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3.3 Energy transition in the Mediterranean
Executive summary
Current Mediterranean greenhouse gas emissions
amount to a relatively low level of 6% of the global
emissions, a proportion close to its proportion of
the world population (7.4%). The expected impacts
of climate and environmental changes necessitate
an accelerated energy transition in the countries
of this region to enable a secure, sustainable
and inclusive development. The primary energy
consumption in the Mediterranean Basin from
1980 to 2016 has steadily increased by approximate
1.7% annually. This trend is mostly related to a
steady increase in the consumption of oil, gas,
nuclear and renewables and is caused by changes
in demographic, socioeconomic (lifestyle and
consumption) and climatic conditions in the region.
While the northern rim countries advance in
gradually diversifying their energy mix, improving
energy efficiency and increasing the fraction
of renewable energy sources, the eastern and
southern rim countries (SEMCs) still lack behind
in these developments. The Mediterranean Basin,
especially the SEMCs, has large potential for
renewable energy, terrestrial as well as marine,
including wind, solar, hydro, geothermal, bioenergy,
waves and currents. With the increase of the share
of renewables, the electricity transmission system
will be more exposed to weather variations and
may be threatened by specific weather conditions
that are usually not considered as extremes.
The projected energy demand trajectories for the
next few decades in the Mediterranean Basin are
significantly different for the northern versus the
eastern and southern rim countries. The energy
demand in the North has decreased by 4% since
2010, due to a moderate population growth and a
decreasing gross domestic product, and expected
to continue to decrease until 2040. The SEMCs have
experienced sustained economic and population
growth over the past years, which resulted in a
growth in a 6% energy demand since 2010. Towards
2040, the energy demand is expected to continue
to increase. Although fossil fuels are currently
expected to remain the dominant component of
the energy mix until 2040, renewables will become
the second most used energy source in the
Mediterranean Basin and triple until 2040.
A significant gap between energy supply and
demand is expected, particularly in SEMCs. It is,
therefore, more than necessary to move rapidly
towards a restructuring of the energy sector,
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particularly the more pronounced integration of
renewable energies. Mitigation of greenhouse
gas emissions and adaptation to climate change
will require investments from households,
companies and governments. Regional energy
market integration and cooperation are crucial
to unleashing cost-effective climate change
mitigation.

3.3.1 Introduction
Despite a relatively low share in global greenhouse
gas emissions (6%), close to its proportion of
the world population (7.4%), the Mediterranean
region is severely hit by impacts of climate change
(Section 2.2). The nature and magnitude of current
and future impacts of climate and environmental
change in the Mediterranean region, and the
associated vulnerability of people, are important
imperatives to accelerate the energy transition in
all countries of this region in order to enable them
to secure a sustainable and inclusive development
trajectory.
While the energy transition raises common issues
for the region as a whole, the nature and extent
of these issues are expressed differently between
both shores of the Mediterranean. Northern
countries have achieved at least two decades of
reforms that enabled them to gradually diversify
their energy mix and control to some extent their
energy demand due to the deceleration of their
demographic growth and the gains in terms of
energy efficiency. With respect to the relatively
high level of CO2 emissions from these countries,
their energy transition is bound by a rationale that
is different from that of Southern and Eastern
Mediterranean countries (SEMCs).
The energy transition issue in the SEMCs is closely
linked to the sustainability of their development
model. These countries face multiple challenges
related among others to the fast population
growth (607 to 659 million inhabitants, depending
on the scenario, by 2050 against 534 million in
2015, Section 2.7) which would put additional
pressure on energy demand to accompany the
surge of urbanization and increasing needs of
various sectors of the economy. Therefore, the
energy demand in the south-east Mediterranean
countries is expected to rise nearly 118% by
2040. The polarization of SEMCs’ energy mix on
fossil fuels, mainly oil and natural gas, is another
important challenge, especially for the countries
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Figure 3.22 | Evolution of Primary Energy Consumption across the Mediterranean for the period 1980-2016, in
exajoules EJ (1018 joules) RES - Renewable Energy Sources (EIA 2019).

where hydrocarbon export revenues play a central
role in the macro-financial balance.

3.3.2 Past trends and current situation
3.3.2.1Mediterranean energy
situation
The Mediterranean region holds 5% of the world
oil and gas reserves, of which 98% are in the
countries of the southern rim (UNEP/MAP 2007;

Plan Bleu 2008; UNEP/MAP-Plan Bleu 2009).
There is also a significant potential of renewable
energies, in particular, solar and wind energies.
The Mediterranean region as a whole has been
experiencing a steady increase in primary energy
consumption, from about 26 exajoules (EJ) in 1980
to 34 EJ in 1995 to 43 EJ in 2016, representing
an approximate annual growth rate of 1.7% as
in Fig. 3.22. This trend concerns oil, gas, nuclear
and renewables, combined with a small decline
in the use of coal. In 2005 the combination of
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Figure 3.24 | Evolution of primary energy production across the Mediterranean between 1995 (A) and 2016 (B)
(Data from the EIA 2019).
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Figure 3.25 | Evolution of primary energy consumption across the Mediterranean between 1995 (A) and 2016 (B)
(Data from the EIA 2019).

mechanisms that include reduced energy intensity
by some large consumers, economic crises and
political instability, and improved energy efficiency
halted the increase in consumption.
Mediterranean countries differ in their patterns of
energy use. The level of industrialization, sectoral
energy profiles, prevailing climatic conditions and
the level of economic growth is among the crucial
aspects affecting the energy intensity of each
economy. Fig. 3.23 illustrates the evolution of the
per capita energy intensity, expressed as units
of energy per unit of GDP, in a selection of
Mediterranean economies. Egypt, Morocco and
Turkey show the highest increase in energy
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intensity during the period 1995-2016, driven by the
economic growth. Partly hampered by the financial
crisis and partly driven by energy efficiency
measures, the French and Italian economies show
the highest decline in energy intensity. Others,
such as Greece and Spain, had experienced an
increase until the mid-2000s but the subsequent
financial crisis brought energy intensity back
down and has stabilized in the period 2012-2016.
In terms of the energy mix, Fig. 3.24 and 3.25
illustrate the recent evolution of primary
energy production and consumption across the
Mediterranean for the period 1995-2016 (EIA
2019). In absolute terms, during this period, the
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contribution of oil has remained stable at 17 EJ,
while consumption of coal has experienced a mild
gradual decrease from 4.1 to 3.7 EJ during the
two reference years. Primary energy consumption
of natural gas has doubled from 6 EJ in 1995 to
12 EJ in 2016, while nuclear and renewable energy
sources contribution has risen from 7 to 10 EJ
between 1995 and 2016.
On the national level, France has the largest
energy-consuming economy in the Mediterranean.
Its primary energy consumption has risen from
9.1 EJ in 1980 to 10.7 EJ in 1995, at which level it
has returned by 2016 after peaking at 12.1 EJ in
2006. In both 1995 and 2016, roughly 50% of the
primary energy consumed, was produced locally
(EIA 2019); the vast majority of this relating to
the large share of nuclear power in the country’s
energy mix (UN DESA 2016).
In 1995, the vast majority of Mediterranean nations
were mostly dependent on oil, primarily imported,
except for Algeria, Egypt, Libya, Tunisia and Syria
(Fig. 3.25). The importance of fossil fuels in the
energy mix of most of the Mediterranean countries
affects their trade balance negatively (Fig. 3.26)
(MEF 2019). The SEMCs suffer more from this
negative impact because most of them are net
importers, and the energy imports can amount to,
for some countries, up to 20% in the trade balance.
By 2016, oil dependence was reduced to a certain
extent, as the share of natural gas and low carbon
technologies has increased. Despite the increased
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shares of less carbon-intensive or carbon-neutral
energy sources, increasing energy demand has
continued to drive greenhouse gas emissions
upwards in the region. An attempt to diversify and
decarbonize the energy mix is underway, driven
mainly by the deployment of renewable energy
technologies, as well as substitution of carbonintensive coal and oil with natural gas. The energy
mix is still heavily dependent on fossil fuels.
The shift in energy carriers is a consequence of
costs, constraints, regulations and new technologies, among others. The services that make use of
these energy sources are, again, disparate and in
various states of growth or decline depending on
the country. Fig. 3.27 shows the change in energy
use in various sectors of the economy for selected
Mediterranean countries. The selected countries
provide a good representation of the situation in
the Mediterranean as a whole, as they are the region’s most significant energy users.
There are some clear-cut sectoral trends worthy
of note, and some which are not easily explainable
by raw data alone. All examined countries exhibit
consistent growth in the transportation sector.
This is in line with increases in both passengerkm and increased economic activity. This trend
is mostly following an increased uptake of
private vehicles in the South such as in Turkey,
Israel, Egypt, Algeria and Morocco, which is
also partially the case for countries in the North
Mediterranean such as France, Italy, Spain and
Greece, but for those countries, final consumption
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Figure 3.27 | Energy consumption in selected Mediterranean countries 1990-2016. Data for France, Italy, Spain,
Greece, Turkey, Israel, Egypt, Algeria and Morocco (IEA 2018).

in transportation has been declining since 2010.
This decline is attributable to a modal shift,
policies and regulations that target energy savings
in transportation, economic recession, increased
use of more efficient vehicles and gradual
electrification of transport. These characteristics
are not yet strongly apparent in the countries of the
South. There is evidence, that energy consumption
in transportation will fall, with wider adoption of
some (or all) of the above measures across the
Mediterranean (OME/MEDENER 2016).
Residential energy use follows a similar upward
trajectory in both North and South Mediterranean
countries up to 2010, after which final energy
consumption in the North is decreasing. The partial
decline shown in Fig. 3.27 is attributable to lower
consumption in the four EU countries of this set.
There are numerous challenges and opportunities
for reducing energy demand. Improved energy
efficiency measures and technologies will allow
buildings to lower their energy demand per m2,
but the proliferation of air-conditioning due to
higher living standards and increased demand
due to climate change-induced higher ambient
temperatures may also intensify demand in the
region (OME/MEDENER 2016).
Energy use in industry differs significantly
between northern and southern Mediterranean
countries (Fig. 3.27). While the countries of the
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north experience a decline due to structural
change in the economy, with a shift to services
and transformation industry that are less carbonintensive (from primary industries that are more
carbon-intensive), fuel switching and technical
efficiency measures, the countries in the south
exhibit the reverse, mainly due to new investments
in industrial infrastructure and growing economies.
Commercial and public service energy use is
growing across all the countries examined, but at
a much higher rate in the south, where the sector’s
registered energy use was limited in 1990. Growth
in this sector’s energy use reflects the changing
dynamics in the economies of all countries involved.
Overall the energy consumption in the Mediterranean is increasing but tapering-off of overall consumption. There are multiple sectoral dynamics
and a distinct North-South differentiation in the
energy use patterns. While the total use seems to
be levelling off, there are significant challenges on
the horizon about increased demand for industry
and services, especially in the south. The projected increase in cooling of living and working places,
as caused by climate-change-induced temperature increases, represents the most significant
increase in projected energy consumption in the
region. The rapid growth in electricity demand is
contributing most to the energy demand increase.
Between 1971 and 2006 the Mediterranean region
saw a fourfold increase in electricity consumption.
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Transport continues to be the primary consumer
compared with the other sectors in the Mediterranean. Transport electrification is set to shift the
resource mix towards low carbon forms of energy
but does not reduce overall energy consumption.

3.3.2.2 Renewable energy resources
The Mediterranean Basin benefits from a temperate climate with mild winters and warm and
sunny summers, with a large potential for energy
production from terrestrial renewable energies,
as well as for the development of marine energy
(Soukissian et al. 2017). These include energies
drawn from wind, solar, hydro, bioenergy (crops
and forests), waves and currents. Geothermal
is an additional key renewable energy source in
Europe that can provide low-carbon base-load
power. Capacity factors of new geothermal power
plants can reach 95% (Chamorro et al. 2014). In
the early 2010s, a resurgent interest in geothermal power was observed after nearly a decade of
only small development. A substantial number of
projects have been developed throughout Europe,
and geothermal energy is on its way to becoming a
key player in the European energy market (Bertani
2017).
The assessment of resources for wind and solar is
generally based on in-situ measurements. Longterm datasets including seasonal, yearly and
decadal variability are required. These are usually
available from in-situ or remote sensed measurements and gridded re-analyses. These tools have
various limitations. In-situ measurements are
local and may not have large measurement footprints, and homogeneity of long time series is not
granted. At regional scales re-analyses are generally used but have biases, which require specific
bias correction methods (Staffell and Pfenninger
2016). Remote-sensed data sets have large spatial
coverage but are often short, even though several datasets are currently used for solar radiation
estimate (e.g., Müller et al. 2015). Renewable energy resources should be assessed using a variety
of tools combined together (Pfenninger and Staffell 2016).

Wind power
Wind power is essentially affected by wind speed
in the lower part of the atmosphere, at the
altitude of the hubs of wind turbines (from 50 to 150
m). Wind power production is a highly nonlinear
function of hub-height wind speed, with no

electricity generation below wind speeds of a few
m s-1, a rapid growth and a saturation at nominal
wind speed (typically 10-15 m s-1). To protect
turbines, production is usually cut beyond a
threshold of about 25 m s-1. Therefore, production
is extremely sensitive to low wind-speed changes
as well as extreme stormy winds. Wind power
production is also marginally sensitive to air density,
the denser the air, the larger the production. It is
sensitive to turbulence as it decreases efficiency.
A number of studies have currently assessed
both the wind power potential in Europe and in
Mediterranean areas, as part of the enhanced
effort to develop prospective energy mix scenarios
including intensive share of renewable energy
sources. Beyond national assessments of wind
resources in many countries, a New European Wind
Atlas (NEWA)22 (Petersen et al. 2014) is currently
being developed, combining wind observations
with model results. The offshore component of this
atlas includes Mediterranean areas and presents
regional climate model results calibrated with
satellite scatterometer observations (Karagali et
al. 2018).
Over the Mediterranean Sea, larger wind potentials
are found in the northwestern part (the Gulf of
Lions), in the Alboran Sea and in the Aegean Sea,
as indicated by satellite datasets and regional
climate modeling (Balog et al. 2016; Onea et al.
2016; Omrani et al. 2017; Soukissian et al. 2017;
Rusu and Rusu 2019) (Section 2.2.2.4). Offshore
installations can theoretically extract much
more kinetic energy from the lower atmosphere
than onshore installation in large-scale wind
farms (Possner and Caldeira 2017). Currently
most installed power lies onshore, with reported
installed power provided in Table 3.10. More
than 80 gigawatts (GW) are currently installed
in Mediterranean countries, but the potential is
much higher. Near the shorelines, wind power also
benefits from regular and generally predictable
land/sea breezes.
Observed near-surface winds have long-term
trends (i.e., multidecadal). In Europe in general,
winds have been declining for several decades
(McVicar et al. 2012), a more general phenomenon
called “wind stilling” (Vautard et al. 2010). In the
Mediterranean region this trend was less clear.
Recent observations show that the wind-stilling
trend is recovering on a global scale (Zeng et al.
2019).

22 http://www.neweuropeanwindatlas.eu/
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Installed wind
power (MW)

Installed solar PV
power (MWpeak)
2018

150

Albania
Algeria

10

Bulgaria

644
529
188

1,036 (1)
61 (1)
113 (1)

Egypt

1,375

1,800 (2)

Greece

8,256

2,652 (1)

France

19,668

9,466 (4)

123

1,450 (5)

11,175

20,107 (1)

Croatia
Cyprus

Israel
Italy

20

Libya

131 (6)

Malta

118

Montenegro

1,343

Morocco

37

North Macedonia

5,567

671 (1)

24,664

4,751 (1)

Portugal
Spain
Tunisia

242

Turkey

9,384

5,063 (3)

83,165

47,170

Total

Table 3.10 | Reported installed wind and solar
(photovoltaic, PV) power in Mediterranean countries
in 2019. References are given in the footnote.
For wind power, see:
https://www.thewindpower.net/
For solar power, see:
(1) https://en.wikipedia.org/wiki/Solar_energy_in_the_European_Union
(2) https://spectrum.ieee.org/energywise/energy/renewables/egypts-massive-18gwbenban-solar-park-nears-completion
(3) https://en.wikipedia.org/wiki/Solar_power_in_Turkey
(4) https://en.wikipedia.org/wiki/Solar_power_in_France
(5) https://en.wikipedia.org/wiki/Solar_power_in_Israel
(6) https://solarfeeds.com/wiki/solar-energy-in-eu/

Solar power
Solar power production (concentrated solar power,
CSP, or photovoltaic, PV) is mostly influenced
by surface solar radiation (Section 2.2.3.1),
whose variations depend mostly on atmospheric
composition (aerosols, water vapor) and clouds.
The importance of aerosols has been noted in
several studies for Mediterranean areas (e.g.,
Gutiérrez et al. 2018). Solar production is extremely
sensitive to clouds and cloud types. For PV, panels
efficiency also largely depends on cell temperature,
which itself depends on air temperature, radiation

23 https://globalsolaratlas.info/
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and near-surface wind speed. Solar panels may
also be sensitive to the presence of snow and ice
cover or particulate matter potentially covering
panels. Solar resources are of particular interest
in Mediterranean countries due to the high mean
solar irradiance in the region (Hadjipanayi et al.
2016). Solar radiation increases from North to
South in the Mediterranean Basin, with typical
yearly mean values of 150-250 W m-2, and 1,300 to
2,000 kWh m-2 yr-1.23 On the European side weather
disturbances make the resource variability higher
than on the southern side.
Solar radiation has undergone varying trends
in past decades, due to cloud changes and the
“dimming and brightening” phenomena linked to
changing aerosols atmospheric composition (Wild
et al. 2005) (Section 2.2.3.1). In Europe an increase
of solar radiation of 2 W m-2 decade-1 was observed
from 1983 to 2010 (Sánchez-Lorenzo et al. 2017),
with higher values in the Mediterranean regions
found in a set of ground stations (about 5 W m-2
decade-1) (Pfeifroth et al. 2018). These trends
are probably mostly attributable to changes in
cloudiness but aerosol variations also affect mean
solar radiation in a significant manner (Philipona et
al. 2009; Nabat et al. 2015) (Fig. 2.4). Such changes
are also likely to affect summer temperatures.
Dong et al. (2017) found that aerosols decline
explain about half of the rapid rise of summertime
extreme temperatures.

Hydropower and thermoelectric power
Hydropower relies on the availability of water in
large reservoirs, or the streamflow intensity for runoff-the-river production. Production is sensitive
to precipitation and snowpack melt, allowing to
feed the reservoirs. Droughts and associated low
flows are limiting the production. Bioenergy, just
as agriculture and forestry, is largely dependent
on climate conditions in many ways (seasonality
of temperature, radiation, precipitation). Marine
energies depend on currents, which have a low
frequency variability, and on waves, themselves
influenced by wind speed conditions.
Addressing impacts of climate variability and
change on water resources, electricity supply and
energy infracstructure vulnerability and resilience
relies on a global hydrological-electricity coupled
modelling framework. It consists of a physically
based hydrological (Liang et al. 1994) and water
temperature model (Yearsley 2009; van Vliet et al.
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2012a), which are linked to hydropower and thermoelectric power models (Koch and Vögele 2009;
van Vliet et al. 2012b). Fig. 3.28 shows simulated
hydropower utilization rates and utilisation rates
of thermoelectric power over the period 19812010 in the form of boxplots with the distributions
of utilisation rates of all plants for the Mediterranean (van Vliet et al. 2016a). The utilization rates
are fairly constant, but they may be reduced in severe drought years. During such years, hydropower
utilisation rates were on average reduced by
5.2%, and thermoelectric power by 3.8% (worldwide
average). This corresponds to severe streamflow
drought years for hydropower and to streamflow
drought and high water temperature for thermoelectric power. Overall utilisation rates of thermoelectric plants are lower than for hydropower, since
usable thermoelectric power capacity may be limited by more factors (i.e., streamflow drought and
high water temperature) and benefits less from
storage of water in reservoirs during low flow conditions than conventional hydropower plants (van
Vliet et al. 2016a).

Marine energy
The energy resource in the ocean comes from five
distinct sources, each with different origins and
requiring different technologies for conversion,
including, (1) tidal currents that extract kinetic
energy from tidal flow, (2) tidal range which
captures the potential energy created by the
difference in sea level between high and low tides,
(3) waves which convert kinetic energy transmitted
by the wind to the upper surface of the ocean, (4)

The Mediterranean coastal areas experience two
high tides and two low tides per day. Tidal currents
are generated by horizontal movements of water,
modified by seabed bathymetry, particularly near
coasts or other constrictions (e.g., islands). Tidal
current flows result from the rise and fall of the
tide; although short-term weather fluctuations
can slightly influence these flows, their timing
and magnitude are highly predictable and largely
insensitive to climate change influences (Lewis et
al. 2011). In the Mediterranean Basin, there is no
commercial development of the tidal energy sector.
As tidal turbines need a stream speed of at least
1.5-2 m s-1 to operate effectively, the tidal energy
potential of the basin sets specific constraints.
Given the minimal flow needs provided above,
some Mediterranean sites could be of particular
interest. The Straits of Gibraltar, and particularly
the Strait of Messina (where tidal stream energy
resource presents its highest values in the
Mediterranean) have been under consideration
(Soukissian et al. 2017). The Strait of Messina is
characterized by high-energy tidal currents with
maximum velocities at spring peak tides ranging
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ocean thermal energy conversion which exploits
the temperature difference between deep and
surface ocean layers, and (5) salinity gradients
which exploit the chemical potential due to salinity
gradients in water bodies. These resources are
not uniformly distributed on the globe. Also, the
degree of maturity of the technology necessary to
their exploitation is different. In the Mediterranean
Sea, the two ocean energy sources with the highest
potential are tidal currents and waves.

Figure 3.28 | Impacts of streamflow drought and high water temperature on utilisation rates of hydropower

(A) and thermoelectric power (B) for 1981–2010. Boxplots with distributions of utilisation rates of hydropower and for
thermoelectric power are presented with the largest number of plants and installed capacity. Values of 1 indicate that
a power plant works at full capacity (no constraints) while for instance a value of 0.8 indicate that the plant works at
80% of the maximum capacity. Highlighted years indicate that utilisation rates were reduced significantly compared
to the average over 1981–2010 (van Vliet et al. 2016a).
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Figure 3.29 | Distribution of wave energy flux in kW m-1 averaged over the period 2001-2010 in the Mediterranean

Sea. The energy resource was evaluated through of a numerical simulation performed using an ocean wave model.
The model was forced with six-hourly wind fields obtained from European Center for Medium-Range Weather Forecast
(ECMWF) operational analysis at 1/4° spatial resolution (Liberti et al. 2013).
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Figure 3.30 | Potential locations for offshore wind farms (Piante and Ody 2015).

from 1.8 m s-1 to more than 3 m s-1, proving the
suitability of the site for tidal energy harnessing (ElGeziry et al. 2009; Coiro et al. 2013). An estimation
of the marine current energy fluxes in the Gibraltar
Strait has been provided in Calero Quesada et
al. (2014), revealing the suitability of two main
sills (Camarinall in the middle of the Strait, and
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Espartell at the wester entrance of the Strait) for a
power plant installation, with computed averaged
fluxes in these areas that can exceed 1.8 kW m-2.
Ocean wave energy is energy that has been
transferred from the wind to the ocean. As the wind
blows over the ocean, air-sea interaction transfers
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some of the wind energy to the water, forming
waves, which store this energy as potential and
kinetic energy. The size and period of the resulting
waves depend on the amount of transferred
energy, which is a function of the wind speed, the
length of time the wind blows (order of days) and
the length of ocean over which the wind blows
(fetch). Energy availability is certainly a major
factor affecting wave energy production but high
energy potential usually implies exceptional wave
conditions during extreme events. Such conditions
pose serious engineering challenges to the
design and deployment of wave energy converters
increasing the costs of development, production,
installation, maintenance and insurance of these
devices. On the other hand, in calmer and semienclosed seas such as the Mediterranean, where
lower amounts of wave energy are available, many
technical issues related to extreme sea climate
could be more easily solved, possibly making wave
energy production still economically viable. From
this point of view, wave energy production in the
Mediterranean is particularly appealing (Fig. 3.29)
(Liberti et al. 2013).
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5,567

671 (1)

24,664
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Tunisia

242

Turkey

9,384

5,063 (3)

83,165

47,170

Total

Offshore wind is likely the aspect of the energy
transition of the Mediterranean region with the most
important development potential, particularly in
SEMCs. It has been introduced in other parts of the
world, as it is less environmentally disturbing than
on-shore alternatives (Piante and Ody 2015). So far,
there is no offshore wind farm in the Mediterranean,
although offshore wind production could be highly
profitable (Fig. 3.30) (Gaudiosi and Borri 2010).

Table 3.11 | Levels of primary solid biofuels (in

Bioenergy

it depends on the available biomass from forests,
agriculture and organic waste. Bioenergy is
difficult to characterize as it also has the advantage
of producing fertilizers after the organic matter
has been digested. In terms of technology, it is
common to separate traditional biomass, which
predominates in developing countries and involves
the burning of wood fuels and agricultural residues
for heating and cooking, from modern forms of
bioenergy production relying on somewhat more
complex biomass processing systems (Chum et al.
2011). Those include liquid biofuels for transport
(e.g., bioethanol from sugar crops), pellets
from forest residues or agricultural biomass, or
electricity generated by dedicated power plants.
Anaerobic digestion of organic waste (from cattle,
agro-industry or municipal sources) to produce
biogas has been growing lately throughout the
Mediterranean area. Traditional biomass and
modern uses of biomass are both present in the
Mediterranean region, although the latter is more
difficult to quantify due to a lack of statistics.

Bioenergy is an important source of renewable
energy in the Mediterranean, with an annual
output from solid biofuels that dominates by far
the production of electricity from solar or wind
sources (Table 3.10 and 3.11; Bryden et al. 2013;
IEA Bioenergy 2016). Traditional biomass remains
a major source of renewable energy on the south
side, given the low development of renewable
energy in this part of the region (Table 3.11).
Biomass is the least promising sector for electric
energy production and it is rather reserved for the
production of heat or fuel. This stems from the
fact that bioenergy encompasses a broad range
of value-chains and end-uses, providing heat,
electricity, and transportation fuels from a variety
of biomass sources and conversion pathways
(Sansilvestri et al. 2020).
In the Mediterranean region, the importance of
bioenergy is highly variable across countries as

terajoules (1012 joules, TJ) from domestic supply in
Mediterranean countries for which information is
available for 2017. Data downloaded from https://www.
iea.org/data-and-statistics.
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South Europe

Figure 3.31 | Firewood production in the southern and
northern parts of the Mediterranean Basin (FAO 2017).

Overall production of energy from solid biomass
in the Mediterranean region amounts to at least
1.56 PW according to the statistics published for
2017 by the International Energy Agency24. Energy,
including heat production from biomass, varies
significantly from one country to another, being
concentrated in northern Mediterranean countries
(Fig. 3.31). The consumption of wood, as reported
by FAOSTAT includes traditional and modern
usages of the biomass, presumably with a large
proportion of the former when compared to other

statistics available on modern value-chains relying
on this feedstock. The production of firewood has
increased by about 90% in North Africa over the
last 60 years while it is back to its 1960’s level in
southern Europe after a large dip from 1973 to
2009 (Fig. 3.32). The increased demand for firewood
in North Africa arises from rising demographic
pressure, especially in the rural areas (Schilling
et al. 2012). The pressure on wood resources may
be alleviated by improving the efficiency of cook
stoves (thereby reduce health damages associated
with open-hearth indoor fires), or switching to
alternative renewable energy sources (Chum et
al. 2011). In northern Europe, the competition
with other end-uses for wood (e.g., for building,
furniture-making or pulp and paper) explains the
temporary decrease in firewood consumption.
The availability of biomass from forests is highly
asymmetric between northern and southern
Mediterranean countries (Fig. 3.32). Considering
its large area of forests, the Mediterranean Basin
represents a good candidate to develop wood
biomass energy for the renewable energy sector
development (Gómez et al. 2010). Wood biomass
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Figure 3.32 | Forest area and production forests available for industrial use including biomass for energy
purposes. Values correspond to 1,000 hectares. Data obtained from the 2015 FAO Global forest Assessment25. Data
for France obtained from official reports26, whose classification of production forests may vary with respect to FAO
guidelines.
24 https://www.iea.org/data-and-statistics
25 http://www.fao.org/forest-resources-assessment/en/
26 https://inventaire-forestier.ign.fr/
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Israel (biogas)
Spain (solid biomass)

Figure 3.33 | Electricity production from biogas and
solid biomass in Turkey, Israel and Spain (IEA 2018).

has low energy density and it is highly spread,
two problems that increase harvesting and
transportation costs (Caputo et al. 2005; Yoon et al.
2012). While forest surface may be increasing on
northern Mediterranean countries, a continuous
decline in northern African countries is currently
occurring (see FAO forest Global Assessment27).
Forest fragility is exacerbated in the Mediterranean
area where forests have low productivity and
agriculture is difficult considering regional climate
conditions (González et al. 2015).
Large bioenergy facilities may constitute threats
to the biodiversity and forest cover in any region,
this also in the Mediterranean. Bioenergy must
be ecologically sustainable, environmentally
acceptable for the public, and the delivery costs
need to be lower than for fossil fuels (Bilgen et al.
2015), but this is often not the case. An example
can be found in the Mediterranean zone of France
where the conversion of a carbon-based electric
central to wood biomass-fueled power plant in
2016 caused conflict between citizens, the forestry
sector and regional authorities (Sansilvestri et
al. 2020). In contrast, small sized boilers using
wastewood resources do not raise the same levels
of concern to citizens and are more accepted.
Important efforts exist in Algeria and Morocco
to scale up renewable energy sources. For
instance, the Renewable Energy Development
Centre in Algeria28 has programs on the whole
array of renewable energy including biomass and
solar. Clearly, North African countries and other
Mediterranean countries will rely more on nonforest biomass as long as there are agricultural
or domestic waste as the forest biofuel supply is
limited in this region.

Spain uses mainly biofuels for transports and more
recently solid biomass for heating network installations (Paredes-Sánchez et al. 2016) In France,
the number of heat boilers and networks increased from 30 in 2003 to 284 in 2016 (Neumuller
2015; OFME 2015). The main bioenergy potential in
Portugal is domestic wastes (Ferreira et al. 2017).
For Morocco wood biomass represents a real economic market with the heat demand for hammam
and domestic cooking, causing continuous loss of
forest surface (Zouiri and Elmessaoudi 2018).
While firewood is mostly used for heating and
cooking, the recent development of more refined
bioenergy systems may be captured by statistics
on biogas production for the co-generation of heat
and electricity in Turkey, Israel or Spain (Fig. 3.33).
Power plants running on solid biomass (from forestry or agriculture) are operating in Spain, Italy
and Portugal, with similar outputs (2,600 43,000 GWh range in 2018) (IEA 2018). No estimates were found for northern Africa, but some
programme targeting small-scale household digestion systems have been reported in Morocco
and Tunisia (Mulinda et al. 2013). Biogas and bioelectricity production use mostly residues as
feedstocks, but statistics on the amount of biomass hereby mobilized are not available. Overall,
the contribution of biomass to the national energy
mixes is variable in the transport sector (from 0%
in the SEMCs to 9% in France), usually larger in the
heating sector, and small but growing in the electricity sector.
The production of liquid biofuels (which currently relies on food crops as feedstocks) has only
been reported in three southern Europe countries
(France, Italy and Spain), as a result of the changes in the Common Agricultural Policy of the EU in
the 1990’s, and of a series of policies such as the
renewable energy directive of the EU. The latter
mentioned a 10% target for the share of renewables in the transport sector in 2020, most of which
would be achieved with biofuels. Specific rules will
be applicable for bioenergy produced from food
and feed crops with a target of no more than 7%.
The contribution of biofuels with a high risk of indirect land use change (i.e., mainly imported biomass such as palm oil) will be gradually reduced
to 0% by 2030.
Unlike other renewables, biomass and biofuels in
general may be traded across countries and con-

27 http://www.fao.org/3/a-i4808e.pdf
28 https://www.cder.dz/
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tinents. In 2017 for instance, Italy imported large
amounts of wood pellets from North America (totalling 1.8 M tons or about 32.4 PJ of energy content). This means that the lack of local biomass
production potential in the Mediterranean Basin
may be compensated for by imports, although
its consequences in terms of overall pressure
on land resources should be carefully assessed
(Searchinger et al. 2008).
In general, agriculture and forestry in the Mediterranean countries are faced with a growing
array of challenges (IPCC 2014): the net primary
production of managed ecosystems is constrained
by limited water resources, the low availability of
land on which to grow crops, and soil degradation
(in general from erosion, salinity or desertification in the southern Mediterranean) (Olsson et
al. 2019). This clearly hinders the development
of purpose-grown plants (whether biofuel crops,
lignocellulosic plants such as miscanthus, or
short rotation coppice), which make up a large
part of biomass supply in bioenergy expansion
scenarios, e.g., in the 1.5°C warming scenarios of
the IPCC SR1.5 (IPCC 2018). Also, regarding agricultural land management, the emphasis in the

Share of biomass plantations

Dominant land use constraint

> 50 %

Protected areas

25 - 50 %
< 25 %

Wetlands
Biodiversity/wilderness
LUC emissions
Food production

Figure 3.34 | Projected constraints to the establishment of bioenergy plantations by 2050. The “LUC

emission” constraint corresponds to a loss of soil C
upon converstion to bioenergy crops, which could not be
paid back in less than 10 years. Adapted from Beringer
et al. (2011).
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SEMCs is primarily on food production since all
countries rely on imports to meet the needs of
their inhabitants. The food constraint is such that
in the study of biomass potentials by Beringer et
al. (2011), no bioenergy plantations are projected
in the SEMCs area by 2050, and to a very limited
extent in the northern part of the basin (Fig. 3.34).
Since biomass availability is the primary constraint
to the development of bioenergy and is limited by
a range of physical and economic factors (e.g.,
land availability, competition with other uses,
productivity), many studies have attempted an
assessment of “biomass potentials” given a set
of assumptions and limitations. Sustainability has
also become a major issue with bioenergy systems,
arising in particular from the consequences of
developing biofuels on the use of land worldwide,
and the possibility that these may negate the climate
benefits of substituting biofuels (Searchinger et al.
2008; El Akkari et al. 2018). In principle, “sustainable
biomass potentials” would provide the most useful
guidance, but are not easy to determine because
the multifaceted nature of sustainability is difficult
to factor in Chum et al. (2011). The trade-offs with
soil quality when exporting agricultural or forest
residues for bioenergy purposes can be evaluated
(Saffih-Hdadi and Mary 2008). It results in a drastic
reduction of removal rates (by two thirds in France,
for instance).
Regarding the use of land for bioenergy plantations, an option to mitigate the competition between food production and bioenergy markets
would consist in growing these plants on marginal
land, i.e., land which is unsuitable for other purposes (Fritsche et al. 2017). There is still considerable debate as to the actual amount of such land
worldwide, and whether it would be economically feasible to grow biomass plants on these lands.
Current estimates range from 350 to 6,000 Mha
worldwide (compared to a global cropland area of
1,700 Mha), and a recent study estimated an area
of 69 Mha in Europe, among which 43 Mha are located in the northern Mediterranean area (Elbersen et al. 2018). Assuming an energy yield of about
60 GJ ha-1 on marginal land (Gelfand et al. 2013),
this would translate as an output of 2,600 PJ yr-1
for the northern Mediterranean. This is a large
amount compared to the current use of biomass in
this area (for instance biomass produces 73 PJ of
heat yr-1 in France and Italy (IEA 2018), with wood
as the main feedstock). Aside from this potential
opportunity on marginal land, avenues to increase
biomass outputs in Europe include an intensification of forestry, the development of purpose-grown
plants, which only occupy a marginal fraction of
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land so far (Don et al. 2011), and an increased
valorization of residues and waste streams (for
biogas, heat and power). Regarding energy crops,
a study factoring in sustainability constraints estimated that the Northern Mediterranean countries
could produce 630 PJ yr-1 in 2030 from less than
10 PJ yr-1 in 2010 (Don et al. 2011; Elbersen et al.
2012).
Regarding the SEMCs, Stecher et al. (2013) reviewed the biomass potential studies and their
numbers for the African continent, concluding
that the potential for energy crops could range
from 0-13,900 PJ yr-1, 0-5,400 PJ yr-1 for forestry
biomass and 10-5,254 PJ yr-1 for residues and waste
by 2020. While those numbers could not be disaggregated across regions in Africa, they point to
significant potential for all three feedstock categories. From a sustainability perspective, as suggested in Chum et al. (2011), residues are particuliraly
efficient at reducing GHG emissions. Their use
was prioritized in the strategic energy plan of
Morocco for 2030, which emphasizes the use of
organic waste, agricultural residues, and algae –
a medium-term technology unlikely to be commercialized before 2040 (Chum et al. 2011; Royaume
du Maroc 2017).

3.3.2.3 Energy system vulnerability
to climate extremes
There are a number of ways extreme weather
events affect energy resources and energy
systems. Individual events may threaten localized
installations but large-scale events such as cold
spells may threaten the electricity load balancing
at a large scale. Also, with the increase of the share
of renewables, the electricity transmission system
Streamflow drought
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will be more exposed to weather variations and
may be threatened by specific weather conditions
that are usually not considered as extreme.
Heat waves increase energy demand for cooling
and increase rivers temperature. Long heat
waves are generally associated with low flows
(see bellow). Increased river temperatures reduce
the permissible temperature increase in power
plants, thereby inhibiting cooling the cooling water
capacity and inducing plant production (Koch and
Vögele 2009; van Vliet et al. 2016a). Permissible
temperature increase is in particular bounded by
critical biological threshold for freshwater species
and strongly regulated. Excessive heat also affects
power lines capacity to dissipate heat and reduces
transmission capacity (Bartos et al. 2016). Heat
also reduces the efficiency of solar panels and
long-term thermal stress deteriorates PV cells
(Chow 2010).
Long-lasting droughts may induce low flows in
rivers, reducing production of run-of-the-river
hydropower and stock in reservoirs for hydropower
(van Vliet et al. 2016a). Droughts also increase the
sensitivity of river temperature to air temperature,
so that low flows combined with a heat wave can
lead to a large warming of river temperatures
with consequences on thermal production. The
2003 heatwave and associated drought impacted
production in 30 nuclear power plants (Schewe et
al. 2019). During the drought, warm year of 2003
simulated hydropower utilisation in Europe was
significantly reduced by 6.6% and thermoelectric
power by 4.7% compared to the average of 1981–
2010 with a smaller impact in the Mediterranean
than in northern Europe as Mediterranean power
plants are hampered by water constraints on a more
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Figure 3.35 | Mediterranean patterns with number of days in the given year with streamflow drought (left),
high water temperature (middle), and that both events coincide (right). Results are presented for year 2003 with

both streamflow drought and high water temperature. Scale for right figure panels (streamflow drought and high
water temperature) differs from the scale of the left (streamflow drought) and middle (high water temperature) panels
(van Vliet et al. 2016a).

CLIMATE AND ENVIRONMENTAL CHANGE IN THE MEDITERRANEAN BASIN | MedECC

281

CHAPTER 3 - RESOURCES - 3. ENERGY TRANSITION

regular basis, resulting in lower absolute values of
plant utilisation rates and smaller relative changes
in usable capacity for 2003 compared to the longterm average for 1981–2010. In 2003, northern
Europe and the Mediterranean region display
large regions with streamflow drought for more
than 100 days and high water temperature for
more than 50 days (Fig. 3.35; van Vliet et al. 2016a).
Cold spells are exacerbating energy demand,
due to increased heating (Thornton et al. 2016).
Cold spells generally cover a large geographical
extent (typically 1,000-2,000 km2) and may induce
challenging conditions for the transmission
system. Floods threaten all infrastructures and
power devices. Storms and wind gusts also threaten
infrastructures, in particular power lines, which
may be damaged by falling trees. Solar panels
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3.3.3 Projections, vulnerabilities and risks
By improving energy efficiency and deploying
renewables on a large scale, the Mediterranean
region would enhance energy security for all
countries, improve export potential for exporting
ones and reduce energy costs and environmental
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are sensitive to several sorts of extreme weather
events (floods, storms), which may threaten the
infrastructure. Storms also induce halting of wind
turbines for their protection. Storm surges threaten
coastal infrastructures. By contrast, low winds
induce a loss in wind power production. There
are also a number of other hazards, which affect
energy systems such as icing on wind turbines,
freezing rain and heavy snowfalls endangering
power lines, landslides affecting infrastructures.
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Figure 3.36 | Voluntary commitments of SEMC (Nationally Determined Contribution – NDC – and funding). The

upper part shows the installed power capacity of non-hydro renewable energy technologies in 2018, and the extra
effort needed to achieve the targets established by the SEMCs at the horizon 2020-2030. The lower part shows the
level of funding needed to implement the measures included in the NDCs including the share covered by local vs.
international climate funding (unconditional vs. conditional). Sources: OME/MEDENER (2018) - bottom part: UNFCCC29
29 https://www4.unfccc.int/sites/submissions/INDC/
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damages for the whole region. Embarking on an
energy transition path will also help improve social
welfare in the region and contribute to job creation,
among other positive externalities.
Nationally Determined Contributions (NDCs) are at
the heart of the Paris Agreement and the achievement of the long-term goals to keep temperatures
below 2°C. They are voluntary commitments to
greenhouse gas emission reduction in all sectors,
among which the energy sector, which is the main
responsible for greenhouse, gas emissions at
global scale. The NDCs of the Mediterranean
countries and their implementation have been
analyzed in depth by several organisations like
IPEMED (Robin 2015), OME/MEDENER (2016),
the UfM (Fernández and Hertz 2019) or the European Union project ClimaSouth (Rizzo and Maro
2018) and have served for elaborating energy
transition scenarios. Fig. 3.36 shows the voluntary commitments of SEMC to the required energy transition.

3.3.3.1 Energy transition scenarios
Since 2008, OME regularly issues a Mediterranean
prospective analysis to 2040, the “Mediterranean
Energy Perspectives” series (MEP). The MEP analyses the trends for energy demand in the different
use sectors and the implications in terms of security of supply, CO2 emissions, and environmental
impacts. Within this framework, in 2015 MEDENER
and OME published a joint Mediterranean Energy
Transition Scenario (TS), an ambitious scenario
that goes beyond the plans and targets announced
by governments and policymakers. In all scenarios, the OME follows a structural econometric
approach that combines economic theory and statistical methods to produce a system of equations
establishing causal relationships between energy demand and activity variables (such as GDP,
population etc.). This system of equations is then
used to generate medium and long-term forecasts
of future energy demand. The descriptions of the
model and of the energy scenarios assumptions
are available in the Appendix of the OME/MEDENER report (OME/MEDENER 2016).
The Mediterranean Energy Transition Scenario
(TS) assumes the implementation of those measures that are currently the most technically, economically, and politically mature for large-scale
rollout of energy efficiency and renewable energies. This scenario assumes no major technology
breakthrough, but the deployment of existing technologies and sound energy efficiency policies and
measures across all Mediterranean countries.

According to this analysis, under a Business-As-Usual or so-called “Conservative” Scenario (CS) the situation would evolve critically on
all counts over the next 25 years: doubling of energy demand and tripling of electricity consumption,
soaring infrastructure and import bills (+443 GW
to be installed and doubling of the fossil-fuel
imports) and a critical rise in carbon emissions
(+45%). Such a scenario, based essentially on fossil fuels, would put further strain on the climate
and exacerbate geopolitical tensions in the region.
A change of energy trajectory is therefore necessary for all Mediterranean countries to curb the
trends through increasing energy efficiency and
renewable energy deployment.
Based on this exercise, in 2018, a new edition of
the Mediterranean Energy Perspectives was realeased by OME, which includes two scenarios:
i) the Reference Scenario (RS) which considers
past trends, current policies and ongoing projects and incorporates the unconditional targets of
Nationally Determined Contributions (NDCs); in
other terms the RS assumes that international
financing and other aids will not be forthcoming.
ii) The Proactive Scenario (PS) is based on the
implementation of strong energy efficiency programmes and increased diversification in the
energy mix based on the NDCs submitted by each
country and assumes that international financing
will be made readily available and that all targets
of the NDCs will be met in full.

3.3.3.2 Energy demand
In the Mediterranean region, energy demand increased from 711 Mtoe in 1990 to 978 Mtoe in 2015,
an average growth of 1.3% yr-1. The largest share
of regional energy demand is in the North Mediterranean countries, which account for over 63%.
Expected trajectories for energy demand in the
region are very contrasted across the two shores of
the Mediterranean (Fig. 3.37).
The northern countries are ahead in terms of a
transition path with substantial levels of renewables and effective demand-side management. The
energy demand in the North has decreased by 8%
since 2010. This decrease is not only due to to energy efficiency efforts but should also be seen in
the light of a very moderate population growth
(+0.5%) and decelerating gross domestic product
growth, especially after the 2008 financial crisis
(-2%). In both scenarios, by 2040, energy demand
in the North Mediterranean would continue to decrease. In 2040, North Mediterranean energy demand would be 10% and 23% lower than 2015

CLIMATE AND ENVIRONMENTAL CHANGE IN THE MEDITERRANEAN BASIN | MedECC

283

CHAPTER 3 - RESOURCES - 3. ENERGY TRANSITION

1,600
1,400
1,200

-21%

+38%

+12%

1,000

600

37%

+39%

800

57%

59%

23%
-14%

400
200
0

1990

2015

2040-RS

2040-PS

Observed increase

South Mediterranean

Projected increase in total energy
demand (scenario-dependent)
Projected difference for each region
between RS and PS

North Mediterranean

% South share of energy demand

Figure 3.37 | Primary energy demand by region, in
megatons of oil equivalent (Mtoe). RS = Reference
Scenario; PS = Proactive Scenario (adapted from OME
2018), see Section 3.3.3.1 for definition of the scenarios.

levels, in the Reference Scenario (RS) and Proactive Scenario (PS), respectively.
The South and East Mediterranean, on the other
hand, have experienced sustained economic and
population growth over the past years (+6% and
+5% respectively), translating into growth in energy
demand by +6% since 2010. In all scenarios, energy
demand continues to increase by 118% and 72%
from 2015 levels, for the Reference Scenario (RS)
and Proactive Scenario (PS), respectively. Energy
savings would be of 21% in the Proactive Scenario
(PS) compared to the Reference Scenario energy
demand forecasts.
The South and East Mediterranean would account
for 61% of the energy savings with 2025 Mtoe,
six times the 2015 primary energy demand of
all south and East Mediterranean countries.
Cumulative potential energy savings in the North
Mediterranean, while less substantial than in the
South and East, would still be considerable at
around 1315 Mtoe over the same period – more
than double current North Mediterranean primary
energy demand.
The potential for energy efficiency is substantial in
the Mediterranean region, particularly in the South
and East. Despite some improvements, energy
efficiency is still, at present, in its infancy stage in
the region. Overall, energy intensity is decreasing
in the region, largely related to shifts in the
buildings, industry and transport sector. Globally,
45% of energy consumption (and a similar share
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of greenhouse gas emissions) are attributable
to buildings (Butler 2008). New constructions in
developing economies are numerous (Hui 2000).
Building regulations aimed at energy efficiency
are indispensable, especially in these developing
economies, where the energy market alone, does
not allow for the activation of incentive mechanisms.
Substantial energy savings can be reached in the
building sector (residential and tertiary sectors),
especially in the South Mediterranean where over
50 million new dwellings are expected to be built
over the next decades (OME/MEDENER 2015;
OME, 2018). Barriers exist, including the high cost
of efficient equipment, the difficulty of changing
habits, the lack of adequate technology and also
the ignorance of energy and climate issues by
some architects in these countries (Iwaro and
Mwasha 2010). Jaber and Ajib (2011) propose an
assessment of the best orientation of the building,
the optimal window size, the optimal thickness of
thermal insulation from an energy, economic and
environmental point of view for a typical residential
building in the Mediterranean region. They suggest
that about 28% of annual energy consumption can
be saved by choosing the best orientation, optimal
window size and optimal insulation thickness.
The choice of new materials can also contribute
to energy savings (Zabalza Bribián et al. 2011;
Buoninconti and Filagrossi Ambrosino 2015).
Industry can substantially improve its efficiency
of electricity consumption, but there is less scope
to decrease its fossil fuel use in heavy industries,
especially in the South and East Mediterranean
countries. For all SEMCs, except Tunisia, the
share of industry in the final energy consumption
is declining. The share of industry in final energy
demand is already low in Lebanon (12%) because
the activity of this sector is traditionally less
developed while it is high in Tunisia (35%). It fell
sharply in Lebanon (-10%), after the war with
Israel in 2005-2006, with the destruction of many
industrial infrastructures, and to a lesser extent in
Italy, France and Greece due to the economic crisis
and the increasing trend of the service sector
(MEDENER 2014). The transport sector would
witness strong efficiency gains over the outlook
period (18%) as they offer great scope for efficiency
improvements in areas such as improved engines,
and modal transport expansion.

3.3.3.3 Energy supply
In both OME scenarios, fossil fuels remain the
dominant component of the mix. While oil alone
is expected to remain the dominant fuel of the
energy mix, mainly for its demand in the transport
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Figure 3.38 | Primary energy resources in the Mediterranean energy mix in megatonnes of oil equivalent.
RS = Reference Scenario; PS = Proactive Scenario (OME 2018).

sector, a complete reshape is occurring in the
electricity mix, where renewable energy sources
have overtaken natural gas capacity and become
the main fuel in the Mediterranean electricity mix.
The Mediterranean region has abundant renewable energy resources. Yet, today renewables still
account for a limited share of the region’s primary
energy supply (11% in 2015, Fig. 3.38). Traditionally
the most exploited renewable energy sources have
been biomass and hydropower. Geothermal energy
contributes in a few countries mainly Italy, Turkey

4,000

and, to a lesser extent, France, Spain and Portugal. In recent years, wind and solar, both for electricity and heat production have entered the energy
mix. In 2040, the share of renewables would reach
13% in the Reference Scenario (RS) and 24% in the
Proactive Scenario (PS) (OME 2018). Most of the increase is expected to come from wind and solar.
Among the various renewable energy technologies,
solar is expected to grow at the fastest pace in both
sub-regions. End usage of solar thermal energy, in
particular solar water heaters, offers great poten-
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Figure 3.39 | Electricity generation mix by fuel type, in terawatt-hours (TWh). RS = Reference Scenario; PS =
Proactive Scenario, RES = Renewable Energy Sources. (Adapted from OME 2018).
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tial in the South and is efficient with good return on
investment. Solar water heating and solar cooling
demand will also increase by 2040.

and in South and East Mediterranean countries,
where non-hydro renewables are expected to grow
at 11% CAAGR.

The most significant change ahead is a substantial increase in the contribution of renewables to
power generation (Fig. 3.39). With 124 GW and
104 GW respectively, hydro and non-hydro renewable technologies covered 38% of the cumulative power capacity in the Mediterranean region
in 2015. If current trends continue, renewable energy technology will dominate the Mediterranean electricity market in the next years in terms of
net generation capacity additions. In 2015, the net
renewable energy capacity added was almost
the half of the one of natural gas, which historically represented the first-generation source in
the Mediterranean electricity mix (10 GW against
5.6 GW). In particular, the net additions of nonhydro renewable electricity capacity in were larger
than 8 GW yr-1 on average during the last 10 years.

In terms of the outlook for the three fastest
growing renewable energy technologies in the
Mediterranean region, North West Mediterranean
countries maintain their regional leadership in both
scenarios for wind generation, with a projected
electricity output of 267 TWh in the RS and 325 TWh
in the PS by 2040, around 70% of wind electricity
generation in the Mediterranean. The Proactive
Scenario foresees a more accelerated rate of growth
of wind in the South and East Mediterranean region,
which would supply about one-third of the total
wind-generated electricity by 2040 (over 148 TWh).
The South and East Mediterranean should produce
about 32% of the total solar CSP-based electricity
in the region (15 TWh) by 2040 in the RS, and 43%
(27 TWh) in the PS.

The important growth in terms of new renewable
electricity capacity expected will lead to a drastic
restructuring of the power generation infrastructure. By 2040, renewables would in fact account
for about 70% of total installed capacity and more
than 50% of electricity generation in the PS. North
Mediterranean countries are expected to add
about 9 GW of new renewable capacity per year to
reach a total of 410 GW by 2040 (thus more than
doubling current power installed capacity). South
and East Mediterranean countries will contribute some 6 GW yr-1, to reach 181 GW by 2040, a
five times growth in the PS compared to current
levels. This would completely change the electricity market supply and demand structure in South
Mediterranean countries.
In terms of electricity generation, renewables will
generate 1,137 TWh in 2040 in the RS, or 34% of
total electricity generation in the Mediterranean.
This implies an average annual growth rate of
1.3% for hydro, which would generate 357 TWh,
and 5.1% for non-hydro renewables (780 TWh)
over the period 2015-2040. In the Proactive
Scenario, electricity generated from renewables is
expected to reach over 1,438 TWh, around 52% of
total production in 2040. This trend is influenced
by 20% less growth in electricity generation in
the Proactive Scenario than in the reference
case, the progressive phase out of oil and coalfired electricity production plants and a further
boost to renewable energy technologies, both in
North Mediterranean countries, where non-hydro
renewables would experience a compounded
average annual growth rate (CAAGR) of over 5.5%,
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3.3.3.4 An NDC-based scenario for the
Mediterranean region
While the energy transition raises common
challenges for the entire region, the nature and
scale of the challenges are different between the
northern countries and SEMC. Fig. 3.40 shows
the demographic and energy projection in the
Reference Scenario (RS) of OME MEP2018 which
will be used as a reference in Section 3.3.4.4 to
discuss energy transition financing objectives. The
countries on the northern shore have more than two
decades of reforms that have gradually diversified
their energy mix and controlled the growth of
their energy demand, in a context of demographic
stability. SEMCs are facing rapid population growth,
which should lead to a significant increase in their
energy demand. Their energy mix is widely relying
on fossil fuels and fossil fuel export revenues
which play a central role in the macro-financial
balance of some countries (Algeria, Egypt, Tunisia)
(MEF 2019).
Finally, compared to the RS by 2040, Fig. 3.41
shows that the Proactive Scenario would lead to
significant benefits, in terms of reduced energy
dependence, energy efficiency, renewable energy
growth and climate mitigation. More specifically,
compared to the RS, the Proactive Scenario (PS)
would reduce the energy dependency of the region
by 45% (from 43% to 24%); as well energy demand
and electricity generation would be reduced by
20%, each; the share of renewables in electricity
production would be 57% higher in the PS
compared to the RS. Finally, the PS would see a
reduction of CO2 emissions of 30%.
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Figure 3.40 | Demographic and energy projections in the Mediterranean in 2040. Source: MEF (2019), based on
OME (2018) Reference Scenario (RS).

3.3.3.5 Impact of climate change on
energy resources
Although solar photovoltaics and wind power are
growing rapidly, several scenario studies show
that thermoelectric (fossil, nuclear, geothermal,
biomass-fueled) power, together with hydropower,
will most likely remain the dominant powergenerating technologies during the whole of the
twenty-first century (IEA 2018). Overall reduction
in total power generation is projected under global
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Figure 3.41 | Benefits of the implementation of the
Proactive Scenario (PS) compared to the Reference
Scenario (RS) at the horizon 2040 (OME 2018).

warming as highlighted in a study investigating
wind, solar, hydropower and thermoelectric power
generation evolution in Europe (Tobin et al. 2018).
Several studies using regional or global climate
projections show that the western Mediterranean
Basin is likely to undergo slightly decreasing winds
in future decades (Hueging et al. 2013; Tobin et
al. 2016) due to the poleward shift of the Hadley
cell (Section 2.2.2.1). Surface wind speed declines
remain moderate by the mid-century (generally
of the order of a few percent). Wind speeds
usually undergo small expected changes (Solaun
and Cerdá 2020). By contrast, wind speeds are
consistently projected to increase in the Aegean
Sea (Tobin et al. 2015, 2016) where more persistent
episodes of stable wind mill production regime are
found (Section 2.2.2.4) (Weber et al. 2018). In any
case wind resource is not threatened by climate
change. Overall, the magnitude of change is small
(< 5%) for all countries under a 1.5°C and 2°C
global warming (Fig. 3.42; panel A).
For a 3°C warming, most countries undergo
changes with a magnitude also below 5% except
for Portugal, Ireland and Cyprus where decreases in magnitude are expected to exceed 5%, approaching 10% for Cyprus. A 2°C warming does not
systematically lead to higher change magnitudes
than 1.5°C, while 3°C warming leads to stronger
changes in most cases. In terms of individual cli-
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Figure 3.42 | Future changes in national wind power (A), solar PV power (B), hydropower (C) and thermoelectric
power (D) production under +1.5°C global warming (yellow bars), 2°C (orange bars) and 3°C (red bars).
Changes are relative to the reference period 1971–2000. Colored bars correspond to the ensemble mean. The black
thin error bars represent ensemble-mean confidence intervals (95% level based on the Wilcoxon-Mann-Whitney test).
Adapted from Tobin et al. (2018).

mate model signals, the spread among the models
is limited.
Climate change also impacts solar radiation and
thereby solar energy resource. For solar PV generation (Fig. 3.42; panel B), projected ensemble
mean impacts show moderate reductions for most
countries in Europe, expect for the Mediterranean
countries, i.e., Portugal, Spain, Greece and Cyprus
where changes are very small (but the magnitude
and direction of changes are robust since most
models agree). The overall magnitude of the signals is correlated with the amount of warming.
Crook et al. (2011) and Wild et al. (2015, 2017) studied the global changes on PV and CSP outputs as
a result from climate change, combining solar radiation with other factors such as cell temperature
and wind. They found that solar PV output is generally declining in future scenarios worldwide except

288

CLIMATE AND ENVIRONMENTAL CHANGE IN THE MEDITERRANEAN BASIN | MedECC

over a few areas in Europe and the Mediterranean
region where the expected increase in solar radiation is expected to overpass the temperature effect.
Over Mediterranean areas there is agreement
among studies that radiation will increase and
this will lead to an increase in solar PV output
despite the temperature increase (Jerez et al. 2015;
Gil et al. 2019). There is large spread in estimated
amplitudes and also significant differences
between regional and global climate modeling
results (Bartók et al. 2017), which may be at least
partly explained by the lack of aerosol changes in
most regional climate models.
CSP potential is also expected to increase with
climate change. North-West Africa (Morroco and
North of Algeria) appears to be one of the areas
of Africa where solar potential is increasing in
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Figure 3.43 | Impacts of climate change on annual mean streamflow (A) and water temperature (B) for RCP8.5
for 2040–2069 (2050s) relative to 1971–2000 (adapted from van Vliet et al. 2016b).

climate change scenarios (Soares et al. 2019), but
over the whole of North Africa projections indicate
a small decrease in resource (Bichet et al. 2019).
Climate variability and the likelihood of heat
waves and droughts are expected to increase in
the Mediterranean (section 2.2.4.2; Raymond et
al. 2019). This may have important impacts on
water resources available for hydropower (e.g.,
Hamududu and Killingtveit 2012) and thermoelectric power generation (van Vliet et al. 2012b,
2016b) in Europe and Africa. Consistent decreases in streamflow are projected for the Mediterranean region (up to -30% to -50% in soth and east
according to scenarios, Fig. 3.7). Water temperatures continue to increase during the twenty-first
century for RCP8.5 (+1.0°C to +2.0°C for 2050s;
van Vliet et al. 2016b; Fig. 3.43).
Spatial patterns of changes in hydropower usable
capacities strongly correspond with the projected
impacts on streamflow, showing overall decreases
in hydropower usable capacity the Mediterranean,
with reductions in the annual hydropower capacities of 2.5-7.0% for the 2050s (RCP2.6–RCP8.5; van
Vliet et al. 2016b) (Fig. 3.43; panel A). Thermoelectric
power usable capacities are projected to decrease
for more than 60% (RCP8.5) of the power plants
(Fig. 3.43; panel B). Thermoelectric power plants in
the Mediterranean are situated in areas with expected declines in mean annual streamflow (Section
3.1.4.1) combined with strong water temperature increases (Section 2.2.4.2), which both amplify restrictions on cooling water use. Fig. 3.43 (panel B) shows
considerable reductions in thermoelectric power
usable capacity in the Mediterranean region of 1015% (for the 2050s, RCP2.6–RCP8.5).
Impacts of climate change on gross hydropower
potential have also been studied for Europe. Gross
hydropower potential refers to “the annual energy

potentially available when all natural runoff in a
country is harnessed down to sea level (or to the
border line of the country) without any energy
losses” (Eurelectric 1997). Mean gross hydropower
potential is projected to increase in northern,
eastern and western Europe and to decrease in
southern Europe (Fig. 3.42; panel C). Overall, higher
warming results in stronger changes. Results for
the individual regional climate model projections
show that many individual signals are not significant
and the spread amongst models is substantial.
The most negatively impacted countries will be
Greece, Portugal, and Spain. Impacts in these
southern European countries can be reduced by
limiting global warming. A warming of 3°C reduces
hydropower potential by 15-20% while limiting to
2°C warming would keep decreases below 10%.
The usable capacity of thermoelectric power
plants using river water for cooling is expected
to reduce in all European countries due to a
combination of higher water temperatures and
reduced summer river flows (Fig. 3.42; panel D).
The magnitudes of the decrease are about 5%
for 1.5°C, 10% for 2°C and -15% for 3°C for most
countries. Bulgaria, Greece and Spain will be
the most strongly impacted (15–20% decrease).
Results based on output of various climate models
project significant changes and agree on the
direction of changes as the spread among signals
is limited. Robust and significant negative climate
change effects are found, with a magnitude higher
than for other power generating technologies in
Europe (Tobin et al. 2018) (Fig. 3.44).
Regarding bioenergy, in the long term (>2040),
biomass is projected to be a key option to meet the
most stringent climate targets (Clarke et al. 2014;
Rose et al. 2014; Rogelj et al. 2015), because of its
ability to produce negative emissions in association
with carbon capture and storage (Section 3.2.3.2).
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Integrated assessment models involved in the
IPCC 1.5°C report project that biomass will take
a growing share in primary energy use in most
regions of the world during the 21st century (Fig.
3.45). The main driver behind this result is the
need to decarbonize the energy sector (Bauer et
al. 2018) and the availability of other sources of
renewable energy.
Future environmental and climatic conditions of
the Mediterranean Basin reinforce uncertainties
related to bioenergy sector development. The
Mediterranean zone is expected to have huge shifts
in the distribution of agricultural and forest areas
with climate change making the region vulnerable
(Fernández-Manjarrés et al. 2018). The current
low primary production and the fragmentation of
private lands could limit the development of the
bioenergy sector. Furthermore, the future increase
of dry conditions and extreme natural events,
reinforce tough environmental conditions for the
biomass sources production especially forestry,
agricultural and energy crops. Fires can be favored
with increased dry conditions making many forest
biomass reserves vulnerable, therefore needing
adequate management (Fernández-Manjarrés et
al. 2018). Also, the less pregnant decarbonisation
constraint and the availability of solar energy
explain why the share of biomass is not changing
much in SEMCs.

Change in hydropower capacity
RCP 8.5 (2050s)

Agriculture in the Mediterranean area is
particularly vulnerable to climate change due to
its reliance on rainfed systems and the increased
water shortages, which are anticipated in this
region (Section 3.2.2.1). These are very likely to
have a negative impact on crop yields, in particular
for wheat in North Africa. A decrease in crop
yields would directly affect the amount of land
available to grow energy crops, which are scarce
to start with, especially in the SEMCs. Herbaceous
bioenergy crops (Miscanthus, Panicum virgatum,
cardoon, Arundo donax) produced on marginal
or abandoned land offer promising prospects in
southern Europe with positive effects in terms
of sustainability criteria (Pulighe et al. 2019). To
ensure the feasibility of production with regard
to environmental criteria, the choice of cultivars
most resilient to water stress and agronomic
management will play a critical role.
While there is a large body of work on the combined
effects of CO2 concentration rises and climate
change on staple food crops (IPCC 2014), only few
studies exist on lignocellulosic plants (Chum et
al. 2011). One study on miscanthus (a perennial
grass) concluded that this crop would no longer
be suitable in the Mediterranean area by 2050 due
to drought kill (Hastings et al. 2009). Conversely, a
simulation study involving another perennial crop
(Arundo donax) in northern Italy concluded that its
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Figure 3.44 | Impacts of climate and water resources change on annual mean usable capacity of current
hydropower and thermoelectric power plants. Relative changes in annual mean usable capacity of hydropower
plants (A) and thermoelectric power plants (B) for RCP8.5 for 2040–2069 (2050s) relative to the control period 1971–
2000 (van Vliet et al. 2016b).
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Figure 3.45 | Regional share of biomass in the primary energy use in the IPCC 1.5°C scenarios. Source: data

available from the IAMC 1.5°C Scenario Explorer hosted by IIASA available at https://data.ene.iiasa.ac.at/iamc-1.5cexplorer/#/login?redirect=%2Fworkspaces. ASIA: Asian countries except Japan, LAM: Latin America, REF: Countries
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yield could increase by 20% within 2050 due to an
increase in water-use efficiency permitted by higher
ambient CO2 concentrations (Cappelli et al. 2015).
For any bioenergy project, the selection of the most
appropriate feedstocks should clearly be based on
the local conditions and contexts, but while there is
an increasing body of data and technical knowledge
available on energy crops (Laurent et al. 2015), there
is a scientific gap as far as the impact of climate
change is concerned, in particular in the Mediterranean. Finally, climate change should also reduce
the amount of agricultural residues available for bioenergy, which projections usually consider stable.
The same applies to forest residues or waste from
the agri-food sector, although the latter may import
raw material from other world regions to compensate for a decrease in local supply.
Biomass production in the Mediterranean coastal
regions should eventually, be limited by the lack
of available land suitable for bioenergy production
(Daioglou et al. 2019) and by water constraints. In a
scenario projecting a warming limited to 2°C, Near
East and North Africa will become major importers of biomass with, by 2100, a level of biomass imports in monetary values higher than their current
fossil fuel exports (Fig. 3.46; Muratori et al. 2016).
Factoring in food security and bioenergy production
is usually seen as a dilemma in projections and

foresight studies (Tilman et al. 2009). Integrated
assessment models show that the agricultural and
forestry sectors can meet an increasing demand
both for food and bioenergy products by various
adjustments (increase in crop yields via higher
input rates, expansion of cropland area) (IPCC
2018), but in the Mediterranean area it is likely that
there is less room for such adjustments given the
environmental and economic constraints. Overall
the highest potential should come from residue
and waste streams, for which there are unfortunately few estimates available, and the use of marginal land – pending a proof of concept that this
strategy can be implemented at a large enough
scale beyond simulation studies (Gelfand et al.
2013). In the rural areas of the southern Mediterranean Basin where the use of traditional biomass
predominates, the generalization of more efficient
bioenergy technologies (improved cookstoves in
particular) would also reduce the pressure on biomass resources and make biomass available for
more refined uses (for power and transportation
fuels) (Chum et al. 2011; Mulinda et al. 2013).

3.3.3.6 Impact of climate change on
energy demand
Climate change in the Mediterranean is expected
to impact the energy consumption mainly as a
decrease (respectively increase) in space heating
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Figure 3.46 | Global fossil fuels, biomass, and agricultural products financial flows in 2010 and in 2100
(Muratori et al. 2016).

(respectively cooling) demand, all other factors
remaining fixed. These results from a number
of studies (see below) are derived from climate
change projections from general or regional
climate models reviewed by IPCC’s 4th and 5th
assessment reports, in combination with econometric analyses or with bottom-up energy models.
The net change in the yearly energy demand for
heating and cooling in the 21st century associated
with climate change depends on location via both
the distribution of temperatures and the thermal
sensitivity of energy consumption (Wenz et al.
2017). Thermal sensitivity may be defined as the
change in mean energy consumption or in peak
load associated with a unit change in temperature.
Thermal sensitivity is usually negative for low temperatures, due to increased energy consumption
associated with heating and positive for high temperatures, due to increased energy consumption
from cooling. Thus, thermal sensitivity depends on
local efficiency of appliances and isolation and on
consumer behavior.
Due to heating, countries historically experiencing
relatively low temperatures, such as in northern
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Europe, are expected to see a net decrease in energy demand (Damm et al. 2017; Wenz et al. 2017)
as opposed to countries which already or which
will experience high temperatures, such as most
Mediterranean countries (Giannakopoulos et al.
2009; Eskeland and Mideksa 2010), which are expected to see a net increase in the energy demand
due to cooling. This is illustrated by the maps of
Fig. 3.47 which represent changes in average daily
peak electricic load at the end of the 21st century
relative to the beginning of the century estimated
by Wenz et al. (2017) for the RCP4.5 (A) and RCP8.5
(B) scenarios. Differences between countries may
not only be due to differences in temperature distributions, but also to varying thermal sensitivities
between countries. Annual demand values do not
reflect the seasonality of these changes, which
may significantly impact the seasonal planning of
energy resources.
Using regional climate models or statistical downscaling, case studies for specific countries such as
Algeria (Ghedamsi et al. 2016), Cyprus (Zachariadis and Hadjinicolaou 2014), Slovenia (Dolinar et al.
2010), or Spain (Pérez-Andreu et al. 2018), offers
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a more detailed picture showing that the expected
distribution in demand changes may depend on
local climates and that extremes in both heating
and cooling demand may intensify even if the demand is reduced on average.

A

Energy demand may also be indirectly affected
by climate change as impacts on the agricultural
sector associated with reduced precipitation in
North Africa may motivate replacing biomass as
traditional energy source in rural areas (Schilling
et al. 2012).

3.3.4 Adaptation and mitigation
3.3.4.1 Adaptation of energy systems
to water constraints
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Figure 3.47 | Percentage change in average daily
peak electric load from 2006–2012 to 2080–2099
for projected daily maximum temperatures under
RCP4.5 (A) and RCP8.5 (B) climate change scenarios.
While daily peak load decreases in northern European
countries, it increases in southern and western European
countries. This trend is most pronounced for a scenario
of unabated climate change (RCP-8.5, B) but still holds
for a scenario of mitigated climate change (RCP-4.5, A)
(Wenz et al. 2017).

Adaptation measures to mitigate the vulnerability
of the electricity sector to future water constraints
under changing climate have been investigated
in the form of six options (van Vliet et al. 2016b).
Options 1 and 2 assume increases in efficiencies
of hydropower plants and thermoelectric power
plants. Option 3 assumes replacement of fuel
sources of thermoelectric power plants (coaland oil-fired plants replaced by gas-fired plants).
Option 4 assumes replacement of once-through
cooling systems by recirculation (wet tower) cooling systems. Option 5 assumes switch to seawater
cooling for thermoelectric power plants close to the
coast (<100 km), and option 6 assumes decoupling
from freshwater resources by switch to seawater
and dry (air) cooling for 10% of the thermoelectric
power plants that are most vulnerable to water
constraints under climate change (Fig. 3.48).
Increasing total efficiencies of hydropower plants
up to 10% is able to completely offset the mean annual impacts of increased water constraints under
changing climate for most regions, including the
Mediterranean area (Europe and Africa) (Fig. 3.48;
panel A). For thermoelectric power, increased power
plant efficiencies also positively contribute in reducing water demands and decreasing the vulnerability
to water constraints under climate change (Fig. 3.48;
panel B). A strong increase in power plant efficiencies up to 20% is for most regions still insufficient
to mitigate overall reductions in cooling water use
potential under changing climate. This is the case
for Europe, but not necessarily for Africa.
Changes in sources of fuel and switches in cooling
system types (from once-through to recirculation
with wet cooling towers or dry cooling) are for
most regions more effective in reducing plant
vulnerabilities to water constraints (Macknick et
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Figure 3.48 | Impacts of adaptation options on power-generation vulnerability to water constraints under
climate change. Relative changes for the baseline settings and for various adaptation options of hydropower (A) and
thermoelectric power (B). The GCM-ensemble mean changes are presented by the bars. In addition, changes for the
five individual GCM experiments for RCP8.5 (2050s) are presented to show the range between the five different GCM
experiments (van Vliet et al. 2016b).

al. 2012; van Vliet et al. 2016b). On average, fuel
switching to higher efficiency gas-fired plants with
lower cooling water demands can be sufficient to
mitigate plant vulnerability to water constraints for
the 2020s and 2050s under RCP2.6 scenario. This
adaptation option will be insufficient for Europe
under RCP8.5 scenario in the 2050s. The strongest
positive impacts relative to the baseline settings
are found for Africa, where the relative number of
coal-fired plants that can be substituted by gasfired plants is high.
A switch to recirculation (wet tower) cooling will
decrease water withdrawals and reduce plant
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vulnerabilities to water constraints. A switch from
freshwater cooling to seawater cooling for plants
nearby the coast also reduces vulnerabilities to
freshwater constraints. Decoupling of cooling
water systems from freshwater resources (by
switching to dry cooling or sea water cooling) for
the 10% most severely impacted plants is a more
effective adaptation option.
On top of these options, a higher share in non-water dependent power generating technologies,
such as solar PV and wind power, will strongly
reduce the dependency on freshwater resources.
The uncertainty range is considerable and strongly
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depends on the relative share of different technologies within the energy transition (e.g., Mouratiadou
et al. 2018).

3.3.4.2 Integration of renewables into
the energy mix
In view of the current dynamics of energy supply
and demand, a large gap is expected between anticipated demand and supply, particularly in SEMCs
(Hawila et al. 2012). In order to address both the
depletion of fossil fuels and climate change issues,
it is necessary to improve rapidly the penetration
of renewable energies. To this end, measures have
already been taken to shift the energy mix in the
SEMCs from fossile fuels to renewables. Largescale deployment of renewable energy technologies and a necessary profound transformation of
the energy sector are still lagging behind in some
countries in the region (Vidican 2016).

Incentive effects of support mechanisms for
renewable energy
SEMCs already consume a lot of energy and their
energy demand is expected to continue to grow
in the coming decades (El-Katiri 2014). As a result, energy plays an increasing role in national
development policies in most of these countries.
Given their climatic advantage, particularly in solar
energy, the countries of the region therefore want
to seize their comparative advantage. To achieve
effective integration of renewable energy in these
countries, a key solution would be to reform energy
pricing mechanisms in the region and promote the
participation of private actors in order to address
the distortions of the energy market in the region.
If this cannot be achieved for any reason, an alternative solution could be the introduction of tax and
regulatory incentives aimed at reducing remaining
cost disadvantages of renewable energies compared to fossil fuels (El-Katiri 2014). Since energy
prices for the final consumer are heavily subsidized
in most SEMCs renewable energy sources could
also receive subsidies to make renewable energy
production viable. Poudineh et al. (2018) argue
that renewable energy support policy for SEMCs
should meet criteria such as compatibility with the
structure of the region’s electricity system, harmonization with existing institutions, suitability at
the project scale, coverage of economic risks and
provision of efficiency.
Large-scale deployment of renewable energy
could have significant positive impact on SEMCs.
By examining the implications of renewable energy
deployment in the SEMCs through the LEAP (Long

Range Energy Alternatives Planning System) forecasting model, El Fadel et al. (2013) find that on a
regional scale: (i) per capita greenhouse gas emissions could be drastically reduced, (ii) the return on
investment in renewable energies promises up to
54% savings excluding positive externalities and (iii)
the establishment of a CO2 emissions trading market would provide economic incentives that make
investment in renewable energies more attractive.
An assessment by Timmerberg et al. (2019) of
national renewable energy production targets and
a diagnosis of the current energy sector in some
SEMCs shows that the plans currently in place to
expand renewable energy in these countries will
be able to roughly meet the expected future growth
in national electricity demand. Therefore, they estimate that if the targets set by the states for 2030
are met, CO2 emissions per kWh, for example,
could drop drastically to 341-514 g CO2e kWh-1
compared to 396-682 g CO2e kWh-1 in 2017.
Using a cost-minimizing electricity market model,
Brand (2013) explores the option of optimized infrastructure for the integration of renewables into
the interconnected North African electricity grids
until 2030. The results show that the five countries,
Morocco, Algeria, Tunisia, Libya and Egypt, could
together achieve significant economic benefits of
up to 3.4 billion € if they increase electricity grid
integration, build interconnections and cooperate
in the joint use of their power generation assets.
The challenge remains to eliminate political obstacles to cooperation. Brand and Blok (2015) also
assessed several studies (including Haller et al.
2012; Fragkos et al. 2013) using economic models
of electricity supply and demand to assess the
possible development paths of electricity systems
in the North African region from today to 2030 (or
even 2050). All studies agree that additional costs
associated with the expansion of renewable energy
in SEMCs could in most cases be offset by avoided
fuel costs and avoided investments in fossil fuel
power plants. Even electricity exports to Europe
could become viable.
Despite the remarkable political objectives announced by SEMCs leaders to increase the deployment of renewable energy to meet growing energy
demand and mitigate climate change in the region,
there are still some inconsistencies between the
approaches and the objectives. The deployment of
renewable energy faces many obstacles in the region, namely, the state monopoly on the electricity
sector, persistent fossil fuel subsidies, and weak
regulatory institutions and bureaucratic issues
(Lilliestam and Patt 2015). Al-Asaad (2009) notes
mainly technical problems. For example, it points
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out that much of the region’s network infrastructure (e.g., sub-stations and power lines) and network codes have long since become obsolete and
therefore need to be upgraded to effectively meet
the objectives of diversifying energy sources.
Finally, regarding renewable energy costs, Krupa
and Poudineh (2017), using simulations, show that
the levelized cost of energy (LCOE) of renewables
is more sensitive to the discount rate compared to
fossil energy sources in SEMCs. This is certainly
due to the fact that the investment costs are very
high whereas the production costs of fossils are
more evenly spread over the life of the project.

The specific case of bioenergy: barriers and
opportunities
There are four main barriers to develop bioenergy
in Mediterranean area: financial, technological,
social and institutional. Technical barriers include
investment costs and lack of experience in biomass
conversion technologies, and development of sustainable management of biomass sources. The regulation barrier requires new policies for bioenergy
promotion, and socio-economic and environmental
issues analysis. Financial decisions by funding
agency adds the problem of competitiveness with
other industry and energy markets. In fact, the development of bioenergy represents a new competitive sector because of the use of sources already
used in industrial sectors as the paper industry or
agriculture (Ferreira et al. 2017). For now, cultivation of energy crops is limited because of farmers’
reluctance considering uncertainty of productivity
and economic markets, and less attractive prices
compared to cereal crops (Pulighe et al. 2019). In
the same way, wood-biomass energy still remains
low owing to the weak economic power of the forestry sector and the hard biodiversity regulation
(Cavicchi et al. 2017).
The development of bioenergy implies increasing
the production of local biomass sources, which
raises ecological, economic and socio-political issues. Increasing biomass sources can be effective
through tree plantations, forest management improvement, energy crops implementation, agricultural sources plantations, among others. Yet, these
new biomass sources at large-scale production
could increase greenhouse gas emissions considering the land-use changes associated (Fargione et
al. 2008; Gibbs et al. 2008; Searchinger et al. 2008).
In the Mediterranean Basin, tree plantations focus
on Eucalyptus spp., Populus spp. and Pinus spp., but
these species have high ecological impacts during
the clearcutting and plantation operations, and soil
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preparation (Rodríguez-Loinaz et al. 2013). The
development of agricultural energy crops would be
competitive if some of the following situations happen: distinctive quality allowing competitive prices,
new market opportunities that cover production
costs, providing subsidies to these cultures by environmental reasons (Ferreira et al. 2017).
The development of bioenergy represents a larger
opportunity than simple renewable and carbon
neutral fuel source. The implementation of a holistic bioenergy sector can play a crucial role in
the transition by improving Mediterranean forests
management, promoting new socio-economic models and rethinking the relation between
human and nature (Paredes-Sánchez et al. 2019;
Sansilvestri et al. 2020). The bioenergy sector in
Mediterranean Basin is an opportunity for land
restoration and abandonment issues because bioenergy crops can be implanted on abandoned or
polluted lands without sacrificing pastures, arable
or protected lands (Pulighe et al. 2019).
It has been proposed that the evolution of the
renewable energy based on biomass depends on
two interacting variables: the strength of policy
for centralization and the development of competitive markets for biomass-based alternatives.
These two interacting axes will determine, by
cascade effects, how much centralized policies
will favor large industrial developments in contrast
to a more widespread biomass conversion where
sustainability of the resource is paramount. The
development of biomass-based solutions also
depends on how competitive solar and wind base
solutions are (Section 3.3.2.2). In any case, northern Mediterranean countries have more margin of
strategy evolution than southern ones, as biomass
production is inherently much more restricted in
the southern region.
Bioenergy has a place in a new economical organization with a clear position, rules and limits.
Bioenergy can valorize residual productions from
other industries, which can be upgraded in a bioeconomy sector. Pulighe et al. (2019) suggest
that future support schemes and business models
for mobilizing financing and attracting investors
should be more aligned with greenhouse gas
emissions, ecosystem services and sustainability
indicators, avoiding criticism raised for the biogas
sector regarding tradeoffs on land use pressure
for biomass. For the time being, bioenergy is
mostly based on an incentive economy, tax credits
and fiscal exemptions, but to increase engagement
of industry, foresters and farmers, it needs clear
economic possibilities with a long-term visibility.
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3.3.4.3 Energy access in
developing countries of the
Mediterranean region
Unlike the sub-Saharan African zone (only 45.6%
electrification rate), SEMCs do not yet have major
difficulties in providing electricity to their populations. The energy costs supported by households
(very often subsidized) are largely lower compared
to the world average. According to World Bank
data, the electrification rate was almost 100% in
2017 for Algeria, Morocco, Tunisia, Egypt, Israel,
Jordan and Lebanon. Libya is the only country with
a lower rate (70.1%), due to the political instability
(it had an electrification rate of 99.8% in 2000). Most
analyses find that the energy dynamics of these
countries are unsustainable in the long term, for
several reasons. First, the region is experiencing
strong demographic growth and prospects for
strong economic growth are also expected. Therefore, energy demand is expected to grow strongly
in the future for the net energy exporting countries
(Algeria, Libya, Syria, Iran etc.) and for the net importing countries (Morocco, Tunisia, Egypt, Jordan
and Lebanon) of the area (difficult combination of
future depletion of reserves and energy subsidies).
Second, the region is one of the most affected by
the effects of global warming. Countries are therefore compelled to make an energy transition to renewable energy sources as quickly as possible and
gradually move away from fossil energy sources.
Finally, price control policies such as energy subsidies are quite widespread in the region. These
policies are still costly to state budgets and quite
ineffective. Energy subsidies frequently distort
price signals and lead to systemic misallocation of
resources (Fattouh and El-Katiri 2013). The main
concerns are therefore how to produce enough
renewable energy to meet the anticipated high future energy demand in the region, still considering
potential political and economic barriers.

Financial, behavioral, institutional and
regulatory impediments to energy access
The SEMCs are known for their oil and gas reserves, but also for their immense potential in
renewable energies, particularly solar and wind
energy. According to estimates, with only 0.2% of
the land suitable for concentrating solar power,
plants in seven countries of the region (Morocco,
Tunisia, Algeria, Libya, Egypt, Jordan and Saudi
Arabia) could cover 15% of the electricity demand
expected in Europe in 2050 (Trieb et al. 2012). Thus,
there are economic as well as environmental reasons to switch to renewable energy sources. But
for those countries in the region that are highly

dependent on fossil revenues (oil, natural gas), it
would be very difficult to switch entirely to green
forms of energy (El-Katiri 2014). The economies
of these countries largely depend on the rents
from hydrocarbons in the 1960s and 1970s. Also,
the social contract between the government and
citizens is based on the fact that energy is virtually
free, making the investments into the transition
difficult.
For the reasons mentioned above, the countries
of the area need to make their energy transition
quickly. By the end of 2013, some of them had
set targets for the share of renewables in total
electricity generation, in total installed power generation capacity or in total electrical and thermal
energy (El-Katiri 2014). Algeria has set a target of
15% of electricity generation by 2020 and 40% by
2030, Morocco (42% of installed power generation
capacity by 2020), Tunisia (25% of electricity generation by 2030), Egypt (20% of electricity generation by 2022) and Lebanon (12% of electrical and
thermal energy by 2020). Despite high penetration
of solar water heaters in Palestinian households
(56%), solar thermal energy represents only a
small fraction of the Palestinian Energy mix (8%).
Transitions to renewable energy sources require
huge investments, and therefore large-scale
regional and international projects such as joint
projects with the European Union. The realisation
of large-scale energy projects between Europe and
the region, such as the Mediterranean Solar Plan
or Desertec, faces several barriers. Fritzsche et al.
(2011) mainly refers to political constraints, such
as the lack of subsidies, incentives and liberalization of the renewable energy market in the region.
Authors including de Souza et al. (2018) rather
refer to cultural barriers to renewable energy trade
projects in the Mediterranean (between the EU and
southern countries), alluding to the failures of energy cooperation projects between Europe and its
former colonies.
While voices are being raised in the North of the
shore to denounce what should increase Europe’s
energy dependence, and therefore additional diplomatic pressure (Lilliestam and Ellenbeck 2011),
in the South, there is talk of a new form of resource
exploitation, and therefore of the notion of solar
colonialism (Marktanner and Salman 2011; Rowlinson 2015). There are three main risks to their
implementation, risks that affect the cost of capital
in particular: (1) the complexity and instability of
national regulations, (2) low political stability and
(3) terrorist threats in the region (Komendantova et
al. 2011). The World Bank has repeatedly pointed
out that among the constraints to investment in
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the renewable energy sector in the region are the
narrowness of local markets (which discourages
private investment in particular) and the need to
consider a regional energy trading market, the
weakness of public finance and the competition
of energy investments with other public service
and public infrastructure investments. Far from
the reality of the major oil exporting countries of
the region, Morocco depends heavily on its energy imports, i.e., 95% of its consumption in 2007
(Fritzsche et al. 2011), despite a rather remarkable
potential in renewable energy. This energy deficit
partly explains the strong pressure on traditional
energy sources (wood, coal, etc.). According to Zejli
et Bennouna (2009), between 30,000 and 50,000
hectares of forest disappear every year. Aware
of this and aiming in particular at reducing its
dependence and energy bill, the country is widely
involved in projects and initiatives aimed at promoting renewable energy. With this in mind, in November 2009 the country launched the pharaonic
Noor project (I, II and III) in Ouarzazate at an estimated cost of 2.5 billion US$ (9 billion US$ for
the full Moroccan Solar Plan), a project that should
eventually provide electricity to more than 2 million
people in the country.

Regulatory framework and business models
to reach universal access
According to de Souza et al. (2018), to facilitate the
successful implementation of renewable energy
projects, it is particularly important that the countries of the South are sufficiently integrated into
the value chains of production, from distribution
to transportation of energy (acceptability), put in
place a plan to mitigate the environmental impacts
of site operations and facilitate technology transfer. Fritzsche et al. (2011) point out that specialized
agencies should be created to overcome political
constraints to facilitate the establishment of renewable energy facilities in the area and multiply
tax incentives to help attract foreign direct investment. They also point out that funding and technical
assistance from international and regional donors
and development banks are essential for the implementation of these types of projects. They also
argue that technology transfer from North to South
should be promoted, R&D should be encouraged
and EU-SEMCs and PPP (public-private partnership) type partnerships should be implemented.
Blimpo and Cosgrove-Davies (2019) argue that it
would be viable to establish a regional energy exchange market between the countries in the area,
since energy trade would halve the cost of kWh. As
private investors are more attracted to large markets, establishing a common regional market will
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also allow small economies and countries that are
not abundant in energy resources to benefit from
cheaper electricity. As an example of an integration model, Blimpo and Cosgrove-Davies (2019)
mention the example of the West African Power
Pool (EEEOA), which brings together 14 countries
of the zone and 27 companies. This system would
have enabled many countries in the West African
zone to benefit from an affordable, reliable and
sustainable electricity supply (typical case of the
Manantali dam on the Senegal River, which benefited from a lower investment cost to the benefit of
Mali, Senegal and Mauritania). El-Katiri (2014) emphasizes the need to reform the system governing
the energy price mechanism (local market prices
strictly controlled by the State to its liking) at the
national and regional levels and to implement a
fiscal policy aimed essentially at reducing the cost
disadvantage of renewable energies compared to
fossil fuels.

The Green Transition in North Africa and
the Middle East
With the exception of Libya, the other six states
in the North African region have ratified the Paris
Agreement of 2015. For countries in North Africa,
the energy transition requires a profound structural transformation of the energy sector and all
other sectors of the economy, but one of the major
difficulties of this structural transformation is to
effectively find a compromise between long-term
and short-term political and economic objectives
(Pye and Bataille 2016).
Another major difficulty remains the question of
financing, as green projects are unfortunately still
quite expensive and require large investments. To
illustrate, estimates have shown that for some 28
countries on the African continent, for example,
meeting national commitments for energy transition would require an overall investment of more
than 240 billion US$. On the other hand, these investments would be quite beneficial for the economies of North Africa, particularly in view of their
potential for renewable energy. Brand and Zingerle
(2011) show that for every € spent on renewable
energy, 0.15, 0.16 and 0.27 € of savings could be
made in the national electricity system in Tunisia,
Algeria and Morocco respectively. Also, according
to Alnaser and Alnaser (2011), the costs of generating electricity from photovoltaic systems and
wind turbines have been on a downward trend for
several years. In some SEMCs, it is already possible to produce green power much cheaper than
electricity production from fossil sources (IRENA
2018). The competitiveness of renewable energy
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sources depends not only on the technology used
for energy production and the availability of energy
resources, but depends especially on the cost of
fossil fuels (substitutes for renewable energy).
The costs of fossil fuels are much lower for most
SEMCs compared to other regions of the world.
This does not promote the competitiveness of renewable energies.
Timmerberg et al. (2019), based on an assessment
of national renewable energy production targets
and a diagnosis of the current energy sector in
selected SEMCs (Algeria, Egypt, Morocco, Saudi
Arabia and Tunisia), show that current plans for
renewable energy expansion in these countries
will be able to approximately meet the expected
future growth in national electricity demand. They
estimate that if the targets set by the States for
2030 are met, CO2 emissions per kWh, for example,
could drop drastically to 341-514 g CO2e kWh-1
(compared with 396-682 g CO2e kWh-1 in 2017).

3.3.4.4 Financing the energy
transition
As discussed in the previous sections, the energy
transition requires a significant transformation of
the energy and economic model in the Mediterranean region. Mitigation and adaptation will require

investments from households, companies and
governments, which in turn require sources of financing. Policymakers in Mediterranean countries
need to focus policies and public investment to
achieve three main objectives: i) to bring the benefits of the new energy technologies to citizens via
accelerated uptake of distributed generation, ii) incentivize the deployment of utility-scale PV parks,
preferably including storage, and iii) to ease the
opening of new energy technology factories in their
countries. Today’s low-cost solar energy and electricity storage technology, make the first objective
achievable thanks to new legislation supporting
distributed generation for example updating obsolete construction regulation making long and
costly the permit process to functionalize buildings
with solar modules. The growth potential is huge
as less than 5% of the world’s buildings, and even
a lesser fraction of the large Mediterranean built
environment, are functionalized with solar collectors. Achieving the second objective in industrialized countries such as Spain, Italy, and France is
feasible by allowing renewable energy generation
companies to take part not only to the day-ahead
electricty market but also to the dispatching and
energy services markets, so far opened to thermal
production units only. Sunnier SEMCs will preferably continue with tenders to purchase clean electricity produced via utility-scale PV plants at prices
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Figure 3.49 | Economic and financial contexts around the Mediterranean (MEF 2019).
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Primary energy: extraction of oil, gas and coal.
Energy efficiency: buildings, energy and transportation.
Low-carbon core infrastructure: renewable energy, nuclear, CCS, low-carbon transport (e.g., light rail and Bus
Rapid Transit systems), climate-proofed water and sanitation including some adaptation infrastructure (e.g., sea
walls and flood protection).
Other core infrastructure: standard water/sanitation, high-carbon transport (e.g., roads), energy production, and
telecommunications.

Figure 3.50 | Change in infrastructure spending for a 2°C scenario in the Mediterranean region, percentage
change in expenditure over 2015-2030 compared to Business-as-usual. (MEF 2019).

that in the case of Egypt have already reached very
low levels. Finally, the third goal is to make their
countries home to new industrial plants of the
solar economy, requires to concentrate the financial resources on establishing new partnerships
with the leading renewable energy and energy
storage technology manufacturers, which are not
based in Mediterranean countries. There are many
ways to incentivize foreign companies to invest, as
shown by Morocco with their new electric vehicle
plant; or by Algeria, requiring renewable energy
compaies to use components made in Algeria for
the utility-scale PV plants awarded the PublicPrivate Alliances.

Financial needs by sector and region
Beyond the economic contexts, public finance
capacities of SEMCs are subject to strong tensions, with a high weight of the treasury’s debt in
terms of GDP. SEMCs financial systems are also
characterized by a domination of banking, a weak
development of financial markets and a low degree
of international market openness (Fig. 3.49). In the
Mediterranean region, financing needs for SEMCs
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NDC are estimated at more than 170 billion US$,
of which 81% are related to conditional NDC (MEF
2019).
While there is no specific figure for the Mediterranean region, Western Europe benefited from
106 billion US$, while Middle East and North Africa benefited from 13 billion US$ during the period
2017/2018 (CBI 2019). Focusing on international
public climate finance, Egypt, Turkey, and Tunisia
were the top-3 recipients in 2017, altogether representing 5.6 billion US$ (of 8.1 billion US$ for the
SEMCs) (UfM 2019). International public climate
finance captured by the SEMCs has shown an
encouraging trend since 2012, since the amounts
committed have increased by an annual average of
21.5% over the 2012-2017 period (MEF 2019). In the
Mediterranean region, 135 billion US$ per year in
the energy sector will be needed until 2040 (approx. 1% of each country’s GDP) and will have to be
redirected from fossil fuels to renewables and energy efficiency (IEA 2018; IPCC 2018). Natural gas
and renewables will dominate future investments
in power generation across the region and close
to 44 billion € per year will be needed to reach the
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Figure 3.51 | International public climate finance by sector in SEMCs, 2017 (UfM 2019).

energy demand levels of the Reference Scenario
(40% increase in demand) while energy efficiency
investments will need to reach 61 billion € per year
(Fig. 3.50). About 55% of these energy investments
will be required on the north shore, 25% in North
Africa and 20% in the South East (OME 2018).
In the 2017/2018 period, the following financial
flows in SEMCs went to mitigation, and specifically
to renewable energy generation (1.6 billion US$),
water supply and sanitation (1.4 billion US$), transport and storage (1.2 billion US$) and agriculture
(0.6 billion US$) (UfM 2019; Fig. 3.51).
Currently, adaptation flows account for a small
percentage of total climate finance, illustrating
what Abadie et al. (2013) call the ‘mitigation bias’.
This bias is also present in the SEMCs (Fig. 3.51).
Beyond investment in hard projects for mitigation
and adaptation of infrastructures, financial flows
are needed to push R&D capabilities in both northern and SEMCs.

Financial actors
Different actors are expected to finance climate
change mitigation and adaptation. In the 2017/18

period private actors represented 326 billion US$
while public actors represented 253 billion US$
of annual flows (CBI 2019). While 75% of climate
finance is invested in the same country in which
it is sourced, developed countries have pledged to
raise 100 billion US$ per year by 2020 for global
climate action to developing countries (UNFCCC
2018), including both public and private sources.
Climate-related multilateral funds, such as the
Green Climate Fund (GCF) and the Adaptation
Fund (AF), remain less important (0.39 billion US$).
Major bilateral donors are member countries of
the Development Assistance Committee, including France (0.88 billion US$), Germany (0.75 billion US$), EU institutions (0.62 billion US$) and
Japan (0.43 billion US$ in 2017 after 1 billion US$
in 2016) (UfM 2019). Since 2013, the contribution of
multilateral development banks has been steadily
increasing, in line with their commitment taken at
COP24 in December 2018 to align their activities
with the goals of the Paris Agreement. On the
northern shore, EU countries committed to dedicate at least 20% of the EU budget from 2014-2020
to climate-related actions (representing around
180 billion €, threefold increase from the 6-8%
share in 2007-201330).

30 Source: https://ec.europa.eu/clima/policies/international/finance_en

CLIMATE AND ENVIRONMENTAL CHANGE IN THE MEDITERRANEAN BASIN | MedECC

301

CHAPTER 3 - RESOURCES - 3. ENERGY TRANSITION

EG
TR
TN
MA
JO
BA
PS
ME
LB
AL
Middle East
regional
MR
DZ
SY
LY

0

500

1,000

1,500

2,000

2,500

3,000

USD (million)
(Country code: Appendix D)

Anonymised

Debt instruments

Grants

Equity
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Energy subsidies (% of GDP)

Financial instruments

Another tax measure to accelerate the energy
transition and provide financing is to reduce fossil fuel subsidies. Subsidies were estimated to
130 billion US$ for SEMCs in 2015 (OECD 2018).
These subsidies allocated to fossil fuels reach
significantly high levels in countries such as
Egypt, Lebanon and Algeria while Tunisia, Jordan
or Morocco have relatively more moderate levels
(Fig. 3.53). In Egypt, a program was adopted in
2014 for gradually subsidy phase out taking into
consideration the social impacts, with a foreseen
deadline in 2021.
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Worldwide, debt is the main financial instrument
of climate finance. SEMCs benefited mostly from
debt instruments from international public finance
(Fig. 3.52). Financing the energy transition goes
beyond debt, equity and grants. Above the various
mitigation mechanism, putting a price on carbon
with tax or quotas can encourage to consume
and invest in goods and equipment that emit less
greenhouse gases and generates a complementary source of financing for the energy transition.
In the Mediterranean region, carbon price mechanisms are only present on the north shore. The
EU Emission Trading System (EU-ETS), launched
in 2005, is the world’s biggest emissions trading
system, accounting for 45% of total EU greenhouse
gas emissions. Different countries have also applied carbon taxes (e.g., France, Portugal, Slovenia
in the Mediterranean region).
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Figure 3.53 | Energy subsidies in SEMCs (World Bank
2018).

Among the new instruments of the climate finance,
green bonds are bonds issued by companies,
governments or local authorities on the financial
markets to finance a project or activity with an environmental benefit and are subject to standards
(Green Bonds Principles). Worldwide, $168 billion
were issued in 2018 (40 billion US$ in 2014). Since
2007, Europe accounts for more than 36% of green
bonds issued while Africa accounts for less than
0.4% (CBI 2019).

3.3.4.5 Supra-regional cooperation
for energy transition
Faced with this economic, social and environmental situation, energy and climate challenges are of
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major importance. Accelerating the energy transition in the Mediterranean would help to control the
growing demand for energy, to promote renewable
resources and finally to optimize the use of fossil
resources. The optimisation of the regional energy
system, would pass through a better integration of
markets, increased interconnection and intelligent
management of networks, including the facilitation of access for renewable energy and demand
side management.
Energy should be considered as part of the larger
process of political shifting to a more inclusive,
democratic
and
sustainable
development
paradigm (new social contract) that concentrates
on a fair split of resources, opportunities and
the results of growth all the while ensuring the
right of all people to equitably participate in
decisions that shape the future of their societies.
This approach mirrors the dominant one that
demands more decisive investment in renewable
energies, but mainly as a tool for socio-economic
development. For investments in renewable
energies to have concrete value for the larger
sustainable development goals of a country,
projects should include technology transfers and
capacity building for the population. In that regard,
new initiatives for promoting renewable energies
in the Mediterranean should avoid the ‘Eurocentric
focus’ of the Mediterranean Solar Plan, which
was seen as an instrument to support mostly the
interests of European companies. Studies of the
implementation of renewable enregy projects in the
SEMCs have also alerted on their consequences in
terms of reinforcing the private sector and central
government at the expense of local populations. In
brief, if Euro-Mediterranean energy cooperation
wants to thrive, it is necessary to reconsider who
matters in energy security, from market and state
actors to society at large, and consider particularly
marginalized sectors of the population.
The Euro-Mediterranean dialogue, under the chair
of the European Commission and the Kingdom of
Jordan, at the Rome conference in November 2014,
decided to establish three platforms for exchange
and cooperation. The ultimate goal for these platforms is to operate as permanent consultation
forum on strategic objectives and measures to
be implemented under the auspices of the Union
for the Mediterranean. The three platforms cover:
(i) the gas sector managed by the Mediterranean
Observatory of Energy (OME), (ii) the electricity
market with support provided by the Association of
Mediterranean Regulators (MEDREG) and the Association of Mediterranean Transmission System
Operators (MEDTSO) and finally (iii) the renewable

energy and energy efficiency with support of MEDENER and RCREEE.
Many studies have shown that energy cooperation
projects with North Africa aimed at large-scale
energy production and exchange (mainly solar
and wind power) would be an ideal instrument to
achieve greenhouse gas reduction (Komendantova et al. 2012). Other studies have also analysed
the barriers that constrain these energy projects,
which Flyvbjerg et al. (2003) describe as “mega-projects” because they require huge costs. All
of these studies are based on a perception of risk
at two levels: regulatory and political risks, and
force majeure or security risks (including, in particular, the terrorist threat in the region).

Mediterranean energy market integration
Achieving the objectives of the Paris Agreement
requires a massive scale-up of renewable energy
sources and regional energy market integration
facilitates the large-scale development of
renewable energy, as it increases the area over which
electricity supply and demand must be balanced in
real time, making it less likely that the resource
will not be available when needed. Regional energy
market integration offers numerous benefits to the
power systems and the economies of participating
countries: enhanced energy security and power
system reliability, reduced need for back-up
capacity thanks to reserve sharing, supply mix
diversification, more efficient use of power plants,
lower power system costs (both investment and
operating) and therefore lower consumer prices
(World Bank 2010; UK DECC 2013). With more
ambitious climate mitigation objectives since the
December 2015 Paris Agreement, the climate
benefits of regional integration are increasingly
acknowledged as being as important if not more
than the energy and economy benefits. Some of
the climate benefits result from the increased
efficiency of the power system, but most of them
are derived from the fact that regional integration
increases power system flexibility, and therefore
facilitates renewable energy scale-up.
Although several studies have estimated the costs
and benefits of the integration of electricity markets, particularly in Europe (Bockers et al. 2013;
Newbery et al. 2016), there is less research on
the preconditions and the required policies for
establishing a successfully integrated market
for electricity and a truly seamless transmission
system (Oseni and Pollitt 2016; Roques and Verhaeghe 2016). Newbery et al. (2016) estimate the
benefits of integrating the European Union (EU)
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Physical energy flows across Europe

GWh average over the year
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Source: ENTSO-E Statistical Factsheet 2018
1 Consolidated yearly values might differ from detailed flow data from the ENTSO-E database due to ex-post consolidation taking into account national
statistical resources.
2 All data with the country code GB represents monthly statistical data as sum of England, Northern Ireland, Scotland and Wales.
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Figure 3.54 | Cross-border physical electricity flows, in gigawatt-hours (GWh) (ENTSO-E 2019).
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markets at 13-40 billion € per year for the EU as a
whole, depending on assumptions on fuel and carbon prices, renewable enrgy costs and penetration.
If the market integration were broadened to include
the whole Mediterranean region, then the savings
would be even larger possibly delivering additional
savings of 30 billion € per year according to studies
conducted by Desert industrial energy initiative (Dii)
(Zickfeld and Wieland 2012).
An integrated energy market and a cooperative
approach would reduce the cost of meeting the
ambitious EU CO2 reduction and renewable energy
targets (Caldés et al. 2015; Szabó et al. 2015). Associating the southern shore of the Mediterranean
would further reduce the cost of decarbonization of
the EU power sector, as the region is endowed with
a massive renewable energy potential and a vast
stock of unused land where solar panels and other
renewable plants can be sited without creating a
nuisance for nearby population. The Sahara Desert
is a prime location for solar power generation and
could potentially produce several times the level of
demand for carbonless electricity in Europe, while
also covering demand in the SEMCs.
The two Mediterranean shores are already inter-connected, in the West by a submarine cable
of 1,400 MW under the Strait of Gibraltar connecting Spain and Morocco, and in the East with Turkey
connected to Bulgaria through two 400 kV lines (for
a total capacity of 2,500 MW) and to Greece through
a 400-kV line with a capacity of 500 MW. Other interconnections between Europe and the southern
shore of the Mediterranean are being studied, in
particular, the Italy-Tunisia connection to the centre
of the Mediterranean (Fig. 3.54). Contrary to Europe,
the network in the SEMCs is sparser, and interrupted
between Tunisia and Libya. In this region, renewable
energy integration often needs complementary developments in generation and transmission, due to
more isolated systems requiring back-up capacity.
The idea of exporting solar electricity from the Sahara is not new and dates back to the 1940s (Escribano
et al. 2019), but the concept gained momentum
when the first EU renewable energy Directive (EU
2009) was being prepared. The period 2008-2012
saw a flurry of initiatives such as Mediterranean
Solar Plan, Desertec, Dii and MEDGRID to connect
the southern and northern shores of the Mediterranean when it seemed that many EU countries would
face difficulties in meeting their commitments
under the Directive. Most of these initiatives went
into hibernation as EU countries did not express
much interest in cooperation mechanisms with
southern Mediterranean countries, either because

they could meet their 2020 targets from their own
renewable energy resources (in part because of
stagnant demand), or because they preferred to use
other mechanisms such as statistical transfers or
cooperation mechanisms with other EU countries.
Caldés et al. (2018) and Lilliestam et al. (2016) identified the following reasons for the failures of these
ambitious Mediterranean integration initiatives: (1)
underdeveloped legal and regulatory frameworks,
(2) weak grid infrastructures (in particular lack of
interconnection between the two shores), (3) lower
than expected socio-economic benefits, (4) high
upfront costs and lack of financing mechanisms, (5)
high fossil fuel subsidies in SEMCs and (6) energy
policy giving priority to domestic renewable energy
production over electricity imports and electricity
surpluses in EU countries.
The EU has now set more stringent targets for 2030
and is aiming for carbon neutrality in 2050 under the
European Green Deal proposed by the Commission
in December 2019. Furthermore, the benefits of
regional market integration in terms of investment
and operating cost savings, and facilitated renewable energy grid integration, are increasingly acknowledged. Regional electricity market integration
appears to be recognized as one of the most cost-effective options to increase power system flexibility.

The need for supra-regional interconnections
The integration of a high-level of renewable energy
requires that power systems have flexibility to cope
with the stress resulting from sudden and unpredictable variations in the availability of renewable
energy. Power system flexibility is defined as the
ability to reliably and cost-effectively manage the
variability and uncertainty of demand and supply
across all relevant timescales, from ensuring instantaneous stability of the power system to support
the long-term security of supply (Taibi et al. 2018;
Mohandes et al. 2019). Flexibility can be provided by
dispatchable power plants, demand-side response,
storage and network infrastructure, in particular,
the one that supports regional market integration
(Baritaud and Volk 2014) and requires a combination
of regulatory, operational and investment measures
(Hirth and Ziegenhagen 2015). Greater transmission
interconnectivity yields substantial economic and
environmental benefits and requires the strengthening of interconnectors, the hardware of regional
electricity market integration (Crisan and Kuhn
2017). Ensuring that interconnectors are efficiently
used and properly remunerated for their flexibility
services both reduces the short-run cost of integrating renewables and increases the attractiveness of
investing in additional interconnection (Newbery et
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al. 2016; Newbery 2017). Regional market integration through interconnectors expands the region’s
access to carbonless sources of energy, such as
hydro reserves in the North or more predictable
plentiful solar power in North Africa and reduces
renewable energy sources curtailment.

the framework of its Mediterranean project “the
Mediterranean Master Plan plays a key role for
consolidating a secure and sustainable electricity
infrastructure through the development of interconnections, while facilitating the integration of Renewable Energy Sources in the Mediterranean Region”
(Iliceto and Ferrante 2018). The Mediterranean
Master Plan identified 14 clusters of projects for the
interconnection of Mediterranean electricity grids
according to a 2030 horizon scenario (Fig. 3.55). The
Plan targets 18 GW of new interconnection capacity, corresponding to 2,200 km of new transmission
lines, requiring about 16 G billion € of additional
investments.

The degree of interconnectivity will affect the need
for new power plants and their location. Power
generation and transmission planning, therefore,
needs to be integrated. Successful renewable energy sources integration requires integration of
power generation and transmission planning, of
operational and investment decisions and of national markets into regional markets (Pariente-David
2014). A holistic approach is needed. Reaching high
renewable energy shares entails “integration costs”
elsewhere in the power system such as balancing
services and firm back-up capacity on standby that
are not reflected in traditional planning and economics approach based on the LCOE. A system-wide
approach is needed that integrates all the costs
and derived effects of renewable energy sources
integration to determine the optimal mix of power
generation plants and transmission lines to meet
electricity demand at the lowest cost while satisfying
the climate change and other policy objectives. This
is the “total system cost” approach which focuses
on the total cost of the power system, rather than
trying to allocate some of the cost components to
specific technologies, or part of the power system,
to compare the technologies on the basis of LCOE
(Pariente-David 2016).

The circumstances seem to be auspicious in 2019 to
relaunch the Mediterranean Energy Union process.
The EU "Clean Energy for All Europeans" (CE4ALL)
Package (European Commission 2016) was fully
adopted in May 2019, as the implementing instrument of the 2015 Energy Union strategy, which acknowledges that regional market integration is key
in achieving EU climate change objectives at least
cost and that strongly interconnected networks are
required to support unhampered electricity trade and
sharing of ancillary services. Cooperation, coordination (both on national policies and power system operations) as well as and regional market integration
are a central part of the CE4ALL Package. Although
the Package primarily aims at the European internal
energy market, it recognises that the EU is not isolated and includes several cooperation mechanisms
and financing instruments for joint projects with
third-party countries (Held et al. 2019), so that the
EU can tap into the best resources to achieve power
sector decarbonisation.

After a period of lull, there is a revival of interest
in electricity exchanges across the Mediterranean.
Designed by Med-TSO between 2015 and 2018 in
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Figure 3.55 | Mediterranean interconnection projects (Iliceto and Ferrante 2018).
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In summary, regional energy market integration
and cooperation are crucial to unleashing the
region’s solar potential for cost-effective climate
change mitigation in the Mediterranean. Many
obstacles remain, including lack of the necessary transmission/interconnection infrastructure,
difficulty in siting renewable energy plants in the
best locations because of high up-front costs that
makes financing risky, geopolitical considerations,
insufficient coordination of power systems and
lack of alignment of market rules. It is necessary
to ensure interoperability of wholesale markets,
value properly flexibility services and allocate
interconnection costs to reflect the benefits

Western corridor

Central corridor

accrued to the different stakeholders. This will
extract value from regional market integration.
The process can take years, happens in stages and
requires appropriates national and regional institutions (Oseni and Pollitt 2016; Pariente-David and
Jannet Allal 2019).

Strategy of transnational associations of
regulators
Regulations regarding energy transmission systems and operations vary significantly among Mediterranean countries (MEDREG 2018). Transnational
partnerships thus require forming a common set of
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Figure 3.56 | Strategy of Mediterranean regulators for regional integration (Iliceto and Ferrante 2018).
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BOX 3.3.1
Climate variability and energy planning
The variability of the renewable energies production, such as from
wind and PV energy, adds to that of the energy demand and may pose
challenges to the adequation and stability of networks which can
translate into a decreased quality of services or into an increase in
system costs (Ueckerdt et al. 2015) due to additional flexibility requirements. The variability of renewable energies production becomes
critical when their penetration reaches a level, which is higher than
what existing flexibility mechanisms allow the energy system to cope
with (Cretì and Fontini 2019, chap. 26).
Not only the variability of meteorological conditions at single locations
is relevant to energy planning, but also the relations between
electricity demand and capacity factors, between capacity factors
at different locations, and between capacity factors for different
technologies. These correlations influence the potential smoothing of
production once aggregated by interconnections, illustrated in Fig. 3.57
for the case of wind and PV energy in Italy analyzed by Tantet et al.
(2019). In panel a, points in the curves represent optimal distributions
of wind and PV capacities among the six Italian electric regions for
a varying trade-off between maximizing the mean and minimizing
the standard deviation of the wind and PV penetration. Due to the
variability of the wind and PV production, changing the weight put on
each objective results in mixes with different characteristics, a higher
mean penetration also leading to an increased variance. In addition,

ignoring capacity-factor correlations between regions leads to suboptimal mixes as shown by the weaker slope of the dashed lines (which
corresponds to a weaker increase of the mean penetration as the
variance is allowed to increase). The blue curve represents the optimal
frontier with the addition of the constraint that the total wind-PV
capacity be the same as in 2015. The blue dot (resp. blue diamond) on
this frontier represents the optimal mix that has the same renewable
energies penetration variance (resp. mean) as the actual 2015 mix
(represented by the gray dot). The geographical wind-PV distribution
of the capacities corresponding to the blue dot and the blue diamond
are represented in panels b and c, respectively. Depending on whether
more weight is put on the mean or on the variance of the renewable
energy penetration, different optimal mixes are obtained.
Regarding locations for renewable energy development, the European
case is studied by Pryor et al. (2006), specifically for wind energy, by
Pfenninger and Staffell (2016) for photovoltaic energy and by Rodriguez
et al. (2014) for both wind and PV energy with network constraints; the
case of northern Spain by Marcos et al. (2012); and the case of Italy
by Tantet et al. (2019). Concerning technologies, the complementarity
of wind and solar energy in Europe is analyzed by Buttler et al. (2016)
and Miglietta et al. (2017), in Italy by Monforti et al. (2014) and Tantet
et al. (2019), and in Spain by Santos-Alamillos et al. (2012, 2017); and
the case of run-of-the river hydropower and wind and PV energy with
countries including France, Greece, Italy, Spain and Tunisia by François
et al. (2016).
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regulations so as to enable enhanced connectivity
of energy markets. Setting such conditions for a
future Mediterranean energy community is the aim
of the Association of Mediterranean Energy Regulators (MEDREG). Gathering 27 energy regulators
from 22 countries spanning the EU, the Balkans
and the SEMCs, MEDREG targets the establishment
of a level playing field for all Mediterranean energy
actors through an adapted legal and regulatory
framework.

Mean (%)

To our knowledge, there are no studies analyzing how past changes in
climate variability has impacted energy systems and their planning,
let alone in the Mediterranean. With the development of various renewable energy types, as well as with existing or new hydroelectric
capacities, changes in climate variability in the Mediterranean potentially affect
A the variability of the energy production (Widén et al.
2015)
on
time
scales ranging from seconds (Apt 2007) to years or more
25
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Panel B: PV (blue) and wind (orange) optimal capacity distribution resulting in the same variable renewable energies penetration variance as the actual
2015 mix.
Panel C: same as panel b for the same variable renewable energy penetration mean as the actual
2015 mix. (Tantet et al. 2019).

In this framework, the development of renewable
energy sources requires a specific focus on network
regulation. At the national level, it implies the connection and integration of renewable energy sources. Cross-border regulations require convergence
of national regulations to allow interconnections to
work effectively. Investment regulation requires the
design and develop infrastructure that will be needed for promoting international complementarities.
The framework of EU Projects of Common Interest
is an example of reflection that aims to build a
shared vision to ensure the security of supply and
facilitate renewable energy development in a coordinated way. Fig. 3.56 highlights the three strategic
corridors regulators aim at to ensure a full integration of the Mediterranean (Iliceto and Ferrante
2018).
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BOX 3.3.2
Energy issues for Mediterranean islands
Islands are physically isolated territories, a characteristic that sets
specific threats, challenges and opportunities in the context of
global change and energy transition. The European Union recognizes
that “insular regions suffer from structural handicaps linked to their
island status, the permanence of which impairs their economic and
social development” (Treaty of Amsterdam 1999). Geographical and
socioeconomic singularities of Mediterranean Islands put additional
pressure on water and energy, leading to resource depletion and
degraded environment, threatening sustainable development (Gold
and Webber 2015). More than 11 million people live in Mediterranean
islands (Sen Nag 2017). Except for Sicily, Sardinia and Cyprus, all
Mediterranean islands are below the million permanent inhabitants,
with notable cases, such as Majorca, which frequently double its
population during high touristic season. Mediterranean islands
suffer strong limitations due to the limited range of their accessible
resources, the inability to achieve economies of scale, the strong
seasonal population variation, higher infrastructure costs and
particular climatic conditions (Erdinc et al. 2015).
Characteristic aspects of Mediterranean climate such as large
seasonal temperature and irradiance variations, occurrence of strong
winds, heavy precipitations and the impacts of a range of cyclone,
interact with the islands, rendering unique climates, even at local
scales (Homar et al. 2010). They also enhance Mediterranean islands
vulnerability, especially in the context of global climate change. In
addition to the Mediterranean specificities, the IPCC 4th and 5th
assessment reports state with high confidence that, globally, coasts
are undergoing adverse consequences from climate change, such as
sea level rise, inundation, erosion, and ecosystem loss. The reports
also state that coasts are highly vulnerable to extreme events such
as cyclones, extreme waves, storm surges, altered rainfall and runoff
patterns, and ocean acidification. Therefore, Mediterranean islands
are essentially isolated coastal territories with double penalty from
climate change impacts.
Energy production and demand in the
Mediterranean islands
Climate effects on the energy transition process in Mediterranean
islands are of capital importance. On the one hand, the water-energy
nexus is a central aspect in islands, as pressure on water resources is
exceptional and highly anticorrelated with the seasonal precipitations
and the availability of fresh water depends on techniques such as
dwelling, impoundment and desalination. This severe fresh water
scarcity is projected to aggravate in the future, since a drying of
the region is expected throughout the 21st century (Dubrovský et
al. 2014) and dry spells are projected to increase in duration and
increasingly affect the wet season (Raymond et al. 2019). This climate
and the projected scenarios not only severely hamper the adoption
of hydropower electric sources in Mediterranean islands, but also
increases the projected electricity demand derived from increased
use of desalination strategies. On the other hand, Mediterranean
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islands have an important wind power climatic resource originating
from various climatic features. Larger islands develop sea breeze
very in a consistent way, especially during summer, in phase with the
highest seasonal electricity demand. In contrast, smaller -and usually
flatter- islands do not develop relevant sea breezes, but are more
exposed to the weakly dragged maritime winds. The Mediterranean
is well known to have the highest concentration of cyclones across
the globe (Petterssen 1956). An additional climatic resource for
Mediterranean islands, that has raised some attention in recent years,
is the wave energy (Franzitta and Curto 2017) and maritime underwater
flows (Section 3.3.2.2). Despite wave energy converters are becoming
more efficient, the spatial and temporal variability of this maritime
resource hampers its general implementation. Wave energy in the
Mediterranean Sea is larger during the cyclogenetic cold season and
over the area of influence of the most frequent cyclogenetic regions
(Ponce de León et al. 2016). This resource is significantly weaker during
the summer season, when energy demand steered by tourist activity is
higher. This characteristic favors its use in energy transition planning
as a complementary electricity generation technology to photovoltaic,
which has an opposite seasonal phase (Curto and Trapanese 2018;
Curto et al. 2019). Climate projections for wave energy in the western
Mediterranean show that this resource will remain reliable with a
reduced temporal variability and slight reduction of the annual and
seasonal wave power (Sierra et al. 2017).
Regarding the demand side, islands are expected to follow the
Mediterranean mainland projections of increases of 6% in demand by
2050 (Zachariadis and Hadjinicolaou 2014), even possibly amplified
due to larger tourist activity in currently underexploited environments.
The non-linear relation between consumed energy and total population
could be explained by differences in existing economic activities,
geographical site and cultural aspects (Neves et al. 2014).
Interlocking challenges of energy security and
climate resilience
In addition to the effects of climate and climate change as an energy
resource to consider in sustainable energy transition planning for the
Mediterranean islands, climate extremes pose both energy extraction
opportunities (i.e., for wave energy) but more importantly engineering
and protection challenges. Strong winds and heavy precipitation
are projected to decrease in frequency but become more intense
(Subchapter 2.2), threatening renewable energy infrastructure both in
centralized plants and distributed generation topologies.
These climatic conditions add upon other economic, sociocultural
and differential characteristics of Mediterranean insular territories
compared to mainland, a fact that is also reflected to their power
system structures and the energy transition objectives (Erdinc et al.
2015). Challenges such as the geographical limitations, protection
of natural and cultural values, or the technical limitations of small
size grid structures with low inertia, are all barriers to overcome in
order to seize the opportunities of the energy transition for ensuring
a sustainable insular power system (Andaloro et al. 2012). Nowadays,
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in most non-interconnected islands the electricity generation cost is
extremely high due to the utilization of outdated autonomous power
stations based on oil-fuel imports and diesel-electric generators, and
the most frequent energy mix proposed considers solar, wind and sea
wave renewable sources (Franzitta and Curto 2017; Curto et al. 2019).
Interconnection with mainland is frequent although not for all cases
profitable (Lobato et al. 2017). This solution may alleviate the reduced
inertia challenge and externalize the dependency on fossil fuel, but
does not contribute to achieve the near zero energy system proposed
by some insular communities (Sanseverino et al. 2014).
For stand-alone power systems, the management of renewable energy
surplus is an important concern. Hydrogen generation, commercial
batteries and the deferrable load of desalinated water-production
are proposed as two effective renewable energy buffering strategies
for Mediterranean islands (Corsini et al. 2009; Kaldellis et al. 2012).
In the absence of a single solve-all solution, hybrid solutions are
hypothesized to lead to a remarkable reduction in power generation
costs, although more efforts are needed for making battery/hydrogen
systems technically and economically viable (Corsini et al. 2009;
Beccali et al. 2018; Wang et al. 2020). Besides generation-side
measures and energy storage for reserve provision, demand-side
measures have also some specificities in Mediterranean insular areas
which can foster their transition to a sustainable and autonomous
energy system. Outdated distribution grids, impact of the lack of
economy of scale on the reduced budgets for new investments and
the low penetration of automation in domestic utilities prevent the
widespread implementation of solutions for the automation of the enduser’s electrical installations, in order to offer to the utility flexibility
to be used for the improvement of the generation and distribution
efficiency (Zizzo et al. 2017). In this regard, electric vehicles have
ranges suitable for the great majority of Mediterranean islands
sizes, also offering new grid-to-vehicle and vehicle-to-grid managing
alternatives which can catalyze the solutions for the inherent reduced
grid inertia problems (Groppi et al. 2019).
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(In press).
OME/MEDENER 2016 Executive Summary. Mediterranean Energy Transition: 2040 Scenario.
Paris https://www.medener.org/wp-content/
uploads/2015/05/Transition-énergétique-en-Méditerranée-scénario-2040-en.pdf [Accessed June 30,
2019].
OME/MEDENER 2018 Les Energies Renouvelables en
Méditerranée : Tendances, Perspectives et Bonnes
Pratiques. Paris.
OME 2018 Mediterranean Energy Perspectives 2018.
Paris.
Omrani H, Drobinski P, Arsouze T, Bastin S, Lebeaupin-Brossier C et al. 2017 Spatial and temporal
variability of wind energy resource and production
over the North Western Mediterranean Sea: Sensitivity to air-sea interactions. Renew. Energy 101,
680–689. doi: 10.1016/j.renene.2016.09.028
Onea F, Deleanu L, Rusu L, Georgescu C 2016 Evaluation
of the wind energy potential along the Mediterranean Sea coasts. Energy Explor. Exploit. 34, 766–792.
doi: 10.1177/0144598716659592
Oseni MO, Pollitt MG 2016 The promotion of regional
integration of electricity markets: Lessons for developing countries. Energy Policy 88, 628–638.
doi: 10.1016/j.enpol.2015.09.007
Paredes-Sánchez JP, López-Ochoa LM, López-González
LM, Las-Heras-Casas J, Xiberta-Bernat J 2019

CLIMATE AND ENVIRONMENTAL CHANGE IN THE MEDITERRANEAN BASIN | MedECC

317

CHAPTER 3 - RESOURCES - 3. ENERGY TRANSITION

Evolution and perspectives of the bioenergy applications in Spain. J. Clean. Prod. 213, 553–568.
doi: 10.1016/j.jclepro.2018.12.112
Paredes-Sánchez JP, López-Ochoa LM, López-González
LM, Xiberta-Bernat J 2016 Bioenergy for District
Bioheating System (DBS) from eucalyptus residues
in a European coal-producing region. Energy Convers. Manag. 126, 960–970.
doi: 10.1016/j.enconman.2016.08.084
Pariente-David S 2014 Successful Grid Integration of
Renewable Energy: Integration is the Name of the
Game. Int. Assoc. Energy Econ., 29–30.
https://www.iaee.org/newsletter/issue/29
Pariente-David S 2016 The Cost and Value of Renewable
Energy: Revisiting Electricity Economics. Int. Assoc.
Energy Econ. IAEE Energy Forum, 21–23.
Pariente-David S, Jannet Allal H Ben 2019 North Africa.
An energy bridge between the African and European
Continents, in Empowering Africa: Access to power in
the African continent, eds. Colantoni L, Montesano G,
Sartori N (Peter Lang), 199–231.
doi: 10.3726/b15292/20
Pérez-Andreu V, Aparicio-Fernández C, Martínez-Ibernón A, Vivancos J-L 2018 Impact of climate change
on heating and cooling energy demand in a residential building in a Mediterranean climate. Energy 165,
63–74. doi: 10.1016/j.energy.2018.09.015
Petersen LE, Troen I, Ejsing Jørgensen H, Mann J 2014
The new European wind atlas. Energy Bull. 17,
34–39.
Petterssen S 1956 Weather Analysis and Forecasting.
McGraw-Hill.
Pfeifroth U, Sánchez-Lorenzo A, Manara V, Trentmann J,
Hollmann R 2018 Trends and variability of surface
solar radiation in Europe based on surface- and
satellite-based data records. JGR Atmos. 123, 1735–
1754. doi: 10.1002/2017JD027418
Pfenninger S, Staffell I 2016 Long-term patterns of
European PV output using 30 years of validated
hourly reanalysis and satellite data. Energy 114,
1251–1265. doi: 10.1016/j.energy.2016.08.060
Philipona R, Behrens K, Ruckstuhl C 2009 How declining
aerosols and rising greenhouse gases forced rapid
warming in Europe since the 1980s. Geophys. Res.
Lett. 36. doi: 10.1029/2008gl036350
Piante C, Ody D 2015 Blue Growth in the Mediterranean
Sea: The Challenge of Good Environmental Status.
http://www.developpement-durable.gouv.fr/
Plan Bleu 2008 Climate Change and Energy in the Mediterranean. Sophia Antipolis http://www.eib.org/attachments/country/climate_change_energy_mediterranean_en.pdf.
Ponce de León S, Orfila A, Simarro G 2016 Wave energy
in the Balearic Sea. Evolution from a 29 year spectral wave hindcast. Renew. Energy 85, 1192–1200.
doi: 10.1016/j.renene.2015.07.076
Possner A, Caldeira K 2017 Geophysical potential for

318

CLIMATE AND ENVIRONMENTAL CHANGE IN THE MEDITERRANEAN BASIN | MedECC

wind energy over the open oceans. Proc. Natl. Acad.
Sci. U. S. A. 114, 11338–11343.
doi: 10.1073/pnas.1705710114
Poudineh R, Sen A, Fattouh B 2018 Advancing renewable
energy in resource-rich economies of the MENA.
Renew. Energy 123, 135–149.
doi: 10.1016/j.renene.2018.02.015
Pozo-Vazquez D, Santos-Alamillos FJ, Lara-Fanego V,
Ruiz-Arias JA, Tovar-Pescador J 2011 The Impact of
the NAO on the Solar and Wind Energy Resources
in the Mediterranean Area, in Hydrological Socioeconomic and Ecological Impacts of the North Atlantic
Oscillation in the Mediterranean Region, Advances in
Global Change Research, eds. Vicente-Serrano SM,
Trigo RM (Springer Netherlands), 213–231.
doi: 10.1007/978-94-007-1372-7_15
Pryor SC, Barthelmie RJ, Schoof JT 2006 Inter-annual
variability of wind indices across Europe. Wind Energy 9, 27–38. doi: 10.1002/we.178
Pulighe G, Bonati G, Colangeli M, Morese MM, Traverso
L et al. 2019 Ongoing and emerging issues for sustainable bioenergy production on marginal lands in
the Mediterranean regions. Renew. Sustain. Energy
Rev. 103, 58–70. doi: 10.1016/J.RSER.2018.12.043
Pye S, Bataille C 2016 Improving deep decarbonization
modelling capacity for developed and developing
country contexts. Clim. Policy 16, S27–S46.
doi: 10.1080/14693062.2016.1173004
Raymond F, Ullmann A, Tramblay Y, Drobinski P, Camberlin P 2019 Evolution of Mediterranean extreme
dry spells during the wet season under climate
change. Reg. Environ. Chang. 19, 2339–2351.
doi: 10.1007/s10113-019-01526-3
Rizzo A, Maro P 2018 Implementing Nationally Determined Contributions (NDCs) in the South Mediterranean region. Perspectives on climate action from
eight countries.
Robin K 2015 Climate - What did Mediterranean countries commit to in view of the COP21?
Rodríguez-Loinaz G, Amezaga I, Onaindia M 2013 Use of
native species to improve carbon sequestration and
contribute towards solving the environmental problems of the timberlands in Biscay, northern Spain.
J. Environ. Manage. 120, 18–26.
doi: 10.1016/j.jenvman.2013.01.032
Rogelj J, Luderer G, Pietzcker RC, Kriegler E, Schaeffer
M et al. 2015 Energy system transformations for
limiting end-of-century warming to below 1.5 °C.
Nat. Clim. Chang. 5, 519–527.
doi: 10.1038/nclimate2572
Roques F, Verhaeghe C 2016 Options for the future of
Power System Regional Coordination. Paris https://
docstore.entsoe.eu/Documents/Publications/Position papers and reports/entsoe_fti_161207.pdf
Rose SK, Kriegler E, Bibas R, Calvin K V., Popp A et al.
2014 Bioenergy in energy transformation and climate management. Clim. Change 123, 477–493.

CHAPTER 3 - RESOURCES - 3. ENERGY TRANSITION

doi: 10.1007/s10584-013-0965-3
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