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3 Renewable Energy Resources in EU-MENA 
 
The renewable energy resources in the Euro-Mediterranean region were assessed on the basis 
of spatial information available from different sources described later in this chapter. The di-
rect normal irradiance (DNI) used by concentrating solar power systems was assessed by 
DLR’s high resolution satellite remote sensing system /SOLEMI 2004/, while the data for the 
other renewable energies was taken from materials kindly provided by the renewable energy 
scientific community. We have taken into consideration the following renewable energy re-
sources for power generation: 

 Direct Solar Irradiance on Surfaces Tracking the Sun (Concentrating Solar 
Thermal Power Plants) 

 Direct and Diffuse (Global) Solar Irradiance on a Fixed Surface tilted South 
according to the Latitude Angle (Photovoltaic Power) 

 Wind Speed (Onshore and Offshore Wind Power Plants) 

 Hydropower Potentials from Dams and River-Run-Off Plants 

 Heat from Deep Hot Dry Rocks (Geothermal Power) 

 Biomass from Municipal and Agricultural Waste and Wood 

 Wave and Tidal Power 

Both the technical and economic potentials were defined for each renewable energy resource 
and for each country. The technical potentials are those which in principle could be accessed 
for power generation by the present state of the art technology (Table 3-1). For each resource 
and for each country, a performance indicator was defined that represents the average re-
newable energy yield with which the national potential could be exploited (Table 3-2). The 
economic potentials are those with a sufficiently high performance indicator that will allow 
new plants in the medium and long term to become competitive with other renewable and 
conventional power sources, considering their potential technical development and economies 
of scale as described in Chapter 2.   

The renewable energy potentials for power generation differ widely in the countries analysed 
within this study. Altogether they can cope with the growing demand of the developing 
economies in MENA. The economic wind, biomass, geothermal and hydropower resources 
amount each to about 400 TWh/y. Those resources are more or less locally concentrated and 
not available everywhere, but can be distributed through the electricity grid, which will be 
enforced in the future in line with the growing electricity demand of this region. The by far 
biggest resource in MENA is solar irradiance, with a potential that is by several orders of 
magnitude larger than the total world electricity demand. The solar energy irradiated on the 
ground equals 1 – 2 barrels of fuel oil per square meter and year. This magnificent resource 
can be used both in distributed photovoltaic systems and in large central solar thermal power 
stations. Thus, both distributed rural and centralised urban demand can be covered by renew-
able energy technologies. 

The accuracy of a global resource assessment of this kind cannot be better than ± 30 % for 
individual sites as it depends on many assumptions and simplifications. However it gives a 
first estimate of the order of magnitude of the renewable energy treasures available in Europe 
and MENA.  
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Table 3-1: Technical and Economic Renewable Electricity Supply Side Potentials in TWh/year 

well documented 
resource taken 
from literature

from 5000 m 
temperature map 
considering 
areas with 
T>180°C as 
economic

from agricultural 
(bagasse) and 
municipal waste 
and renewable 
solid biomass 
potentials

from DNI and 
CSP site 
mapping taking 
sites with DNI > 
2000 kWh/m²/y
as economic

from wind speed 
and site mapping 
taking sites with 
a yield > 14 
GWh/y and from 
literature (EU)

No information 
except for EU. 
General PV  
growth rates 
used for 
calculation

No information 
except for EU 
mid term 
economic 
potentials

Remarks:

Tech. Econ. Tech. Econ. Tech. Econ. Tech. Econ. Tech. Econ. Tech. Econ. Tech. Econ.
Bahrain 5.0 n.a. n.a. n.a. n.a. 0.2 36 33 n.a. 0.1 n.a. 0.3 n.a. n.a.
Cyprus 24.0 1.0 n.a. n.a. n.a. 0.5 23 20 10.0 0.5 n.a. 0.2 n.a. 0.2
Iran 88.0 48.0 n.a. 11.3 n.a. 23.7 > 20000 n.a. 8.0 n.a. 16.0 n.a. n.a.
Iraq 90.0 67.0 n.a. n.a. n.a. 8.6 30806 28647 300.0 10.0 n.a. 6.8 n.a. n.a.
Israel 44.0 7.0 n.a. n.a. n.a. 2.2 318 318 22.0 0.5 n.a. 4.0 n.a. n.a.
Jordan n.a. 0.1 n.a. n.a. n.a. 1.6 6434 6429 109.0 2.0 n.a. 4.5 n.a. n.a.
Kuwait n.a. n.a. n.a. n.a. n.a. 0.8 1525 1525 n.a. n.a. n.a. 2.5 n.a. n.a.
Lebanon 2.0 1.0 n.a. n.a. n.a. 0.8 19 14 9.0 0.2 n.a. 1.5 n.a. n.a.
Oman n.a. n.a. n.a. n.a. n.a. 1.1 20611 19404 44.0 8.0 n.a. 4.1 n.a. n.a.
Qatar n.a. n.a. n.a. n.a. n.a. 0.1 823 792 n.a. n.a. n.a. 1.0 n.a. n.a.
Saudi Arabia n.a. n.a. n.a. 70.9 n.a. 9.9 125260 124560 300.0 20.0 n.a. 13.9 n.a. n.a.
Syria 7.0 4.0 n.a. n.a. n.a. 4.7 10777 10210 98.0 12.0 n.a. 8.5 n.a. n.a.
UAE n.a. n.a. n.a. n.a. n.a. 0.7 2078 1988 n.a. n.a. n.a. 3.0 n.a. n.a.
Yemen n.a. n.a. n.a. 107.0 n.a. 9.1 5143 5100 8.0 3.0 n.a. 25.8 n.a. n.a.
Algeria 5.0 0.5 n.a. 4.7 n.a. 12.1 169440 168972 7278 35.0 n.a. 13.9 n.a. n.a.
Egypt 80.0 50.0 n.a. 25.7 n.a. 15.3 73656 73656 7650 90.0 n.a. 36.0 n.a. n.a.
Libya n.a. n.a. n.a. n.a. n.a. 1.7 139600 139477 5363 15.0 n.a. 3.9 n.a. n.a.
Morocco 5.0 4.0 n.a. 10.0 n.a. 14.3 20151 20146 1188 25.0 n.a. 17.0 n.a. n.a.
Tunisia 1.0 0.5 n.a. 3.2 n.a. 3.2 9815 9244 50.0 8.0 n.a. 5.0 n.a. n.a.
Greece 25.0 12.0 n.a. 4.7 n.a. 11.8 44 4 136.0 15.0 n.a. 4.0 n.a. 4.0
Italy 105.0 54.0 n.a. 9.8 n.a. 86.4 88 7 223.0 60.0 n.a. 10.0 n.a. 3.0
Malta n.a. n.a. n.a. n.a. n.a. 0.2 2 2 n.a. 0.2 n.a. 0.1 n.a. 0.1
Portugal 33.0 20.0 n.a. 7.0 n.a. 26.6 436 142 63.0 20.0 n.a. 3.0 n.a. 7.0
Spain 70.0 41.0 n.a. 9.4 n.a. 111.1 1646 1278 226.0 60.0 n.a. 5.0 n.a. 13.0
Turkey 216.0 122.0 n.a. 150.0 n.a. 55.0 405 131 200.0 55.0 n.a. 28.6 n.a. n.a.
Total 432 414 402 632099 447 218 27

Wind PV Wa/TiHydro Geo Bio CSP

well documented 
resource taken 
from literature

from 5000 m 
temperature map 
considering 
areas with 
T>180°C as 
economic

from agricultural 
(bagasse) and 
municipal waste 
and renewable 
solid biomass 
potentials

from DNI and 
CSP site 
mapping taking 
sites with DNI > 
2000 kWh/m²/y
as economic

from wind speed 
and site mapping 
taking sites with 
a yield > 14 
GWh/y and from 
literature (EU)

No information 
except for EU. 
General PV  
growth rates 
used for 
calculation

No information 
except for EU 
mid term 
economic 
potentials

Remarks: well documented 
resource taken 
from literature

from 5000 m 
temperature map 
considering 
areas with 
T>180°C as 
economic

from agricultural 
(bagasse) and 
municipal waste 
and renewable 
solid biomass 
potentials

from DNI and 
CSP site 
mapping taking 
sites with DNI > 
2000 kWh/m²/y
as economic

from wind speed 
and site mapping 
taking sites with 
a yield > 14 
GWh/y and from 
literature (EU)

No information 
except for EU. 
General PV  
growth rates 
used for 
calculation

No information 
except for EU 
mid term 
economic 
potentials

Remarks:

Tech. Econ. Tech. Econ. Tech. Econ. Tech. Econ. Tech. Econ. Tech. Econ. Tech. Econ.
Bahrain 5.0 n.a. n.a. n.a. n.a. 0.2 36 33 n.a. 0.1 n.a. 0.3 n.a. n.a.
Cyprus 24.0 1.0 n.a. n.a. n.a. 0.5 23 20 10.0 0.5 n.a. 0.2 n.a. 0.2
Iran 88.0 48.0 n.a. 11.3 n.a. 23.7 > 20000 n.a. 8.0 n.a. 16.0 n.a. n.a.
Iraq 90.0 67.0 n.a. n.a. n.a. 8.6 30806 28647 300.0 10.0 n.a. 6.8 n.a. n.a.
Israel 44.0 7.0 n.a. n.a. n.a. 2.2 318 318 22.0 0.5 n.a. 4.0 n.a. n.a.
Jordan n.a. 0.1 n.a. n.a. n.a. 1.6 6434 6429 109.0 2.0 n.a. 4.5 n.a. n.a.
Kuwait n.a. n.a. n.a. n.a. n.a. 0.8 1525 1525 n.a. n.a. n.a. 2.5 n.a. n.a.
Lebanon 2.0 1.0 n.a. n.a. n.a. 0.8 19 14 9.0 0.2 n.a. 1.5 n.a. n.a.
Oman n.a. n.a. n.a. n.a. n.a. 1.1 20611 19404 44.0 8.0 n.a. 4.1 n.a. n.a.
Qatar n.a. n.a. n.a. n.a. n.a. 0.1 823 792 n.a. n.a. n.a. 1.0 n.a. n.a.
Saudi Arabia n.a. n.a. n.a. 70.9 n.a. 9.9 125260 124560 300.0 20.0 n.a. 13.9 n.a. n.a.
Syria 7.0 4.0 n.a. n.a. n.a. 4.7 10777 10210 98.0 12.0 n.a. 8.5 n.a. n.a.
UAE n.a. n.a. n.a. n.a. n.a. 0.7 2078 1988 n.a. n.a. n.a. 3.0 n.a. n.a.
Yemen n.a. n.a. n.a. 107.0 n.a. 9.1 5143 5100 8.0 3.0 n.a. 25.8 n.a. n.a.
Algeria 5.0 0.5 n.a. 4.7 n.a. 12.1 169440 168972 7278 35.0 n.a. 13.9 n.a. n.a.
Egypt 80.0 50.0 n.a. 25.7 n.a. 15.3 73656 73656 7650 90.0 n.a. 36.0 n.a. n.a.
Libya n.a. n.a. n.a. n.a. n.a. 1.7 139600 139477 5363 15.0 n.a. 3.9 n.a. n.a.
Morocco 5.0 4.0 n.a. 10.0 n.a. 14.3 20151 20146 1188 25.0 n.a. 17.0 n.a. n.a.
Tunisia 1.0 0.5 n.a. 3.2 n.a. 3.2 9815 9244 50.0 8.0 n.a. 5.0 n.a. n.a.
Greece 25.0 12.0 n.a. 4.7 n.a. 11.8 44 4 136.0 15.0 n.a. 4.0 n.a. 4.0
Italy 105.0 54.0 n.a. 9.8 n.a. 86.4 88 7 223.0 60.0 n.a. 10.0 n.a. 3.0
Malta n.a. n.a. n.a. n.a. n.a. 0.2 2 2 n.a. 0.2 n.a. 0.1 n.a. 0.1
Portugal 33.0 20.0 n.a. 7.0 n.a. 26.6 436 142 63.0 20.0 n.a. 3.0 n.a. 7.0
Spain 70.0 41.0 n.a. 9.4 n.a. 111.1 1646 1278 226.0 60.0 n.a. 5.0 n.a. 13.0
Turkey 216.0 122.0 n.a. 150.0 n.a. 55.0 405 131 200.0 55.0 n.a. 28.6 n.a. n.a.
Total 432 414 402 632099 447 218 27

Wind PV Wa/TiHydro Geo Bio CSP
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Table 3-2: Renewable Electricity Performance Indicators. They define the representative average renewable electricity yield of a typical facility in each country.  
 

Hydro Geo Bio CSP Wind PV Wa/Ti

Full Load Hours 
per Year

Temperature at 
5000 m Depth

Full Load Hours 
per Year

Direct Normal 
Irradiance

Full Load Hours 
per Year

Global 
Horizontal 
Irradiance

Full Load Hours 
per Year

h/y °C h/y kWh/m²/y h/y kWh/m²/y h/y
Bahrain 1000 100 3500 2050 1360 2160 4000
Cyprus 1000 100 3500 2200 1666 2100 4000
Iran 1351 295 3500 2200 1176 2010 4000
Iraq 2500 100 3500 2000 1789 2050 4000
Israel 1429 100 3500 2400 1176 2320 4000
Jordan 1667 100 3500 2700 1483 2310 4000
Kuwait 0 100 3500 2100 1605 1900 4000
Lebanon 1681 100 3500 2000 1176 1920 4000
Oman 0 100 3500 2200 2463 2050 4000
Qatar 0 100 3500 2000 1421 2140 4000
Saudi Arabia 0 275 3500 2500 1789 2130 4000
Syria 1606 100 3500 2200 1789 2360 4000
UAE 0 100 3500 2200 1176 2120 4000
Yemen 0 295 3500 2200 1483 2250 4000
Algeria 1000 213 3500 2700 1789 1970 4000
Egypt 4875 180 3500 2800 3015 2450 4000
Libya 100 100 3500 2700 1912 1940 4000
Morocco 1232 281 3500 2600 2708 2000 4000
Tunisia 1017 188 3500 2400 1789 1980 4000
Greece 1334 213 3500 2000 2218 1730 4000
Italy 2502 200 3500 2000 1605 1800 4000
Malta 0 100 3500 2000 1666 2150 4000
Portugal 2589 213 3500 2200 2095 1910 4000
Spain 1705 213 3500 2250 2463 2000 4000
Turkey 2762 281 3500 2000 2218 1900 4000  
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3.1 Resources for Concentrating Solar Power 
In the initial proposal we planned to use data from the ECMWF and NCAR/NCEP based on 
the space missions of the NOAA satellite of NASA to derive solar energy potentials. This 
data has a time resolution of 3 hours and a geographic resolution of approximately 1 degree 
(Longitude and Latitude) and are available on a global level. However, taking into account the 
great importance of concentrating solar power systems derived from the study results, the 
accuracy and resolution of this data set was not satisfactory. Therefore, we decided to apply a 
high resolution, highly accurate method developed at DLR as in-kind contribution to the study 
(ref. Annex 11 for abbreviations). 

This method models in detail the optical transparency of the atmosphere to calculate the Di-
rect Normal Irradiance (DNI) on the ground, by quantifying those atmospheric components 
that absorb or reflect the sunlight, like clouds, aerosols, water vapour, ozone, gases and other. 
Most of this information is derived from satellite remote sensing /SOLEMI 2004/.   

Weather satellites like Meteosat-7 from the European Organisation for the Exploitation of 
Meteorological Satellites (EUMETSAT) are geo-stationary satellites at a distance of 36,000 
km at a fix point over the globe that send half-hourly images for weather forecasting and other 
purposes. From those images, the optical thickness of clouds can be derived obtaining half-
hourly cloud values for every site. Of all atmospheric components, clouds have the strongest 
impact on the direct irradiation intensity on the ground. Therefore, the very high spatial (5 x 5 
km) and temporal (0.5 hour) resolution provided by METEOSAT is required for this atmos-
pheric component.  
 

    

 
Figure 3-1: Original image from METEOSAT 7 (top left), aerosol content from GACP (top centre), water 
vapour content from NCAR-NCEP (top right) and resulting map of the hourly Direct Normal Irradiance 
(bottom) in W/m² for the Iberian Peninsula and the Maghreb Region on February 7, 2003, 12:00 
/SOLEMI 2004/.  
 

Aerosols, water vapour, ozone etc. have less impact on solar irradiation. Their atmospheric 
content can be derived from several orbiting satellite missions like NOAA and from re-
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analysis projects like GACP or NCEP/NCAR and transformed into corresponding 
maps/layers of their optical thickness. The spatial and temporal resolution of these data sets 
can be lower than that of clouds. The elevation above sea level also plays an important role as 
it defines the thickness of the atmosphere. It is considered by a digital elevation model with 1 
x 1 km spatial resolution. All layers are combined to yield the overall optical transparency of 
the atmosphere for every hour of the year. Knowing the extraterrestrial solar radiation inten-
sity and the varying angle of incidence, the direct normal irradiation can be calculated for 
every site and for every hour of the year.  Electronic maps and GIS data of the annual sum of 
direct normal irradiation can now be generated as well as hourly time series for every single 
site. The mean bias error of the annual sum of direct normal irradiation - which is decisive for 
economic assessment - is usually in the order of ± 5 %. More information can be found at the 
web sites www.dlr.de/steps , www.solemi.com and http://swera.unep.net . 

 

 
Figure 3-2: Annual Direct Normal Irradiance of the year 2002  
 

 

The analysis was performed for the countries shown in Figure 3-2 for the year 2002. A one-
year basis is not sufficient for the development of large CSP projects, as the annual climatic 
fluctuations can be in the range of ± 15 %. For project development purposes, at least 5-15 
years of data should be processed. However, for the assessment of national solar electricity 
potentials and their geographic distribution, this basis is good enough, especially because in 
most MENA countries, the total solar energy potential is some orders of magnitude higher 
than the demand.  

The next step is the detection of land resources which allow for the placement of the concen-
trating solar collector fields. This is achieved by excluding all land areas that are unsuitable 
for the erection of solar fields due to ground structure, water bodies, slope, dunes, protected or 
restricted areas, forests, agriculture etc. Geographic features are derived from remote sensing 
data and stored in a geographic information system (GIS). Finally, those data sets are com-
bined to yield a mask of exclusion criteria for a complete region or country (Figure 3-3). The 
remaining sites are in principle potential CSP project sites with respect to the exclusion crite-
ria applied (Table 3-3). 
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Figure 3-3: Exclusion Areas for Concentrating Solar Thermal Power Plants  
 

The data was used to generate maps of DNI at the remaining sites for each country. Those 
maps were statistically analysed yielding the number of sites available in each country with a 
certain direct normal irradiance (Figure 3-4). From this information, the potential solar elec-
tricity yield for every class of solar irradiance was calculated, defining the technical potential 
of CSP of each country (Figure 3-5). Solar electricity potentials were calculated from the an-
nual DNI with a conversion factor of 0.045, which takes into account an average annual effi-
ciency of 15 % and a land use factor of 30 % for CSP technology (ref. Chapter 2). This is 
state of the art for parabolic troughs and thus a very conservative assumption. 
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Exclusion Criteria for CSP Plants compulsive optional 
Slope of Terrain   
> 2,1 % x  
   
Land Cover   
Sea x  
Inland Water x  
Forest  x 
Swamp x  
Agriculture  x 
Rice Culture  x 
   
Hydrology   
Permanent Inland Water x  
Non-Permanent Inland Water  x 
Regularly Flooded Area  x 
   
Geomorphology   
Shifting Sand, Dunes x  
Security Zone for Shifting Sands 10 km  x 
Salt Pans  x 
Glaciers x  
Security Zone for Glaciers  x 
   
Land Use   
Settlement  x 
Airport  x 
Oil or Gas Fields  x 
Mine, Quarry  x 
Desalination Plant  x 
Protected Area, Restricted Area  x 
   
 
Table 3-3: Compulsive and optional criteria for the exclusion of terrain for CSP plants. Within the MED-
CSP study, all criteria were applied for the site exclusion of CSP. 
 

Although CSP generation is possible at lower values a threshold of 1800 kWh/m²/y of annual 
direct normal irradiance was assumed to define the overall technical potential of CSP. The 
results of a detailed analysis for all countries within the MED-CSP study are given in the An-
nex of this chapter. The economic potential was considered to be limited by a DNI of 2000 
kWh/m²/y. This is an adequate threshold to achieve in the medium term solar electricity costs 
competitive with conventional and other renewable energy sources for power generation (ref. 
Chapter 5).  

The coastal potential of CSP was investigated separately excluding additionally all sites lo-
cated higher than 20 meters above sea level and far away from the seashore. This potential 
was used to estimate the potential areas for combined electricity generation and seawater de-
salination with concentrating solar power plants.  

The results of all countries are given in Annex 1. 
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DNI [kWh/m²/y]DNI [kWh/m²/y]

 
Figure 3-4: Annual Direct Normal Irradiance of the year 2002 on non-excluded areas in Morocco 
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Figure 3-5: Technical solar thermal power potentials in Morocco distributed to different classes of Direct 
Normal Irradiance.  
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Figure 3-6: Coastal solar thermal electricity potentials in Morocco by classes of Direct Normal Irradiance 
for sites at the seashore with an elevation of less than 20 meters above sea level. 
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3.2 Other Renewable Energy Resources  
Hydropower 

The national technical and economic hydropower potentials were taken from the literature 
/WEC 2004/, /Horlacher 2003/. The annual full load hours are used as performance indicator. 
They were calculated from the installed capacity and the annual electricity generation of the 
plants installed at present in each country /Enerdata 2004/. The map of gross hydropower po-
tentials illustrates the geographic distribution of the hydropower potentials (Figure 3-7).   

 

GWh/y on 30 x 50 km pixelGWh/y on 30 x 50 km pixel

 
Figure 3-7: Gross Hydropower Potentials in EU-MENA adapted from /Lehner et al. 2005/ 
 
The total economic hydropower potential of all countries analysed within the study is 432 
TWh/y. In the year 2000, about 70 GW of hydropower were installed, producing 155 TWh/y 
of electricity.  

There is certain evidence that climate change is possibly having an increasing impact on hy-
dropower generation with the possibility of reductions of up to 25 % in the long term in the 
Southern Mediterranean countries /Bennouna 2004/, /Lehner et al. 2005/. Although we have 
not quantified such impacts in the study we believe that this is a serious concern that should 
be taken into account in energy planning. Efficiency of hydropower use should be enhanced 
systematically in order to counteract at least partially such effects.   

 

Geothermal Power 

Considerable conventional geothermal resources are available in Italy (already used to a great 
extent), Turkey and Yemen. Conventional geothermal resources were taken from literature 
/GEA 2004/. For Europe, medium term geothermal power potentials from literature were 
taken for cross-checking /EU 2004/.  
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A map of subsoil temperatures at 5000 m depth was taken to assess the total areas with tem-
peratures higher than 180°C as economic potential for Hot Dry Rock technology. It was as-
sumed that a layer with 1 km thickness in 5000 m depth was used as heat reservoir /BMU 
2003-2/, /GGA 2000/. The total heat in place was then calculated from the volume with a cer-
tain temperature range available in a country according to the equation given in chapter 1. The 
technical HDR potential for temperatures below 180 °C was not assessed.  

 
Figure 3-8: Temperature at 5000 m Depth for Hot Dry Rock Geothermal Power Technology /BESTEC 
2004/ 
 

The temperature at 5000 m depth was used as performance indicator. With that information, 
the efficiency and the specific investment cost (Inv) of a HDR plant was compared with that 
of a reference plant and calculated according to the following equation, using a scaling expo-
nent of 0.7: 

 Inv = InvReference ⋅ (ηReference/η)0.7 

The efficiency of the power cycle η was taken as a function of the borehole temperature from 
Figure 3-8 in chapter 2. The data of the reference plant was taken from /ANU 2003/.  

The annual electricity that can be generated from Hot Dry Rocks depends on the heat in place 
and the time of extraction. That time was assumed to be 1000 years in order to ensure that the 
geothermal potentials can be renewed within this time span. At such a slow pace, the geo-
thermal power potentials can be considered as renewable energies that could be used continu-
ously without limitations in time like the other renewable energy sources.     

In the year 2000 about 600 MW of conventional geothermal power capacity was installed in 
the analysed countries producing 4.6 TWh/y of electricity. The total economic potential was 
estimated to be around 400 TWh/y, which is however a quite rough and conservative esti-
mate.    
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Electricity from Biomass  

The electricity potential of municipal waste, solid biomass (wood) and agricultural residues 
was calculated according to the equations given in Chapter 2 

From the literature, agricultural residues like e.g. bagasse, which at present are mainly un-
used for power purposes were taken as reference /WEC 2004/. An electricity conversion fac-
tor of 0.5 MWh/ton of biomass was assumed for the calculation of the potential electricity 
yield from agricultural waste biomass. It was assumed that 80 % of this potential will be used 
in 2050. A possible increase or reduction in agricultural biomass production was neglected. 
The results are summarized in Table 3-4.  

The amount of potentially available municipal waste was calculated in proportion to the 
growing urban population in each country. The growth of population was taken from the UN 
medium growth model scenario that will be described in more detail in Chapter 4. Due to 
growing urban population, the biomass potential from municipal waste grows steadily with 
the years. We have assumed a constant municipal waste productivity of 0.35 ton/cap/year and 
a waste-to-electricity conversion factor of 0.5 MWh/ton. 80 % of this potential was estimated 
to be used until 2050. 

Solid biomass (mainly wood) potentials were assessed from a global map of biomass produc-
tivity in tons/ha/year and from the existing forest areas of each country (Figure 3-9 and Figure 
3-10). A possible change of the productivity or forest areas in the future has been neglected. 
Results were cross-checked for plausibility with historical data from European countries 
/WEC 2004/. There will be a competition with traditional fuel wood use in most MENA coun-
tries which must be taken into consideration. Therefore, the rate of use of the fuel wood po-
tential was assumed to be 40 % only until 2050. Annual full load hours are used as perform-
ance indicator.  

The total installed capacity of biomass power plants in the analysed countries in the year 2000 
amounted to 1.8 GW that were generating a total of 6.4 TWh/year of electricity. For the total 
region a biomass electricity potential of 400 TWh/y was identified, of which about 50 % 
might be used until 2050. Potential from residues dominate in MENA, while power from solid 
and other biomass sources is also very important in Europe.  
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Figure 3-9: Map of biomass productivity /Bazilevich 1994/.  
 

 
Figure 3-10: Map of forest areas (green) in the EU-MENA region /USGS 2002/ 
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Table 3-4: Summary of the biomass electricity potential from agricultural waste (mainly bagasse), wood and municipal waste 
 

MaxUse MaxUse MaxUse 2050 2000 2010 2020 2030 2040 2050
Agr. Res. Wood Mun.Res. Max Agr.Res. Agr.Res. Forest Prod. Wood Mun.Waste Mun.Waste Mun.Waste Mun.Waste Mun.Waste Mun.Waste

TWh/y 1000 t/y TWh/y 1000 km² t/ha/y TWh/y TWh/y TWh/y TWh/y TWh/y TWh/y TWh/y
Bahrain 80% 40% 80% 0.22 0.00 1 0.00 0.11 0.14 0.16 0.18 0.20 0.22
Cyprus 80% 40% 80% 0.47 0.14   1 4 0.20 0.10 0.11 0.12 0.12 0.13 0.13
Iran 80% 40% 80% 23.69   914 0.46   73 2 7.30 7.44 9.33 11.46 13.03 14.69 15.94
Iraq 80% 40% 80% 8.60 0.00   8 2 0.80 2.74 3.59 4.66 5.87 6.85 7.80
Israel 80% 40% 80% 2.23 0.00   1 11 0.55 0.97 1.18 1.35 1.49 1.60 1.68
Jordan 80% 40% 80% 1.60 0.00   1 1 0.05 0.69 0.90 1.09 1.28 1.43 1.55
Kuwait 80% 40% 80% 0.85 0.00 1 0.00 0.38 0.51 0.62 0.72 0.79 0.85
Lebanon 80% 40% 80% 0.83 0.00 11 0.00 0.55 0.64 0.72 0.77 0.81 0.83
Oman 80% 40% 80% 1.08 0.00 11 0.00 0.35 0.49 0.64 0.79 0.94 1.08
Qatar 80% 40% 80% 0.15 0.00 1 0.00 0.09 0.11 0.13 0.14 0.14 0.15
Saudi Arabia 80% 40% 80% 9.89 0.00   15 1 0.75 3.34 4.60 5.81 7.00 8.18 9.14
Syria 80% 40% 80% 4.66 0.00   5 1 0.25 1.49 2.02 2.66 3.30 3.89 4.41
UAE 80% 40% 80% 0.69 0.00   3 0 0.00 0.43 0.53 0.61 0.66 0.69 0.69
Yemen 80% 40% 80% 9.06 0.00   4 6 1.20 0.78 1.28 2.20 3.63 5.49 7.86
Algeria 80% 40% 80% 12.07 0.00  21 5 5.25 3.02 3.90 4.79 5.54 6.27 6.82
Egypt 80% 40% 80% 15.27 3 060 1.53  1 3 0.15 5.06 6.36 8.17 10.38 11.95 13.59
Libya 80% 40% 80% 1.72 0.00  4 1 0.20 0.80 0.99 1.17 1.31 1.43 1.52
Morocco 80% 40% 80% 14.26  408 0.20  30 5 7.50 2.83 3.68 4.52 5.28 6.01 6.55
Tunisia 80% 40% 80% 3.17 0.00  5 5 1.25 1.09 1.32 1.53 1.69 1.84 1.92
Greece 80% 40% 80% 11.84 1.50   36 5 9.00 1.15 1.21 1.28 1.32 1.34 1.34
Italy 80% 30% 80% 86.36 10.00   100 14 70.00 6.74 6.83 6.89 6.86 6.65 6.36
Malta 80% 40% 80% 0.16 0.06 1 0.03 0.06 0.07 0.07 0.07 0.07 0.07
Portugal 80% 30% 80% 26.61 3.00   37 12 22.20 1.13 1.32 1.37 1.39 1.43 1.41
Spain 80% 30% 80% 111.05 9000 4.50   144 14 100.80 5.53 5.78 5.88 5.91 5.89 5.75
Turkey 80% 40% 80% 55.00 0.00  102 8 40.80 7.86 9.53 11.05 12.39 13.50 14.20
Total 402 21 268 55 66 79 91 102 112
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Wind Energy 

Wind power resources are given in the literature for European countries including Malta and 
Cyprus and for Morocco, Tunisia, Egypt and Turkey /EWEA 2002/, /EU 2004/, /OME 2002/. 
There is additional information on wind power potentials for Morocco, Jordan, Egypt and 
Turkey in /GTZ 2002/ and /GTZ 2004/. 

For the other countries, electricity potentials were estimated taking into account wind speed 
and areal restrictions from the wind map in Figure 3-11 and site exclusion similar to that used 
for CSP but adapted to wind power. The original wind speed was taken from /ECMWF 2002/ 
for 33 and 144 meters height and was interpolated by ISET to 80 meters height. This map 
gives a very rough estimate of the distribution of wind speed as an average for an area of 50 x 
50 km. The original data has a geographic resolution of 1.12 degrees.  

Wind electricity potentials were calculated as function of the average wind speed according to 
the equations given in chapter 2. We have assumed a maximum installed capacity of 10 MW 
per square kilometre of land area. Areas with annual full load hours over 1400 h/y equivalent 
to a capacity factor of 16 % were considered as long-term economic potential. Results were 
cross-checked and eventually corrected for those countries that have made a national resource 
assessment /OME 2002/, /REA/WED 1996/, /REA/WED 2003/, /GTZ 2004/, /GTZ 2002/, 
/WEC 2004/. Annual full load hours (capacity factor) define the performance indicator. They 
have been derived from literature, the World Wind Atlas /WWA 2004/ for a selection of sites 
in each country, and from the wind speed map. Potentials include onshore and offshore.   

 
Figure 3-11: Annual average wind speed at 80 m above ground level in m/s. Source: Prepared by DLR 
with data from ECMWF, ISET for /WBGU 2003/ 
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In the year 2000 a total of 3.3 GW of wind capacity was installed in the analysed region pro-
ducing 7.2 TWh/y of wind electricity /Enerdata 2004/. The total economic wind power poten-
tial in the region amounts to 440 TWh/y, of which 285 TWh/y could be exploited until 2050.  

Photovoltaic 

Photovoltaic applications are in principal unlimited. There are no criteria for site exclusion for 
PV systems, as they can be installed almost everywhere. However, their expansion is still lim-
ited by their high investment cost. Using present growth rates and scenarios for very large PV 
systems and distributed applications, PV potentials were assessed in a relatively intuitive way. 
For EU states, literature gives mid term potentials for PV /EU 2004/. The global irradiance on 
a surface tilted according to the latitude was used as performance indicator (Figure 3-12 and 
/Meteonorm 2004/). Although we have not introduced any economic threshold, the learning 
curves of PV suggest that this technology will become competitive by the middle of this cen-
tury under the irradiance conditions of the MENA region.       

 
Figure 3-12: Annual Global Irradiation on Surfaces Tilted South with Latitude Angle in kWh/m²/year 
Source: Prepared by DLR with data from /ECMWF 2002/ for /WBGU 2003/ 
 

PV systems are especially suited for decentralized small scale applications in remote regions, 
where they often are already competitive to conventional Diesel motor-generator power sup-
ply schemes. This special market segment has been assessed by several studies /OME 2002/, 
/GTZ 2002/, /GTZ 2003/. In our study we have only included global PV potentials without 
quantifying grid-connected and remote systems separately. In the year 2000 about 0.02 
TWh/y of solar electricity was produced by PV mainly in Italy and Spain. Including Very 
Large PV Systems  (VLS-PV) of up to 1.5 GW of capacity in the desert regions until 2050 as 
suggested by /IEA 2003/, we estimate the PV potential in the analysed region to about 218 
TWh/y with a total installed capacity of 125 GW.  
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Wave and Tidal power potentials were taken from the literature /EU 2004/. Performance 
Indicators are the annual full load hours which have been set for all locations to 4000 h/y. 

 

 

 

 

 

 


