wind speed distribution in Ras Shukeir, Egypt (Source: Vortex)

In every scenario, the shapes of the wind roses clearly show a dominant direction for the wind. Based on
this observation and the diffuse dwellings the four chosen regions (mostly desert), we assumed that wind
turbines could be well away from each other to neglect losses due to wake effect. Together with the
wind speed, Vortex freely provides estimated density of air. For the time period considered, the density
of air is almost similar for the 4 sites and can be averaged at 1,20 kg/m3 at 120 m height. 	
  
In order to make a reliable comparison, the four wind projects should be similar (same number of
turbine and same model). Given the current farms built or in construction in the region as discussed in
part 4.1.2. Maturity of markets, Gamesa seems to be the most suitable wind manufacturer. Yet, no
turbine plants are established in North Africa and therefore, the manufacturer must ship the turbines
from Europe. Choosing a manufacturer already in place in all of the four countries ensures a smooth
construction and a control of the building costs. Due to the high wind speeds in the selected regions, the
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chosen turbine type is the most powerful one of Gamesa’s range: the G128 – 5MW. For maximum
production, a wind farm of 6 turbines Gamesa G128 – 5MW at 120 meters high is considered. The
installed capacity would then be 30 MW, which would suit the 4 markets and produce a reasonable
amount on energy. Indeed, as discussed in part 3.6 Schemes to develop wind farm, a farm of 30 MW is
adapted to all the caps limiting the IPPs schemes. The power curve of the Gamesa G128 – 5MW is
given hereafter (scale has been normalized for confidentiality reasons):

Figure 31: Normalized Power curve of the Gamesa G128-5.0MW
(Source: Gamesa)

Multiplying this power curve by the wind speed distribution of each location gives the energy produced
by one turbine during one year for the four scenarios. In practice, it is easier to use the Full Load Hours
(FLH), which represents in hours the time a turbine would work at rated power over a year. For the
calculation of produced energy, we assumed a turbine availability of 98%. The results in MWh / year and
full load hours for each scenario is displayed in the table hereafter:
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Energy produced (MWh / year
for 1 turbine)

FLH (Hours / year of 1
turbine)

Morocco

19416

3806

Algeria

16473

3229

Tunisia

13804

2706

Egypt

16562

3246

Table 18: Comparison of Energy produced and FLH of four sites

For the study, we assumed wind farm operation of 20 years. In the financial model, the Energy
produced per year is multiplied by the price of electricity (that vary over the considered period) to
determine the incomes. The outcomes are divided in OPEX (Operating Expenses) and CAPEX (Capital
Expenditure). The two most important CAPEX are the cost of the wind turbines as well as the cost of
the building rights. Since Gamesa is a Spanish manufacturer well implanted in all of the North African
countries, we assumed a similar price of turbine for the 4 cases. With the return of experience both from
French projects and from existing wind farms of North Africa, we have assumed a cost of 977 000 € per
MW (which makes 4 885 000 € per turbine).
The financial model takes into account:
- The estimation of production (in FLH or in MWh / year) and the basics parameters such as the
number of turbines and their rated power. This parameter has been calculated above, given the selected
turbine type and the wind conditions on the four sites
- The CAPEX (Capital Expenditures), which include the TSA (Turbine Supply Agreement), the BOP
(Building Operating Plan), the Connection Plan (PTF Proposition Technique et Financière) and finally,
the rights (permits and other authorizations). For the TSA (the turbine in itself) and the BOP (Building
costs), we have assumed fix cost, independent of the scenario. The connection cost however depend on
the legal framework as presented in part 4.1.2 Grid connection
- The Tariff of sold electricity, and the duration of the Power Purchase Agreement. Those two
parameters have been presented for each country in 4.1.3 Tariff Mechanism
- The OPEX (Operational Expenditures), which include taxes and land leases fees, the Operation and
Maintenance cost (O&M), the environmental and acoustic studies, the TCM (Turbine Condition
Monitoring). Although its impact on the project value is limited compared to some other outcomes, the
land lease fees depends on the level of wealth of the country.
- The Financial parameters: Inflation rate, share of equity to be brought by the investor, the interest rate
(or debt from the bank loan) and the expected return on equity (ROE). Those parameters are the most
sensitive, but also the most difficult to assume. The inflation rate is calculated by international
organizations, while the expected return on equity is a parameter of the wind power market. The bank
determines the share of equity and the interest rate. Those two variables can vary from a project to
another and from a bank to the other making its assessment uncertain. Both of them reflect the share of
the project risk between the bank and the investor. Indeed, the more equity the investor has to bring, the
riskier the investment will be for him. Similarly, the riskier the project is, the higher the interest rate will
be.
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The German International Cooperation Agency (GIZ) published a study in February 2013 about the
economical feasibility of introducing a Feed in Tariff for Renewable Energy in Tunisia. A financial
model of a project gives insights of the financing conditions in the country, especially on equity and debt
interest rates that are the key parameters of our study. Helped by this study, benchmarks of the four
virtual projects have been realized. The chosen parameters and their justification as well as the results are
details hereafter:
Morocco:
- Given the Gamesa G128-5MW and the wind measurement of Vortex, a wind farm of 30 MW (6
turbines) would produce around 116,496 GWh per year at the chosen site
- Turbine Supply Agreement as been assessed by GIZ and should be around 977 000 € per MW. This
value has been assumed the same for the four projects since no turbine plants are implanted in North
Africa, and since the four farms are of the same size
- Similarly, the BOP has been assumed identical for the four projects. A good assumption is to take as
BOP cost 12,5 % of the total CAPEX.
- Morocco’s legislation charges the investor for the grid connection cost between the farm and the
national grid. However, the charge of grid upgrade, if required, is beard by the grid operator. Based on
that, connection cost has been assumed as 12,5% of the total CAPEX (same ratio as French projects,
since the legislation is identical).
- Tariff from renewable energy is not subsidized by any green certificate or Feed in Tariffs. Each PPA is
different since negotiated with ONEE. We have assumed a tariff of 60% of the selling price, which
makes 60 € / MWh produced. With the disengagement of the state in electricity subsidies and the
growing demand, a conservative assumption of 2% / year increase price over the next 20 years has been
assumed.
- Morocco’s GDP per capita is the lowest of the region. If land lease is possible at the chosen site, the
following loan have been considered: taxes: 7 000 € / MW / year, land lease for turbine: 2 200 € / MW
/ year, road leases: 2 € per linear meter / year, land lease for grid substation: 1 500 € / year.
- O&M have been evaluated by the GIZ at 140 000 € per turbine per year. Compare to European
market, this price is impressively high but takes into consideration the additional cost of maintaining a
turbine in sandy conditions.
- Environmental studies (3 times 30 000 €) and acoustic ones (10 000 €) as well as TCM (1,5 % of the
revenue) have been taken on the mean basis of the French market.
- The current inflation rate in Morocco is around 1%.
- The share of equity to be brought by the investors has been evaluated for Tunisia by GIZ at 20%. This
rate has been kept identical for Morocco, Tunisia and Egypt, although it might vary depending on offers
from one bank to the other.
- Once all the authorizations are granted, the risk of a project in Morocco is very low and concerns
almost exclusively wind. Investment context is favorable and foreign financing is possible. Therefore,
the interest rate has been assumed at 6% and the expected return of equity for the investor, around 16%.
Given all those parameters, the models gives a Net Present Value for the project of 57 467 330 €.
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Algeria:
- Given the Gamesa G128-5MW and the wind measurement of Vortex, a wind farm of 30 MW (6
turbines) would produce around 98,838 GWh per year at the chosen site
- As per the other countries, the TSA is assessed at 977 000 € / MW
- As per the other countries, the BOP is assessed at 12,5 % of the total CAPEX
- Algerian’s legislation obliges the grid operator to connect renewable energy installations and charges it
for the cost of grid connection up to 50km as well as the potential grid upgrade. Based on that, the only
cost beard by the investor is the cost of connecting its turbines to the substation. This cost has been
assessed at 2% of the total CAPEX costs
- The Feed in Tariff in place and guaranteed for 20 years is very favorable to project developers. Given
the full load hours of the project, the tariff would be around 0,09451 € / kWh during the 5 first years
and around 0,06889 €/kWh the 15 years after
- Given Algeria’s GDP per capita and if land lease is possible at the chosen site, the following loan have
been assumed: taxes: 9 000 € / MW / year, land lease for turbine: 2 500 € / MW / year, road leases: 3 €
per linear meter / year, land lease for grid substation: 1 500 € / year
- O&M evaluated by the GIZ gives 140 000 € per turbine per year due to the technically difficult
conditions
- Environmental studies (3 times 30 000 €) and acoustic ones (10 000 €) as well as TCM (1,5 % of the
revenue) have been taken as mean value of the French market.
- The current inflation rate in Algeria is around 5%.
- Due to the very difficult financing we have assumed 25% of equity to be brought by the investor.
- Investment context is definitely difficult for foreigners and therefore, the interest rate has been
assumed at 10%. Once all the authorizations are granted however, the risk of a project in Algeria is very
low in the Feed in Tariff scheme. Consequently, the expected return of equity for the investor would be
around 10%.

Given all those parameters, the models gives a Net Present Value for the project of 54 322 147 €.
Tunisia:
- Given the Gamesa G128-5MW and the wind measurement of Vortex, a wind farm of 30 MW (6
turbines) would produce around 82,824 GWh per year at the chosen site
- As per the other countries, the TSA is assessed at 977 000 € / MW
- As per the other countries, the BOP is assessed at 12,5 % of the total CAPEX
- Tunisian’s legislation gives the right to Independent Power Producers to connect to the grid. However,
the cost of connection, as well as the grid upgrade if necessary, are at the IPP’s charge. This considerably
increases the CAPEX and introduces uncertainty on the bankability of a project during its development
phase. The cost of grid connection has therefore been assumed to 15 % of the total CAPEX.
- The current tariff for Medium and High Voltage is set by decree at the same price as the selling price of
STEG to its industrial clients. For the simulation, an average tariff of 0,06685 € / kWh is considered.
The tariff of electricity for customers however is largely subsidized and since the government’s policy is
to slow down those subsidies, the price of electricity is expected to strongly increase in the next decades.
For the year 2015, the government has announced a 7% increase in the price of electricity. For the next
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10 years a mean increase of 4% per year is considered and for the years 10 to 20, the conservative
assumption of a 2% increase per year was made
- Given Tunisia’s GDP per capita and if land lease is possible at the chosen site, the following loan have
been assumed: taxes: 9 000 € / MW / year, land lease for turbine: 2 500 € / MW / year, road leases: 3 €
per linear meter / year, land lease for grid substation: 1 500 € / year
- O&M evaluated by the GIZ gives 140 000 € per turbine per year due to the technically difficult
conditions
- Environmental studies (3 times 30 000 €) and acoustic ones (10 000 €) as well as TCM (1,5 % of the
revenue) have been taken as mean value of the French market
- The current inflation rate in Tunisia is around 4%
- The GIZ assumed a 20% share of equity to be brought by the investor
- The investment context for foreigners is favorable. GIZ studies gave an interest rate of 8%, which of
course depend both from the investor’s profile and from the bank. Once all the authorizations are
granted the risk of a project is still high. Indeed, the tariff is not guaranteed and follows the market.
Since the tariff is indexed on the price of a barrel, it is subject to strong variations. Moreover, the
possibility for STEG to terminate the contract every year increases even more the project’s risk. All
those parameters could lead an investor to ask for a return of equity of at least 16%.
Given all those parameters, the models gives a Net Present Value for the project of 46 969 363 €.

Egypt:
- Given the Gamesa G128-5MW and the wind measurement of Vortex, a wind farm of 30 MW (6
turbines) would produce around 99,372 GWh per year at the chosen site
- As per the other countries, the TSA is assessed at 977 000 € / MW
- As per the other countries, the BOP is assessed at 12,5 % of the total CAPEX
- The right to access as well as the technical requirements to connect to the national grid are well
regulated. The power producer pays the connection to the network, but the grid operator is in charge of
upgrading the grid to provide a connection solution. The grid access cost is estimated at 12,5 % of the
total CAPEX.
- Egypt established Feed in Tariff for renewable energy in October last year. Signed for a period of 20
years, the PPA guarantees the sale of the electricity to the Egyptian Energy Holding Company. Given
the FLH, the tariffs applicable to the project are: 0,0957 € / kWh for the 5 first years and 0,0893 for the
next 15 years. Due to the very high increase in demand and the plan of the government to double the
tariff of electricity within 5 years, those tariffs might be revised upward.
- Land use right in Egypt is atypical. Since the project site is located on land belonging to NREA the
loan are expected to be relatively important. The following assumptions were made: taxes: 11 000 € /
MW / year, land lease for turbine: 3 300 € / MW / year, road leases: 4 € per linear meter / year, land
lease for grid substation: 1 500 € / year
- O&M evaluated by the GIZ gives 140 000 € per turbine per year due to the technically difficult
conditions
- Environmental studies (3 times 30 000 €) and acoustic ones (10 000 €) as well as TCM (1,5 % of the
revenue) have been taken as mean value of the French market
- The current inflation rate in Egypt is around 10%
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- As per Tunisia and Morocco, a 20% share of equity to be brought by the investor is assumed
- The investment context for foreigners is favorable. To be conservative, an 8% interest rate has been
assumed but would probably be less. Once all the authorizations are granted the risk of a project is
restrained to the wind. Tariff is guaranteed for a period of 20 years as well as the grid connection. It is
reasonable to assume a return on equity of 11 %.

Given all those parameters, the models gives a Net Present Value for the project of 59 217 155 €.
Comparison:
The result of the financial model for the four scenarios is summarized in the table below:

Net Present Value
Morocco

57 467 330 €

Algeria

54 322 147 €

Tunisia

46 969 363 €

Egypt

59 217 155 €

Table 19: Results of the financial model of four project scenarios

The four project scenarios present a very good Net Present Value despite the risks highlighted in part
one and considered in the financing model. Profitability of projects in Morocco, Algeria and Egypt are
almost similar. Although the Algerian market is immature, the favorable legal context, which includes a
secured feed in tariff for a period of 20 years and a grid connection regulation cost-efficient for the
project developer, balances well the financing difficulties an investor would encounter. On the other
hand, Tunisia’s current legislation (power purchase agreement to be renewed ever year, cost of
connection at the charge of the IPP) makes projects both risky and significantly less profitable than in
the neighboring countries.
Those models have been made at a stage were the project does not even exist. They include lots of
assumptions and uncertainties and would normally require years of studies to gather accurate values. For
instance, the wind study would normally require a met mast averaging values every 10 seconds. The
recovered data must then be correlated over 20 years with weather stations. The scenarios have
intentionally been chosen idealist for the sake of comparison. Indeed, the locations selected were among
the windiest of each country and the chosen turbine is one of the most efficient one, never implanted in
North Africa yet. Rather than the actual figures, the comparison of the Net Present Values shows the
impact of legislation risks on the profitability of the four projects.
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5 Conclusion
From a technical point of view, wind power is a mature technology. However, its spreading in North
Africa is still at a very early stage. The potential of the region as well as the necessity of renewable energy
introduction focuses the attention of private companies on those markets. From a feasibility point of
view, the first chapter of the report ensured a general background favorable to wind power
development. Except in Tunisia, where the new electricity law opening the market to IPPs is still
pending, all necessary requirements, defined at the beginning of the study, are achieved. Morocco,
Algeria, Tunisia and Egypt all experience a strong increase in their electricity demand. Driven by the will
of security of supply, the governments set ambitious targets for renewable energy and started to
disengage from the electricity sector. At different scale and for different reasons, the four states are in
the process of reducing electricity subsidies. Consequently, the price of electricity is expected to grow,
ensuring the competitiveness of wind power in long term. From the monopoly of a state-owned
company, responsible for electricity generation, distribution, transmission and grid operation, the four
electricity markets moved to a level of liberalization allowing at least private electricity producers. If
none of the countries have seen the development of a wind farm under an IPP scheme, some successful
experience of fossil fuel plants development under similar schemes reassure. Finally, Morocco, Algeria
and Egypt passed laws to set up schemes for the development of projects by private companies without
the necessity of a tender offer, within a capacity cap different depending on the country. In Tunisia
however, the current legislation only permits the involvement of private company in the self-production
scheme, or following a tender offer process unsuitable for SME. As long as the electricity draft law,
which at the moment is being reviewed by the Assembly, is not adopted, investments in wind projects
development are unadvised. Additionally, the second part of our study also revealed some risky points in
the Tunisian legislation. Since no energy regulator is in place and because the power purchase agreement
must be renewed every years, the share of equity would be important and any loan from a bank would
feature a high interest rate. As the scenarios analyses showed, such difficult financing option added to
the cost of grid connection to be beard by the investor, strongly depreciates the value of a project. Using
a financial model, the scenarios used in chapter 2 have translated the risks factors into actual figures, the
value of projects. If the NPV of the Tunisian project scenario is so low compared to the others, it is also
because of the wind conditions, slightly lower than the neighboring countries. Morocco, on the other
hand is the windiest country, which maintains the NPV of the project scenarios at a high value, despite
the insecurity of the tariff and the investment risks that come with. The Algerian scenario also results in
a high NPV, mainly thanks to a regulation strongly favorable toward the investor, especially the grid
connection and the feed in tariff. The only drawbacks being the immaturity of the market with only one
wind farm ever built on the territory, and the legislation forbidding the transfer of Algerian Dinar
outside the country. Finally, the Egyptian scenario has the highest NPV. Due to few risk factors, we can
expect the financing solution (share of equity and interest rate, both defined by the bank) to be close
from the one offered in Europe.
To fully answer the research question, which was “Where and when should a SME enter the wind
energy markets of North Africa?”, we can say that Egypt’s electricity market has a head start on the
neighboring ones. Thanks to the recent introduction of a feed in tariff and its land secured by the
government on the coasts of the Gulf of Suez, Egypt’s regulation presents few weaknesses. To be part
of the 4825 MW of private projects, wind developers should size the opportunity straight away.
Morocco already has a mature market with private wind farms developed through tender offer process.
The major risk is the absence of secured tariff, that might be balanced by very productive farms if placed
in windy sites. Since no new regulation is in progress, the profitability would only depend on the
financing solution. It is unlikely that a bank offers to finance an early stage project and therefore, SME
should wait for a multinational company to develop a project under the IPP scheme to be sure of the
viability of project development under this scheme. Algeria’s regulation is well in place and reliable for
the wind developer. No change of regulation is to expect but more projects would be needed to
guarantee the applicability of these regulation. To comply with the interdiction of money transfer outside
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the country, a foreign company should consider establishing a long-term business and a subsidiary
company in Algeria. Finally, as it is today, the Tunisian wind power market is closed to foreign SME.
The imminence of the new electricity law should solve this issue. The form of the power purchase
agreement contract, which must be renewed every year, should however remain unchanged.
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