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MJ Mega Joule 
Mln million 
Mm³/d Million cubic meter per day 
Mm³/yr Million cubic meter per year 
MM Million, as prefix 
MW Mega Watt 
MWe Mega Watt Electric 
ppm Parts per million 
t Ton 
US$ Currency Untied States 
Yr Year 
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Abbreviations and Expressions 

AdE Algérienne des Eaux 
ADWEA Abu Dhabi Water and Electricity  
AEC Algerian Electricity Company 
Alba Aluminium Bahrain Plant 
AMLT Average Membrane Life Time 
Aqua-CSP Study named Concentrating Solar Power for Seawater Desalination 
BOO Build Own and Operate 
BOO(T) Build Own, Operate, (Transfer) 
BOT Build Operate Transfer 
BWRO Brackish Water Reverse Osmosis 
CAPEX Capital Expenditures for Investment 
CAP Capita 
CSP Concentrating Solar Power 
DAF Dissolved Air Flotation 
DC Dry Cooling 
DES Desalination 
DLR German Aerospace Center (Deutsche Luft und Raumfahrttechnik) 
DNI Direct Normal Irradiation 
DWEER Dual Work Exchanger Energy Recovery 
EPA Environmental Protection Agency 
EPC  Engineering Procurement Construction 
ERD Energy Recovery Device 
ERT Energy Recovery Turbines 
EWA Electricity and Water Authority 
FAO Food and Agriculture Organization  
FF1 Single-Stage-Floc-Filtration 
GCC Gulf Cooperation Countries 
GDC General Desalination Company 
GDP Gross Domestic Product 
GMMR Great Main Made River 
GOR Gain Output Ratio 
GT Gas Turbine 
GWI Global Water Intelligence 
HFO Heavy Fuel Oil 
IDA International Desalination Association 
IWPP Independent Water and Power Producer 
JRSP The Jordan Red Sea Project 
KPRO Thermal Cycle Simulation Program 
LEC Levelized Electricity Costs 
LWC Levelized Water Costs 
MENA Middle East and North Africa  
MED Multi-Effect Distillation 
MED-CSP Multi-Effect Desalination and Concentrated Solar Power 
MED-TVC Multi-Effect Thermal with Thermal Vapor Compression 
MEW Ministry of Electricity and Water 
MF Micro-Filtration 
MIS Main Interconnected System 
MSF Multi-Stage Flash Distillation 
MOE Ministry of Energy 
MOWE Ministry of Water and Electricity 
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NG Natural Gas 
NWC National Water Company 
No.  Number 
O&M Operation and Maintenance 
ONEP Office national de l’ Eau Potable 
OPEX Operating Expenditure 
OT Once Through Cooling 
PAEW Public Authority for Electricity and Water 
PB Power Block 
PR Performance Ratio 
PWPA Power and Water Purchase Agreement 
PX Pressure Exchanger 
QEWC Qatar Electricity and Water Company 
RAF-A Ras Abu Fontas A 
RAF-B Ras Abu Fontas B 
RO Reverse Osmosis 
SDI Silt Density Index 
SWCC Saline Water Conversion Corporation   
SWRO Saline Water Reverse Osmosis 
TOR Terms of Reference 
TBT Top Brine Temperature 
TDS Total Dissolved Solids 
TSS Total Suspended Solids 
TVC Thermo-Vapor Compression 
UAE United Arab Emirates 
UF Ultra Filtration 
UN United Nations 
UNESCO United Nations Educational Scientific and Cultural Organization 
USA United States of America 
USAID United States Agency for International Development 
WDR Water Desalination Report 
WEC Water and Electricity Company 
WTP Water Treatment Plant 
WWTP Waste Water Treatment Plant 

Terms of hydrocarbons 

Crude oil Mixture of hydrocarbons that exist in liquid phase in underground reservoirs 
HFO Heavy Fuel Oil 
NG Natural Gas 
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0. Executive Summary 
In the MENA region, where water is already scarce, desalination has 
increasingly been deployed for being a reliable water source in the recent 
past.  
 
Although the desalination activities are increasing in the region, there still 
remains a significant need for additional water. This is related with the 
population growth, over-usage of groundwater and high irrigational water 
demand. The forecasts suggest that the water scarcity in the MENA region 
will even become severe in the near future. Effective solutions are urgently 
needed in the short- and mid-term. 
 
Sustainable development is the key-term when it comes to maintain and 
safeguard the environment, while reserving the natural systems. Sustainable 
desalination could thus be possible by combination of desalination with 
renewable energies to balance out the demanding situation.  
 
The World Bank awarded Fichtner with the MENA Regional Water 
Outlook to seek solutions to overcome the water scarcity by means of 
desalination using renewable energy, especially concentrated solar power 
(CSP).  
 
The Water Outlook is composed of three tasks as specified by the TOR: 

 
• Task 1 - Desalination Potential is related with the additional desalination 

plants that are required in order to bridge the growing water demand in 
the MENA region  

• Task 2 - Energy Requirement covers the energy supply of required 
desalination plants by renewable energies in the MENA region with a 
special focus on CSP  

• Task 3 - Concentrate Management reports on the environmental aspects 
of desalination. 

 
The study takes a closer look at region’s characteristics that are relevant to 
desalination and energy supply in consideration of the future water demand. 
The level of detail of the report respects the constraints of the study. 
 
In regard to the use and potential of CSP for desalination in the MENA 
region, Fichtner secured the services of the German Aerospace Center 
(DLR). The relevant input to energy related topics is provided by DLR. 
 
The study covers a large area with 21 countries in the Middle East and 
North Africa and a wide time slot of forty years, beginning from today until 
2050. Besides the large dimensions that the study takes in areal and timely 
manner, there are also a number of possible technical options that can be 
investigated in context of combining desalination with alternative energy 
sources, for example with solar power, wind power, photovoltaics (PV) or 
geothermal energy. However, with respect to the challenging task of the 
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MENA Water Outlook to close the future water gap in the whole MENA 
region, solutions are sought to a large-scale regional problem.  
 
While respecting the constraints of the study, which requires a generalized 
approach, the focus of the MENA Water Outlook is thus given to the well-
established, commercial technologies for desalination and to CSP for energy 
supply in order to provide practical and reliable solutions.     
 
The MENA Water Outlook is composed of three reports corresponding to 
each task of the study as presented above. Especially the contents of Task 1 
and Task 2 Reports are highly related with each other. In order avoid 
repetition, while still allowing for independent reading of both reports, they 
include common parts for general introduction and cross-references for 
further details. The structure of both reports is kept the similar. Task 3 - 
Report on concentrate management can be read independently. 
 
The MENA Water Outlook begins with the first report Task 1 - 
Desalination Potential at hand.  
 
Chapter 1 gives an overview on the main objectives of the study.  
 
The data and information which serve as input to the study are listed in 
Chapter 2. Besides the future water demand data by FutureWater, 
desalination related sources and databases as well as Fichtner’s practical 
expertise in desalination and power plant projects have contributed to the 
study. 
 
The future water demand in the MENA region was assessed by a detailed 
analysis of FutureWater (Immerzeel et al. 2011), which included effects of 
climate change on the future availability of natural surface and groundwater 
resources. From this report, the average climate change scenario was taken 
as basis for this study.  
 
The results of this study show that the water scarcity in the MENA region 
will grow from: 
 
• 277,000 MCM/yr in 2010 to  
• 450,000 MCM/yr in 2050  
 
considering the average climate scenario. The main goal of the MENA 
Water Outlook is thus to bridge the current and future “water gap” by 
desalination powered by renewable energies, especially by CSP.  
 
The future water demand scenario, conducted by DLR for this study as 
shown in Figure 0-1 suggests that there will be a significant reduction of 
available surface and groundwater in the medium and long-term future 
opening a serious gap of supply that will affect the whole region from now 
on.  
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Figure 0-1: Water supply within the average climate change scenario for MENA 

[MENA Water Outlook, Task 2 Report] 
 
In the water demand scenario, conventional desalination plants were taken 
into account just as scheduled by national planning until 2015, taking 
respective data from the Global Water Intelligence Outlook to 2016 (GWI 
2010b). Considering the expected life cycle of each desalination plant in 
MENA, the model substitutes any decommissioned conventional 
desalination capacity after 2015 by desalination combined with CSP. An 
overview of water supply for the region is given in Table 0-1. 
 
Table 0-1: Water supply (Mm³/yr) within the average climate change scenario for 

MENA 
 Year 2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 17,655 35,959 57,108 80,036
Unsustainable Extractions 32,432 47,015 44,636 9,104 7,093 16,589
CSP Desalination 0 0 23,405 55,855 79,461 97,658
Conventional Desalination 4,598 9,210 12,679 9,732 1,054 0
Wastewater Reuse 4,445 4,929 16,965 29,618 44,125 60,357
Surface Water Extractions 185,256 172,975 146,749 162,131 165,735 150,024
Groundwater Extractions 39,136 43,051 48,116 41,491 36,032 37,700
Total Demand BaU 265,868 277,180 310,205 343,891 390,609 442,364  
 
If required and after all other options have been used up to their limits, CSP 
desalination is introduced after 2015 to close eventually opening gaps of 
water supply in each country. In several countries, in spite of being the last 
option according to the assumptions made, desalination with CSP achieves a 
major share of water production in the medium and long term. Details are 
provided in Task 2 - Energy Requirement Report. 
 
In Chapter 3 a brief summary related to past developments of desalination 
market and future trends are highlighted.  
 
Chapter 4, as next, describes the commercial desalination technologies to 
provide technical background, namely the multi-stage flash distillation 
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(MSF), the multi-effect distillation (MED) and the reverse osmosis (RO). 
Upon evaluation of techno-economical criteria, appropriate desalination 
systems in combination with CSP are pre-selected to be evaluated, including 
conclusions drawn for further consideration in the study. 
 
The desalination potential assessment, being the core task of the study, starts 
with presenting the “typical plant configurations” as described in Chapter 5. 
The term of “potential” assessment is rather applicable in context with CSP 
plants to which the availability of “solar resources” and “land resources” are 
of great importance. In order to assess such potential of concentrating solar 
power for electricity production and seawater desalination in the MENA, 
relevant data were derived from solar energy resource assessment and land 
resource assessment, also involving requirements of desalination plants, in 
order to generate maps showing the DNI (Direct Normal Irradiance) at 
suitable sites. These maps were statistically analyzed yielding the CSP 
potential for electricity generation and seawater desalination in each 
country. As the presented study is of desktop nature and the study area is 
quite large - with a high number of countries covered - the applied approach 
is of more generalized type rather than specific.  
 
Although the region has common features such as similar climatic and 
geographic characteristics and challenges like the water scarcity, the 
desalination potential assessment entails a diversification especially in terms 
of seawater quality. For the CSP assessment, on the other hand, solar 
irradiance plays a major role. In order to incorporate such regional 
differences within MENA, three macro-regions are identified to distinguish 
the prevailing seawater quality for desalination and three solar irradiance 
indicators have been defined for CSP plant. Distinction is made between 
low, medium and high potential solar irradiance as well as for coastal and 
inland areas.  
 
The results of the potential assessment are presented in the Annex of this 
report for each country in the MENA. The obtained results are qualified to 
provide a rough indication at this stage. For project-specific evaluation a 
more detailed investigation needs to be elaborated. The MENA Water 
Outlook will continue with a subsequent project phase - Phase II - 
comprising pilot case studies.  
 
Chapter 6 comprises the cost aspects of typical plants selected. Typical 
capital and operational expenditures are estimated which yield to levelized 
water production costs. First, the necessary input on the levelized electricity 
costs from typical CSP plants are calculated for different configurations. 
Based on this, four different cases under comparable conditions are 
evaluated with complementing comments. The results appear interesting and 
conclusive.  
 
Between the two desalination technologies considered in the study, namely 
MED in its “plain” configuration and RO, RO is found to have a lower 
investment cost than MED if only the investment costs are considered. 
However, it should be taken into consideration that the MED unit in its 
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dual- purpose plant configuration replaces the heat rejection section of the 
power plant (cooling tower) as well as expensive condensing stages of the 
steam turbine. Hence a direct comparison for the desalination alone can be 
misleading. The evaluation results suggest that depending on regional and 
local conditions both technologies have their strengths and advantages. The 
study can address indications such that MED appears more convenient e.g. 
in the Arabian Gulf where RO requires intensive pre-treatment. Vice versa 
in the Mediterranean region, RO seems to be the more economic option 
given the moderate seawater quality, in terms of seawater salinity and 
temperature, meaning less pre-treatment requirement in many cases.  
 
Another practical advantage of RO is the stand-alone configuration, because 
it requires electrical energy, only. This suggests the decentralized water and 
power production, allowing for CSP to be located in inland areas where 
there is potentially a better solar irradiance compared to coastal areas. The 
prerequisite is obviously the availability of electricity grid. MED, in 
comparison, requires both electricity and to a greater extent heat, with the 
need of its arrangement in a co-generation power plant located at coast. The 
reason for such limitation is because steam cannot be transported long 
distances.   
 
In this context the study shows different possibilities for combination of 
desalination and CSP. The effect of location of CSP on the electricity 
generation costs, depending on the prevailing solar irradiance, is found quite 
significant. The water production cost of desalination systems as electricity 
consumers, especially of RO, is directly linked with the electricity cost. 
 
The report is finalized with Chapter 7 with respect to future perspectives of 
desalination powered by CSP. Although currently associated with high 
investment costs, there is a huge potential for further development of CSP 
technology. Considering the current situation in the MENA countries, 
seawater desalination relies on fossil fuels which are neither sustainable nor 
economically feasible - especially considering that oil and gas prices have 
increased by 300% since 2000. In this context, unless the gas and oil prices 
become cheaper, the competitiveness of the CSP technology is expected to 
steadily improve in the future.  
 
In Chapter 8 of the report the conclusions from the study are included.  
 
The study point out that, regional as well as local differences, such as plant 
location, plant capacity, selected technology as well as plant configuration 
such as dual-purpose or stand-alone plant can have considerable impacts on 
the design of the CSP plant as well as the cost of the two products - water 
and electricity. Appropriate and adequate plant design and operation for 
both components of desalination and CSP are indispensible which as well 
can affect the economics of the plant significantly. 
 
The study, comprising a generalized approach over the MENA region, 
provides an “initial step” to establish a wide platform for desalination 
combined with CSP in the MENA region. The preliminary results give a 
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first indication for considerations to conduct further studies and projects. 
This platform however needs to be expanded and deepened to proceed with 
a more specific-approach, to be applied on country or regional basis. More 
detailed analyses can then be conducted for such cases incorporating local 
and regional data to make more qualified statements. Based on these 
conditions further optimization of the process and the economics of the 
plants can be achieved. The World Bank intends to conduct such detailed 
assessments in the subsequent project phases comprising pilot case studies 
in different MENA countries. 
 
The preliminary results of the potential assessment are presented in the 
Chapter 9 - Annex I - Desalination Potential in the MENA region. The 
chapter is structured as follows: 
 
As an introduction to include background information, first excerpts of 
country profiles mainly sourced from GWI/DesalData are included 
summarizing their desalination history and major desalination plants 
installed. 
 
Further typical desalination related features such as deployed desalination 
technologies, classification of plant sizes, types and user are highlighted.  
In the following final section, the assessment results of the MENA Water 
Outlook comprising the required desalination and concentrated solar power 
plants to satisfy the needs in the region are presented on a country basis.  
 
Further additional supportive documents to provide more insight to 
technical details and budgetary cost estimates are included in Chapter 10 - 
Annex II - Additional documents.  
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1. Objective 
The widening gap between the use and availability of water poses a serious 
threat to sustainable socioeconomic development of the Middle East and 
North Africa (MENA) region. Freshwater sources in the region are 
persistently over-used partly due to low efficiency of water distribution and 
water use and partly because of continuous growth of population and 
economy in the region. Sixteen countries (out of 21 countries in the region) 
already face water stress. As such, these countries augment their water need 
from fossil aquifers and/or using unconventional sources of water, including 
desalination and wastewater reuse. With ever increasing population and 
industrialization of the region's economy, water demand, and hence water 
stress is bound to increase. In addition, projections of climate change 
impacts on the region's water availability are at best unfavorable, with 
decreases of up to 40% projected for some countries by the end of the 21st 
century. This calls for an even larger augmentation of water supply using 
unconventional methods. In fact the MENA Region leads the world in the 
use of desalinated water - at over 60% of the world desalination capacity. 
 
As a part of a larger report addressing the regional water outlook in the 
MENA region, the World Bank awarded Fichtner to review the potential of 
desalination technologies as an alternative water supply augmentation in this 
region. Furthermore, the review shall focus on options to use renewable 
energy sources (especially concentrating solar power, CSP) to power 
desalination plants as well as on the management of concentrate discharge. 
 
For more than 3 decades, Fichtner has carried out consultancy services for 
desalination, water, waste water and CSP projects and plants in the Gulf 
area as well as in further MENA countries. In doing so, Fichtner compiled 
an extensive and thorough understanding and knowledge of the technical, 
economic, social and environmental aspects of this industry, its current best 
practice, codes and standards. 
 
In regard to the use and potential of CSP for desalination in the MENA 
region, Fichtner secured the services of the German Aerospace Center 
(DLR).  DLR proved its exquisite expertise in these fields with the 
submission of such prominent studies as the 2005 report: “Concentrating 
Solar Power for the Mediterranean Region 1 and the 2007 report: 
“Concentrating Solar Power for Seawater Desalination”.2 
 
The assessment of water demand and supply data for the MENA countries, 
providing the data basis of the MENA Regional Water Outlook - Part II, 
FutureWater was awarded by the World Bank with a separate study (Part I).  
 

                                                 
1 The report can be found at the website: http://www.dlr.de/tt/desktopdefault.aspx/tabid-
2885/4422_read-6575/ 
2 The report can be found at the website: http://www.dlr.de/tt/desktopdefault.aspx/tabid-
3525/5497_read-6611/ 
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The main objective of the report at hand is to inform the World Bank Study 
Team on desalination related issues and to provide an overview of 
desalination potential in the region is whether and to what extent new 
seawater and brackish water desalination plants can augment the water 
supply in the region.  
 
The water gap to be closed will be assessed in three time steps: 
 
• Current water gap as of 2010 
• Projected future water gap by 2030 and 2050. 
 
The necessity to cover the entire MENA region implies a certain degree of 
generalization and simplification. Given the large study area including a 
number of countries in the MENA region, Fichtner proposed to assess the 
desalination potential based on a model approach comprising typical plants. 
Since there is no single desalination plant and process configuration that fits 
to all locations, a set of suitable typical plants are planned. 
 
The level of detail of the report respects the constraints of the study.  
 
The specific topics of the report are: 
 
• input data basis used for the assessment of the study 
• a brief overview on the historical development of desalination 

technologies and future desalination market trends  
• descriptions of commercial desalination technologies with techno-

economical key data and screening  
• presentation of typical-plant-approach comprising desalination and 

concentrated solar power plants, main technical details 
• budgetary cost estimations including investment costs and operational 

costs for typical plants 
• calculation of specific water production costs of typical desalination 

plants according to different regions within MENA and their comparison 
based on the electricity generation price by solar-thermal power plants 

• future perspectives and essential aspects of desalination plants to be 
sourced by renewable energy with qualitative discussions and finally  

• MENA country profiles with a focus on desalination related aspects, 
including the results of the desalination potential assessment on a country 
basis. 
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2. Data and Information Basis 

2.1 Water Demand and Water Supply Data 

The main input regarding the water demand and supply data which provides 
the basis for the evaluation of the desalination potential is the model output 
data from the Part I Consultant, FutureWater.  
 
Future Water provided the water supply and availability data as listed below 
including water demand scenarios to assess the water gap by country in the 
MENA region for present (2010) and future (2030 and 2050). 
 
The following relevant outputs for each country and basin are: 
 
• Annual water resources availability 
• Annual water demand, allocation and consumption 
• Annual water stress. 
 
In terms of water needs the following sectors are distinguished in the data 
assessment: 
 
• Agricultural  
• Industrial 
• Domestic. 
 
Further data and information such as macroeconomic data, geopolitical 
information or national and supranational statistics are sourced from the 
corresponding national entities and expert databases such as aquastat 
(FAO), GWI, GWI/DesalData or Pacific Institute. 
 
Last not least, the Fichtner team based in the home office in Stuttgart has 
been supported from our local offices in Morocco, Tunisia, Egypt, Saudi 
Arabia and United Arab Emirates, especially in regard to the assessment of 
the impact of desalination and or CSP plant on the local communities and 
environment. 

2.2 Overview on Water Availability, Supply and Consumption in 
MENA region 

In the MENA region, for being the most water-scarce in the world, 
desalination has already been intensively practiced especially in the Gulf 
and the Red Sea region in the recent years. The population growth rates in 
the region are above the global average. For example the population growth 
in Saudi Arabia is expected to grow from 26 million to 32 million between 
2010 and 2020 and 43 million until 2050 [UN 20083].  

                                                 
3 United Nations World Population Prospects.  
  The 2008 Revision Population Database http://esa.un.org/unpp/ accessed on 01.02.2011 
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A possible indication can be derived from the relationship between per 
capita income and the readiness to commission desalination projects at 
countries that face severe water scarcity and high water demand profiles. 
For example in the six of the Gulf Cooperation Council4 (GCC) plus in 
Yemen (Figure 2-1) the link between income and installed desalination 
capacity appears to be direct. 
 
Bahrain and especially the UAE are absolutely outliers in the diagram. The 
illustration is likely to be giving two signs to read: First one is that in 
countries with absolute scarcity the willingness to build additional 
desalination capacity rises in direct proportion to the GDP per capita and 
second is low water prices may trigger increase in water demand. 

 
Figure 2-1: Income versus installed desalination capacity in the Gulf countries 

GWI/DesalData] 
 
On the other hand not the municipal water consumption is driving the water 
demand, but the worldwide agricultural water consumption. This pattern 
particularly applies in the MENA region due to intensive irrigational water 
usage (Figure 2-2). 

                                                 
4 Gulf Cooperation Council: Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and United Arab 
Emirates 
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Figure 2-2: Dynamics of water consumption [GWI/DesalData, data source: UNESCO] 
 
Figure 2-3 provides an overview on the MENA countries that have already 
been using desalinated water in the past showing their renewable water and 
water withdrawal behavior in the long term. 
 
For the MENA countries5 following data are shown in the stack diagram: 
 
• the total renewable water per capita (m³/cap/year),  
• total water withdrawal without desalination (m³/cap/year) and  
• total desalinated water withdrawal for each country. 
 
It can be seen that although chosen only arbitrary, the commonly-used 
threshold value of 1000 m³/cap/year to feature “water scarcity” applies quite 
well in the region. 
 
 

                                                 
5 except Gaza Strip and the West Bank since relevant data are not available at aquastat, 
FAO 
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Figure 2-3: Water resources and water use in the MENA countries (1960-2010) [FAO aquastat]6 7 

                                                 
6 No relevant data were available for Gaza Strip and West Bank at FAO. 
7 For Saudi Arabia, a correction was made by Fichtner since FAO included SWCC’s desalination plants only for the assessment of total desalinated water withdrawal. This 
value was corrected based on information from GWI/DesalData to cover the whole desalination plant production capacities in entire Saudi Arabia. 
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3. Desalination Market  

3.1 Overview of Desalination Market 

Currently, approximately 2800 desalination plants produce 27 Mm³ fresh 
water from seawater per day. Figure 3-1 below depicts the breakdown of the 
technologies applied. 
 
The circumstances that made the desalination market development to result 
in this breakdown will be discussed and further expected future market 
trends will be highlighted in the following sections. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-1: Breakdown of total online desalination capacity 

3.1.1 Past Development of Desalination Technologies 

This aspect will be discussed on the basis of a figure showing the 
cumulative capacity of the main desalination technologies put online (Figure 
3-2) and a figure showing the present day online desalination capacity 
classified into plant size classes and into desalination technologies (Figure 
3-3). In both figures, separate sets of data are shown for the countries of the 
Cooperation Council for the Arab States of the Gulf (GCC) and for Non-
GCC countries. Furthermore, both figures refer to desalination plants fed by 
seawater, only. The data have been generated from the latest inventory of 
desalination plants [GWI 2010c]. 
 
The figures demonstrate that the past development in the non-GCC 
countries was different, almost opponent to that one in the GCC countries: 
 
• In the GCC countries, the MSF technology is by far the dominating 

desalination technology. This applies for the absolute cumulative 
capacity as well as for its growth rate. In addition, the predominant 
majority (over 80%) of the cumulative MSF capacity is contributed by 
plants with more than 100,000 m³/d production capacity. 

53%
34%

12%

1%

SWRO MSF MED Other
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• Irrespective of the MSF dominance, both other technologies gain 
remarkable momentum in the GCC state: The cumulative SWRO 
capacity is going to increase five-fold in the present decade, the 
cumulative MED capacity is going to restore six-fold in the same period, 
with an exceptional growth rate of 65% in just the last year. 
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Figure 3-2: Cumulative capacity of the main desalination technologies put online in 

and outside the GCC countries  
 
• In the non-GCC countries, the SWRO is playing the same role as the 

MSF in the GCC countries: it is the dominant technology, representing 
the largest cumulative capacity and is growing at a rate even higher than 
the MSF in the GCC countries. However, the distribution of the plant 
sizes is much more balanced compared to MSF plants in the GCC 
countries:  almost exactly one third of the total online capacity is 
contributed by plants up to 20,000 m³/d, another third by plants between 
20,000 m³/d and 100,000 m³/d and the last third by plants larger than 
100,000 m³/d. 

• Again contrary to the GCC countries, the MSF is of subordinate 
importance in the non-GCC countries: since the mid of the 1990s, there 
was hardly any increase of the cumulative capacity; the increase in the 
entire present decade is going to amount to less than 10%. 

• The cumulative capacity of the MED technology in the non-GCC 
countries developed at a comparable constant pace and is found to have 
(nearly) doubled in the present as well as in the last decade. 
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Obviously, the selection of a desalination technology and of the plant 
capacity has to be carried out based on the very specific conditions that 
apply for individual project. Nevertheless, above features of the past 
development of desalination technologies can be explained by some 
essential, general circumstances: 
 
• The costs of primary energy in the GCC countries are comparatively low.  

Hence, the comparatively high energy demand of the thermal 
desalination technologies is of secondary importance in these countries. 
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Figure 3-3: Online desalination plants sorted by technology and daily capacity 

 
• The rapid increase of in population and wealth in the 1970s (“oil boom”) 

caused a rapid increase of the demand for water and power. Here, the 
MSF technology was a perfect fit in two regards: Firstly, it was the only 
technology with a proven (very) large-scale track record for a long time 
(until the mid present century). Secondly, combining a power plant with 
a thermal desalination plant in a dual-purpose configuration is 
advantageous for both utilities as the MSF plant takes care for the 
condensation of steam, which has been generated in the power plant and 
has to be condensed anyhow8.  

• Further only the GCC countries have the power-water sectors-set up with 
the same regulators and offtakers9  

• During the last years, the MED can be considered a technology well able 
to compete with the MSF technology in high capacity desalination 
systems. This position has been achieved by increasing the unit 
capacities from some 9,000 m³/d in the late 1980s to 38,600 m³/d today 
(one of these units is shown in Figure 4-2) whilst maintaining a demand 

                                                 
8 With a parasitic turbine loss due to back pressure or extraction. 
9 Other locations which do not apply that approach may face institutional and regulatory 
barriers or difficulties to implement such co-generation projects 
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of electrical energy of less than half the electrical energy demand of an 
MSF plant (see e.g. [Baujat 2003]).  

• The MED units that have achieved this growth have applied TVC and 
have used the same steam terminal point conditions which were 
developed for MSF (3-5 bar). This pressure condition makes it 
advantageous to use TVC.10 

• SWRO technology gained a bad reputation in the Arabian Gulf area, 
because major plants fell short to achieve their design capacity. Although 
lessons have been learnt from these experiences and new significant 
plants are due to commence commercial operation in 2010/2011, some 
reservation against the SWRO technology can still be observed today in 
the GCC countries11. Improved (adequate) pre-treatment for SWRO and 
long-term experience with actual rather than projected performance show 
that SWRO to be fit for purpose. Despite potential risks, rising 
constraints of primary energy availability as well as increasing costs of 
primary energy result in a rapidly increasing use of the SWRO 
technology in the GCC countries as well. 

• SWRO plants can be implemented on a stand-alone basis (no steam 
generation is required in the proximity of a SWRO plant). Furthermore, 
especially in the current century, the process has matured and the energy 
efficiency has substantially been improved. Hence, the SWRO 
technology was the best choice for countries with elevated energy costs 
(compared to the GCC countries), where the requirement to generate 
fresh water from seawater arose more than a decade later than in the 
GCC countries. 

• With increasing capacities SWRO plants exhibit a certain economics of 
scale. In addition, stand-alone SWRO plants are powered by electricity 
provided by the electrical network (grid) and are thus decoupled from the 
economics of scale and design and operational constraints of the 
corresponding power plant. In consequence, SWRO plants have been 
implemented in a more decentralized way than thermal desalination 
plants. Typical SWRO plant size in the past was rather in the small to 
medium size range, however recently, large capacity plants contribute 
more substantially to the total SWRO capacity installed. 

3.1.2 Future Trends in Desalination Market  

The trends expected for the next years are a continuation of the past 
development, basically. In other words, no abrupt change in the 
development of the desalination market is expected to take place in the near 
future.  The most relevant forecasts are shown in Figure 3-4 and Figure 3-5.  

                                                 
10 In combination with CSP plants “plain” MED appears more convenient with steam 
extraction at 0.35 bar 
11 Potential risks for the offtaker and operator are related with higher salinity and higher 
temperature of seawater in the Arabian Gulf and also higher biofouling potential of shallow 
waters in some parts of the region or the increased frequency and duration of harmful algae 
bloom  
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They may be commented as follows: 
 

 
Figure 3-4: GWI global forecast for annual contracted capacities of the main 

desalination technologies [GWI 2010b]12 
 
• The desalination capacity is expected to continue its growth.  
• The SWRO technology is expected to further extend its lead in terms of 

desalination capacity until 2016. 
• The annual growth rate of the thermal desalination capacities is 

forecasted to increase slightly in the next 6 years 
• The main areas of desalination will remain in those regions, where 

already today desalination is of significance, namely in the Middle East, 
in the USA, in Australia, in China and in North Africa). 

 

 
Figure 3-5: GWI forecast in regard to the top 15 desalination markets [GWI 2010b] 

                                                 
12 The chart may look differently if only GCC countries or MENA region is depicted (as 
discussed in Section 3.1.1) 
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4. Desalination Technologies  

4.1 Overview of Commercial Desalination Technologies 

As described in the previous sections, the commercial desalination 
technologies have achieved a well-established status today providing 
desalinated water worldwide.  A various range of applications from small 
installations to large plant capacities have been realized successfully.  
 
The MENA Water Outlook discusses and evaluates the commercial 
desalination technologies in this section. The great challenge to close the 
growing water gap in the MENA countries until 2050 implies the premise 
that reliable desalination plant operation must be ensured over a long plant 
lifetime minimizing the risks. Thus the study approach is based on state-of-
the-art-desalination technologies. 
 
New developments in desalination on the other hand are yet small-scale 
applications in research status. There is still need for further research and 
development for new desalination technologies demonstrating their basic 
applicability and successful scale-up of pilot plant studies to commercial 
scale. This essential step is a decisive factor for their deployment. Not only 
regarding the reliable operation and supply of needed water, but also to 
attain acceptance by developers and stakeholders to develop such 
desalination projects.  
 
Commercial desalination technologies can be classified mainly based on the 
desalination processes either thermal desalination using distillation such as 
multi-stage flash (MSF) and multi-effect distillation (MED) or membrane-
based desalination such as reverse osmosis (RO) technology.  

4.1.1 Multi-Stage Flash (MSF) 

In the multi-stage flash (MSF) distillation process, the saline water is 
desalinated by means of evaporation and subsequent condensation. 
Typically, the heat required for the thermal process is sourced from steam 
that is extracted from the water-steam cycle of a power plant. Therefore 
MSF plants are usually built as cogeneration plants for water and power 
production.  
 
The working principle of an MSF process is shown in Figure 4-1 depicting 
the plant in once-through mode. Another working scheme of MSF with 
brine recirculation is shown in Annex 10-1 which is more frequently 
applied.  
 
The seawater flow enters the MSF unit at the last, cold stage and flows 
through the tubular heat exchangers (pre-heater) of all stages into the brine 
heater.  Here, external heat (steam) is used to heat the seawater up to the top 
brine temperature (TBT).  
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In this condition, the seawater is released to flow through the flashing 
compartments of the consecutive stages. The flow pattern as well as the 
gradually decreasing pressure in this multi-stage arrangement causes the 
seawater to boil instantaneously and vigorously (in other words, to flash) 
upon entering a stage. The vapor generated passes through demisters and 
condenses at the outside of the pre-heaters, thus transferring the latent heat 
to the colder seawater. The condensate is collected in distillate trays and 
withdrawn from the last stage. 
 
 

 
Figure 4-1: Working Principle of an MSF Unit (Once through mode) 
 
The MSF process is robust regarding seawater salinity and biofouling 
potential and thus its pre-treatment requirements of seawater are only 
minimal. Especially in regions with difficult seawater quality such as in the 
Arabian Gulf, MSF has been a reliable desalination technology for large-
scale potable water production.  
 
MSF can produce high-quality fresh water with very low salt concentrations 
(10 ppm or less) from feed water with salt concentrations as high as 60,000 
to 70,000 mg/L TDS, nearly twice the salinity of seawater.  
 
In MSF, the evaporation or so called “flashing” occurs from the bulk liquid 
and not on a heat-exchange surface. This approach minimizes the scaling 
potential and is a major reason why MSF has been popular and the primary 
technology for desalination of seawater for several decades. On the other 
hand MSF plants cannot be operated below 60% of the design capacity. 
 
The investment costs are higher compared to other desalination 
technologies. In the Gulf Cooperation Council (GCC) countries, where MSF 
has been largely applied in the past, it was the common configuration of 
MSF for being an integral part of dual purpose power and water generation 
plant. 
 
MSF plants are highly energy intensive due to the requirement of boiling 
point elevation of the seawater. In addition to the thermal energy, MSF 
plants require also electrical energy for the operation of process pumps such 
as main seawater intake pumps, auxiliary seawater pumps, brine recycle, 
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brine blow down, distillate and condensate pumps and other auxiliary 
pumps for chemical dosing. In the GCC countries, the specific electrical 
energy consumption range around 3.5 kWh/m³ of product water. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-2: An MSF Unit of 56,800 m³/d capacity at Fujairah MSF Plant, UAE 
 
The largest unit production capacity of MSF plants is currently around 
90,000 m³/d. The largest MSF plant is under construction within the Raz Az 
Zour Phase 3 Water and Power Plant Project in Saudi Arabia.  
 
The hybrid water  plant combining MSF and RO desalination technologies 
will produce 768,750 m³/d water based on MSF technology and 
261,250 m³/d water based on RO technology (total water production 
capacity will be 1,030,000 m³/d).  

4.1.2 Multi-Effect Distillation (MED) 

In the multi-effect distillation (MED) process, the saline water is desalinated 
by means of evaporation and subsequent condensation. Typically, the heat 
required for this thermal process is sourced from externally generated steam. 
The MED process works on the principle illustrated in Figure 4-3. 
 

Figure 4-3: Working Principle of an MED-TVC Unit [GWI/DesalData] 
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Basically, the steam produced from seawater in one effect is used (already) 
in the subsequent effect for the evaporation of seawater. This procedure is 
repeated from effect to effect with progressively decreasing temperature and 
pressure due to temperature differences required for the heat transfer as well 
as further process and equipment imperfections13. 
 
In the MED process, horizontal tube bundles are employed for the exchange 
of heat: seawater sprayed on the top of the bundle and subsequently wetting 
the outside of the heat exchanger tubes absorbs the heat from steam 
condensing inside the tubes and evaporates. Afterwards, the vapor passes 
through a demister and provides the evaporation heat for the next effect. 
 
The process is driven by an external heat source that is added to the first, 
hottest effect.  Basically, every heat source providing a sufficient amount of 
heat at (typically) 65°C or higher is suitable. The steam produced in the last 
effect is led into a final condenser14, where seawater is used as a coolant. 
Depending on the seawater temperature level, a part or all of the  
(pre-)heated seawater is fed into the MED unit, whereas the remainder is 
discharged to the sea. 
 
Compared to MSF, MED process offers significant potential for cost 
savings especially regarding the energy consumption of the plant. In 
addition to the heat, the MED requires electrical energy, as well but to a 
smaller extent than MSF. The demand of this energy source amounts to 
approximately 1.5 to 2.5 kWh per m³ distillate.  The electrical energy is 
predominantly used to elevate the seawater and to distribute it across the 
heat exchanger tube bundles by means of spraying. 
 
Current maximum MED unit size is 38,000 m³/d. The largest MED plant to 
date is the Fujairah F2 MED Plant in Al Fujairah comprising a water 
production capacity of app. 464,000 m³/d, UAE. The plant applied MED-
TVC (thermo-vapor compression) variant and is currently under 
construction.  
 

 
Figure 4-4: One of the 38,000 m³/d MED-TVC units being transported to the Fujairah 

F2 IWPP Plant Site 

                                                 
13 e.g. boiling point elevation due to salinity, pressure drop losses, insulation losses 
14 In many cases, the final condenser is integrated into the last effect. 
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4.1.2.1 MED and MED-TVC 

Two established versions of the MED process are relevant, here15:  the 
MED16 in its plain configuration for low grade steam pressures (typically 
lower than 0.5 bar) and the MED with thermo vapor compression (MED-
TVC) using steam of at minimum approx. 2.5 to 3 bar.  
 
For the comparison of both versions, their process diagrams are depicted in 
Figure 4-5 and Figure 4-6, respectively. 
 

 
Figure 4-5: Process diagram of a “plain” MED [Glade 2003] 
 
In an MED process, the steam is fed into the hottest effect, where its (latent) 
heat is used, only.   
 
In the MED-TVC process, the steam is passing through a thermo-
compressor (top left side in Figure 4-6) prior to providing its heat to the 
hottest effect.  In the thermo-compressor, the steam acts as a motive steam 
that sucks low pressure steam from a downstream effect. 
 
Subsequently, both steams (motive and suction steam) mix and are finally 
discharged to the first effect at a temperature level that is still sufficient for 
an adequate heat transfer.  
 
Basically, the integration of a thermo-compression into the MED process 
reduces the number of effects compared to a “plain” MED. Furthermore, the 
possibility to adapt the MED design to a broad range of steam pressures 
adds valuable flexibility in regard to the steam generation. 
 
However in combination with CSP plants, “plain” MED appears 
advantageous in several aspects.  

                                                 
15 A third version, the MED with mechanical vapor compression (MED-MVC) is 
considered to have no relevance for this study  
16 In accordance with the naming used amongst experts, this study will use the term MED 
as generic term (for all MED processes) as well as to name the “plain” MED process 
(without vapor compression). In consequence, the respective meaning of the term “MED“ 
has to be deducted from the context. 
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The main reasons are: 
 
• Extracted Steam Pressure: Possibility of working with lower steam 

pressure of MED at 0.35 bar compared to 2.5 or 3 bar in case of MED-
TVC) which means a broader pressure range can be utilized for 
electricity generation 
 

• Plant Operation Flexibility: “Plain” MED plant can be operated 
between 100 - 0% while the MED unit is kept under vacuum and cold 
circulation. The MED unit behaves like any simple condenser of a power 
plant and produces water when steam is available. This condition better 
suits the constraints of CSP plants e.g. day-time operation during solar 
radiation and complete shut-down of plant during night time whereas 
MED-TVC operation can only be reduced to 60%.  

 
The implication of the steam pressure on the energy and economic 
efficiencies is discussed in Section 5.4.3. 
 

 
Figure 4-6: Process diagram of an MED-TVC [Gebel 2008] 
 
The most important design parameters are the temperature limits and the 
performance ratio (PR). The lower temperature limit relevant for the process 
is the maximum temperature of the coolant (seawater) and upper 
temperature limit is determined by the capability of the process to cope with 
the precipitation of salts. 
 
Once the temperature limits have been identified, the next significant design 
feature of a thermal desalination plant is its heat requirement. Here, the 
performance ratio (PR) has been established to measure the thermal 
efficiency of an MED or MSF process. It is defined to be the amount of 
distillate in kg that is produced per 2326 kJ of heat supplied from outside to 
the process. 
 
The key design determinants for the PR are: 
 
• type of process (e.g. MSF, MED, MED-TVC) 
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• number of flash stages/effects 
• additional heat exchangers for pre-heating the seawater feed by warmer 

distillate and/or brine discharge. 
 
In addition to the design specifics, operation specifics have an influence on 
the PR as well. The most relevant of these operational impacts are: 
 
• seawater temperature 
• fouling and scaling on heat exchanger surfaces 
• leakages. 
 
Theoretically, a thermal desalination plant can be designed to feature a 
broad range of PRs. In practice, the balancing of capital expenditure versus 
operation expenditures (where energy costs play a major role) resulted in 
most cases in a PR of around 8 to 10 kg/2326 kJ. However, even higher PR 
values can be attained (up to 17 or even higher especially with the MED-
TVC type of process). 
 
Another frequently used performance measure for thermal desalination 
plants is the gain output ratio (GOR). The GOR is defined to be the ratio of 
the distillate mass flow to the mass flow of steam provided to the process. 
Care has to be taken, not to mix up the PR with the GOR.  
 
The design considerations for the MED desalination technology apply as far 
as the temperature limits are concerned (also applicable for MSF).   

4.1.3 Reverse Osmosis (RO) 

The reverse osmosis technology based on membranes allows fresh water to 
pass through while ions, the basic elements of salt, are retained.  In 
consequence, the feed water is divided into one stream of quite pure water 
(permeate) and one stream containing the rejected ions (concentrate or 
brine). The concentrate containing an elevated concentration of the rejected 
ions is returned to the sea. The typical recovery ratio, i.e. the permeate flow 
related to the seawater flow fed into the reverse osmosis section, is some 
40% to 45%, depending on the sea water salinity. For brackish water the 
recovery reaches around 60 - 90%. A higher salt content in the feed water 
requires a higher working pressure and lowers the possible permeate 
recovery rate (permeate to feed ratio).  
 
The driving force of the reverse osmosis process is pressure. The higher the 
feed water salinity and the lower the seawater temperature, the more 
pressure is required. Usually, the pressure is generated by an electrically 
powered pump, called high pressure pump, in seawater desalination 
delivering typically some 55 to 75 bar. Thus, the SWRO process can be 
operated on electricity, only and thus it is quite independent and can be built 
as a stand-alone plant. Today’s high energy efficient SWRO plant recovers 
the energy contained in the concentrate by means of energy recovery 
systems.  
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As the seawater reverse osmosis found application to a greater extent, this 
section will focus on seawater reverse osmosis (SWRO) technology. 
 
The RO membrane is integrated in elements, either as spiral wound flat 
membranes or as more or less structured bundles of hollow fine fibers. The 
intention to place large membrane areas in an element results in 
comparatively narrow flow channels. This, in turn, renders the mass transfer 
through the membrane (i.e. the permeate production) to be highly 
susceptible to interferences caused by fouling, bio-fouling or scaling. That is 
why the adequate design and operation of the pre-treatment section is of 
paramount importance. 
 
A high number of design configurations of RO plants are possible (e.g. train 
or center design). Current maximum RO train size is 20,000 m³/d. 
 

 
Figure 4-7: Detail of a spiral wound RO-module showing the flow direction of feed 

water, permeate and concentrate discharge as well as flat RO-membranes 
including product- and feed spacers for an enhanced flow distribution 
[Sydney Water 2006] 

 
The average flux of permeate flowing through the membranes is the main 
design parameter for the RO section which at a given seawater feed salinity 
influences the pressure requirement of the RO section, the permeate quality 
and last but not least the membrane replacement rate. In the first pass RO 
section the average flux is typically around between 12-14 l/m²h whereas in 
the second pass this average value for flux can be about 30-35 l/m²/h.  
 
The recovery rates are typically about 40 - 45% in the first pass RO and 85 
to 90% in the second pass RO respectively. In order to achieve such a high 
recovery ratio in the second pass, second passes are typically designed to be 
concentrate staged (the concentrate of the first stage is collected and further 
desalinated in a second stage). 
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Figure 4-8: Principle layout of a SWRO-Plant with beach well intake 
 
Requirements for a particularly low level of total dissolved solids (TDS), 
chloride and boron content in permeate might lead to additional part-stream 
or full capacity membrane treatment of the permeate, resulting in a two pass 
configuration consisting of the main sea water desalination stage (high 
pressure) and a second low pressure system. 
 
Typical process steps of a seawater reverse osmosis system are shown in 
Figure 4-9: 
 
• Screening of raw seawater 
• Seawater pump station to convey the screened seawater to pre-treatment 

section 
• Pre-treatment 
• RO desalination 
• Post-treatment  
• Wastewater treatment section (especially treatment of pre-treatment 

waste water) 
• Product water storage and distribution. 
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Figure 4-9: Process diagram of an indicative RO plant [EPA Works Approval, 

Victorian Desalination Project 2009] 
 
RO plants are very sensitive to feed water impurities, therefore their 
removal and treatment in the feed water requires an adequate water pre-
treatment system. Accordingly, the project specific seawater conditions on 
site will influence the design and the costs for the pre-treatment system. If 
direct intake is selected for seawater extraction the required pre-treatment 
prior to RO becomes more intensive and important as explained in the 
following. 

4.1.3.1 Pre-treatment  

In the context of a SWRO desalination plant, it is the basic objective of the 
pre-treatment to clarify the raw seawater and adjust its (chemical) properties 
in order to prevent excessive bio-fouling and scaling in the first pass of the 
reverse osmosis section.  
 
The importance of an adequate pre-treatment should not be underestimated, 
as excessive bio-fouling or scaling would severely increase the membrane 
cleaning efforts and thus affect the availability, the operation costs and the 
membrane exchange rate. 
 
Developments in RO technology have made the desalination process more 
efficient by reducing energy demand and decreasing a plant’s footprint. 
However, further optimization of the pre-treatment system could add a 
significant contribution to the reduction of the total lifecycle costs of an RO 
plant. 
 
Membrane fouling and scaling remains the primary technical issue of RO 
systems. Fouling refers to the deposition of material on the membrane and 
various types of fouling may be distinguished e.g. particulates, bio-fouling 
etc. Scaling, however, refers to the deposition of “hard scale” in membrane 
systems due to the precipitation of salts. Inadequate or inappropriate 
treatment leading to membrane fouling or scaling can result in a decline in 
membrane flux (water production), in deterioration of product water quality 
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by increased salt passage or, in severe cases, in the loss of expensive 
membrane elements. To maintain production, (flux) operating pressure is 
increased with an ensuing increase in energy costs and, if membrane 
cleaning is necessary to restore productivity, also an increase in chemical 
usage and down time. Excessive membrane cleaning will also shorten the 
membrane lifetime. 
 
To prevent membrane fouling and to maintain water production, RO 
requires pristine quality feed water, free of suspended solids and oil. Feed 
water pre-treatment may be extensive and costly depending on the source 
quality and the seawater intake method. In general, open seawater intakes 
require more extensive pre-treatment than beach-well intakes, which make 
use of the natural filtration of subsoil at the intake area. Typical pre-
treatment methods to prevent membrane fouling and scaling include: 
 
• Intermittent chlorination of seawater to prevent marine fouling and 

reduce the bioactivity of the feed water 
• Depending on the seawater quality, coagulation followed by rapid gravity 

or pressure filtration using multi-media filters to remove colloids, 
suspended solids etc. High levels of suspended solids, colloids and/or 
organic impurities like hydrocarbons may require a second filtration step 
or a dissolved air flotation step preceding the filtration step. Membrane 
filtration could also be applied upstream of the RO membranes. UF or 
MF membranes, unlike RO membranes, are porous, low pressure 
membranes that do not retain salts  

• Acid or antiscalant addition to prevent scaling 
• Cartridge filtration of 5–10 µ size as a final step in pre-treatment, acting 

as a safety filtration. Cartridge filters may be omitted if membrane 
filtration is used as part of the pre-treatment process. 

 
In RO plants, suspended solids and other particles in the feed water must be 
removed during the pre-treatment stage to reduce fouling of the membranes.  
The pre-treatment can be achieved by conventional methods such as 
coagulation, flocculation, sedimentation or flotation and sand filtration or by 
membrane filtration based technologies such as ultrafiltration (UF) or 
microfiltration (MF). The selection of the appropriate pre-treatment method 
depends on several factors i.e. feed water quality, space availability and RO 
membrane requirements. The number of plants with membrane-based pre-
treatment in operation is yet limited, but the tendency is increasing. 
 
Coagulation is required in the pre-treatment to build up micro-flocs, which 
are the basis for larger flocs to be formed in the flocculation stage.  The 
coagulation is induced by the injection of either ferric chloride or ferric 
sulphate. To remove the flocs one or two-stage floc- filtration techniques is 
applied depending on the feed water quality. If the plant is fed with Arabian 
Gulf seawater, two-stage floc filtration would be appropriate as minimum 
pre-treatment. In addition to such pre-treatment plants in the Gulf region, 
additional dissolved air flotation (DAF) upstream the filtration turned out to 
be necessary.  
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Beyond experts, the Arabian Gulf seawater is still known to be one of the 
most difficult seawaters to be desalinated by means of SWRO requiring 
quite intensive pre-treatment. This applies the more, as ship movements in 
the vicinity are likely to cause the seawater being contaminated by oil. 
 
Adequate filter media grain size should be selected and the filters should be 
automatically backwashed in order to ensure the targeted pre-treatment 
performance. Dual media filters of open type are of quite extensive area 
demand. Alternatively pressurized filters provide an option with lower area 
requirement but higher energy demand. If high total suspended solids (TSS) 
content in the seawater is expected (e.g. values up to 20 - 30 mg/l) direct 
filtration would not be advisable due to high plugging risk of sand filter in a 
short time). For this reason, flotation process is integrated which removes 
suspended solids, algae, colloids, plankton, oil and delivers a clarified water 
allowing a direct treatment by filtration with reasonable backwash cycles. 
 
The main design parameters for the pre-treatment prior to RO are the 
hydraulic load within the filters ideally to be operated in a range of  
8 - 10 m³/m²/h to establish the minimum Silt Density Index, SDI 17, 
requirements downstream of the filters to generate an early indication in 
regard to bio-fouling or fouling in the RO feed. Typically SDI < 3 - 4%/min 
is required.   
 
Depending on the product water quality to be achieved, the RO section may 
require a second or third pass. Usually two-pass RO systems are installed 
for the production of potable water18. 
 
The importance of conducting a detailed assessment of seawater quality at 
the intake location of an RO plant is emphasized both in the design of the 
RO desalination plant and in selecting appropriate pre-treatment facilities to 
ensure smooth operation of the desalination plant.  
 
Cleaning system 
RO plants always include a membrane cleaning system for periodic removal 
of hydrated metal oxides, carbonate and sulfate scaling, bio-fouling and 
colloidal matter that accumulated on the membranes. The cleaning cycle 
may use a sequence of several chemicals and detergents to flush the 
membrane modules. 
 
The necessity to clean the membranes with suitable chemicals may be 
reduced by flushing the membranes from time to time with clean permeate. 
 
Seawater intake 

                                                 
17 Silt Density Index or SDI is an important empirical test used to characterize the fouling 
potential of a reverse osmosis feed water stream. The SDI test is based on measuring the 
rate of plugging a 45 µ membrane filter using a constant feed pressure (30 psig) for a 
specified period of time. SDI 15 refers to a silt density index test which was run for 15 
minutes. 
18 Several plants such as Sydney SWRO in Australia, Tuas SWRO in Singapore and Sur 
SWRO in Oman have applied two-pass RO systems.  
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Typically, the seawater for an RO plant is withdrawn from an open surface 
intake, a submerged intake or beach-wells. A submerged intake, and to an 
even greater degree an open surface intake, normally will require a more 
sophisticated pre-treatment system than the beach-well intake because the 
latter makes use of the natural filtration of the subsoil. 
 
For large capacity SWRO plants however, beach-well extraction mostly 
cannot be applied due to its requirement for a sufficient length of shoreline 
for installation of the necessary number of beach-wells.  
 
Energy recovery 
Electricity consumption is a main cost component of the overall water 
production cost of SWRO. The RO reject stream (concentrate) contains 
most of the energy supplied to the seawater feed to the desalination process 
by the high pressure pumps. Consequently recovery of this energy and its 
utilization to reduce the overall energy demand of SWRO is one of the 
major optimization issues during the design of a RO seawater desalination 
plant. Today, there are various energy recovery technologies available on 
the market. All technologies apply the same basic principle of exchanging 
energy between the reject stream and the feed seawater stream. Available 
systems for energy recovery can be summarized as follows: 
 
• Energy Recovery Turbines (ERT), mostly with Pelton wheels 
• Pressure Exchanger (PX), which is an isobaric device that uses a rotating 

ceramic rotor as the main element and allows the feed and concentrate to 
have direct contact 

• Dual Work Exchanger Energy Recovery (DWEER), which is an isobaric 
device that uses pistons and valves to separate the seawater feed and the 
concentrate return 

• Turbocharger, which is a turbine driven centrifugal pump, mostly applied 
as a booster pump downstream the RO high pressure feed pump. 

4.2 Desalination Technology Screening 

The MENA Water Outlook sets an essential goal to assess the desalination 
potential to overcome the current and future water gap in the MENA area 
including 21 countries. Hereby it also aims at assessing the CSP potential to 
serve as an energy source for the required desalination plants to close the 
MENA water deficit. 
 
The large extent of the MENA region involving 21 different countries 
implies the need for a model approach in order to be able to cover the 
differences in regional and local conditions. As Fichtner accomplished 
numerous water and power projects in the MENA region, Fichtner is aware 
of these practical aspects.  
 
For the sake of an expressive water outlook for the MENA region, the 
following specific project features of the individual plants must be taken 
into consideration. These features are e.g.: 
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• The desalination technology: Will the plant use the multistage flash 
distillation (MSF), the multi effect distillation (MED) or reverse osmosis 
(RO)? The main drivers in this selection are the water production 
capacity, the availability of steam and the seawater quality.  

• The size of the plant: Will the plant have a capacity of several 
100,000 m³/d in order to serve a metropolitan area or a capacity of 
several thousand m³/d to serve a remote village? 

• The quality of the feed water: It is of primary importance whether the 
desalination plant will be fed by brackish water or by seawater. 
Secondly, it must be considered that seawater can be of significantly 
different quality as well. As an example, the difficult Arabian Gulf 
seawater quality requires a more complex pre-treatment for a RO 
desalination plant than the seawater extracted from the Red Sea.  

• The quality of the product water: Will the desalinated water be used as 
potable water or for irrigation or industrial purposes? Especially in case 
of the desalination by means of the RO, this issue significantly influences 
the economics of the desalination process. 

 
Given this background, Fichtner has identified desalination plant types in 
order to base the overview of the desalination potential on a certain set of 
plant types rather than on one general set of desalination plant specifics. 
This will allow the study-approach to remain sufficiently simple to cover the 
entire MENA region and on the other hand to be still expressive as being 
closer to reality by including different regional characteristics. Aspects of 
secondary importance that cannot be covered by this plant type led approach 
due to the constraints of this study will be discussed on a qualitative basis. 
 
Besides the pre-selection of desalination plant technology, the same 
approach is applied to pre-select the suitable CSP technology out of 
commercial CSP technologies since both plants should be coupled together 
as a part of the whole typical plant model.  The energy relevant topics are 
described in Task 2 - Energy Requirement Report. 
 
Figure 4-10 gives an overview on commercial desalination and CSP plant 
technologies. The interface between the desalination plant model and the 
CSP plant model shows the strong link between both plants.  
The requirements and/or deliverables of each plant at the interface point 
have a great influence on each plant design and performance. 
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Figure 4-10: Commercial desalination and CSP technologies prior to model set-up 
 
The pre-selection/screening of technologies and plant configurations for the 
typical plants is driven by the technical feasibility (key design data) and cost 
effectiveness (key energy and key cost data) as described below. The final 
analyses were assessed for the “entire plant” including the desalination plant 
for water generation and solar-thermal power plant for electricity 
generation. 

4.2.1 Key Design Data 

The key design data of the different desalination technologies are listed in 
Table 4-1. 
 
The specific features may be commented as follows: 
 
• In the SWRO technology, concentrate TDS levels substantially higher 

than around 7% are prevented by a considerable osmotic pressure as well 
as by an increasing risk of scaling. 

• In the thermal technologies such as MSF and MED (MED-TVC), it is the 
risk of scaling the heat exchanger surfaces that limits the concentrate 
TDS. Here, the forced concentrate flow and the usually applied ball 
cleaning system inside the heat exchanger pipes allows to operate an 
MSF plant at slightly higher TDS concentrations compared to an MED 
plant, where concentration increase of seawater constituents takes place 
on the wetted surface of heat exchanger tubes.  
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• High concentrate TDS level is equivalent to high seawater recovery ratio. 
This leads to advantageous cost savings (in terms of CAPEX as well as 
OPEX), because the capacity of the intake, pre-treatment and outfall 
equipment can be reduced, correspondingly. 

• Whereas the high seawater recovery ratio is only dependent on process 
specifics (as explained above), the overall seawater recovery ratio 
reflects environmental conditions as well:  Discharge standards typically 
limit the temperature increase (between original seawater and concentrate 
discharge) to a value between 8 K and 10 K. In consequence, the 
discharge of plants using thermal desalination technologies increase, in 
certain cases, their seawater feed (above the minimum amount according 
to process requirements) in order to comply with the permissible 
temperature increase. In such cases, the overall seawater recovery may 
drop to values as low as 11% to 14% as it is the case for MSF and 
MED19.  

• Due to the phase change, that takes place in the thermal desalination 
technologies, the MSF / MED product water quality (i.e. the distillate 
quality) is significantly superior to the product water quality (i.e. the 
permeate quality) of the first pass of an SWRO plant. However, if better 
quality (than achievable with one pass only) has to be produced by means 
of the SWRO technology, a second or even a third pass can be added. 

• The values stated in for the specific area requirement are indications for 
medium to large desalination plants (with production capacities 
approximately 50,000 m³/d and more). 

 
Table 4-1: Key design data 

 Unit MSF MED-TVC SWRO 

Maximum TDS 
in Concentrate % ~ 6,9 ~ 5,8 - 6,4 ~ 7,0 

Maximum 
Seawater 
Recovery (a) 

% ~ 40 ~ 30 ~ 45 

Overall 
Seawater 
Recovery 

% ~ 11 - 14 ~ 11 - 14 ~ 45 

Typical 
Product Water 
TDS 

mg/L < 25 < 25 

~ 250 - 
500(b) 

~ 20 - 100(c) 

< 5 (d) 

Specific Area 
Requirement 

m²/ 
(m³/d) 0.13 - 0.25 0.13 - 0.25 0.4 - 0.6 

(a) Without cooling water 
 (b) Permeate quality of the first pass 
(c) Permeate quality of the second pass 
(d) Permeate quality of a possible third pass 

                                                 
19 With cooling water 
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4.2.2 Key Energy Data 

The energy demand is a decisive factor for each desalination technology.  
The key design data presented in represent typical present day figures as far 
as the established desalination technologies are concerned. They may be 
assessed as follows: 
 
• It is fundamental that a SWRO process does not require any heat input. 

This is the single main reason why the SWRO is the most energy 
efficient desalination process in practice.20 

• The maximum concentrate temperature of the established thermal 
desalination technologies (which is for these technologies synonymous to 
the top brine temperature, TBT), is chiefly determined by the flow 
pattern of the concentrate, the effectiveness of antiscalant agents, the 
applicability of an online cleaning method and, last not least, the targeted 
heat demand.  In consequence, the typical TBT for an MED plant is 
slightly lower than 70°C, whereas the TBT for an MSF plant can be as 
high as 115°C to 120°C.    
 

Table 4-2: Key energy data 

 Unit MSF MED SWRO 

Maximum  
Concentrate 
Temperature  

°C < 115…120 < 70 < 45 

Typical Steam 
Pressure bar ~ 2.5…3.0 ~ 2.5 ...3.0(a) 

~ 0.3 ...0.5(b) - 

Typical Present 
Day Heat 
Demand 

MJ/m³ ~ 233…258(c) ~ 233…258(c) - 

Typical Present 
Day Electricity
Demand 

kWh/m³ ~ 3.0…5,0 1.5 – 2.5 ~ 3.0…5,0 

(a) MED-TVC 
(b) ”plain” MED 
(c) Corresponding to a performance ratio of 9 to 10 kg/2326 kJ 
 
• Whereas the pressure of the heating steam is quite fixed in the case of the 

MSF technology, the MED technology can be economically operated at 
sub 1 bar steam pressures as well as at super 1 bar steam pressures. In the 
first case, the typical steam pressure range would be around 0.4 to 0.5 
bars.  

                                                 
20 The most energy efficient practical MED process at a seawater temperature of 35°C 
would be fed with a 0.25 bar steam and would be equipped with eight effects.  The energy 
demand in terms of actual electrical energy plus equivalent electrical energy would amount 
to 1.5 kWh/m³ + 4.3 kWh/m³ = 5.8 kWh/m³. More details are provided in Section 5.4.2 
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However, because the MED has been (and still is) in competition with 
the MSF technology and thus has to be capable to make economic use of 
steam pressure of around 2.5 to 3.0 bar, the MED-TVC approach has 
become widespread.  Basically, the MED-TVC technology can be 
designed to use even higher pressurized steam. 

• Presently, the typical heat demand of the established thermal desalination 
technologies has leveled out at a value corresponding to a performance 
ratio of about 9 to 10 kg/2326kJ.  

• Contrary to the heat demand of the established thermal desalination 
technologies, there are substantial differences in the demand of electrical 
energy: Because of the sheer length of the pipes the concentrate has to be 
circulated through, the MSF technology requires around double the 
electricity than the MED technology. Vice versa, the low demand of 
electricity is the most significant competitive advantage of the MED 
technology if compared to the MSF technology.  

4.2.3 Key Cost Data 

In addition to the technical key data discussed in the two preceding chapters, 
the main cost figures have to be assessed as well, namely the capital 
expenditures (next chapter) and the operational expenditures (next but one 
chapter). 

4.2.3.1 Capital Expenditures (CAPEX) 

In Table 4-3 specific CAPEX ranges are shown, that have been observed 
since the late 1990s. 
 
In the years 2006 until 2008, the specific CAPEX of all established 
desalination technology boosted compared to the earlier period (1998 to 
2005).  The main reasons for this remarkable CAPEX rise were the rapidly 
increasing demand for new desalination capacity as well as for raw 
materials (e.g. alloys for stainless steel)21, in general. However, the 
aftermath of the 2008/2009 financial crisis caused a substantial drop in the 
specific CAPEX, indicating that the market is becoming more and more a 
buyer’s market.  In consequence it is reasonable to assume, that the lower 
values stated for the second period are good estimates for the current (2010) 
specific CAPEX under “normal” circumstances. 
 
Having said this, the present day specific CAPEX can be expected to be 
quite similar for both conventional thermal desalination technologies 
(around US$ 1,700 per m³/d installed capacity). Compared to this, the 
corresponding figure for SWRO plants is around 25% lower. 

                                                 
21 The costs are highly sensitive to commodity price fluctuations and competition for other 
resources such as capable fabricators or experienced personnel. Such effects will be 
discussed more in detail in Chapter 6. 
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Table 4-3: Specific CAPEX in US$ / (m³/d) [Torzewski and Müller 2009] 

Period MSF MED-TVC SWRO 

1998 - 2005 900 – 1750 900 – 1450 650-900 

2006 - 2008 1700 - 2900 1700 – 2700 1300 - 2500 

 
It has to be pointed out that these data22 are the best suitable figures, but still 
estimates. In addition, when interpreting the data presented in Table 4-3, the 
following has to be considered: 
 
• The cost data do not distinguish whether a plant / project has been 

contracted e.g. on an Engineering, Purchase and Construction (EPC) 
basis or on an Build, Own, Operate, (Transfer) shortly BOO(T) basis. 
Different contract approaches are likely to affect the plant costs because 
of different commercial conditions, especially in regard to the limits of 
liability. 

• The cost data do not distinguish between different site conditions e.g. in 
terms of seawater quality or site topography. 

• The cost data do not distinguish between different regions. For example, 
the specific CAPEX is comparatively high in such regions as Australia or 
the USA, chiefly because of regulatory issues and environmental 
requirements. 

• The costs do not distinguish between plant capacities which play a role in 
terms of economies of scale. 

 
Last not least it has to be considered, that even bids proposing the same 
desalination technology for the same project can differ substantially in terms 
of proposed contract sums.23 

4.2.3.2 Operational Expenditures (OPEX) 

Like the specific CAPEX, the OPEX can substantially vary depending on 
the project specifics. That is why the OPEX of the various desalination 
technologies are discussed on the basis of a more general data set (see 
Figure 4-11). 
 

                                                 
22 Considering conventional desalination plants built worldwide. More study-related cost 
estimates are provided later in the report for desalination with CSP (Chapter 6). 
23 Differences between the lowest and the highest bid of 50% or even more are not unusual. 
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Figure 4-11: OPEX for conventional desalination technologies (based on data from 

[GWI 2010a])24 
 
From this approach, the following general conclusions may be drawn: 
 
• SWRO technology features the most economical OPEX (0.47 US$/m³). 

The distance to MED (0.54 US$/m³) is significant, but not immense. In 
consequence, it is quite realistic to assume that the MED technology is 
competitive with the SWRO technology under special circumstances. 
Compared to this, the substantially higher OPEX of the MSF technology 
(0.65 US$/m³), has to be considered to be quite prohibitive. 

• Both thermal desalination technologies are subdued to costs of thermal 
energy (0.31 US$/m³) that amount to roughly half the total OPEX25. 
Whereas this burden is more or less compensated by a quite low demand 
of electrical energy in case of the MED technology, it causes the MSF to 
be the most expensive technology in terms of OPEX. 

• The figures for further OPEX items reflect the differences between the 
various desalination technologies in several aspects (e.g. comparatively 
high labor costs due to the requirement of well skilled personnel for the 
operation of an SWRO plant or low comparatively low chemical costs 
for the MSF technology). However, these differences are comparatively 
small and do thus not affect the broad picture set by the thermal and 
electrical energy demand. 

4.2.4 Conclusions  

In view of screening of desalination technologies to be applied for the 
model set-up, the conclusive design and cost considerations as a result of 
technical feasibility and cost-effectiveness analyses are summarized as 
follows: 

                                                 
24 The chart shows quite similar chemical costs for SWRO and MED, whereas MED 
chemical consumption costs are expected to be lower than for SWRO in general. 
25 Considering a GOR of  9-10. 
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• All three desalination technologies MSF, MED and SWRO are mature 

and capable of large water production capacities. 
• Both thermal MSF and MED processes use evaporation and 

condensation at progressively decreased temperatures and vapor 
pressures to desalinate seawater. Today, MED-TVC or MSF plants with 
a reasonable energy efficiency produce around 10 kg (distillate) per 
2326 kJ heat. Usually, the heat is provided by an externally generated 
steam calling for cogeneration need of water and power plants. 

• SWRO is however well feasible as a stand-alone plant for water 
production. Given the availability of electricity grid, it does not 
necessarily require to be located next to the CSP power plant. 

• Both thermal processes require a tailor-made design in order to fit their 
temperature profile into the temperature limits set by process constraints 
(scaling) as well as by constraints due to environmental conditions 
(maximum seawater temperature). Today, the temperature increments in 
both processes are around 2 to 4 K per effect / stage.  

• From technical feasibility aspects, both MSF and MED technologies can 
be considered as similar. Both MSF and as well as MED units are built as 
one entity. In consequence, later modifications are impractical. 

• A good economic efficiency of an MED plant does not inherently result 
in a good energetic efficiency (good performance ratio). 

• Contrary to the heat demand of the established thermal desalination 
technologies, there are substantial differences in the demand of electrical 
energy between MED and MSF technology. Because of the sheer length 
of the pipes the concentrate has to be circulated through, the MSF 
technology requires around double the electricity than the MED 
technology. Vice versa, the low demand of electricity is the most 
significant competitive advantage of the MED technology if compared to 
the MSF technology.  

 
Since MSF technology does not offer advantages compared to MED, but 
contrariwise requires significantly higher electrical energy and high 
investments costs, MED is preferred against MSF, leaving MSF out of 
further consideration in this study. 
 
MED will be considered further in its “plain” configuration without TVC. 
This is advantageous especially in context with CSP plants due to its 
operational flexibility and lower steam pressure for extracted steam 
(0.35 bar). 
 
SWRO will be considered for design of typical plants as well. As mentioned 
above, it provides flexibility regarding location of plant independent of the 
power plant and also in plant design capacities. 
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5. Desalination Potential Assessment  

5.1 General Considerations of Typical Plant Approach 

The main objective of the MENA Regional Water Outlook is principally to 
close the current and future water gap in the region, which should possibly 
be sourced by renewable energies, especially by CSP plants.  
 
The term of “potential” assessment is rather applicable in context with CSP 
plants to which the availability of “solar resources” and “land resources” in 
the MENA region are of great importance. In order to assess such potential 
of concentrating solar power for electricity production and seawater 
desalination in the MENA, relevant data were derived from solar energy 
resource assessment and land resource assessment in order to generate maps 
showing the DNI (Direct Normal Irradiance) at suitable sites. These maps 
were statistically analyzed yielding the CSP potential for electricity 
generation and seawater desalination in each country. The details and the 
results of the assessment are included in Task 2 - Energy Requirement 
Report.  
 
To date seawater desalination still is the most energy demanding fresh water 
production method. Furthermore, from all available [and sustainable] energy 
sources, solar energy shows a good correlation with the demand for water. 
These two facts are the causal basis to connect CSP and desalination.  
 
The future water demand in the MENA region was assessed by an analysis 
of FutureWater (Immerzeel et al. 2011), which included effects of climate 
change on the future availability of natural surface and groundwater re-
sources. The analysis suggests that there will be a significant reduction of 
available surface and groundwater in the medium and long-term future, 
from 225,000 MCM/y in the year 2000 to less than 190,000 MCM/y in 
2050 (Figure 5-1). At the same time, water demand will grow from 
255,000 MCM/y in the year 2000 to 450,000 MCM/y in 2050, opening a 
huge dangerous gap of supply that will affect the whole region from now on 
as explained by DLR in Task 2 - Energy Requirement Report. . 
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Figure 5-1: Water demand scenario for MENA until 2050 and coverage of demand by 

sustainable sources, by unsustainable sources and by solar desalination 
(shaded: efficiency gains with respect to business as usual) [MENA Water 
Outlook, Task 2 Report] 

 
As Figure 5-1 shows, desalination combined with CSP is expected to play a 
major role in the production of sustainable energy that can be used for 
desalination, but as well for other purposes.  

5.2 Aspects of Better Expressiveness and Practicability 

5.2.1 Desalination Plant 

There is no single desalination plant and process configuration that fits to all 
locations in the MENA region. Below a few considerations are explained:  
 
• Depending on the desalination plant type, desalinating seawater at coastal 

areas or alternatively brackish water in inland areas, the requirements and 
the constraints for plant design and operation may be significantly 
different.  

• Due to the specific seawater quality, it is significantly more difficult to 
desalinate seawater sourced from the Arabian Gulf than seawater from 
e.g. the Red Sea. 

• Large desalination plants that supply coastal metropolises can be 
designed to be more cost and energy effective than smaller plants serving 
remote coastal areas. Currently, the largest SWRO plant under 
construction is in the Mediterranean, namely the Magtaa SWRO plant in 
Algeria, with a potable water production capacity of 500,000 m³/d. On 
the other hand, smaller plants will have a reduced environmental impact 
and most likely a more positive social effect (employment, better 
acceptance by residents). 
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• The production of potable water may require different process schemes 
than the production of (lower quality) irrigation water or process water 
for industrial purposes. 

• Compared to seawater desalination, brackish water desalination plants 
are smaller in capacity and lower salinity in feed water. Brackish water 
desalination plants typically apply reverse osmosis technology (BWRO) 
due to better economics.   

• BWRO desalination plants (referred to Figure 5-2) are principally similar 
to SWRO (second pass RO), but they are smaller in scale and their 
configuration and pre-treatment is highly project and site-specific. 
Especially feed water quality is pivotal. 
With the allocation of seawater desalination plant it can be assumed, that 
seawater is available at each coastal location, but the situation is different 
with desalination plants fed by brackish groundwater. The yield of 
groundwater wells is highly dependent on local (hydro-geological) 
conditions.  

• In addition, groundwater resources that are being used in the MENA 
region, are generally rather limited and only slowly replenished (fossil 
groundwater) and in the MENA. The deterioration of groundwater 
availability and quality implicates strong environmental impacts already 
today due to rapid depletion of a non-renewable resource which is not 
sustainable.  

• The future projections of groundwater and surface water availability 
presented by Part I Consultant (FutureWater, 2011) show that brackish 
water desalination cannot be evaluated as a sustainable desalination 
option to close the gradually increasing water gap in the MENA region. 
This aspect of desalination should be assessed on a case-by-case basis. 
BWRO corresponds to a smaller portion in desalination compared to 
seawater desalination. In regards with augmenting water supply in the 
MENA region and its sustainability, it is not sufficient.  

• Given the circumstance that brackish water availability and quality is 
highly variable (limited) within MENA region, such an assessment 
requires far more detailed data than the model output data provided by 
FutureWater. Thus it is difficult to apply a general approach to the whole 
MENA region for the feasibility assessment of BWRO plants taking also 
into consideration that feed water quality has a major impact on the plant 
design and economics of BWRO plants. 

• Based on the considerations above, the report will to some extent deal 
with desalination profile of each MENA country including seawater and 
brackish water desalination and provide information on installed 
capacities, however the modeling approach to assess the desalination 
potential in the overall MENA region will focus on the seawater 
desalination.  

• Concentrate disposal options of brackish water plants in inland areas are 
significantly limited and challenging. In this regard conventional 
concentrate disposal options are highlighted in Task 3 - Concentrate 
Management Report. 
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Figure 5-2: Schematic flow diagram of a BWRO unit [NREL 2010] 
 
Figure 5-3 depicts the installed and forecasted desalination plants by feed 
water type to 2016 worldwide [GWI 2010]. It is apparent that seawater 
desalination will be the leading technology to substantially bridge the water 
gap in the future.  
 

 
Figure 5-3: Contracted capacity forecast by feed water type to 2016 [GWI/DesalData] 
 
The typical desalination plants will cover different desalination 
technologies, plant capacities and seawater qualities corresponding to 
seawater sourced from different areas e.g. the Atlantic, the Mediterranean, 
the Red Sea and the Arabian Gulf and the Indian Ocean as shown in Table 
5-1. The attributed values for TDS and temperature of seawater are based on 
general characteristics of the regions. However, for specific projects, more 
detailed seawater analyses are required. 
 
In order to set out the typical desalination plants three macro-regions have 
been defined to cover different seawater qualities (mainly TDS and 
temperature of seawater) to be processed to potable water.  
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Table 5-1: Macro-regions according to typical seawater characteristics 
Seawater Source 
 

TDS range 
[mg/l] 

Temperature 
[°C] 

Mediterranean Sea &  
Atlantic Ocean26 38,000 - 41,000 15 -30 

Red Sea &  
Indian Ocean 41,000 - 43,000 20-35 

Arabian Gulf 
 45,000 - 47,000 20-35 

 
In regards with product water quality, the following potable water quality 
parameters have been set out commonly for all typical desalination plants. 
The target values as shown in Table 5-2 are selected so that they can be 
applied for different purposes such as drinking, irrigation and industrial 
water. 
 
Table 5-2: Potable Water Quality Target Values 

Potable Water Target Quality  

Parameters Unit Target Value 27 

Total Dissolved Solids (TDS) max. mg/l 200 

Alkalinity max. 
mol/m³ 1.0 

mg/l CaCO3 50 

Langelier Saturation Index (LSI) - +0.3 

Boron max. mg/l 2.0 

5.2.2 CSP Plant 

Local variability of solar radiation over the MENA region will also be 
considered by introducing various ranges of low, medium and high solar 
radiation for the feasibility of CSP typical plants as follows: 
 
For each macro-region as shown in Table 5-1 there have been 3 DNI classes 
(2000 / 2400 / 2800) defined, referring to 4 different options. The pairs are 
below according to yearly sum of DNI and plant location at: 
 
• Sites with average solar potential  

• 2000 kWh/m2/year on shore proximity 
• 2400 kWh/m2/year inland 

 

                                                 
26 It is assumed that there are no significant differences in the seawater quality of Atlantic 
Ocean and the Mediterranean Sea. This assumption is particularly relevant for the 
desalination plants to be located at the west coast of Morocco and was made due to the 
constraints of the study. 
27 In specific cases higher product water quality may be required. 
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• Sites with excellent solar potential  
• 2400 kWh/m2/year on shore proximity  
• 2800 kWh/m2/year inland. 

 
The values of the chosen DNI-classes are generated based on DLR’s solar 
radiance atlas for the year 2002 (spatial resolution 1 x 1 km²) which was 
produced by DLR to assess the CSP potential for desalination plants within 
MENA Regional Water Outlook. For details reference is made to Task 2 - 
Energy Requirement Report.  
 
Note: The selected DNI classes should provide a rough indication of solar 
radiation variability in the MENA region. Thus, they should not be 
interpreted as location-specific values, but rather as possible rough range for 
preliminary classification. 
 
For simplicity it is assumed that solar radiation in inland locations is higher 
than at coastal areas. The difference is assumed to be about 400 kWh/m²,yr 
(as yearly sum of DNI). 

5.3 Design Constraints 

The relevance of renewable energies for the desalination technology has 
been characterized by desalination professionals, in attributing “strong 
appeal in CSP to source desalination”. This opinion shall be assessed 
starting with the relevant features of a to-date CSP plant as its coupling with 
desalination raises additional challenges to the whole plant: 
 
• The steam supply from a CSP plant can vary substantially. Except 

expensive heat storage measures are installed, a CSP plant will supply no 
steam at night and a reduced steam flow at dawn, at dusk and at cloudy 
skies 

• The maximum live steam temperature that can be achieved in a CSP 
plant is around 370°C. Compared to this, around 480°C to 560°C 
(pending on the fuel quality) can be achieved in a conventional power 
plant 

• A CSP plant requires a large area. In consequence, the largest CSP plants 
designed to date feature a power capacity of not more than 100 MW. 

 
From these characteristics, some requirements match well to the “plain” 
MED technology if a dual-purpose configuration is implied. The 
requirements are: 
 
• The desalination plant should be capable to deal with a substantially 

varying steam supply in order to prevent extensive heat storage costs. A 
“plain” MED plant (but not a MED-TVC plant) can be operated in a 0% 
to 100% range as well as CSP plant 
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• Desalination plants operating at base load call for additional fossil-fired 
power generation (back-up) capacities to be installed in order to ensure 
the power demand at all times (beyond available solar full load hours/y)  

• “Plain” MED can be operated with a quite low steam pressure (around 
0.3 to 0.5 bar). In consequence, the equivalent electricity (see Section 
5.4.3) does not exceed a sensible level. This is the more important, as the 
power generation already suffers from constraints due to low live steam 
parameters (compared to a conventional power plant) as well as due to 
the huge area requirement 

• The limited power capacity limits the water production capacity as well: 
The state-of-the-art CSP technology allows for a net production of some 
100 MWe to date. This electricity production capacity can supply a 
thermal desalination plant of around 100,000 m³/d, and provide adequate 
electricity export if implemented in a dual-purpose combination. The 
limiting factor is the area requirement (app. 2 km² x 2 km² for the solar 
field and the heat storage i.e. Solar Multiple 2 assuming 7.5 full load 
hours under design conditions). 

 
The necessity to cover the entire MENA region implies a certain degree of 
generalization and simplification. Given the large study area including a 
number of countries in the MENA region, Fichtner and DLR proposed to 
assess the CSP and desalination potential based on a model approach 
comprising typical plants. Since there is no single desalination plant or CSP 
plant configuration that fits to all locations within the area, a set of suitable 
typical desalination plants are considered which will be sourced by solar-
thermal power plants. 
 
The following section describes the basic design of the typical desalination 
plants to be allocated in the MENA region to augment the water supply. The 
required energy will be sourced by CSP and fossil-fired back-up plants. 
Additionally solar-only operation mode of CSP plant will be considered in 
combination with electricity from the existing grid to ensure the constant 
energy supply of the desalination plant. CSP plant-based information will 
only be briefly mentioned here, if relevant for the desalination plant, (e.g. at 
the interface between the plants), however details on the CSP and solar-
thermal plants are provided in Task 2 - Energy Requirement Report. 
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5.4 Typical Desalination Plants powered by CSP Plants  

5.4.1 Configuration Options of Typical Plants 

Different configurations for desalination plant in combination with CSP 
power plant are shown in Figure 5-4: 
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Figure 5-4: Different configurations for desalination powered by CSP. Left: Solar 

field directly producing heat for thermal multi-effect desalination. Center: 
Power generation for reverse osmosis (RO). Right: Combined generation 
of electricity and heat for multi-effect desalination (MED) Source: AQUA-
CSP Final Report [DLR 2007] 

 
In consequence, following plant configurations are relevant for the MENA 
Water Outlook as described in detail in the following sections: 
 
• Dual-purpose plant (MED-CSP & power plant) located at coast with 

seawater cooling 
• Stand-alone SWRO-plant located at coast and CSP & power plant 

located at coast with seawater cooling 
• Stand-alone SWRO-plant located at coast and CSP & power plant 

located inland with air cooling 
• In addition to the latter configuration “solar only” power generation 

located inland, with SWRO stand-alone plant located at the coast with 
electricity supply from the existing local grid during periods whenever no 
solar irradiance is available.  

 
Given different plant components such as water and CSP solar-field and 
back-up power plant there are different possibilities for optimization from 
engineering point of view. The focus can be set on the desalination plant to 
maximize the water production or on the power plant to maximize the 
electricity generation. The objective function, which sets out the main goals 
of the design, has great influence on the selected plant configuration of each 
plant.  
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Since MENA Regional Water Outlook seeks solutions to meet the 
increasing water demand in the first place, the priority is given to 
“desalination plant”.  
 
The desalination plants are thus to be operated at base load meaning 
constant production over the year. Upon this approach, the possible 
combination options with CSP are assessed to cover the energy demand of 
the typical desalination plants. Typical plants are designed in such a way 
that regional and local conditions can be covered as much as possible 
including e.g. different water sources, different levels of capacity to supply 
small towns, medium and large cities and different intensity of solar 
radiation in order to cover the local variability in the entire MENA region. 
 
Upon a suitable set of plant types defined for desalination as well as CSP 
plant, the study will identify the number of medium and large plants 
required in each country to fill the projected water gap in each country until 
2050 (as presented in chapter 9).  
 
The typical plants selected and designed for the MENA Regional Water 
Outlook will be briefly described in the following sections. 

5.4.2 MED Dual-Purpose Typical Plants 

Dual-purpose plants for water and power generation are considered for 
coastal sites only since the required heat input to MED does not allow long 
distance transport. The extraction of process steam for MED desalination 
plants have been developed for steam Rankine cycle plants where seawater 
is available for condenser cooling. Figure 5-5 shows a typical plant scheme: 
 

 
Figure 5-5: MED-CSP plant scheme: the complete energy requirement of the MED 
(heat and electricity) is delivered by the CSP plant located nearby the desalination 
plant at coast [MENA Water Outlook, Task 2 Report] 
 
Dual-purpose plants, operated at base load, involve high fuel utilization, if 
back pressure power plants are considered. A back pressure turbine expands 
steam to a constant condition converting thermal energy into shaft rotation.  
The electricity-loss-ratio for extracted steam for desalination has been 
calculated with Fichtner’s KPRO® power plant simulation software.  
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The calculations are made based on different prevailing ambient conditions 
for the defined macro-regions: 
 
• MED plant with a water production capacity of 100,000 m³/d while MED 

driven with heated steam at 73 °C and 0.35 bar 
• Solar-thermal power plant for coastal sites with a net output of 100 MWe 

and seawater cooling 
• The efficiency of the turbine is determined by this condition and is lower 

than conventional wet cooled (once-through) Rankine cycles 
• MED-CSP plant with once-trough cooling, with MED plant being 

integrated in the solar power and water plant. Turbine efficiency is a 
function of the seawater temperature. 

 
In dual-purpose plant configuration the heat input from the power plant to 
the MED plant needs to be assessed quantitatively since the extracted heat 
from the turbine is considered as electricity loss for the power plant. The 
value of heat is assessed based on equivalent electricity approach for the 
corresponding cost allocation. Details are provided in Section 5.4.3. 

5.4.3 Value of Heat: Equivalent Electricity Approach 

The price of heat is depending on multiple factors. The most significant of 
them are: 
 
• Proximity to the steam generating facility or heat source 
• Steam pressure or temperature level of heat (entropy) 
• Type of steam generating facility (e.g. power plant, solar thermal 

collector etc.) 
• Type of primary energy (e.g. gas, coal, solar radiation etc.)  
 
In consequence, the price of heat has to be determined for each application 
on an individual basis. As a result, quite high costs of heat may be deter-
mined in case the heat is generated by means of solar thermal collectors. 
Whereas the costs may turn out quite low if low temperature energy is 
available (e.g. resulting from an exothermic chemical process) that 
otherwise cannot be used on site except for driving a thermal desalination 
process. 
 
In this context, the equivalent energy approach is an appropriate tool for a 
significant number of thermal desalination plants: those that are fed with 
steam extracted from the steam turbine of a power plant. Such a 
combination of a power plant and a thermal desalination plant is called dual-
purpose or cogeneration configuration.  Because in a cogeneration 
configuration process steam for the thermal desalination process is extracted 
from the steam turbine at a higher pressure than the pressure of the 
condenser, the generation of power is reduced by a certain amount.  
 
In other words: If the extracted steam amount would be expanded in the 
steam turbine (down to the condensing pressure), some additional electricity 
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compared to the dual-purpose configuration could be produced. This 
amount of electricity is referred to as “equivalent electricity”. 
 

 
Figure 5-6: Equivalent Electricity and Costs of Equivalent Electricity (based on 0.04 

US$/kWh) for different turbine outlet pressures and different condensing 
temperatures 

 
Figure 5-6 quantifies the equivalent electricity for different turbine outlet 
pressures (the pressure of the extracted steam) and different condensing 
temperatures. In a next step, the corresponding costs, called “Costs of 
Equivalent Electricity”, can be determined by applying the relevant costs of 
electrical power. The values on the right hand y-axis are based on 
0.04 US$/kWh (sourcing electricity from the local grid e.g. based on the 
current electricity unit price in Saudi Arabia [SEC 2010]). As a result, the 
equivalent electricity approach allows to the allocating adequate costs to the 
steam transferred from a power plant to a desalination plant. The electricity 
price used in the calculation is only exemplary in order to highlight the 
approach for defining the value of heat28.  
 
In regard to the costs of equivalent electricity, one basic dependency is evi-
dent: the costs are increasing with increasing pressure (of the extracted 
steam). But it has to be considered as well, that the costs attributable to 
steam can vary even at identical steam pressures. For example, the cost of 
equivalent electricity of a steam extracted at 1 bar amount, to 2.0 US$/t 
steam , if the condensing temperature is as high as 65°C, whereas the costs 
attributable to steam with the same pressure can rise to 12.5 US$/t steam , if 
the condensing temperature is 36°C. 

                                                 
28 The MENA study model applies the levelized electricity costs from the CSP plant as 
presented in the following sections. 
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5.4.3.1 Basic Design of MED Typical Plants 

The plant capacity of MED is selected to be 100,000 m³/d in order to supply 
medium size consumers (cities, etc.). The decisive factor of MED plant 
capacity determination is highly related with solar power plant area 
requirement which can form the bottleneck at coastal areas due to co-
location requirement (as previously mentioned in Section 5.3).  
 
If larger capacities of MED plant would be selected, the corresponding 
increase in energy demand would then require an even larger solar collector 
field.  
 
Basic design of typical MED plants is based on 14 subsequent effects 
operating at GOR of 12.  
 
Further basic design parameters of the typical dual-purpose plant based on 
MED technology to be powered by a CSP plant are summarized in Table 
5-3. 
 
Table 5-3: Basic design parameters of “plain” MED plant 

MED Plant 
Parameter  Dimension Data 
Type of process  “plain” MED 
Output capacity m3/d 100,000 
 m3/h 4,167 
Availability % 94 
Design capacity m3/d 106,383 
 m3/h 4,433 
Number of units No. 3 
Unit capacity net m3/d 33,333 
 m3/d 35,461 
GOR kg Dist./kg Steam 12 
PR kg/2326 kJ 11.66 
SEC ( incl. seawater pumping) kWh/m3 1.5 
Recovery % 30,3 1 
 % 18.2 2 
Effects / unit No. 14 
Seawater design temperature °C 28 
Seawater feed  
Total normal t/h 22,935 
Max t/h 24,399 
Makeup feed normal t/h 13,748 
Brine reject normal t/h 9,581 
Cooling water reject normal t/h 9,187 
Outfall total normal t/h 18,768 
Heat demand  
 kJ/h 851,969 
Steam conditions   
Pressure bar 0.35 
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MED Plant 
Parameter  Dimension Data 
Temperature °C ~ 73 
Steam amount net t/h 347 
Steam amount gross t/h 369 
Chemical dosing   
Antiscale ppm 100% 3 
Antifoam ppm 100% 0.15 
Chlorine ppm Cl2 100% 6 

Post-treatment part 
Type of process - Lime / CO2 

SEC  kWh/m3 0.01 
Chemical dosing  for   
HCO3 increase ppm CaCO3 50 
Lime Ca(OH)2 ppm 100% 35 
CO2 ppm 100% 40 
Chlorine ppm Cl2 100% 2 

1 based on normal make-up feed 
2 based on normal seawater feed 
 
A typical diagram of high efficiency MED evaporators is shown in 
Annex 10-2. 

5.4.3.2 Energy Requirement of MED Plant 

The specific energy requirement of an MED plant is split up into electrical 
heat and electrical energy and indicated in Table 5-4: 
 
Table 5-4: MED plant energy requirement 

 
MED Plant 
Capacity  

 
 
 

[m³/d] 

 
Energy requirement 

 

 
Electrical Equivalent of 

Heat  
 
 
 

[kWh/m³ distillate] 

Electrical 
Energy  

 
[kWh/m³] 

Heat  
 
 

[kWh/m³] 

100,000 1.55 (1) 52.6 
 

[ 3.6 - 5.4 ] (2)  
 

(1) Including seawater pumping, evaporation, post-treatment without potable water pumping 
(2) Based on actual plant operating conditions at plant location 
 
In Table 5-4 the heat demand of MED is converted to electricity equivalent 
as explained in Section 5.4.3. The conversion gives an indication on the 
amount of electricity which could be produced in a reference power plant, 
should the steam be further expanded to produce electricity. Depending on 
the reference power plant efficiency which is a function of seawater 
temperature, the reference power plant would produce different amount of 
electricity out of the same of amount of steam. Therefore in Table 5-4 a 
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range of the electricity equivalent of heat is included corresponding to the 
macro-regions in MENA. 
 
In Figure 5-7 MED units as installed in Fujairah F2 Plant in UAE are 
illustrated. 
 
 

 
Figure 5-7: Fujairah F2 MED Plant units (37,900 m³/d), UAE during construction 

[Fujairah Asia Power Company 2011] 

5.4.3.3 Area Requirement of MED Plant 

The footprint of the MED Plant is estimated to be: 
 
Table 5-5: MED plant area requirement 

MED Plant Capacity 
[m³/d] 

Area Requirement  
[ha] 

100,000 1.5 
 
The basic design includes evaporators of each 33,333 m³/d production 
capacity. According to required plant capacity three units (evaporators) are 
to be installed respectively. The footprint of each unit is about 120 m x 
100 m. 
 
The total area assessed for the typical plants as indicated in Table 5-5 
includes roads and the required connection area to the co-located power 
plants. Based on the dual-purpose plant configuration, some of the common 
facilities such as auxiliary systems, administration and workshop building 
and civil structures e.g. seawater intake can be used collectively for power 
and desalination plant.  
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Figure 5-8: Top view of Fujairah F2 MED Plant (454,600 m³/d), UAE [SIDEM 2010] 

5.4.4 SWRO Typical Plants 

Since the SWRO plant does not necessarily be located next to a solar-
thermal plant, following configurations are possible: 
 
• SWRO and CSP plants located at coast with solar-thermal back-up 

power, with seawater cooling 
• SWRO located at coast with CSP plant located in inland with solar-

thermal back-up power, with air cooling   
• SWRO located at coast with CSP plant located in inland, but in “solar 

only” operation with grid back-up, with air cooling. 
 
The power plant cooling for inland sites is direct air cooling due to absence 
of cooling water. 
 
Note: Comparative details about the power plant configuration are provided 
in Task 2- Energy Requirement Report including design parameters, 
operating conditions, power plant efficiencies and fuel options evaluated. 
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Figure 5-9: SWRO and CSP plant located near to the coast shore. The once-through 

cooling system of the CSP plant has a common water intake with the 
desalination plant [MENA Water Outlook, Task 2 Report] 

 
 

 
Figure 5-10: SWRO and CSP with power plant situated in inland. The required 

electricity for the RO is transported by the grid [MENA Water Outlook, 
Task 2 Report] 

5.4.4.1 Basic Design of SWRO Typical Plants 

As already explained in the previous sections, the typical plants are 
designed to cope with regional and local differences in seawater quality 
which may have an influence in the energy requirement of the desalination 
plants. The local or regional differences are especially subject to SWRO 
plants as they are more sensitive in terms of seawater quality and the 
required pre-treatment regime prior to processing of seawater to potable 
water. 
 
In Table 5-1 the basic design of SWRO plants comprising different 
capacities and various pre-treatment approaches are summarized. The match 
of macro-region and the pre-treatment schemes as shown below must not be 
understood as compulsive or sufficient as in reality the required treatment 
may be different for specific projects under certain circumstances. The 
scope of this study covers general tendencies but not local specific 
conditions. For instance in Mediterranean although the seawater quality can 
be categorized as less demanding, DAF with FF1 or FF2 may become 
necessary due to local contamination in seawater. Figure 5-11 shows a 
desalination plant in Barcelona, Spain with two-stage pre-treatment. 
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Table 5-6: SWRO typical plant features for different macro-regions 
 

Region 
@ selected seawater 
design parameters 

 

SWRO Plant 
Capacity  

[m³/d] 
Pre-treatment  

Mediterranean & 
Atlantic Ocean 

@ TDS 39,000 mg/l & 
15-30 °C 

200,000 
 

FF1 

MF / UF 

100,000 
FF1 

MF / UF 

20,000 Beach wells / 
sand filters 

Red Sea & Indian Ocean 
@ TDS 43,000 mg/l & 

20-35 °C 

200,000 
FF1 

100,000 

20,000 Beach wells /  
sand filters 

Arabian Gulf 
@ TDS 46,000 mg/l & 

20-35 °C 

200,000 
DAF + FF2 

100,000 

20,000 Beach wells / 
sand filters 

FF1: One-stage floc-filtration, MF: Microfiltration, UF: Ultrafiltration,  
DAF: Dissolved Air Floatation, FF2: Two-stage floc filtration 
 
As can be seen in Table 5-6 beach well intake (indirect intake) is more 
feasible for smaller SWRO plant capacities around 20,000 m³/d, given the 
condition the prevailing hydro-geological conditions are suitable. Beach 
well intakes usually require less pre-treatment efforts due to pre-filtration of 
seawater by the soil medium. For larger plants with direct intake option 
various pre-treatment options are considered.  
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Figure 5-11: Barcelona Llobregat SWRO plant with two-stage pre-treatment 

including dual media filters (DMF) and dissolved air flotation (DAF) 
(200,000 m³/d), the plant was commissioned in 2009 [WDR 2009] 

 
Since the seawater characteristics of the Mediterranean Sea can be classified 
as moderate in terms of seawater TDS and temperature the pre-treatment is 
comprised of either single-stage floc-filtration (FF1) or membrane filtration 
based on MF or UF.  
 
In the Red Sea and Indian Ocean, FF1 as described above is applied to the 
typical plants, because most of the SWRO plants located there are equipped 
with this type of pre-treatment showing good operating results. 
 

 
Figure 5-12: Tuas SWRO plant in Singapore (136,400 m³/d) with 8 RO-trains [Hyflux 

2010] 
 
Last macro-region with the most inferior seawater quality is the Arabian 
Gulf having the highest seawater TDS and temperature values. 
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Thus more extensive pre-treatment is selected including two-stage floc-
filtration (FF2) combined with dissolved air floatation (DAF). Until now, 
there are not many SWRO plants in operation in the Gulf region especially 
related with the risk of not meeting the plant targets. However in view of the 
vast experience gained from the recent projects and the improvements 
achieved in the pre-treatment as well as in the RO membranes performance, 
it can be expected that the recent problems can be overcome in near future 
resulting in more SWRO plants coming into operation in regions waters. 
 
Table 5-7: SWRO plant basic design configuration 

SWRO Plant Basic Design Configurations 

RO part 

Average annual availability % 94 
Number of passes No. 2 

Second pass capacity control Type Split partial 
configuration in 1st pass 

Recovery   
• RO 1st pass % 40 
• RO 2nd pass % 90 
• SWRO plant total   

o Mediterranean & Atlantic 
Ocean  

% 
 

 
~ 34-37 

o Red Sea & Indian Ocean ~ 36-37 
o Arabian Gulf ~ 36 

2nd pass possible capacity range (of plant 
capacity)   

• Mediterranean & Atlantic Ocean  
% 
 

35-65 
• Red Sea & Indian Ocean 50-80 
• Arabian Gulf 70-100 

Type of membranes   

• 1st pass Type 
SW standard  
membrane,  
R = 98% 

• 2nd pass Type 
BW high boron 

rejection, caustic soda 
dosing 

Average membrane flux   
• 1st pass l/m2,h 13 - 14 
• 2nd pass l/m2,h 33 -37 

Average annual membrane replacement 
rate   

• 1st pass % / year ~15 
• 2nd pass % / year ~12 

Design Average membrane lifetime 
(AMLT)   

• 1st pass years 3.5 
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SWRO Plant Basic Design Configurations 

RO part 

• 2nd pass years 4.5 

Energy recovery system Type Isobaric  
(Pressure Exchanger)  

Post-treatment part 

Alkalinisation process Type Lime/ lime water / CO2 
CO2 supply from Type Liquid CO2 

Drinking water conditioning Type Disinfection with 
Hypochlorite 

Process Waste Water Treatment part (WWTP) 1 
Pre-treatment waste water  treatment 
process Type Sedimentation 

RO cleaning waste water treatment 
process Type Neutralization, 

processing in WWTP 

Sludge handling and disposal Type Thickening, centrifuge 
dewatering 

1 WWTP system is applied for the 100,000 to 200,000 m³/d plants. The 20,000 m³/d SWRO 
with seawater extraction by beach wells is without a WWTP system. 
 
Due to higher efficiency of isobaric energy recovery devices in comparison 
to other ERD pressure exchangers are selected for the design of typical 
SWRO plants. 
 
SWRO plants allow the possibility to locate water and power plant 
decentralized if electricity grid is available at coastal areas so that CSP 
power plant can be located in inland (desertic) areas independently from 
RO. This configuration brings some significant advantages: 
 
• Near the coast, the solar direct normal irradiation (DNI) is often observed 

to be reduced (compared to inland conditions) due to haze.  Hence, an 
inland CSP is likely to develop a better efficiency because more radiation 
energy can reach the earth’s surface.  In addition, near the coast, salty air 
can make the optics of the CSP to grow dull, thus necessitating frequent 
cleaning. 

• Coastal areas are typically more populated than inland areas. Considering 
the huge area demand for a CSP plant (at minimum around 4 square 
kilometer for a 100 MWe plant), it would be much easier (and more 
sustainable) to acquire sufficient pieces of land inland than near the 
coast. 

• Involving the electricity net would basically decouple the power and the 
fresh water generation. This has two significant implementations: Firstly, 
the capacity of the desalination plant can be adjusted to the actual, local 
demand. Secondly, power generated from other primary energy sources 
(e.g. wind turbines or fossil energy) could be used to bridge periods of no 
or reduced solar radiation. The electrical grid would then serve as a 
buffer capacity to compensate or absorb the fluctuations in the electricity 
generation by CSP or other renewable energy sources. 
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It will not be withhold that the electrical efficiency of an inland CSP plant is 
lower than a near the coast CSP plant (assuming all other basic conditions 
are identical), because it would then use air instead of seawater as coolant.  
Nevertheless, it can be estimated that the reduced efficiency does not 
outweigh above advantages especially taking into consideration the better 
solar irradiance. 
 
Thus it can be summarized, that there is a huge potential expected for 
desalination plants that are operated with electricity and / or heat generated 
by means of CSP. 

5.4.4.2 Energy Requirement of SWRO Plants 

The electrical power requirement of the SWRO plants comprising different 
pre-treatment regimes and different seawater feed salinity is listed in Table 
5-8. 
 
Table 5-8: Electrical power demand of typical SWRO plants according to proposed 

pre-treatment schemes and plant location areas 
Region 

@ selected seawater 
design parameters 

 

SWRO Plant 
Capacity  

[m³/d] 
Pre-treatment  

Specific Energy 
Consumption1 

[kWh/m³] 

Mediterranean Sea& 
Atlantic Ocean 

@ TDS 39,000 mg/l & 
15-30 °C 

200,000 
FF1 ~ 3,5 

MF / UF ~ 4,0 

100,000 
FF1 ~ 3,5 

MF / UF ~ 4,0 

20,000 
 

Beach wells / 
sand filters ~ 3,8 - 3,9 

Red Sea &  
Indian Ocean 

@ TDS 43,000 mg/l & 
20-35 °C 

200,000 
FF1 ~ 3,7 - 3,8 

100,000 

20,000 Beach wells / 
sand filters  ~ 4,2 

Arabian Gulf 
@ TDS 46,000 mg/l & 

20-35 °C 

200,000 
DAF + FF2 ~ 4,2 - 4,3 

100,000 

20,000 
Beach wells / 
sand filters ~ 4,3 

1) Including SWRO, post-treatment and WWTP without potable water pumping 
The electrical power demand ranges between 3.5 kWh/m³and 4.3 kWh/m³, 
the highest value corresponding to the Gulf Region, which clearly reflects 
the influence of the increasing pre-treatment scope and higher seawater TDS 
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on the desalination plant energy demand for the production of 1 m³ 
desalinated water. The energy demand of typical desalination plants in the 
Red Sea remains quite moderate in general. The related figures are quite 
comparable with plants equipped with MF/UF pre-treatment in the 
Mediterranean. 

5.4.4.3 Area Requirement of SWRO Plants 

The area requirement of the typical SWRO plants is assessed as shown in 
Table 5-9. The total area demand depends on the plant capacity, intake 
option, either direct or indirect seawater intake, and also on the applied pre-
treatment prior to RO. The least footprint corresponds to smallest capacity 
comprising beach well intake. 
 
Table 5-9: Area requirement of SWRO plants 

SWRO Plant 
Capacity  

[m³/d] 
Pre-treatment  Area Requirement1  

[ha] 

200,000 

FF1 10 

MF / UF 9 

DAF + FF2 12 

100,000 

FF1 6 

MF / UF 5 

DAF + FF2 7 

20,000 Beach wells / 
sand filters 1 

1) FF1 including open gravity filters 
 
The Perth SWRO plant is shown in order to give a general impression on 
the typical footprint of a seawater reverse osmosis plant. The pre-treatment 
section is comprised of pressurized filters. 
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Figure 5-13: Perth SWRO plant (144,000 m³/d) has a relatively compact footprint 

about 6.3 ha including seawater intake and outfall structures. The plant 
went online in March 2007 after a fast construction period of 18 months 
[Water Corporation 2008] 

 
This chapter includes key technical information on the configuration of 
proposed typical plants, their area requirement and energy demand. The 
next chapter covers the desalination potential assessment on a county basis 
in the MENA region. 
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6. Cost Aspects 

6.1 General Considerations to Cost Estimations 

This section provides an overview of the cost structure that may be expected 
with respect to implementation of desalination plants sourced by solar-
thermal power plants dependent upon the selected desalination process and 
project location.  
 
The capital and operational expenses calculated in this study are principally 
qualified for rough indication and comparison, but they are not supposed to 
be conducted for comparing particular project cases. The basis of the cost 
estimations comprises the prices in 2010. 
 
The report at hand provides insight on the cost structure of desalination 
plants that are to be sourced with energy by CSP plants. The indicated costs 
in the following sections cover the typical desalination plants that are under 
investigation in the study.  
 
The interface between the CSP plant and the desalination plant both 
regarding process and also economics is the “energy supply”. Thus, the unit 
cost of electricity/and or steam generated by the CSP plant is included for 
the electricity and/or steam consumed by the typical desalination plants.  
 
In order to ease reading of this report and to highlight the essential variables 
related to energy by CSP plant which have impacts on desalination, the 
main body of the report includes excerpts of relevant tables and figures. 
Additionally further calculation tables are included in the Annex 10-20 to 
Annex 10-23 of the report which delivered the electricity production costs 
of CSP plants for the evaluation cases.  
 
Analogously to the report at hand, the cost structure of CSP plants is 
described in Task 2 - Energy Requirement Report.  
 
In the following sections, the cost estimations of the typical desalination 
plants are provided as: 
 
• Capital Expenditures (CAPEX) per unit desalination plant capacity 

(US$/m³d) 
• Operational Expenditures (OPEX) per unit desalinated water produced 

(US$/m³) during selected plant life-time. 
 
Based on CAPEX and OPEX estimates to be generated for various 
configuration options investigated in the study comprising the selected plant 
life-time of the desalination plant, the unit cost of desalinated water will be 
assessed as follows:  
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• Water productions costs per unit desalinated water produced, namely 
levelized water costs (LWC), are calculated (US$/m³).  

 
For the assessment of water production costs the cost input of electricity and 
heat generated from the CSP plant is relevant since the desalination plant 
consumes electricity in case of SWRO and electricity and heat (steam) in 
case of MED. Therefore 
 

• the cost of electricity produced by the CSP plant which is expressed 
as levelized electricity cost (LEC in US$/kWh) is taken into 
calculation to assess water production costs 

• the cost of steam in terms of electrical equivalent is considered as 
described in Section 5.4.3 

 
As a result of the cost evaluation CAPEX, OPEX and LWC of the different 
configurations investigated in the study will be compared. 
 
The calculation method is described in the next sections. 

6.1.1 Water Production Costs  

For each analyzed configuration, the unit cost of water is calculated. The 
estimation of the water production costs is based on the calculation of the 
annual costs that comprise: 
 
• annual capital costs,  
• annual operational costs, including costs for power, fuel, chemicals, and 

other consumables, personnel, maintenance, membrane replacement, 
insurance. 

 
Based on the plant’s annual water production, the levelized costs for water 
are determined as the common criterion for an economic comparison among 
the calculation cases in the scope of this study.  
 
The capitalized specific prices for investment and operational costs and the 
specific water generation costs included in the report are only indicative and 
shall highlight the ranking between the various possible process options 
compared to each other. However, this ranking is mainly based on figures 
resulting from investment and operational costs.  
 
There are many possibilities for the configuration and implementation of a 
desalination plant for the various processes applied and either as a stand-
alone or a dual-purpose power and water plant. The resulting specific costs 
for the water produced comprise a wide range as well. This section provides 
a common basis for the cost structure of typical desalination plants 
investigated for the MENA region.  
 
The levelized water costs (LWC) estimated within this context are not yet 
representing a final water tariff as only comparable process specific costs 
have been considered.  
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Specific financing characteristics, cash-flow as well as escalation rates are 
not included in the evaluation as a detailed water tariff calculation is not 
scope of this assessment. 

6.1.2 Capital Expenditure (CAPEX) Estimates 

The capital cost estimation of the desalination system is based on Fichtner’s 
extensive experience in execution of desalination and power plant projects 
and on a summary of evaluations covering a large number of desalination 
projects worldwide. Additionally, recent market and competition tendencies 
have been taken into consideration as well as the latest bids and evaluations.  
 
The capital cost estimate should represent an accuracy of approximately 
25% and includes: 
 
• mechanical equipment 
• electrical equipment 
• instrumentation & control 
• civil works 
• auxiliary systems 
• site and infrastructure development costs 
• project development cost 
• project management and consultancy services. 
 
In general, the capital cost estimate for all options is based on international 
prices for the equipment and no import taxes or duties are considered. 
 
The costs also include all costs for engineering, transportation, construction 
as well as commissioning. 
 
Costs that are not included in the capital cost estimates are: 
 
• cost of land 
• drinking water conveyance facilities outside the plant boundary  
• interest and insurance charges during construction and commissioning. 

6.1.3 Operational Expenditure (OPEX) Estimates 

To provide a common basis for the water production cost estimation and 
comparison of the various configurations in different macro-regions, sets of 
economic and operational data have been compiled. 
 
The economic database comprises factors such as plant lifetime and interest 
rates. As far as the desalination plants will be implemented within a power 
and water generating plant, specific costs for electrical energy and steam (in 
case of thermal desalination plants) are considered. Specific personnel costs 
are the same for each plant configuration, but the staffing level varies.  
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The various typical plant configurations are characterized by the operational 
data, comprising typical consumption and data for power, fuels and 
consumables as well as expenses for maintenance and personnel. 
 
Exchange Rate 
Exchange rate is 1 €/ 1 US$ = 1.4. 
 
Plant Lifetime 
A useful lifetime of 25 years has been considered according to Fichtner’s 
experience of similar projects. 
 
Discount rate 
A discount rate of 6 %/yr has been considered. 
 
Plant Availability 
An annual availability of some 94% for the desalination plant has been 
considered. 
 
Costs for steam, electrical energy and fuel 
As explained in Section 5.4.3  the cost for steam is calculated according to 
an equivalent electricity approach.  
 
Note: For the evaluation of the heat cost, a typical condensing power cycle 
(condensation temperature is function of seawater temperature) is compared 
with an equivalent power plant with steam extraction at 73 °C. The main 
assumption is that the two plants represent the same net electricity 
production and therefore they have a different design. It is important to note 
that – since the design seawater temperature is function of the macro-
regions, i.e. for example 25 °C for the Mediterranean Sea and 35 °C for the 
Arabian Gulf - the reference power plant does not achieve the same 
efficiency in every location. As a consequence of this, the electricity 
generation losses of the MED/CSP plant in comparison to the reference 
condensation system are higher for the Mediterranean Sea than for the Gulf. 
In turn, this has an influence on the specific heat cost of the MED. 
 
Details of electricity generation cost assessment are provided in Task 2 - 
Energy Requirement Report. They are used as input in the assessment of 
the levelized water production costs. 

6.2 Cost Evaluation and Results 

For the comparison of the various typical plant options the following main 
parameters can be taken as input: 
 
• Desalination plant capacity 
• Solar multiple (i.e. size of thermal energy storage and related size of 

solar field) 
• Plant location 
• Direct normal irradiance (DNI) 
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• Fossil fuel type for back-up power generation for solar power plant:  
• Heavy fuel oil (HFO) or  
• Natural gas (NG). 

 
There are different approaches in order to compare design configurations 
among each other. One possibility could be to choose the same solar field 
for all cases and to compare the resulting electricity and water production 
costs. However, as the water production is the primary goal of the MENA 
Water Outlook, we deem it to be more suitable to compare different typical 
configurations each producing the same amount of water and electricity. 
The results presented in this study are calculated based on this approach.  
 
To establish a common basis, the following parameters are selected the 
same so that the basic design of the desalination plant (MED or SWRO) and 
the solar-thermal power plant remains the same among different regions 
resulting in variable investment and operating costs for the fixed water and 
electricity production:  
 
Table 6-1: Input parameters for cost calculations 

 Unit Value 
Desalination Plant 
Plant capacity m³/d 100,000  
Plant availability % 94 
CSP Plant 

DNI kWh/m²/year 
2000 - 2400 
2400 - 2800 

Solar Multiple - SM 2 

Fossil fuel type - 
HFO 
NG 

 
The cost assessment is conducted for plant sites at the Mediterranean Sea, 
Red Sea and the Arabian Gulf, separately. 
 
For each of macro-region, boundary conditions have been chosen 
considering ambient conditions. They influence mainly turbine efficiency 
and desalination performances.  
 
Furthermore, specific operational expenditures (OPEX) and capital 
expenditures (CAPEX) can be defined. For example, the seawater salinity 
affects electricity consumption, investment and operational cost of the 
SWRO, because the design of the SWRO has to be adapted to the different 
water qualities. The MED has a more stable adaptation behavior of varying 
boundary conditions on investment and cost can be neglected in the first 
approximation.  
 
To attain undiminished base load operation of the solar power plant, fossil 
fired back-up power generation comprising heavy fuel oil or natural gas is 
considered.  
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In order not to bias the comparability of the specific electricity and water 
prices, the results for the following cases should be compared among each 
other for the defined macro-regions:  
 

1. MED-CSP dual-purpose plant, both located at coast, with seawater 
cooling 

2. SWRO-CSP, both located at coast, with seawater cooling 
3. SWRO at coast, CSP in inland with air cooling 
4. SWRO located at coast and connected to existing grid, CSP in “solar 

only” operation in inland (without fossil fuel consumption)29. 
 
Base load operation hours in a full load operation time are 8000 hours per 
year for all comparison cases except solar only CSP-power operation 
(case 4). In this case SWRO is connected to grid. This option can be 
attractive if there is an electrical network in the proximity of the CSP plant 
so that no fuel firing will be necessary). Due to the air cooling in inland 
areas the cooling efficiency decreases compared to seawater cooling at the 
coast resulting in a gross electricity production required due to higher 
internal energy consumption (parasitics). On the other hand, the direct 
normal irradiance (DNI) in inland sites is expected to be higher than at 
coastal sites, in favor of higher number of solar operation hours per year.  
 
For the SWRO of case 2 (RO + CSP on the coast + once-through cooling) 
the condensing temperatures are selected according to seawater 
temperatures in different macro-regions allowing for a temperature 
difference ΔT = 11 °C. 
 
In cases 3 and 4 (RO + CSP in inland + dry cooling) a temperature 
difference of ΔT = 15 °C is assumed. 
 
Due to the better DNI conditions in inland areas compared to coast, the fuel 
consumption in case 3 is less compared to case 1 and case 2. 
 
Such a comparison is shown in Table 6-2 as an example for the 
Mediterranean Sea & Atlantic Ocean region with a DNI of 2400 kWh/m²/yr 
and 2800 kWh/m²/yr at the coast and inland respectively. The comparison 
includes all cases from 1 to 4. Except for solar only case, since there is no 
fuel consumption required, the table shows the results for the natural gas 
fuel variant. Further comparative tables including major basic design 
parameters and LEC in other macro-regions are provided in Annex 10-20 to 
Annex 10-23.  
 
The calculated LECs from the CSP plant and the valued heat (steam) based 
on equivalent electricity approach as explained in Section 5.4.3 will provide 
the costs allocated to energy consumption. They will be substituted in the 
calculation of water production costs for different typical desalination plants 
according to required energy amount. Based on the CAPEX and OPEX 

                                                 
29 Based on the assumption that there is a buffer capacity available in the grid to absorb 
fluctuations caused by the SWRO plant electricity consumption 
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estimates and considering the LECs assessed from the CSP plant, the 
levelized water costs (LWCs) will be calculated for each evaluation case.  
 
The results are presented later in Figure 6-5 and Figure 6-6 for MED and 
SWRO typical plants respectively after a concise description of cost 
estimates based on the typical desalination plants. This is necessary because 
the calculation of water production costs is based on CAPEX and OPEX.  
 
More descriptive tables including levelized water costs (specific water 
costs) are included in Annexes (subject of the next chapter). The tables 
include the corresponding cost of electricity by CSP plant including all 
relevant cost items related to levelized water cost assessment. 
 
For further information on the calculated LEC costs for all evaluation cases 
reference is made to Task 2 - Energy Requirement Report.  
 
Table 6-2: Overview of different evaluation cases for a selected site in the 

 Mediterranean-Atlantic region 

Overview of a selected site in the Mediterranean Sea & Atlantic Ocean 

   Unit MED
RO + 
OT  

RO + 
DC  

RO + DC 
solar only

Location:  Mediterranean / 
Atlantic - Coast Inland

DNI  
kWh/(m2 

year) 2400 2800

SM  -  2 

Desalination Capacity  m3/d  100,000 

Fossil Fuel Factor - 0.85 (Natural Gas)

Gross Turbine Efficiency  %  33 39 35 

Gross Power Production  MW  108 116 117 

Net Power Production  MW  90 90 90 

Internal Power Consumption  MW  18 26 27 

Thermal flow solar field MW 654 603 668 

Mirror area  km2  1.3 1.2 1.3 

Land use  km2  4.8 4.4 4.9 

Energy Storage Capacity  MWh  2504 2308 2555 

Solar Full Load Hours  h/yr 3652 3652 4344 

Total Full Load Hours  h/yr  8000 8000 4344 

Solar Share  %  46 46 54 100 

Total Net Power Production  GWhe/yr  720 720 720 391 

Total Water Production  Mio.m3/yr  33.3 

Total Investment cost  Mio. $  1226 1106 1203 1160 
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Overview of a selected site in the Mediterranean Sea & Atlantic Ocean 

   Unit MED
RO + 
OT  

RO + 
DC  

RO + DC 
solar only

Location:  Mediterranean / 
Atlantic - Coast Inland

DNI  
kWh/(m2 

year) 2400 2800

Total Investment CSP + PB  Mio. $  913 891 988 945 

Total Investment DES  Mio. $  314 215 

LEC  $cent/kWh 21.96 21.35 21.83 21.47

Spec. Heat cost allocated to 
Desalination  $/MWhth

10.85 0.00 

Spec. Electricity consumption 
allocated to Desalination kWh/m3 1.55 3.50 

Spec. Heat consumption 
allocated to Desalination kWhth/m3 52.65 0.00 

Electrical Equivalent for 
Spec. Heat to Desalination30 kWh/m³  

5.40 a
4.50 b 

3.60 c 
0.00 

PB: Power Block, SM: Solar Multiple, DC: Dry Cooling (air cooling), OT: Once Through 
Cooling (seawater cooling), LEC: Levelized Electricity Cost 
a Mediterranean Sea & Atlantic region at 25 °C 
b Red Sea & Indian Ocean at 30°C 
c Arabian Gulf at 35°C   
 
For the rest of other macro-regions such as Red Sea and Indian Ocean as 
well as Arabian Gulf further tables are included in Annex 11-20 to Annex 
10-23. 
 
For the set-up of the model developed for cost comparison of various cases 
first the thermal energy demand of MED plant was assessed, which is 
required to produce the target capacity.  
 
Once the back pressure turbine satisfies this condition, a large surplus of 
electricity will be generated, which can be fed into the grid. The CSP plant 
for supplying the SWRO plant was calibrated to have the same net 
electricity production as in the MED dual-purpose plant case. Finally, the 
SWRO plant was simply scaled up to the MED water production to 
synchronize the production capacities for comparability of the related costs. 
 
It is noted that the net -and not the gross- electricity production are 
compared.  

                                                 
30 Depending on plant location and seawater design temperature 
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The difference between net and gross electricity production is given by the 
parasitics, i.e. the internal electricity consumption of the system components 
(solar field, storage, turbine and desalination). In particular, the specific 
electricity consumption of SWRO is around three times more than MED. 
However, the negative effect of higher parasitics of SWRO is 
(over)compensated by better turbine efficiency. 
 
Related to solar only operation of CSP plant, the solar full load hours are 
assessed according to availability of solar irradiance which is apparently 
lower (4334 hours/yr in inland with DNI 2800 kWh/m², yr). Hereby the CSP 
plant design is kept the same, but excluding the option of fossil fuel firing 
contrary to other configuration cases. Therefore, the electricity production in 
“solar only” operation mode is lower. 
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Table 6-3: Overview of location-specific design parameter inputs and specific investment and operation costs for SWRO and MED desalination plants 

    Macro-regions 

  Mediterranean Sea & 
Atlantic Ocean 

Red Sea  &  
Indian Ocean 

 
Arabian Gulf 

 
 

Seawater salinity (TDS) ppm 39,000 43,000 46,000 

Seawater design temperature  °C 25 30 35 

Cooling air design temperature_ inland °C 45 45 45 

Specific electricity consumption_SWRO kWh/m3 3.5 – 4.0 3.7 – 4.2 4.2 – 4.3 

Specific electricity consumption_MED kWh/m3 1.55 1.55 1.55 
Specific OPEX_SWRO without energy 
consumption US$/m3 0.29 – 0.38 0.30 – 0.39 0.34 – 0.40 

Specific OPEX_MED without energy 
consumption US$/m3 0.32 0.32 0.32 

Specific CAPEX_ SWRO US$/(m3 d) 1,748 – 2,415 1,748 – 2,415 1,948 – 2,415 

Specific CAPEX_ MED31 US$/(m3 d) 3,136 3,136 3,136 

Unit electricity price from the local grid 32 US$/kWh 0.079 0.041 0.041 
 
 

                                                 
31 Including proportionate cost for integration into power plant, overall plant infrastructure, auxiliaries, intake and outfall facilities 
32 The unit electricity costs are included for the SWRO plants if they are sourced with electricity from the local grid. Present electricity prices from Morocco for the 
Mediterranean Sea & Atlantic Ocean and Saudi Arabia for the Red Sea & Indian Ocean and the Arabian Gulf are considered. Source for prices in Morocco: Electricity Tariffs 
(Published Tariffs) [Eurelectric, May 2007] Source for prices in Saudi Arabia: [SEC 2010]. 
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6.2.1 Capital Expenditures (CAPEX) of Typical Desalination Plants 

For the dual-purpose plant case, the unit cost of electricity is based on the 
generation cost of electricity from a reference power plant which is designed 
to power a desalination plant of 100,000 m³/d net capacity. The reference 
power plant is equipped with a condensation power plant with steam 
condensing at 73°C (at 0.35 bar pressure), but without coupling to 
desalination plant. The condensing temperature is selected same as it is the 
case for steam extraction for the MED plant for a better comparability.  
 
The specific steam cost is calculated from the electricity generation costs 
multiplied with the electricity-to-heat-ratio of the extracted steam. 

6.2.1.1 CAPEX of MED Dual-Purpose Plant  

The annual investment costs of the MED plant are estimated as listed in 
Annex 10-3.  
 
The specific CAPEX is around 3,100 US$/m³d. Here the costs associated 
with the connection of MED plant to the dual-purpose water and power 
plant is included. The specific annual CAPEX share is 0.67 US$/m³ related 
to specific water production costs. 
 
Compared to estimated present day CAPEX range of conventional 
desalination technologies as indicated in the preceding Section 4.2.3.1 (refer 
to Table 4-3), the specific CAPEX of “plain” MED is higher than for MED-
TVC. This cost impact is basically related with: 
 
• the higher number of effects required (due to the absence of TVC) and  
• higher process equipment costs i.e. larger pipelines required to convey 

the steam at 0.35 bar (“plain” MED) compared to more  pressurized 
steam of around 2.5-3 bar (MED-TVC).  

 
However, on the CSP Plant side, there is considerable gain achieved since 
“plain” MED plant allows for more electricity production by CSP plant 
while accepting steam at lower pressure (0.35 bar). This again makes a 
positive effect on the electricity production costs by CSP plant.  
 

6.2.1.2 CAPEX of Stand-Alone SWRO Plants 

For different macro-regions, plant capacities and pre-treatment technologies 
CAPEX are calculated and presented in the Annexes: 
 
• 200,000 m³/d comprising pre-treatment of FF1 in Annex 10-4 
• 200,000 m³/d comprising pre-treatment of DAF + FF2 in Annex 10-5 
• 200,000 m³/d comprising pre-treatment of MF/UF in Annex 10-6 
• 100,000 m³/d comprising pre-treatment of FF1 in Annex 10-7 
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• 100,000 m³/d comprising pre-treatment of DAF + FF2 in Annex 10-8 
• 100,000 m³/d comprising pre-treatment of MF/UF in Annex 10-9 
• 20,000 m³/d comprising beach wells / sand filters in Annex 10-10. 
 
The specific CAPEX varies between 1750 US$/m³d and 2250 US$/m³d 
depending on plant capacity and pre-treatment applied. 
 
The specific annual CAPEX ranges between 0.37 US$/m³ corresponding to 
the largest capacity of 200,000 m³/d plant with one-stage filtration (FF1) 
and 0.52 US$/m³ comprising a plant capacity of 100,000 m³/d and more 
intensive pre-treatment of DAF and two-stage filtration (FF2). The option of 
small plants with 20,000 m³/d and beach wells intakes come up to the high 
specific CAPEX costs with 0.52 US$/m³. The economy of scale is 
significant.  

6.2.2 Operational Expenditures (OPEX) of Typical Desalination Plants 

6.2.2.1 OPEX of Dual-Purpose MED Plant 

Operational costs of the MED plant in combination with CSP solar power 
plant are calculated for all three macro-regions separately, including 
different DNI classes and fuel variants of heavy fuel oil and natural gas used 
for fossil fired back-up power generation. 
 
The OPEX calculation results are included in the following Annexes for 
different macro-regions: 
 
• Mediterranean Sea & Atlantic Ocean region are presented in Annex 10-

11  
• Red Sea & Indian Ocean can be seen in Annex 10-12 
• Arabian Gulf is included in Annex 10-13. 
 
The costs are summarized as:  
• CAPEX 
• OPEX (including chemical dosing, maintenance, labor costs without 

energy consumption costs) and  
• Energy consumption costs. 
 
The energy costs sum up to the greatest cost share in the overall cost 
distribution as it can be seen in the following figures (Figure 6-1 and Figure 
6-2). Therefore they are shown separately in the diagram apart from OPEX, 
for clear indication only. Obviously energy consumption costs incur during 
plant operation and are allocated to OPEX as well. Figure 6-1 and Figure 
6-2 show the relative distribution MED plant costs at solar irradiance case 
of DNI 2400 kWh/²/yr and back-up fuel variant of natural gas in the 
Mediterranean and Gulf respectively. 



 

6543P07/FICHT-7109954-v2  6-74 

The costs of energy consumption represent the highest share with 50% 
relative to overall expenses in Figure 6-1. While CAPEX contribute by 34% 
to overall costs, OPEX appear about 16%. 
 
The indicated energy cost share is calculated based on LEC of 0.21 
US$/kWh by the co-located CSP Plant, which is designed at 25°C seawater 
temperature in the Mediterranean. 
 

16%

50%

34%
OPEX

Energy

CAPEX

 
Figure 6-1: Summary and distribution of CAPEX, OPEX and energy costs for the 

MED plant located in the Mediterranean Sea & Atlantic Ocean for the 
case DNI: 2400 kWh/m² /yr at coast and fuel: NG. The indicated energy 
cost share is calculated based on LEC of 0.21 US$/kWh by the co-located 
CSP Plant (seawater design temperature is 25°C) 

 
The cost distribution for the same MED plant located in Arabian Gulf is 
shown in Figure 6-2. The indicated energy cost share is calculated based on 
LEC of 0.22 US$/kWh by the co-located CSP Plant, which is designed at 
35°C seawater temperature in the Arabian Gulf. 
 

17%

46%

37%
OPEX

Energy

CAPEX

 
Figure 6-2: Summary and distribution of CAPEX, OPEX and energy costs for the 

MED plant located in the Arabian Gulf for the case DNI: 2400 kWh/m²/ yr 
at coast and fuel: NG The indicated energy cost share is calculated based 
on LEC of 0.22 US$/kWh by the co-located CSP Plant (seawater design 
temperature is 35°C) 
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Compared to Mediterranean region (refer to Figure 6-1), the distribution of 
cost items in Gulf shows slight differences in the share of energy, CAPEX 
and OPEX. Whilst shares of CAPEX (+3%) and OPEX (+1%) 
comparatively increase, the share of energy appears 4% less in the Arabian 
Gulf. 
 
This difference depends on the valued heat in macro-regions: 
 
• The turbine efficiency is a function of seawater temperature. 
• In the macro-regions the seawater temperature is quite different reaching 

a 10°C difference in average (25°C in the Mediterranean Sea whereas 
35°C in the Arabian Gulf). This in turn, has an influence on the specific 
heat cost of the MED.  

• For the assessment of value of heat the reference power plant 
configuration is adjusted according to regional ambient conditions. 
Lower seawater temperatures allow for a better cooling efficiency of the 
power plant and thus, so the extracted steam from the turbine constitutes 
a bigger loss in terms of the electricity production in the Mediterranean 
than in the Gulf with higher seawater temperatures. 

• The loss in the electricity production capacity within the CSP power 
plant, which is caused by steam extraction to MED plant, implicates a 
certain price increase to be allocated for the steam produced by the CSP 
plant.   

• Thus MED pays a higher price for the steam in the Mediterranean than in 
the Arabian Gulf resulting in higher cost allocation for energy.  

6.2.2.2 OPEX of Stand-Alone SWRO Plant 

The greater portion of the OPEX costs is attributed to the electrical energy 
consumption in SWRO plants. 
 
The specific electricity consumption for the cost implementation of an 
SWRO plant at the Arabian Gulf coast is higher being related to the more 
demanding seawater conditions in this area. This implies the requirement to 
undertake additional water pre-treatment such as two-stage floc-filtration 
and DAF, which results in additional power consumption. Thermal plants 
remain unaffected. 
 
For the SWRO plant, a membrane replacement rate has to be assumed 
depending on the efficiency of pre-treatment. Lower membrane exchange 
values are correlating with higher costs for increased pre-treatment effort. 
Considering open intake SWRO plants, designed and operated to the state-
of-the-art, an AMLT (average membrane life time) of about 3.5 years for 
the first pass and about 4.5 years for the second pass have been considered. 
Annual membrane replacement rates are 15%/yr and 12%/yr for the first and 
the second pass RO respectively. These specific values for membrane 
replacement are estimated based on similar size plants as well as latest price 
developments and recent discussions with membrane suppliers. 
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CAPEX, OPEX and energy cost distribution of the SWRO plants are shown 
in the following Figure 6-3 and Figure 6-4.  
 
Several evaluation cases are considered in the study comprising different 
locations and various project conditions in order to provide more insight to 
desalination with CSP in the MENA region. The results of the entire 
analysis are provided in Annexes. Moreover, having two different 
desalination technologies considered in the study, it is of interest to evaluate 
the associated costs within these options as well.  
 
A direct comparison between MED typical plants (referring to Figure 6-1 
and Figure 6-2) and SWRO typical plants can be made at the same selected 
project conditions such as plant location, solar irradiance and fossil fuel 
option. Thus the presented illustrations Figure 6-3 and Figure 6-4 include 
results obtained at plant location at coast, DNI of 2400 kWh/m²/yr and fossil 
fuel option of NG. The indicated energy cost share is calculated based on 
LEC of 0.21 US$/kWh by the CSP Plant which is located at coast and 
designed at 25°C seawater temperature in the Mediterranean. 
 

22%

48%

30%
OPEX 

Energy

CAPEX 

 
Figure 6-3: Summary and distribution of CAPEX and OPEX for the SWRO plant 

located in the Mediterranean Sea & Atlantic Ocean for the case DNI: 2400 
kWh/m²/ yr at coast and fuel: NG. The indicated energy cost share is 
calculated based on LEC of 0.21 US$/kWh by the CSP Plant located at 
coast (seawater design temperature is 25°C) 

 
In the Arabian Gulf, SWRO energy cost share in the overall cost distribution 
increases to 51% (+3%), CAPEX and OPEX slightly decrease (by -2%) to 
28% and (by -1%) to 21% compared to Mediterranean region.   
 
The indicated energy cost share is calculated based on LEC of 
0.22 US$/kWh by the CSP Plant which is located at coast and designed at 
35°C seawater temperature in the Arabian Gulf. 
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Figure 6-4: Summary and distribution of annual CAPEX and OPEX costs for the 

SWRO plant located in the Arabian Gulf for the case DNI: 2400 kWh/m² 
/yr at coast and fuel: NG 

 
The unit costs for production of desalinated water within the different 
evaluation cases are addressed in the next section. 

6.3 Levelized Water Costs (LWC) of Typical Desalination Plants 

Another essential indicator of the economical analysis is the levelized water 
costs for the production of water by typical plants. The term levelized cost is 
chosen since the costs are assessed based on a certain project period of 25 
years.  
 
The results presented in this study are based on the assumptions and the 
selection of design parameters and configuration and can be different 
considering different boundary conditions for specific projects. The aim of 
the economical evaluation in this section is to compare different 
combinations and various options only in order to provide a guideline. 
Therefore the results included should be treated with care.  
 
In Figure 6-5 the results of the calculation are presented graphically 
showing the LWC by MED dual-purpose plant of 100,000 m³/d capacity.  
 
Depending on the plant location, the unit prices for water appear to be the 
lower in the Arabian Gulf area but higher in the Mediterranean. The lowest 
LWC are likely to achieve in the Arabian Gulf with HFO of back-up fuel 
option regarding the MED dual purpose plant configuration. The prices with 
NG option are slightly higher than with HFO due to assumed fuel price ratio 
of 0.85 to 0.80 relative to crude oil prices worldwide (crude oil with a fuel 
factor of 1.0). LWCs in the Red Sea & Indian Ocean remain relatively 
moderate. The pairs of symbols show the fuel option (NG or HFO) at the 
same DNI value for each macro-region. 
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The robustness of MED against higher seawater temperature and salinity in 
combination with high solar irradiance in the Gulf seems to pay off as the 
most economical LWCs are expected at the Gulf coast. At the other end of 
the chart the distribution of the LWCs in the Mediterranean and Atlantic 
show that a dual-purpose MED plants would produce water at higher unit 
prices. The indicative LWCs vary roughly between 1.8 and 2.1 US$/m³.  
 
Among the various desalination technologies studied, the water costs are 
mainly influenced by capital costs for SWRO technology and by the energy 
costs for the thermal desalination process by MED, in general. In the case of 
MED, the costs for steam have a major impact on the price.  
 
The list of calculated indicative LWCs by MED are included in  
Annex 11-9. 
 

Mediterranean

Red Sea

Gulf

 
Figure 6-5: Range of indicative levelized water production costs by MED plants for 

different macro-regions, DNI classes and fuel options 
 
Under special circumstances MED in its dual-purpose configuration can 
appear preferable for specific projects. Some of the key factors that may 
influence the decision making for the selection of MED are listed as 
follows: 
 
• High seawater salinity and temperature 
• High fluctuations in seawater quality 
• Presence of algae bloom in seawater 
• Availability of steam generated by power plant 
• Availability of “waste heat” at the end of a process chain (e.g. fluegas at 

high temperatures) where the residual heat is not further used within such 
process and can be utilized by MED plant  
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• Availability of fuel and gas at low prices 
• Owner’s / Investor’s long-term experience gained with MED plants 

reducing the perception of process-related risks 
• Owner’s / Investor’s long-term experience with dual-purpose water and 

power projects  
• Replacement of existing dual-purpose projects likely by desalination 

plants combined with renewable energies e.g. MED powered by CSP 
keeping co-generation of water and power   

• Common requirements for plant staff since the operation and 
maintenance of MED plants is rather related with thermal desalination 
process than process engineering as it is the case for RO). 

 
Above mentioned considerations can be extended according to specific 
project goals and boundary conditions. The desalination technology to be 
applied is usually the result of a multi-criteria decision matrix according to 
project objectives.  
 
After presentation of unit costs by MED, in the following Figure 6-6 the 
indicative LWCs by SWRO plants are depicted. In the same way as for the 
MED plant the results distinguish two different DNI classes at the coast and 
fuel type variants (see paired symbols). For better comparability with MED, 
the results shown in Figure 6-6 for the same plant capacity of 100,000 m³/d 
that is located at the coast and designed at 25°C seawater average 
temperature. 
 
Due to various plant capacities and pre-treatment schemes considered for 
the SWRO plants in the selected macro-regions, there is a larger set of 
results assessed for the SWRO. The full list covering all indicative levelized 
water costs by SWRO are included in Annex 10-14 to Annex 10-19. 
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Figure 6-6: Range of indicative levelized water production costs by SWRO plants for 

different macro-regions, fuel options and DNI classes including pre-
treatment options 

 
Figure 6-6 delivers a quite different picture for the SWRO. This time, the 
unit water prices by SWRO in the Mediterranean region are expected to be 
more economical than the ones in the Red Sea and Arabian Gulf (all 
evaluation cases yield to LWC below 2.0 US$/m³): 
 
• For example SWRO plant located in the Mediterranean region with 

moderate seawater temperature and salinity is likely to produce water at 
significantly lower unit prices than with the same configuration located 
in the Red Sea & Indian Ocean within the same solar irradiance and pre-
treatment approach. This is highly related with the seawater quality 
differences. 

• In the Gulf region the assessed costs are even higher, however it should 
be kept in mind that the results shown particularly for the plants in the 
Gulf involve more intensive pre-treatment process (DAF+FF2) compared 
to e.g. Mediterranean and Red Sea region with FF1. Therefore the higher 
costs are consistent in this sense, but are not directly comparable in 
absolute magnitude. 

• If MF/UF is installed in the Mediterranean, the prices can be slightly 
higher than by SWRO with FF1 in the Red Sea region. 

 
Another main driving factor is the solar irradiance at the coastal areas given 
the same configuration. Looking at the unit prices for the Arabian Gulf, as 
an example, the price difference appears to be around 0.05 US$/m³ whether 
the plant is located at sites with better solar radiance meaning higher DNI 
values or not. 
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Further diagrams are included to highlight the regional differences in 
regards with seawater quality (salinity and temperature) as well as solar 
irradiance (i.e. DNI of 2000 or 2400) and their influence on the LWCs for a 
100,000 m³/d SWRO plant (refer to Figure 6-7and Figure 6-8). 
 
Below in Figure 6-7 SWRO typical plant specific water production costs are 
shown for all three macro-regions based on the following features: 
 
• SWRO plant location: Coast 
• CSP plant location: Coast, DNI: 2000 kWh/m²/year 
• Fuel: Natural Gas. 
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Figure 6-7: Specific water production costs US$/m³ from SWRO typical plants for 

different macro-regions. The results are shown for the case SWRO located 
at coast, DNI 2000 kWh/m²/year, Fuel: Natural Gas. Macro regions are 
abbreviated as med: Mediterranean Sea & Atlantic Ocean, red: Red Sea 
& Indian Ocean, gulf: Arabian Gulf 

 
Now considering the same case but locating the CSP plant inland with a 
better solar irradiance results in the following price profile: 
 
• SWRO plant location: Coast 
• CSP plant location: Inland, DNI: 2400 kWh/m²/year 
• Fuel: Natural Gas. 
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Figure 6-8: Specific water production costs US$/m³ from SWRO typical plants for 

different macro-regions. The results are shown for the case SWRO located 
at coast, DNI 2400 kWh/m²/year, Fuel: Natural Gas. Macro regions are 
abbreviated as med: Mediterranean Sea & Atlantic Ocean, red: Red Sea 
& Indian Ocean, gulf: Arabian Gulf 

 
The specific costs show the same increasing trend from Mediterranean 
region towards Arabian Gulf. A price saving of 0.04-0.06 US$/m³ seems to 
be achievable due to better conditions for the CSP plant location.  
 
A set of detailed tables corresponding to evaluation cases as presented in 
Section 6.2 are included in Annexes starting from Annex 10-14 to Annex 
10-17 comprising case 1, case 2 and case 3, showing a summary of specific 
OPEX together with specific CAPEX and LWC for all macro-regions, DNI 
classes and fuel options.  
 
Further, an additional evaluation of case 4 comprising solar-only power 
plant operation with SWRO being supplied with electricity from the grid 
(refer to Section 5.4.1 and Section 6.2).  
 
As such, the solar power plant is located at inland areas (DNI 2400 or 2800 
kWh/m²/yr) in order to maximize the “solar” operation during solar full load 
hours. Solar full load hours are essential in order to assess the annual 
operation time of the CSP plant according to annual solar irradiance at 
selected sites. 
 
At excellent sites with DNI of 2800 kWh/m²,yr solar full load hours 
comprise 4344 h/yr and at sites with moderate DNI 2400 kWh/m²,yr solar 
full load hours are around 3778 h/yr. As the desalination plant operating at 
base load requires 8000 h/yr electricity supply, the difference which is 
pending during non-availability of solar energy will be compensated by the 
local electricity grid. Thus in the evaluation case, local electricity prices 
need to be taken into calculation. A uniform electricity tariff which can be 
generally applied to the entire MENA region is difficult to determine.  
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The electricity tariffs from the local grid usually vary significantly between 
countries. For simplicity, the study adopted two different electricity tariffs 
to provide a rough indication for the Middle East and the North Africa. 
Current local electricity tariffs are used as indicated in Table 6-3, the one 
from Morocco assuming to be representative for the North Africa region 
(Mediterranean) and the other from Saudi Arabia assuming to be 
representative for the Middle East region (Red Sea & Indian Ocean and 
Arabian Gulf). The selection of the countries is done arbitrarily, while 
noting that the results are highly indicative. The results can first be 
applicable to individual MENA countries when the prevailing local 
electricity tariffs are adjusted accordingly.  
 
The results of case 4 should be evaluated individually since they are not 
directly comparable with the precedent cases (case 1 to case 3) due to lower 
CSP production capacity as explained above. 
 
The results for the Mediterranean region are shown in Annex 10-18.  
The results for the Red Sea and & Indian Ocean together with Arabian Gulf 
region are shown in Annex 10-19.  
 
The preliminary results show that in countries where electricity prices are 
quite low, this option can be an attractive option. 
 
Thus the economics of this option are highly prone to prevailing electricity 
tariffs and their future developments in each country in the region.  
 
Results of the analysis show that desalinated water can be produced within a 
range of 1.30 - 1.50 US$/m³ in the Mediterranean region (based on 
electricity mix sourced both by the CSP plant at 0.21 US$/kWh and by the 
local electricity grid using the current electricity tariff in e.g. Morocco at 
around 0.08 US$/kWh.  
 
In case the same plant is located in the Arabian Gulf the desalinated water 
cost appears about 1.40 US$/m³ using electricity from the CSP plant at 0.21 
US$/kWh and electricity from the local grid at around 0.04 US$/kWh using 
the current electricity tariff from e.g. Saudi Arabia (refer to Table 6-3).  
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6.4 Benchmarking Water Costs 

The water prices calculated for the production of 1 cubic meter potable 
water range between some 1.60 US$ for the best case involving a SWRO 
plant in the Mediterranean with one-stage floc-filtration and at the other end 
water prices slightly above 2.20 US$/m³ for the water production after an 
MED plant located in the Mediterranean.  
 
Below as benchmark water prices from desalination plants since 2003 are 
illustrated (see Figure 6-9): 
 

 
Figure 6-9: Water prices from desalination plants since 2003 [GWI/ DesalData 2010 

Water] 
 
The prices are originating from desalination plants equipped with different 
technologies (refer to Annex 10-24 for water prices from desalination plants 
since 1991). Irrespective of the plant location, there is obviously a wide 
range of price window. 
 
Compared to unit prices shown in Figure 6-9 the water prices obtained from 
desalination plants powered by CSP, turn out more expensive. This is as one 
would expect related with the CSP technology which is still more expensive 
than conventional power plants producing electricity at higher costs. This, in 
turn, affects the water production prices due to electrical demand of 
desalination plants. There may be possibly some cost savings that can be 
achieved if the CSP plant is further optimized for a specific project case. 
The MENA Water Outlook will investigate such possibilities within pilot 
cases in the next project phase. 
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LWCs estimated in this study are not yet water tariffs that are paid by 
consumers, but costs that incur for the production of water at plant interface. 
Water tariffs usually include in addition to water treatment, costs for water 
storage, transporting it to consumers, collecting and treating wastewater, as 
well as billing and collection. For qualified estimation of such highly-
variable additional costs more specific data are needed for evaluation. 
However such costs should not be underestimated. Upon a literature review 
conducted by [Zhou 2005] the costs of transport of desalinated water to 
water scarce cities can be as follows: As of 2005, it was suggested that 
transport costs range from a few cents per cubic meter to over a dollar 
(while assuming the unit cost of desalinated water at 1 US$/m³). Further it 
was suggested that a 100 m vertical lift is about as costly as a 100 km 
horizontal transport ($0.05–0.06/m3). Thus transport can make desalinated 
water prohibitively expensive in highlands and continental interiors but not 
elsewhere. Such cost impacts should therefore be taken into consideration 
for appropriate site selection. For example in Australia, even long water 
transport pipelines for desalinated water are installed with the consequence 
of almost doubling the desalinated water costs. The driving factor is usually 
governed by environmental protection so that desalination plants can 
possibly be located out of residential areas in order to reduce potential 
environmental impacts. 
 
Water transfer system may also increase the vulnerability of the water 
supply if water distribution network is posed to risks such as natural 
disasters, facility failures or contamination. Sufficient storage capacity as 
back-up option should be encountered as well as the related cost impacts in 
the overall water supply system. 
 
According to location water tariffs can be set below water production costs, 
at the level of cost recovery without a return on capital, or at the level of 
cost recovery including a pre-determined rate of return on capital. In many 
developing countries tariffs are set below the level of cost recovery, even 
without considering a rate of return on capital. This often leads to a lack of 
maintenance and requires significant subsidies for both investment and 
operation. In developed countries water, and to a lesser degree, wastewater 
tariffs, are typically set close to or at the level of cost recovery, sometimes 
including an allowance for profit. The next section gives a brief summary.  
 
There is no global standard for water pricing to date. Water tariffs vary quite 
considerably all over the world as it can clearly be seen in Figure 6-10.  
 
Tariff surveys [GWI/DesalData 2009] show that in many large countries 
(China, France, Germany, India, Mexico, South Africa and the United 
States) the process of price adjustment takes place at the municipal level.  
 
In some developing countries, water tariffs are set at the national level. In 
this context, water costs are highly sensitive to political and economic 
factors or well as local features i.e. long transport distances.  
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In many countries of the Middle East and North Africa (Egypt, Jordan, 
Lebanon, Morocco, Syria, Tunisia), as well as in many countries in Sub-
Saharan Africa tariff increases are decided by the governmental institutions. 
There are no objective criteria for tariff adjustments and they tend to be 
infrequent and often lag behind inflation so that cost recovery remains 
elusive. 
 
In some countries, for example in Germany, it is stipulated by law that all 
the financial costs of service provision must be recovered through tariff 
revenues.  
 
[GWI/DesalData 2009] reported that water tariffs can have a significant 
impact on the water consumption behavior.  
They have observed that water usage patterns have begun to change 
dramatically in countries where cost recovery tariffs have been introduced. 
For example, a municipality in Namibia doubled its tariffs between 1998 
and 2003. This contributed to a 50% reduction in demand for groundwater 
abstraction. 
 
The calculation approach of the water tariff can also be manifold. Economic 
parameters such as amortization period and interest rate can highly affect 
the calculation results. A difference in the interest rate between 3% and 7% 
may change the water prices about 10-15%. 
 
As the results of the study also show, energy costs have a remarkable 
influence on the economics of the desalination as well. The recent 
developments in the energy prices have put a burden on the water costs. 
Although desalination technologies use mainly electrical energy (and heat in 
case of thermal desalination) and not directly crude oil, the peaking prices of 
crude oil (from 27 US$/barrel in 2003 to 80 US$/barrel in 2010) did mark 
off the gas and electricity prices. Currently the crude oil prices are already 
above 100 US$/barrel. Eventhough the recent prices increased for 
production of desalinated water, the demand for more water is still 
increasing. This is probably derived by the desired volume of water rather 
than the price of water.  
 
Also in some parts of MENA especially in Saudi Arabia or Egypt water are 
greatly subsidized. Water in Libya can even be used for free, for example.  
 
Water and waste water costs are summarized in Figure 6-10, including a set 
of cities in the MENA region and others from rest of the world. Obviously 
the prices are wide spread. 
 



 

6543P07/FICHT-7109954-v2  6-87 

Figure 6-10: Excerpt of global water tariffs, including water and wastewater tariffs 
[GWI 2009 Water Tariff Survey] 
 
In addition to huge price differences of water in several cities of the world, 
it can be observed in the diagram that in colder regions the water prices are 
higher. In contrary, in warmer regions such as in MENA, the water prices 
are much lower and partly free, where water is scarce. 
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7. Future Perspectives of Desalination powered by CSP 
Desalination technologies are well-proven and mature. In the last thirty 
years, desalination technologies have recorded significant developments. 
Especially in terms of process efficiency with lower energy consumption 
and higher quality of materials, the improvements to date have been huge.  
 
The improvements in desalination technologies have shown positive effects 
in the price reduction of desalinated water produced. The range of price 
reduction in seawater desalination has reached almost constant stage over 
the last years. Until 2003 the desalinated water costs have shown a gradually 
decreasing trend. 
 
Since 2003 the cost of desalination started to show an upward trend 
resulting in higher unit water costs. This apparent increase can be seen as a 
reflection of increasing commodity prices of the recent years, as shown in 
Figure 7-1, not only because of peaking energy prices and increasing raw 
material prices having a high price impact on desalination costs, but also 
due to other factors such as falling value of dollar and increasing 
environmental requirements to be implemented in desalination plants. This 
is the reason why in the overall balance the cost savings achieved by 
technical improvements in desalination technology were literally absorbed  
by increasing prices of desalination cost items. 

Figure 7-1: Commodity price development between 1992 and 2010 including 
commodity indices of agricultural raw materials (blue), fuel (energy) 
(green), metals price (turquoise) and commodity price index (yellow) and 
commodity food price index (orange)33  

                                                 
33 The chart is available at http://www.indexmundi.com/commodities/  - accessed on 
03.03.2011 
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There is no doubt that there will be further developments in the technology. 
For example MED can perform better in the near future with a higher Gain 
Output Ratio (e.g. GOR of 12) in the Gulf region (this potential effect was 
considered in the study) and may allow for cost-alternative materials. 
SWRO modules can be made available as standardized, off-the-shelf 
modules that can entail further price reductions of up to 10- 20%. Different 
plants of similar capacities can be equipped uniformly.  
 
However the expected technology improvements may not be very 
significant in general compared to expected further peaking crude oil prices 
and electricity cost increases as well as increasing raw material costs. Such 
rising prices directly affect the specific water production costs, to a greater 
extent the former due to higher share of electrical consumption of such 
plants. It is likely that desalinated water may become more expensive in the 
future.  
 
Forecasts show that future raw material costs are likely to be further in 
upward trend as shown in Figure 7-2. 
 

 
Figure 7-2: Raw Materials Group’s (RMG) metal price forecasts for 2011 34 
 
Another aspect to be considered while projecting the future desalinated 
water costs is the additional environmental mitigation measures that should 
be incorporated within future desalination plants. The impact is expected to 
be low, remaining below 5% of the overall plant costs, however this portion 
is highly dependent on project location and governing environmental laws 
in the project country. Process waste water treatment plants and enhanced 
concentrate discharge systems are expected to become state-of-the art in 
desalination plant design. In addition there is specific research need to 
understand the links between potential desalination plant impacts and the 
receiving eco-system which is complex. In this context, extensive data 
collection and evaluation will be required at desalination plant sites. Further 
cause-impact monitoring is of importance to enable detection of any impacts 
and for their prevention. 
 

                                                 
34 http://www.metal-
supply.com/article/view/59629/raw_materials_groups_metal_price_forecasts_2011 
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On the other hand, the CSP technology is quite in its development phase. 
The innovative technology has great potential for future developments 
ahead. Especially as a sustainable energy source renewable energies, 
especially CSP, can gradually replace fossil fuel utilization and in 
combination with seawater desalination, it can substantially augment to 
water and electricity supply in the MENA region. Although the raw material 
prices are expected to further increase, which are also applicable to solar 
field investment costs, the developments in CSP technology are promising 
and may have advantages over or may balance such price increases35. 
 
Particularly if CSP can overcome its limitations in the next decades by 
technology improvements, adapting the technical lessons learned from 
implemented plants and allow for i.e. better heat storage facilities for more 
operation flexibility or higher steam temperatures to be fed to steam turbine 
(that are comparably high as in conventional power plants) to ensure higher 
power plant efficiency. CSP plants are likely to substantiate conventional 
power plants at an increasing pace. The increasing market competition is 
counted as another driving force when it comes to technology improvements 
and economies of scale.  
 
This potential transition from conventional desalination and power plants to 
desalination plants with CSP would further contribute to the climate 
protection in MENA, reducing the emissions of carbon dioxide from power 
generation from 570 Mt/yr in 2010 to 270 Mt/yr in 2050. This can be 
achieved in spite of a significant growth of population and economy 
expected in the region that would lead to emissions of over 1500 Mt/yr 
following a business as usual strategy. 
  
For being sun-rich and water-scarce the MENA region is one of the most 
suitable regions in the world to start implementing desalination plants 
sourced by CSP. The study identified huge desalination potential with CSP 
corresponding to 55,800 MCM/yr in 2030 and 98,000 MCM/yr by 2050.  
 

                                                 
35 Based on reasonable assumptions in regards with future developments, future projected 
water production cost (LWC) from desalination plants with CSP is estimated to decrease 
from 1.5 US$/m³ (2010) to 0.90 US$/m³ (2050). The estimate considers a CAPEX 
reduction by 20%, OPEX decrease by 10% and additional environmental cost impacts by 
5% (Fichtner’s best estimate however there is no benchmark available). Regarding energy 
costs a price reduction from 0.22 US$/kWh (2010) to 0.08 US$/kWh (2050)  is considered 
for the electricity generated from CSP plants (LEC) to due to efficiency gains in CSP 
technology (Trieb et al. 2011). In consequence based on the same assumptions LWC from 
conventional desalination plants is expected to increase from 1.0 US$/m³ (2010) to 1.2 
US$/m³ (2050) taking into account conventional electricity prices to increase from 0.08 
US$/kWh to 0.14 US$/kWh due to decreasing availability of fossil fuel resources (Trieb et 
al. 2011). The prices are in today’s US Dollars without considering inflation. 
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8. Conclusions 
The study results show that the water scarcity in the MENA region will 
grow from presently 277,000 MCM/yr (2010) to 450,000 MCM/yr in 2050 
considering the average climate scenario. The opening gap will be a big 
challenge and will probably affect the whole region from now on.   
 
Seawater desalination is as a reliable alternative water source that is already 
serving for water supply in the region. Technically, the desalination 
capacities can be expanded without constraints. For example, the largest 
seawater desalination plant to date is currently under construction to 
produce 1 M m³/d of potable water in Ras Azzour, Saudi Arabia. It is based 
on MSF and RO technology. Due to unit/train type of desalination plant 
design a capacity scale up is not a concern. If more desalination plants are 
installed in combination with CSP, as a sustainable energy alternative, this 
would change conventional desalination to sustainable desalination by 
decreasing the fossil fuel share, carbon footprint and secure the mid-and 
long-term future water and energy supply in the region. 
  
The evaluation of different plant configurations point out that, regional as 
well as local differences, such as plant location, plant capacity, selected 
technology as well as plant configuration such as dual purpose or stand-
alone plant can have impacts on the design of the CSP plant as well as the 
cost of the two products - water and electricity. Appropriate and adequate 
plant design and operation for both components of desalination and CSP are 
indispensible which as well can affect the economics of the plant 
significantly. 
 
Although the study includes basic design considerations only, the results 
show sensitivities between variations in plant configuration and location and 
the related costs. Considering long operation time of a desalination plant 
combined with CSP, these impacts can become significant not only in the 
investment costs but also in the operation costs during plant operation 
period.  
 
The study investigates several plant configurations covering the entire 
MENA region and to provide more understanding of desalination combined 
with renewable energy sources especially with CSP. This is an initial step to 
provide a wide platform and sound basis for future projects to bridge the 
growing water gap in the region. This platform however needs to be 
expanded and deepened to proceed with a more specific-approach involving 
more detailed analyses and project specific optimization. The World Bank 
intends to conduct such detailed assessments in the subsequent project phase 
comprising several pilot case studies. 
 
Taking into consideration the severity of the water gap projected in the 
MENA region the need for sustainable energy alternatives other than fossil 
fuel has never been more urgent. It is of great importance that especially in 
the MENA to implement new projects allowing for practical project 
experience regarding desalination in combination with CSP.  
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A possible way could be to initiate a CSP desalination program in order to 
enable a fast track market development. In this context governmental 
measures from water and energy authorities can substantially support such 
development.  
 
According to scenarios generated within the study, desalination with CSP is 
likely to become predominant starting from 2020 to 2030 where oil and gas 
sources are expected to be decreasing. Until then, measures will be needed 
to bring desalination with CSP to its desired well-engineered level, 
achieving highest efficiency gains to make the most out of it.  
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9. ANNEX I: Desalination Potential in MENA Region 

9.1 General Remarks 

This chapter provides desalination related information on country basis 
including the desalination potential assessment results of the MENA 
Regional Water Outlook. 
 
The chapter is structured in three sections for each country of the MENA 
region:  
 
The first two sections are related with seawater and brackish water 
desalination plants in each country. The desalination-related information 
and data included in these sections are sourced directly from 
GWI/DesalData36 as published37. A brief summary of desalination projects 
in each country, figures showing the desalination profile (plant size, 
technology, raw water quality and user category) are included without 
additional comments. The aim is to provide a historical overview on 
desalination plants, programs and perspectives by country.  
 
The subsequent third section presents the desalination potential assessment 
in each MENA country while demonstrating the number of required typical 
plants based on the current water demand data and future water demand 
scenario considered in this study.  
 
The potential location of the proposed desalination plants is covered in the 
CSP potential assessment maps for each MENA country. The potential 
assessment is done separately for the coastal areas and for the total area on a 
country bases. The exclusion criteria are based on solar resource and land 
resource. In the land exclusion criteria desalination plant requirements are 
integrated (e.g. required footprint, average distance to shore, seawater intake 
minimum requirements etc). The existing desalination plants in the MENA 
are also taken into account. The exclusion criteria can be seen in detail in 
the Task 2 - Energy Requirement Report.  
 
The results are provided as sum of number of desalination plants combined 
with CSP for each country in 10 years increments until 2050. The exact 
location of the plants and their feasibility in regards with appropriate site 
selection can only be achieved upon evaluation of available detailed local 
site data. Environmental aspects can play a significant role for such 
evaluation especially in the areas where a high number of desalination 
plants are already in operation.  

                                                 
36 The information and data were accessed on 22nd December 2010 and extracted  upon 
permission by Sivan Tal, Global Water Intelligence (GWI)  per email on 21st December 
2010. 
37 Some of the MENA countries (e.g. Malta, Gaza Strip and the West Bank, Lebanon, 
Syria) are however not profiled in the database, therefore, if available, pending information 
will be substituted from other sources. 
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It would be useful to extend the study with further studies e.g. on a local 
scale that can cover more detailed assessments.  
 
The water demand scenario is established by DLR based on the average 
climate scenario delivered by FutureWater (Immerzeel et al. 2011). Further 
details on the water and electricity demand scenario are included in Task 2 - 
Energy Requirement Report. 

 
The results are provided in relevant tables including the main water demand 
scenario indicators until 2050 for each county by DLR. The following 
indications are made:  
 
• CSP Desalination is shown in capacity (million m³/yr, shortly MCM/yr) 

including the corresponding number of plants to be installed. Reference 
is taken as a typical of 100,000 m³/d desalination plant.  

• Conventional desalination plants are taken into account, representing 
already installed thermal and RO desalination plants, just as scheduled by 
national planning until 2015. The respective data from the Global Water 
Intelligence Outlook to 2016 (GWI 2010d) was taken. Considering the 
expected life cycle of each desalination plant38 in MENA, the model 
substitutes any decommissioned conventional desalination capacity after 
2015 by CSP desalination.  

• New Desalination Plants are used for countries where there is no CSP 
Desalination potential assessed, due to area constraints (e.g. Malta, Gaza 
Strip, Lebanon). In such cases, the relevant electricity mix is taken into 
consideration. 

• In the scenario, CSP expansion starts in 2015 at the earliest and in the 
initial phase it is limited with 100 Mm³/yr. In the long-term, the 
expansion is limited to 1500 Mm³/yr for each country. 

9.2 Algeria 

9.2.1 Desalination Plants 

According to Algerian Electricity Company (AEC), Algeria’s largest 
operational seawater desalination facility is the El Hamma plant. It has a 
capacity of 200,000 m³/d and went online in 2008. Algeria’s total 
desalination capacity, including private and industrial plants, was 575,300 
m³/d in 2009. 
 
Algeria launched an ambitious desalination program of large-scale SWRO 
plants in 2005, with plans to build 13 plants along the country’s 1,400 km of 
coastline and a total capacity of 2.26 million m³/d. The current program is 
expected to meet the needs of the entire coastal population until 2030. 
 

                                                 
38 A life time of 20 years for RO, 25 years for MED and 35 years for MSF plants are 
assumed. 
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Ten plants with a total capacity just over 2 million m³/d have now been 
contracted, four of which were online by March 2010. Once completed in 
2013, the country’s total desalination capacity will be higher than 2 million 
m³/d.  
 
At 500,000 m³/d the Mactaa SWRO project in western Algeria will be the 
world’s largest SWRO plant. The plant is scheduled for completion in late 
2011. Algeria’s groundwater comes from boreholes as deep as 2,000 m in 
places with a high mineral content. There are a few BWRO plants in the 
south of the country.  
 
Salinity levels are often too high (2,000 mg/l and above) for drinking 
standards in this area. Unlike seawater desalination, brackish water 
desalination is the remit of Algérienne des Eaux (AdE) rather than AEC.  
 
In January 2009 a contract has been signed to build nine BWRO plants 
across the Wilaya (province) of Ouargla, with a total capacity of 70,000 
m³/d (plants ranging from 3,000 to 27,000 m³/d). The plants will come 
online at the end of 2010.  

9.2.2 Desalination Profile 

 
Figure 9-1: Annual contracted and commission capacity in Algeria, 1980-2008 
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Figure 9-2: Algeria installed capacity by plant size, technology, raw water quality and 

user category 

9.2.3 Desalination Potential 

Table 9-1: Main water demand scenario indicators for Algeria until 2050 
Water Production in MCM/y 2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 451 1037 1775 2614
Unsustainable Extractions 0 0 0 0 0 0
CSP Desalination 0 0 0 0 0 2142
Conventional Desalination 90 288 534 457 0 0
Wastewater Reuse 0 0 314 737 1292 1948
Surface Water Extractions 5686 6269 5897 4889 4649 4668
Groundwater Extractions 765 492 622 2449 3882 2218
Total Demand BaU 6540 7050 7818 9567 11598 13590
No of Desalination Plants* 
installed  

 
0

 
0

 
0

 
0 

 
0

 
59

*Reference desalination plant capacity: 100,000 m³/d 

9.3 Bahrain 

9.3.1 Desalination Plants 

A key strategy of the authorities involves reducing the amount of brackish 
groundwater used in blending with distillate water and then fed into the 
main water network. Electricity and Water Authority (EWA) officials say 
that the objective is to reduce this to zero by 2010, with 100% of public 
potable water supply generated by desalination plants and their associated 
treatment stations. One of the reasons is not just the scarcity of groundwater, 
but also that its quality has been deteriorating markedly in recent years, 
becoming more salty. EWA officials have indicated that, in the future, 
depleted groundwater aquifers may be recharged with treated wastewater. 
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Bahrain has four main desalination plants, whose capacities have been 
progressively increased over the course of the past decades. 
 
Brief profiles of the plants are as follows: 
 
The Hidd Power and Water Plant, located to the south of the island of 
Muharraq and within proximity of Manama, has the largest desalination 
capacity in the country and uses multi-stage flash (MSF) technology. With 
an original production capacity of 136,000 m³/d, it underwent an expansion 
program in 2006-2008 which enabled it to produce another 273,000 m³/d, 
bringing the total capacity to an estimated 409,000 m³/d. Officials from the 
EWA indicated that in late 2008 the plant was already producing 273,000 
m³/d, and that the remaining 136,000 m³/d would become available in early 
2009 once a final round of testing was completed. The Hidd plant now also 
includes a potabilization plant, which means that it will no longer require 
blending with brackish groundwater.  
 
Another desalination plant at Ras Abu Jarjur, also located on the eastern 
seacoast, currently produces around 73,000 m³/d using groundwater, not 
seawater. 
 
The Sitra power and water plant is the oldest in the country, having been 
originally commissioned in the 1970s. It produces 114,000 m³/d of distillate 
water, which is blended with groundwater before entering into the main 
supply network. 
 
The large Aluminium Bahrain (Alba) plant, located to the south of Manama, 
also produces some desalinated water as a by-product of its other 
operations. According to the EWA, production of desalination water was 9 
MCM/yr in 2007, an average of 24,700 m³/d. 
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9.3.2 Desalination Profile 

 
Figure 9-3: Annual contracted and commission capacity in Bahrain, 1980-2008 
 
 
 
 
 

 
Figure 9-4: Bahrain installed capacity by plant size, technology, raw water quality 

and user category 
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9.3.3 Desalination Potential 

Table 9-2: Main water demand scenario indicators for Bahrain until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 4 8 13 19
Unsustainable Extractions 0 0 0 0 0 0
CSP Desalination 0 0 26 82 308 311
Conventional Desalination 113 250 245 215 0 0
Wastewater Reuse 2 2 15 32 50 70
Surface Water  
Extractions 

21 0 8 4 4 5

Groundwater Extractions 68 0 1 1 1 1
Total Demand BaU 204 252 299 341 376 405
No of Desalination Plants* 
installed  

 
0

 
0

 
0 

 
2 

 
8

 
9

*Reference desalination plant capacity: 100,000 m³/d 

9.4 Djibouti 

9.4.1 Desalination Plants 

There is no available information on existing desalination plants in Djibouti. 
 
The latest news from 2004 was that Djibouti National Water Office (ONEP) 
invited feasibility study proposals for 31,820 m³/d seawater desalination 
plant in Djibouti City, nation’s capital on east coast of Africa fronting Gulf 
of Aden.  

9.4.2 Desalination Profile 

It was reported by Water Desalination Report (WDR) in 2004 that capital 
city is in dire need of water as quality of its drinking water from 30 wells 
deteriorates. Chloride content of many wells already exceeds safe potable 
levels, but wells continue being used for lack of any other supply. Office 
National de l’Eau Potable (ONEP) believes desalination costs may be less 
than water piped from Hanle area 190 Km away. One task of the study will 
be definitive answer to that question. 
 
It was stated that ONEP thinks financing could be assisted by World Bank 
and African Development Bank.  
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9.4.3 Desalination Potential 

Table 9-3: Main water demand scenario indicators for Djibouti until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 2 5 10 17
Unsustainable Extractions 0 0 0 0 0 0
CSP Desalination 0 0 0 0 0 0
Conventional Desalination 0 1 1 0 0 0
Wastewater Reuse 0 0 2 5 9 16
Surface Water Extractions 26 30 35 42 53 64
Groundwater Extractions 0 0 0 0 0 0
Total Demand BaU 26 31 40 52 72 97
No of Desalination Plants* 
installed  

 
0

 
0

 
0 

 
0 

 
0

 
0

*Reference desalination plant capacity: 100,000 m³/d 

9.5 Egypt 

9.5.1 Desalination Plants 

The desalination sector remains emergent in Egypt. Desalination is mainly 
used for additional drinking water supply in coastal towns aimed at the 
tourism industry and municipal use. The petroleum and energy industries 
also own desalination plants. It is expected that despite the substantial 
overheads, desalination will be explored where it is feasible, for instance in 
the new cities located near to the coast. 
 
The country’s new cities are a significant source of opportunity. As Egypt 
attempts to relocate its growing population, 16 new cities were under 
construction by mid-2008 and are designed to house a population of 6.8 
million people by 2017. Some 13 of these settlements will be dependent on 
Nile water, while the remainder will rely on groundwater resources. Another 
41 additional New Cities are being planned, and are expected to house a 
total of seven million people when completed.  
 
All of these cities will require public infrastructure from scratch, with 
emerging areas such as the New Cairo “6th October” City already seeing 
tenders for major waste water treatment plants (WWTPs) and expansion 
projects. 
 
It is likely that the desalination of brackish water from groundwater drilling 
may well soon be considered as a viable nonconventional water supply. 
 
RO is the most commonly used desalination technology in Egypt. 



 

6543P07/FICHT-7109954-v2  9-101 

9.5.2 Desalination Profile 

 
Figure 9-5: Annual contracted and commission capacity in Egypt, 1980-2008 
 

 
Figure 9-6: Egypt installed capacity by plant size, technology, raw water quality and 

user category 
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9.5.3 Desalination Potential 

Table 9-4: Main water demand scenario indicators for Egypt until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 1762 3923 6387 9673
Unsustainable Extractions 0 0 14559 9154 0 9343
CSP Desalination 0 0 3400 2803 0 6709
Conventional Desalination 90 230 378 217 0 0
Wastewater Reuse 2946 3346 5645 8376 11106 15122
Surface Water Extractions 49314 54817 35510 44489 63150 45836
Groundwater Extractions 754 2421 5754 5863 0 5898
Total Demand BaU 53104 60814 67009 74825 80643 92581
No of Desalination Plants* 
installed 

 
0

 
0

 
93

 
77 

 
0

 
184

*Reference desalination plant capacity: 100,000 m³/d 

9.6 Gaza Strip and West Bank 

9.6.1 Desalination Plants 

There is only limited information available in the GWI/DesalData database. 
According to latest reporting of February 2011 the Palestinian Authority is 
expected to begin talks with donors in the coming months to discuss plans 
for a new 274,000 m3/d desalination plant along the Mediterranean coast of 
the Gaza Strip. 
 
The desalination project is considered vital due to the growing scarcity of 
water in the Gaza Strip. The 360 km2 territory has a population of over 1.6 
million and has one of the fastest growing populations in the world. A 
54,800-60,275 m3/d desalination plant for the territory was first proposed 
back in 2000, with USAID as the project proponent. 
 
GWI reported that the first phase of the rejuvenated desalination project 
calls for a 150,680-164,385 m3/d plant to be located along the central coast 
of the Gaza Strip. The proposed facility will be linked up to a new national 
water carrier that would run the length of the territory.  
 
The long-term plan calls for expanding the desalination plant to 
274,000 m3/d within ten years in order to meet the rapidly expanding 
demand for water. At present, total water consumption in the Gaza Strip 
stands at 438,350 m3/d, of which 232,875 m3/d is for domestic consumption 
and 205,475 m3/d is allocated to agriculture. Most of the water comes from 
the coastal aquifer and from wells, although Mekorot, Israel’s National 
Water Company, supplies an average of 12,325 m3/d to the Gaza Strip. 
 
In addition to a permanent land-based desalination plant, there has been 
some discussion over the possibility of installing mobile desalination plants 
that could produce 5,480-8,220 m3/d of water. It was noted that a severe 
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shortage of available land along the Gaza Strip’s short coastline may mean 
that mobile plants ultimately prove impractical. This argument hinges on the 
premise that such facilities would require substantial amounts of land, which 
would then be unavailable for the construction of a permanent desalination 
facility.  

9.6.2 Desalination Profile 

Following information could be found in GWI/DesalData. 
 
Table 9-5: Gaza Strip installed capacity by plant size, technology, raw water quality 

and user category 
Project Name Capacity (m3/d) Feed water Technology Online date Status Offtaker

Gaza 800
River water or 
low concentrated saline water  RO 2000 Online Municipality

Gaza 946 Brackish water or inland water  RO 1997 Online Industry
Gaza ‐ PEA 990 Seawater  RO 1999 Online Industry
Gaza 1300 Brackish water or inland water RO 2000 Online Municipality
Gaza Strip 1440 Seawater  RO 1995 Presumed Online Municipality
Gaza Strip 1500 Seawater  RO 1997 Online Municipality
Gaza 2000 Seawater  RO 2000 Online Municipality
Gaza 2000 Seawater  RO 2000 Online Municipality
Gaza 60000 Seawater  RO On Hold
Gaza Desalination Plant 136986 Seawater  RO Planned Municipality
Gaza Central 274000 Seawater  RO On Hold Municipality  
 

9.6.3 Desalination Potential 

Table 9-6: Main water demand scenario indicators for Gaza Strip until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 13 30 53 83
Unsustainable Extractions 80 181 0 0 0 0
New Desalination Plants** 0 0 132 195 361 435
Conventional Desalination 0 0 94 94 0 0
Wastewater Reuse 0 0 8 19 35 56
Surface Water Extractions 18 9 9 10 11 10
Groundwater Extractions 44 1 1 1 1 1
Total Demand BaU 143 191 256 348 461 585
No of Desalination Plants* 
installed 

 
0

 
0

 
4 

 
5 

 
10

 
12

*Reference desalination plant capacity: 100,000 m³/d 
** No potential for desalination with CSP assessed. National electricity mix is further to be 
used.  
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Table 9-7: Main water demand scenario indicators for West Bank until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 36 77 130 194
Unsustainable Extractions 68 364 0 0 0 0
CSP Desalination 0 0 369 475 617 766
Conventional Desalination 4 4 45 45 0 0
Wastewater Reuse 6 7 26 50 81 120
Surface Water Extractions 74 58 89 76 104 72
Groundwater Extractions 202 13 10 9 9 7
Total Demand BaU 354 445 575 732 940 1160
No of Desalination Plants* 
installed 

 
0

 
0

 
10 

 
13 

 
17

 
21

*Reference desalination plant capacity: 100,000 m³/d 

9.7 Iran 

9.7.1 Desalination Plants 

The total contracted capacity in Iran is about 316,060 m³/d. All of them are 
currently under construction and mostly required for industrial water 
production e.g. for the Bandar Abbas Industrial Complex. 
 
The majority of the recently planned desalination plants deploy RO 
technology and secondly MED. 
 
Iran has a developing private sector with 126 consulting firms and 216 
contractors active within the water sector, according to the Ministry of 
Energy (MOE) figures. Most of the desalination plants have been contracted 
under Build, Own, Operate (BOO) agreements. 
 
At the at the GWI/IDA conference in April 2009 in Zurich, it was reported 
by an Iranian company that some 500,000 m³/d of new thermal desalination 
capacity will be required to supply cities and water-intensive industries in 
southern Iran. 
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9.7.2 Desalination Profile 

 
Figure 9-7: Annual contracted and commission capacity in Iran, 1980-2008 
 
 

 
Figure 9-8: Iran installed capacity by plant size, technology, raw water quality and 

user category 
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9.7.3 Desalination Potential 

Table 9-8: Main water demand scenario indicators for Iran until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 6795 13257 20630 27521
Unsustainable Extractions 17349 22150 8555 0 2642 7222
CSP Desalination 0 0 3400 9237 13156 10565
Conventional Desalination 0 172 282 218 0 0
Wastewater Reuse 0 0 3698 7188 11152 14815
Surface Water Extractions 40513 36743 41416 45883 40098 37340
Groundwater Extractions 24450 24578 24856 19019 18665 17414
Total Demand BaU 82312 83643 89001 94802 106343 114878
No of Desalination Plants* 
installed 

 
0

 
0

 
93

 
253 

 
360

 
289

*Reference desalination plant capacity: 100,000 m³/d 

9.8 Iraq 

9.8.1 Desalination Plants 

Before the war, Iraq had 226 operating water treatment plants (WTPs) and a 
smaller number of mainly brackish desalination plants. These, like the rest 
of water and wastewater infrastructure, are being renovated with funding 
from the Iraq Relief and Reconstruction Fund. 
 
Since the Euphrates and Tigris rivers are important renewable water 
resources for Iraq, the completion of Turkey’s Southeastern Anatolian 
Project by 2012 will negatively impact on Iraq’s drinking water supply. 
Therefore, it is expected that desalination will play an increasingly 
important role in water supply in Iraq. 
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9.8.2 Desalination Profile 

 
Figure 9-9: Annual contracted and commission capacity in Iraq, 1980-2008 
 
 
 
 

 
Figure 9-10: Iraq installed capacity by plant size, technology, raw water quality and 

user category 
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9.8.3 Desalination Potential 

Table 9-9: Main water demand scenario indicators for Iraq until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 5246 10604 16270 22046
Unsustainable Extractions 0 10089 12728 0 3815 0
CSP Desalination 0 0 3400 12323 13711 13280
Conventional Desalination 0 139 237 147 0 0
Wastewater Reuse 0 0 2092 4186 6380 8585
Surface Water Extractions 45631 29391 25562 29135 23194 26794
Groundwater Extractions 0 5157 4687 3847 3945 3503
Total Demand BaU 45631 44776 53952 60243 67316 74207
No of Desalination Plants* 
installed 

 
0

 
0

 
93

 
338 

 
376

 
364

*Reference desalination plant capacity: 100,000 m³/d 

9.9 Israel 

9.9.1 Desalination Plants  

Large-scale desalination is a key component in Israel’s strategy to tackle 
water scarcity in the long term. The government will invest in reformulating 
the Israel National Water System towards a greater reliance on desalination. 
Approximately 100 km of water pipelines will be constructed to carry 
output from five desalination plants (Ashdod, two plants at Soreq, Hadera 
and Hefetz Haim) towards the east and south of the country. This suggests 
that the National Water Carrier would become a secondary water network 
once these plants start operations in 2012.  
 
By that year most drinking water in Israel will be desalinated, according to 
Mekorot Water Company, the state-owned major water supplier in Israel.  
 
The National Desalination Plan outlines an increase in desalinated water up 
to at least 550 MCM/yr by 2013, and to 750 MCM/yr by 2020. Desalination 
is a sound solution for Israel’s water shortage, given that its cost has 
decreased substantially to approximately US$ 0.6/m³ and that it provides 
high quality water. Reducing the energy used in desalination and finding 
uses for the resultant concentrated brine are factors for consideration. 
 
The main desalination plants in Israel are: 
 
Ashkelon: One of the largest SWRO plants in the world. Operational since 
2005, Ashkelon has a total maximum capacity of 326,144 m³/d of water, 
15% of which is for domestic consumption. It will be expanded by another 
41,000 m³/d. The expansion is expected to be completed by the end of 2010.  
 
Palmachim: Built via a build-own-operate (BOO) contract, this SWRO plant 
provides 82,190 m³/d of water. It is being expanded to 123,000 m³/d.  
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Hadera: This SWRO plant had originally a capacity of 368,000 m³/d. An 
extension came fully online by May 2010, which added 88,000 m³/d, 
bringing the total installed capacity to 456,000 m³/d. It was the first large-
scale desalination facility in Israel to be financed internationally. The 
Hadera plant is more energy efficient than Ashkelon, and the water quality 
is higher.  
 
As an interim measure, consideration is also being given to smaller, 
container-based desalination plants with capacities ranging from 
13,700 m³/d to 41,000 m³/d. This would allow plants to become operational 
within 12 months. Up to 2009, Mekorot operated 30 small brackish water 
plants and one seawater desalination plant, mainly located in southern 
Israel. These plants supplied water to remote locations not connected to the 
national grid, or where water is too difficult to treat. They use RO, ED and 
ion exchangetechnologies. 

9.9.2 Desalination Profile 

 
Figure 9-11: Annual contracted and commission capacity in Israel, 1980-2008 
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Figure 9-12: Israel installed capacity by plant size, technology, raw water quality and 

user category 

9.9.3 Desalination Potential 

Table 9-10: Main water demand scenario indicators for Israel until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 46 111 193 288
Unsustainable Extractions 735 2082 0 0 0 0
CSP Desalination 0 0 2169 2929 3810 4414
Conventional Desalination 130 359 787 533 0 0
Wastewater Reuse 262 316 428 534 662 802
Surface Water Extractions 707 672 790 799 966 818
Groundwater Extractions 948 58 47 50 50 47
Total Demand BaU 2781 3486 4268 4956 5680 6368
No of Desalination Plants* 
installed 

0 0 59 80 104 121

*Reference desalination plant capacity: 100,000 m³/d 

9.10 Jordan 

9.10.1 Desalination Plants 

So far, the desalination of seawater and/or brackish water in Jordan has been 
very limited compared to countries such as Saudi Arabia, Kuwait and UAE. 
 
The full use of existing water resources and further development of 
alternative sources is one of the five pillars of the National Water Strategy. 
The main nonconventional water resources promoted through the National 
Water Strategy are treated wastewater (of which 93% is reused in 
agriculture) and seawater desalination. Despite large-scale water reuse 
efforts, there is a need to further promote additional sources.  
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Historically, because of financial constraints, seawater desalination has been 
considered a means of last resort to meet water demand, but it has become a 
key interest area in recent years. 
 
Desalination activity has been mainly limited to the private plants of major 
industrial water users. Plans for large-scale desalination plants have been 
subject to the outcome of the Red-Dead Sea feasibility studies. The Jordan 
Red Sea Project (JRSP) is the flagship project which aims to provide a 
solution to the shrinking of the Dead Sea which has occurred over the past 
40 years. In 2005, Israel, Jordan and the Palestinian Territories envisaged 
the construction of a tunnel system to transfer water from the Red Sea to the 
Dead Sea. The JRSP will produce 548,000 m³/d by 2018. In June 2010, a 
major pilot project to test the feasibility of the scheme was announced. The 
pilot project involves pumping an average of 548,000 m³/d of seawater from 
the Red Sea through a 180 km pipeline to the Dead Sea and desalinating 
half of this volume for potable water supply in Jordan and the Palestinian 
Territories. The World Bank has mobilized financial resources for a study to 
test the feasibility of this pilot project. 
 
It was reported that without waiting for the outcome, the Jordan government 
has initiated procurement for a desalination plant in Aqaba with a capacity 
of 548,000 m³/d. 

9.10.2 Desalination Profile 

 
Figure 9-13: Annual contracted and commission capacity in Jordan, 1980-2008 
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Figure 9-14: Jordan installed capacity by plant size, technology, raw water quality 

and user category 

9.10.3 Desalination Potential 

Table 9-11: Main water demand scenario indicators for Jordan until 2050 

Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 77 175 303 472
Unsustainable Extractions 263 882 0 0 0 0
CSP Desalination  0 0 705 864 1232 1501
Conventional Desalination 34 85 318 272 0 0
Wastewater Reuse 63 74 126 191 278 393
Surface Water Extractions 520 112 153 151 200 115
Groundwater Extractions 124 23 21 20 19 14
Total Demand BaU 1003 1175 1400 1672 2032 2496
No of Desalination Plants* 
installed 

0 0 19 24 34 41

*Reference desalination plant capacity: 100,000 m³/d 

9.11 Kuwait 

9.11.1 Desalination Plants 

Kuwait is actively seeking to boost its production of potable water. Severe 
scarcity of conventional freshwater resources has led to large investments in 
large-scale desalination facilities and advanced waste water treatment 
capacity. The country is the third largest consumer of desalinated water 
among GCC countries after Saudi Arabia and the United Arab Emirates. 
The largest share of desalinated water is used for potable water supply. 
Treated effluent from waste water treatment plants (WWTPs) is mainly used 
for irrigation of crops, including date palms, and for landscape irrigation. 
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The construction of large state-funded desalination plants, most employing 
thermal desalination technology, has been at the core of government’s water 
supply strategy for the last 30 years. This large-scale thermal desalination 
program has been implemented at considerable cost in terms of capital 
expenditure and ongoing energy consumption. 
 
Driven by the potential to improve productivity and energy efficiency in 
existing thermal desalination plants, the Ministry of Electricity and Water 
(MEW) decided to hybridize part of the existing large MSF desalination 
plant at Az-Zour South with new RO capacity. This decision indicates an 
increasing interest in reducing energy consumption of large desalination 
plants and an overall open-ended technological approach from the Ministry 
that could open the Kuwaiti desalination market to new players. 
Thermal desalination plants based on MED technology have not yet been 
procured but remain a possibility for future projects. 
 
Total desalination capacity is projected to rise progressively until 2011 as 
new distillation units are brought online at Shuwaikh in 2010, and new 
desalination plants come on-stream in Shuaiba North (204,570 m³/d) in 
2010 and at Az-Zour North (463,692 m³/d) in 2011. 

9.11.2 Desalination Profile 

 
Figure 9-15: Annual contracted and commission capacity in Kuwait, 1980-2008 
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Figure 9-16: Kuwait installed capacity by plant size, technology, raw water quality 

and user category 

9.11.3 Desalination Potential 

Table 9-12: Main water demand scenario indicators for Kuwait until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 9 23 40 61
Unsustainable Extractions 0 0 0 0 0 0
CSP Desalination 0 0 0 0 405 664
Conventional Desalination 360 501 474 387 57 0
Wastewater Reuse 74 103 134 170 205 237
Surface Water Extractions 0 0 156 220 243 184
Groundwater Extractions 0 0 0 161 185 145
Total Demand BaU 433 604 774 961 1136 1291
No of Desalination Plants* 
installed 

 
0

 
0

 
0 

 
0 

 
11

 
18

*Reference desalination plant capacity: 100,000 m³/d 



 

6543P07/FICHT-7109954-v2  9-115 

9.12 Lebanon 

9.12.1 Desalination Plants 

Lebanon has hardly installed desalination plants so far. The total installed 
capacity is only about 29,700 m³/d, which is not significant compared to 
other GCC countries. Thus, not much information is available on 
desalination in Lebanon. 

9.12.2 Desalination Profile 

Table 9-13: Lebanon installed capacity by plant size, technology, raw water quality 
and user category 

Project Name Capacity (m3/d) Feed water Technology Online date Status User
Beirut 96 Brackish water or inland water  RO  2009 Online Industry 
Beirut 100 Brackish water or inland water  RO  1995 Presumed Online Municipality
Lebanon 100 Brackish water or inland water  RO  1995 Presumed Online Municipality
Adma 150 Seawater  RO  1997 Online Municipality
Beirut 150 Brackish water or inland water  RO  1996 Online Municipality
Beirut 182 Seawater  RO  1980 Presumed Offline Tourist facilities
Beirut 227 Brackish water or inland water  RO  1980 Presumed Offline Industry 
Lebanon 246 Brackish water or inland water  RO  1994 Presumed Online Industry 
Choueifat 302 Brackish water or inland water  RO  1981 Presumed Offline Municipality
Beirut 370 Seawater  RO  1997 Online Municipality
Ras Nabi Yunes 520 Seawater  MSF 1971 Presumed Offline Power stations 
Lebanon 650 Seawater  MED 1995 Presumed Online Power stations 
Beirut 700 Seawater  RO  1998 Online Municipality
Beirut 1000 Seawater  RO  2001 Online Municipality
Beirut 1200 Seawater  RO  2000 Online Municipality
Beirut 1300 Seawater  MED 1980 Presumed Online Power stations 
Jal Eldib 1500 Seawater  RO  1998 Online Municipality
Adma 1800 Seawater  RO  1999 Online Municipality
Beirut 1893 Brackish water or inland water  RO  1996 Online Industry 
Beirut 2160 Seawater  MED  1982 Presumed Online Power stations 
Lebanon 4500 Seawater  RO  1994 Presumed Online Power stations 
Lebanon 10560 Seawater  MED  1996 Online Power stations   

9.12.3 Desalination Potential 

Table 9-14: Main water demand scenario indicators for Lebanon until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 55 107 171 234
Unsustainable Extractions 48 198 0 0 0 0
New Desalination Plants** 0 0 312 258 256 339
Conventional Desalination 10 10 6 0 0 0
Wastewater Reuse 0 0 62 128 210 297
Surface Water Extractions 821 871 915 963 1007 943
Groundwater Extractions 222 167 130 118 115 92
Total Demand BaU 1101 1245 1479 1574 1759 1906
No of Desalination Plants* 
installed 

 
0

 
0

 
9 

 
7 

 
7

 
9

*Reference desalination plant capacity: 100,000 m³/d 
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** No potential for desalination with CSP assessed. National electricity mix is further to be 
used.  

9.13 Libya 

9.13.1 Desalination Plants 

Desalination has been an industry focus in Libya since the mid 1970s. 
Thermal technology has dominated the market, though membrane 
technology has also been employed in a limited number of applications. 
 
The shift in Libya’s technological and financial approach to desalination 
over the past two years bodes well for a sector that has long been viewed as  
a secondary option in the country (desalination accounts for no more than 
5% of the total water supply). Historically, cost has confined desalination to 
higher-value applications such as the supply of water to Libyan steel 
industry. However, by April 2010 plans for a multi-million m³/d 
desalination program to hedge against a possible decline in the quality 
and/or quantity of water from the Great Man Made River (GMMR) project 
have been given new impetus under the auspices of the General 
Desalination Company (GDC). Taking into account that water from the 
GMMR will be used mostly for agricultural irrigation, the expanding 
desalination will be aimed at domestic supply, basically.  

9.13.2 Desalination Profile 

 
Figure 9-17: Annual contracted and commission capacity in Libya, 1980-2008 
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Figure 9-18: Libya installed capacity by plant size, technology, raw water quality and 

user category 

9.13.3 Desalination Potential 

Table 9-15: Main water demand scenario indicators for Libya until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 41 90 151 220
Unsustainable Extractions 560 183 0 0 0 0
CSP Desalination 0 0 0 1321 2487 2818
Conventional Desalination 223 223 757 689 0 0
Wastewater Reuse 40 43 265 510 817 1153
Surface Water Extractions 821 871 915 963 1007 943
Groundwater Extractions 2529 3124 2862 1598 1290 1112
Total Demand BaU 4174 4444 4840 5171 5751 6247
No of Desalination Plants* 
installed 

 
0

 
0

 
0 

 
36 

 
68

 
77

*Reference desalination plant capacity: 100,000 m³/d 

9.14 Malta 

9.14.1 Desalination Plants 

Malta is highly dependent on seawater desalination. Plants installed to date 
correspond to a total desalination capacity of about 320,220 m³/d. 
 
The island nation’s Water Services Corp (WSC) operates the three of the 
major SWRO facilities that produce 57 percent of the Malta’s potable water 
production. Ghar Lapsi, the oldest of the three of the plants, was a gift of 
Saudi Arabia, and commissioned in 1985 with a capacity of 24,000 m³/d.  
 
WSC’s RO plant manager confirmed to WDR that many of the elements 
have been in service for more than 23 years. Reportedly the single pass 
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system is still producing water with a TDS of about 400 mg/L with the 
original membranes. They are only replaced to improve the quality of the 
blended water production.  Desalinated water is currently blended with 
groundwater at a 60:40 ratio, and the quality of groundwater was observed 
to have begun to deteriorate, necessitating a reduction in the chloride level 
of the permeate. 
 
The installed beach wells provide a high quality feed water. The only 
pretreatment required is acid injection and a 5µ cartridge filter. 
 
The other plants being rehabilitated are the 54,000 m³/d (14.3 MGD) 
Pembroke Plant commissioned in 1990 and the 18,600 m³/d (5 MGD) 
Cirkewwa commissioned in 1989. 

9.14.2 Desalination Profile 

Table 9-16: Malta installed capacity by plant size, technology, raw water quality and 
user category 

Project Name Capacity (m3/d) Feed water Technology Online date Status User
Malta 1400 Seawater  MED  1991 Presumed Online Power stations 
Marsa 1453 Brackish water or inland water  RO  1987 Presumed Online Municipality
Delimara Diesel Power 1500 Seawater  MED  2010 Online Power stations 
Marsa 1500 Seawater  MED  1993 Presumed Online Power stations 
Gozo 3000 Seawater  MSF 1972 Presumed Offline Municipality
Ghar Lapsi 4000 Seawater  RO  1986 Presumed Online Municipality
Marsa 4500 Brackish water or inland water RO  1983 Presumed Offline Municipality
Valetta 4500 Seawater  MSF 1967 Presumed Offline Municipality
Malta 4542 Seawater  MSF 1968 Presumed Offline Municipality
Ghar Lapsi 7600 Seawater  RO  2007 Presumed Online Municipality
Pembroke 8800 Seawater  RO  1993 Presumed Online Municipality
Cirkewwa  9900 Seawater  RO  2007 Presumed Online Municipality
Tigne 15000 Seawater  RO  1987 Presumed Online Municipality
Valetta 16000 Seawater  MSF 1969 Presumed Offline Municipality
Pembroke 17600 Seawater  RO  1991 Presumed Online Municipality
Cirkewwa 18600 Seawater  RO  1989 Presumed Online Municipality
Mlita 20000 Seawater  MSF 1995 Presumed Online Municipality
Ghar Lapsi 20000 Seawater  RO  1983 Presumed Offline Municipality
Pembroke 27600 Seawater  RO  1994 Presumed Online Municipality
Pembroke 36000 Seawater  RO  2007 Online Municipality
Malta 40500 Seawater  RO  2006 Online Municipality
Ghar Lapsi II   50000 Seawater  RO  2008 Online Municipality  

* Plants with capacities larger than 1400 m³/d are listed. 
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9.14.3 Desalination Potential 

Table 9-17: Main water demand scenario indicators for Malta until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 1 2 2 4
Unsustainable Extractions 0 0 0 0 0 0
New Desalination Plants** 0 0 0 82 90 96
Conventional Desalination 35 70 89 1 0 0
Wastewater Reuse 0 0 3 6 11 15
Surface Water Extractions 36 21 21 35 35 37
Groundwater Extractions 10 5 0 3 4 4
Total Demand BaU 81 97 113 130 142 155
No of Desalination Plants* 
installed 

 
0

 
0

 
0 

 
2 

 
2

 
3

*Reference desalination plant capacity: 100,000 m³/d 
** No potential for desalination with CSP assessed. National electricity mix is further to be 
used.  

9.15 Morocco 

9.15.1 Desalination Plants 

Because of its cost, desalination has been used as a last resort, e.g. in the 
southern provinces where the population tends to be concentrated along the 
coast and conventional resources are limited. However, in a context of 
increasingly limited resources and growing demand, Morocco has 
committed to increasing its capacity nearly tenfold by 2015. This will 
primarily be done by the national water supply agency, Office National de 
l’Eau Potable (ONEP), which currently has a relatively small desalination 
capacity, although there are other non-ONEP desalination plants in the 
country. 
 
The Moroccan government is planning to release its strategy on 
nonconventional water resources in 2010. The strategy is expected to outline 
a substantial increase in desalination and reuse capacity, including the 
construction of large-scale SWRO desalination plants under Build Own 
Operate (BOT) agreements. 
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9.15.2 Desalination Profile 

 
Figure 9-19: Annual contracted and commission capacity in Morocco, 1980-2008 

 
Figure 9-20: Morocco installed capacity by plant size, technology, raw water quality 

and user category 
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9.15.3 Desalination Potential 

Table 9-18: Main water demand scenario indicators for Morocco until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 1035 2118 3328 4487
Unsustainable Extractions 498 0 1223 0 573 24
CSP Desalination 0 0 3400 6344 7904 8540
Conventional Desalination 10 25 250 228 0 0
Wastewater Reuse 0 0 854 1804 2951 4192
Surface Water Extractions 13247 15043 8704 8097 6692 6870
Groundwater Extractions 2632 1213 3148 2130 2160 1971
Total Demand BaU 16387 16281 18613 20721 23608 26084
No of Desalination Plants* 
installed 

 
0

 
0

 
93 

 
174 

 
217

 
234

*Reference desalination plant capacity: 100,000 m³/d 

9.16 Oman 

9.16.1 Desalination Plants 

Oman started to build desalination plants in the 1970s, and has pursued a 
policy of moving away from groundwater and towards desalination for its 
municipal water supply. Seawater desalination and water reuse are the 
primary elements of the Omani government’s response to the challenge of 
water scarcity in the Sultanate. The goal is for desalination to provide 80% 
of Oman’s municipal water supply by 2010. Industry and tourism are 
amongst the main drivers increasing the demand for desalinated water. 
 
The Public Authority for Electricity and Water (PAEW) is also in the 
process of studying the security of water supply in the Sultanate.  
 
The move is understood to be a result of a loss of availability from one of 
the Sultanate’s main desalination facilities during a ‘red tide’ algal bloom in 
2008. 
 
The Oman Power and Water Procurement Company (OPWP)’s 2009 
demand forecast envisages demand for desalinated water in the Main 
Interconnected System (MIS) – the power network that covers more than 
90% of Oman – to grow by 2.9% on average between 2010 and 2015. The 
peak MIS demand for desalinated water in 2010 is projected to be 
631,000 m³/d. The MIS covers Muscat governorate and the surrounding 
regions, and is one of the two major supply grids in Oman. The other is the 
Salalah System, in the south of the country. 
 
The Al Ghubrah Power and Desalination Plant is Oman’s oldest 
desalination plant and currently produces 182,000 m³/d and 473 MW. It is 
due for partial decommissioning in the coming years. Under the original 
contract, two of the seven MSF plants were to be decommissioned by the 
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summer of 2009, a total of 44,000 m³/d. However, one of those units 
(18,000 m³/d) will now be refurbished, extending the operational life from 
2010 to 2012. Al Ghubrah was badly affected by Cyclone Gonu in 2007. 

9.16.2 Desalination Profile 

 
Figure 9-21: Annual contracted and commission capacity in Oman, 1980-2008 
 
 

 
Figure 9-22: Morocco installed capacity by plant size, technology, raw water quality 

and user category 
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9.16.3 Desalination Potential 

Table 9-19: Main water demand scenario indicators for Oman until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 30 75 150 245
Unsustainable Extractions 0 0 0 0 0 0
CSP Desalination 0 0 0 536 1418 2032
Conventional Desalination 90 297 523 389 44 0
Wastewater Reuse 37 40 82 139 231 335
Surface Water Extractions 624 657 693 568 567 480
Groundwater Extractions 98 0 0 74 65 53
Total Demand BaU 849 994 1328 1780 2475 3145
No of Desalination Plants* 
installed 

 
0

 
0

 
0 

 
15 

 
39

 
56

*Reference desalination plant capacity: 100,000 m³/d 

9.17 Qatar 

9.17.1 Desalination Plants 

Qatar was among the early adopters of desalination, and its first major plant 
came online in 1962. 99.9% of water provided by Kahramaa comes from 
desalination, with only 0.1% derived from groundwater. The main challenge 
that the desalination sector faces is its high energy consumption and 
associated carbon emissions, according to the Minister of State for Energy 
and Industry. 
 
The authorities have attempted to keep up with rising water demand by 
initiating a program of significant investment in desalination, infrastructure 
and wastewater treatment as part of a 30-year master plan for electricity and 
water, starting in 2009. Several government entities are directly involved in 
implementing this strategy. One of the targets is for Kahramaa to add 1.7 
million m³/d to its desalination capacity between 2016 and 2032. 
 
Kahramaa has long-term power and water purchasing agreements (PWPAs) 
with QWEC and other project-specific companies. These typically have a 
term of 25 years, with agreements likely to be extended. 
 
An overview of Qatar’s major desalination plants is given below: 
Ras Abu Fontas A (RAF-A) is a multi-stage flash (MSF) plant with a design 
capacity of 245,000 m³/d. It was originally constructed in the 1970s and has 
been expanded several times since. The latest expansion (RAF-A-1) was 
signed to build the expansion’s 3 MSF units. 
 
Ras Abu Fontas B (RAF-B) and RAF-B1 are MSF plants have a combined 
design capacity of 240,000 m³/d. Commissioned in 1995, water is sold by 
QEWC (Qatar Water and Electricity Company) to the Qatari government 
under a 20-year Power and Water Purchase Agreement (PWPA). 
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A further expansion program to Ras-Abu-Fontas B (called RAF-B2) was 
completed in late 2008, and added an extra 136,000m³/d, along with another 
567 MW of electricity generation.  
 
Ras Laffan A (aka Ras Laffan 1) came online in June 2004, and its capacity 
increased as more units were added. As of 2009, the plant was running at its 
full capacity of 188,600 m³/d. 
 
Ras Laffan B (aka Ras Laffan 2) power and water plant came online in 2008 
and is owned by the Qatar Power Company. Desalination capacity at Ras 
Laffan B is 273,000 m³/d using four MSF distillers. 
 
Soon to join this list is Ras Girtas, previously known as Ras Laffan C. The 
plant is expected to produce 90,000 m³/d of desalinated water by August 
2010, with this set to reach the full 286,000 m³/d by 2011. 

9.17.2 Desalination Profile 

 
Figure 9-23: Annual contracted and commission capacity in Oman, 1980-2008 
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Figure 9-24: Morocco installed capacity by plant size, technology, raw water quality 

and user category 

9.17.3 Desalination Potential 

Table 9-20: Main water demand scenario indicators for Qatar until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 6 14 21 28
Unsustainable Extractions 0 0 0 0 0 0
CSP Desalination 0 0 0 0 263 412
Conventional Desalination 150 420 437 406 162 0
Wastewater Reuse 45 50 57 63 70 74
Surface Water Extractions 81 64 82 103 88 92
Groundwater Extractions 195 0 0 31 38 39
Total Demand BaU 472 533 583 617 643 645
No of Desalination Plants* 
installed 

 
0

 
0

 
0 

 
0 

 
7

 
11

*Reference desalination plant capacity: 100,000 m³/d 
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9.18 Saudi Arabia 

9.18.1 Desalination Plants 

Water supply in Saudi Arabia relies heavily on desalination. Saudi Arabia 
has the largest desalination market in the world. Desalinated water is 
heavily subsidized by the government at every stage, from water production 
to transport and distribution. Water tariffs are among the highest in the 
world. The quality and quantity of the groundwater resources is declining 
and many of the desalination facilities are reaching the end of their useful 
life. 
 
According to The National Water Company (NWC) 2010 figures, 
desalinated water accounts for 60% of the total urban water supply of 
5.72 million m³/d. 

9.18.1.1 SWCC Desalination Plants 

SWCC supplies water to the Ministry of Water & Electricity (MOWE), for 
retail distribution at no charge. However, it incurs significant expenditure, 
though its budget in relation to its output is very small. This reflects two 
things: first that SWCC has a tradition of very low operating costs in 
comparison to its capital costs, and second that energy costs are not included 
in total costs (oil feedstock is supplied to SWCC at no cost). 

9.18.1.2 WEC Desalination Plants 

The introduction of more energy efficient desalination technologies is 
hampered by the reliance of the Water and Electricity Company (WEC): 
WEC on heavy crude as feedstock for desalination, which is supplied at a 
price fixed by the government at approximately $3 per barrel.  
This reduces the incentive to introduce more energy efficient desalination 
technologies and has vast environmental implications. 

9.18.1.3 Marafiq Desalination Plants 

Marafiq is the utility for the Royal Commission for Jubail and Yanbu. These 
are two industrial cities on either coast of the Kingdom which have their 
own administration. Marafiq takes responsibility for power and water 
supply, acting as off-taker for IWPPs and distributing water and power to its 
largely industrial customer base. 
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Table 9-21: SWCC’s water production facilities 

 
[Source GWI/Desal Data] 
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Table 9-22: Marafiq’s water production facilities 

 
[Source GWI/Desal Data] 

9.18.1.4 Other Desalination Plants 

In addition to SWCC, WEC and Marafiq, there are a number of private-
sector water providers with significant facilities. Kindasa Water Services 
owns and operates two private desalination plants serving industrial 
customers in Jeddah. The first has a capacity of 14,000 m³/d. The second 
has a capacity of 25,500 m³/d. Sawaco, a subsidiary of Saudi Brothers 
Commercial Company, has a 12,000 m³/d facility based in North Obhor, 
serving commercial customers in the Makkah region. 

9.18.2 Desalination Profile 

 
Figure 9-25: Annual contracted and commission capacity in Saudi Arabia, 1980-2008 
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Figure 9-26: Saudi Arabia installed capacity by plant size, technology, raw water 

quality and user category 

9.18.3 Desalination Potential 

Table 9-23: Main water demand scenario indicators for Saudi Arabia until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 826 1606 2485 3271
Unsustainable Extractions 9126 9299 7289 0 63 0
CSP Desalination 0 0 3400 14144 20172 23656
Conventional Desalination 2000 3434 3946 2950 286 0
Wastewater Reuse 160 158 1132 2144 3380 4611
Surface Water Extractions 6159 6154 6035 5528 5287 4393
Groundwater Extractions 4082 3297 2438 1911 1508 1227
Total Demand BaU 21527 22341 25066 28283 33182 37158
No of Desalination Plants* 
installed 

 
0

 
0

 
93 

 
388 

 
553

 
648

*Reference desalination plant capacity: 100,000 m³/d 

9.19 Syria 

9.19.1 Desalination Plants 

Lafarge Syria Cement Plant with a total capacity of 5,500 m³/d based on RO 
technology is the only desalination plant in Syria which is yet under 
construction. 
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9.19.2 Desalination Profile 

Table 9-24: Syria installed capacity by plant size, technology, raw water quality and 
user category 

Project Name Capacity (m3/d) Feed water Technology Online date Status User
Syria 102 Brackish water or inland water RO 2005 Online Industry

Al Furat  120
River water or 
low concentrated saline water  RO 1989 Presumed Online Industry

United Joint Stock company  197 Brackish water or inland water  RO 2002 Online Industry
Producing and Refining Vegetable o212 Brackish water or inland water  RO 2005 Online Industry
Latakia 280 Seawater  RO 1999 Online Municipality
Damascus 480 Brackish water or inland water  RO 1994 Presumed Online Industry
Syria 528 Brackish water or inland water  RO 1988 Presumed Online Industry
Syria 600 Brackish water or inland water  RO 2006 Online Municipality
Syrian Petroleum Company  962 Brackish water or inland water  RO 2003 Online Industry
Omar Field  980 Brackish water or inland water  RO 1992 Presumed Online Discharge
Tanak Base  980 Brackish water or inland water RO 1992 Presumed Online Discharge
Syria 3000 Brackish water or inland water  RO 1987 Presumed Online Power stations 
Merharde Power Plant 5040 Brackish water or inland water  RO 1997 Online Municipality
Lafarge Syria Cement Plant 5500 Brackish water or inland water  RO 2011 Construction Industry  

9.19.3 Desalination Potential 

Table 9-25: Main water demand scenario indicators for Syria until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 767 1633 2722 3928
Unsustainable Extractions 0 0 0 0 0 0
CSP Desalination 0 0 937 653 2499 879
Conventional Desalination 5 5 4 0 0 0
Wastewater Reuse 596 578 1240 1903 2728 3505
Surface Water Extractions 15601 15589 13806 14245 12837 14768
Groundwater Extractions 0 0 1625 1627 2128 2236
Total Demand BaU 16202 16171 18379 20061 22914 25316
No of Desalination Plants* 
installed 

 
0

 
0

 
26 

 
18 

 
68

 
24

*Reference desalination plant capacity: 100,000 m³/d 

9.20 Tunisia 

9.20.1 Desalination Plants 

Desalination activity goes back to at least 1971 in Tunisia. Sociéte 
Nationale d'Exploitation et de Distribution des Eaux (SONEDE) created in 
1968- now has four brackish-water desalination sites for municipal 
production, at Kerkennah, Gabes, Zarzis and Djerba.  
 
These have a combined capacity of 72,300 m³/d. There are also a number of 
other small, privately-owned and operated desalination plants, mainly 
providing water to the hospitality and industrial sectors. Tunisia plans to add 
another 286,000 m³/d of desalination capacity by 2020, with RO seawater 
accounting for the large majority of it. 
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9.20.2 Desalination Profile 

 
Figure 9-27: Annual contracted and commission capacity in Tunisia, 1980-2008 
 
 

 
Figure 9-28: Tunisia installed capacity by plant size, technology, raw water quality 

and user category 
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9.20.3 Desalination Potential 

Table 9-26: Main water demand scenario indicators for Tunisia until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 46 104 188 267
Unsustainable Extractions 0 0 0 0 0 0
CSP Desalination 0 0 0 0 1702 2633
Conventional Desalination 36 36 110 102 0 0
Wastewater Reuse 22 22 157 339 608 876
Surface Water Extractions 2313 1923 2210 1990 1769 1619
Groundwater Extractions 698 1235 1023 1815 1298 1067
Total Demand BaU 3068 3215 3546 4350 5566 6462
No of Desalination Plants* 
installed 

 
0

 
0

 
0 

 
0 

 
47

 
72

*Reference desalination plant capacity: 100,000 m³/d 

9.21 United Arab Emirates 

9.21.1 Desalination Plants 

Desalination infrastructure was first installed and operated in the 1960s by 
the Abu Dhabi government in order to supplement groundwater supplies. 
Dependency on desalinated water grew steadily (by more than 360% 
between 1998 and 2007) due to the decline of groundwater quality and 
lowering of the water table. Desalinated water is used mainly for domestic, 
industrial, livestock and amenities purposes. 
 
The main desalination plants are associated with IWPP plants. However, 
there are some small desalination facilities with thermal technologies 
serving remote areas and oil production sites. 
 
There are two main challenges to desalination activity in Abu Dhabi: 
 
• The lack of storage capacity in the desalination water transmission 

system (i.e. there is only one or two days’ water supply) and network 
makes it vulnerable to accidents such as oil spills or facility failures; 

• Disposal of the resulting concentrate (especially from small desalination 
plants) has become an issue. The government plans to set up a joint 
organization with the private sector to collect, treat and dispose of 
concentrate. 

 
Seawater from the Gulf is more saline than any other coastal water body in 
the world. The UAE’s reliance on it, coupled with the rising temperature of 
the Gulf, is likely to make large-scale thermal desalination increasingly 
expensive on the Gulf coast. This will have a great impact on the cost of 
desalinated water, especially in Dubai, where all but one of its large-scale 
desalination facilities is based on thermal MSF technology. 
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Abu Dhabi’s desalination processes rely heavily on gas. However, expected 
gas shortages have prompted the government to consider relying 
increasingly on nuclear power for desalination plants. Large-scale water 
production will be undertaken through SWRO facilities powered by 
electricity from the new reactors, which are scheduled for commissioning 
from 2017 onwards. In countries where nuclear-powered desalination is an 
established concept (principally China, India, Japan and Pakistan), the 
typical approach involves using the heat from nuclear fission to generate 
steam, which then drives the MED desalination process. 
The Abu Dhabi Water and Electricity Authority (ADWEA) will act as an 
off-taker of power from the new reactors and will therefore retain overall 
control of the Emirate’s desalination program. While co-generation has been 
dominant in Abu Dhabi’s gas-fired IWPPs, nuclear energy would permit 
water production to gradually decouple from power production. 

9.21.2 Desalination Profile 

 
Figure 9-29: Annual contracted and commission capacity in UAE, 1980-2008 
 
 



 

6543P07/FICHT-7109954-v2  9-134 

 
Figure 9-30: UAE installed capacity by plant size, technology, raw water quality and 

user category 

9.21.3 Desalination Potential 

Table 9-27: Main water demand scenario indicators for United Arab Emirates until 
2050 

Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 30 60 92 116
Unsustainable Extractions 1359 438 0 0 0 0
CSP Desalination 0 0 0 571 2249 2392
Conventional Desalination 1200 2640 2969 2194 505 0
Wastewater Reuse 187 186 311 418 549 628
Surface Water Extractions 182 114 216 132 92 155
Groundwater Extractions 527 83 0 55 49 55
Total Demand BaU 3453 3461 3526 3429 3536 3345
No of Desalination Plants* 
installed 

 
0

 
0

 
0 

 
16 

 
62

 
66

*Reference desalination plant capacity: 100,000 m³/d 

9.22 Yemen 

9.22.1 Desalination Plants 

Although much of Yemen is surrounded by sea, it has few desalination 
plants. Its water supply relies heavily on wells, and water from floods. The 
distribution of the country’s population, whereby 85% of people live in the 
highlands away from the sea, means that large-scale desalination is probably 
not the answer to Yemen’s water crisis. 
 
According to Mohamed Ibrahim al Hamdi, the Yemeni Deputy Minister of 
Water the cost of pumping water from the coastal areas to Sana’a is huge 
and desalination is only feasible for coastal areas for domestic use – or 
maybe for industrial use. 
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9.22.2 Desalination Profile 

 
Figure 9-31: Annual contracted and commission capacity in Yemen, 1980-2008 
 
 

 
Figure 9-32: Yemen installed capacity by plant size, technology, raw water quality 

and user category 
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9.22.3 Desalination Potential  

Table 9-28: Main water demand scenario indicators for Yemen until 2050 
Water Production in MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 377 901 1993 4245
Unsustainable Extractions 2347 1149 81 0 0 0
CSP Desalination 0 0 1955 2989 6820 13075
Conventional Desalination 20 20 193 190 0 0
Wastewater Reuse 6 5 313 677 1320 2507
Surface Water  Extractions 2861 3571 3530 3810 3682 3820
Groundwater Extractions 790 1186 891 709 621 598
Total Demand BaU 6024 5931 7342 9275 14437 24245
No of Desalination Plants* 
installed 

 
0

 
0

 
54 

 
82 

 
187

 
358

*Reference desalination plant capacity: 100,000 m³/d 
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10. ANNEX II: Additional Documents 
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Annex 10-1: MSF working principle with brine recirculation 
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Annex 10-2: High performance MED evaporator, GOR 12 
 
 
 
 



 

6543P07/FICHT-7109954-v2  10-140 

Annex 10-3: CAPEX cost estimation of typical MED plant 
MED plant net capacity 100,000                   m3/d
Type of potabilization Lime / CO2

Specific Capex cost MED 1,800                       US$/m3,d
Steam and condensate system 4                                % of MED Capex
Erection, commissioning and testing  10                             % of MED Capex
Civil works MED 5                                % of MED Capex

Plant lifetime 25 years
Interest rate 6 %/year

System cost Cost partitions Specific cost Remarks

 US $ % US$ / m3,d
Intake , pump station and outfall incl. civil 50,000,000             15.9                  500.0               
Seawater chlorination 2,000,000               0.6                     20.0                 
MED 
Process incl. Electrical and I&C 180,000,000          57.4                  1,800.0           
Steam supply and condensate return 7,200,000               2.3                     72.0                 
Erection, commissioning and testing  18,000,000             5.7                     180.0               

MED total 205,200,000          65.4                  2,052.0           
Potabilisation Plant 10,000,000             3.2                     100.0               
Drinking Water Storage  & pumping  10,000,000             3.2                     100.0               
Mechanical equipment total 284,400,000          90.7                  2,844.0           
Auxiliary Systems* 5,000,000               1.6                     50.0                 
Civil works 
of MED process 9,000,000               2.9                     90.0                 
infrastructure* 3,000,000               1.0                     30.0                 

Civil works total 12,000,000             3.8                     120.0               
Electrical works excluding MED* 3,000,000               1.0                     30.0                 
I&C works excluding MED* 1,500,000               0.5                     15.0                 

Total 298,700,000          2,987.0           

Contingencies [ %] 5 14,935,000             4.8                     149.4               

MED plant total* 313,635,000          100.0                3,136.4           

 US $/year  US $/m3

Annual capital cost (annuity) 24,534,637             0.67                 

Cost including engineering, project management, construction, testing, construction site works  and supervision, 
construction and testing
* share of works in overall solar water / power plant

Systems
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Annex 10-4: CAPEX cost estimation of typical SWRO plant 200,000 m³/d, comprising pre-
treatment of FF1 

 
 
 
 
 
 

SWRO plant net capacity 200,000                     m3/d
Type of pretreatment FF1 gravity filters

Type of potabilization Lime / CO2

Waste water treatment  y  y/ n
Type of intake open

Plant lifetime 25 years
Interest rate 6 %/year

System cost Cost partitions Specific cost Remarks

 US $ % US$ / m3,d
Intake , pump station and outfall 50,000,000     14.3                  250.0               
Pretreatment System 40,000,000     11.4                  200.0               
Membranes (in case MF / UF ) ‐                     ‐                    
Pretreatment w.o. membranes 40,000,000     11.4                  200.0               

Reverse Osmosis part total 130,000,000   37.2                  650.0                isobaric ERD
Membranes (w.o vessels) 14,000,000     4.0                     70.0                 
Reverse osmosis without membranes 116,000,000   33.2                  580.0               

Potabilisation Plant 16,000,000     4.6                     80.0                 
Drinking Water Storage  & pumping  16,000,000     4.6                     80.0                 
Wastewater collection & treatment  10,000,000     2.9                     50.0                 
Mechanical Equipment without membranes 248,000,000   70.9                  1,240.0           
Auxilliary Systems 11,000,000     3.1                     55.0                 
Civil works 25,000,000     7.2                     125.0               
Electrical works 23,000,000     6.6                     115.0               
I&C works 12,000,000     3.4                     60.0                 

Total 333,000,000   1,665.0           

Contingencies [ %] 5 16,650,000     4.8                     83.3                 

SWRO plant total* 349,650,000   100.0                1,748.3           

 US $/year  US $/m3

Annual capital cost (annuity) 27,351,972     0.37                 

* Cost including engineering, project mangement, construction, testing, construction site works  and supervision, 
construction and testing

Systems
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Annex 10-5: CAPEX cost estimation of typical SWRO plant 200,000 m³/d, comprising pre-
treatment of DAF + FF2 
SWRO plant net capacity 200,000                     m3/d
Type of pretreatment DAF + FF2 Dissolved air flotation‐gravity filters‐pressure filters

Type of potabilization Lime / CO2

Waste water treatment  y  y/ n
Type of intake open

Plant lifetime 25 years
Interest rate 6 %/year

System cost Cost partitions Specific cost Remarks

 US $ % US$ / m3,d
Intake , pump station and outfall 50,000,000     12.8                  250.0               
Pretreatment System 70,000,000     18.0                  350.0               
Membranes (in case MF / UF ) ‐                     ‐                    
Pretreatment w.o. membranes 70,000,000     18.0                  350.0               

Reverse Osmosis part total 130,000,000   33.4                  650.0                isobaric ERD
Membranes (w.o vessels) 14,000,000     3.6                     70.0                 
Reverse osmosis without membranes 116,000,000   29.8                  580.0               

Potabilisation Plant 16,000,000     4.1                     80.0                 
Drinking Water Storage  & pumping  16,000,000     4.1                     80.0                 
Wastewater collection & treatment  10,000,000     2.6                     50.0                 
Mechanical Equipment without membranes 278,000,000   71.4                  1,390.0           
Auxilliary Systems 12,000,000     3.1                     60.0                 
Civil works 28,000,000     7.2                     140.0               
Electrical works 25,000,000     6.4                     125.0               
I&C works 14,000,000     3.6                     70.0                 

Total 371,000,000   1,855.0           

Contingencies [ %] 5 18,550,000     4.8                     92.8                 

SWRO plant total* 389,550,000   100.0                1,947.8           

 US $/year  US $/m3

Annual capital cost (annuity) 30,473,218     0.42                 

* Cost including engineering, project mangement, construction, testing, construction site works   and supervision construction and testing

Systems
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Annex 10-6: CAPEX cost estimation of typical SWRO plant 200,000 m³/d comprising pre-
treatment of MF/UF 

SWRO plant net capacity 200,000                     m3/d
Type of pretreatment MF / UF Microfiltration or Ultrafiltration

Type of potabilization Lime / CO2

Waste water treatment  y  y/ n
Type of intake open

Plant lifetime 25 years
Interest rate 6 %/year

System cost Cost partitions Specific cost Remarks

 US $ % US$ / m3,d
Intake , pump station and outfall 55,000,000     15.1                  275.0               
Pretreatment System 50,000,000     13.7                  250.0               
Membranes (in case MF / UF ) 6,000,000        1.6                     30.0                 
Pretreatment w.o. membranes 44,000,000     12.0                  220.0               

Reverse Osmosis part total 130,000,000   35.6                  650.0                isobaric ERD
Membranes (w.o vessels) 14,000,000     3.8                     70.0                 
Reverse osmosis without membranes 116,000,000   31.7                  580.0               

Potabilisation Plant 16,000,000     4.4                     80.0                 
Drinking Water Storage  & pumping  16,000,000     4.4                     80.0                 
Wastewater collection & treatment  13,000,000     3.6                     65.0                 
Mechanical Equipment without membranes 260,000,000   71.2                  1,300.0           
Auxilliary Systems 11,000,000     3.0                     55.0                 
Civil works 20,000,000     5.5                     100.0               
Electrical works 24,000,000     6.6                     120.0               
I&C works 13,000,000     3.6                     65.0                 

Total 348,000,000   1,740.0           

Contingencies [ %] 5 17,400,000     4.8                     87.0                 

SWRO plant total* 365,400,000   100.0                1,827.0           

 US $/year  US $/m3

Annual capital cost (annuity) 28,584,043     0.39                 

* Cost including engineering, project mangement, construction, testing, construction site works  and supervision construction a

Systems
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Annex 10-7: CAPEX cost estimation of typical SWRO plant 100,000 m³/d comprising pre-
treatment of FF1 
SWRO plant net capacity 100,000                     m3/d
Type of pretreatment FF1 gravity filters

Type of potabilization Lime / CO2

Waste water treatment  y  y/ n
Type of intake open

Plant lifetime 25 years
Interest rate 6 %/year

System cost Cost partitions Specific cost Remarks

 US $ % US$ / m3,d
Intake , pump station and outfall 30,000,000     13.9                  300.0               
Pretreatment System 25,000,000     11.6                  250.0               
Membranes (in case MF / UF ) ‐                     ‐                    
Pretreatment w.o. membranes 25,000,000     11.6                  250.0               

Reverse Osmosis part total 80,000,000     37.2                  800.0                isobaric ERD
Membranes (w.o vessels) 8,000,000        3.7                     80.0                 
Reverse osmosis without membranes 72,000,000     33.4                  720.0               

Potabilisation Plant 10,000,000     4.6                     100.0               
Drinking Water Storage  & pumping  10,000,000     4.6                     100.0               
Wastewater collection & treatment  5,000,000        2.3                     50.0                 
Mechanical Equipment without membranes 152,000,000   70.6                  1,520.0           
Auxilliary Systems 7,000,000        3.3                     70.0                 
Civil works 16,000,000     7.4                     160.0               
Electrical works 15,000,000     7.0                     150.0               
I&C works 7,000,000        3.3                     70.0                 

Total 205,000,000   2,050.0           

Contingencies [ %] 5 10,250,000     4.8                     102.5               

SWRO plant total* 215,250,000   100.0                2,152.5           

 US $/year  US $/m3

Annual capital cost (annuity) 16,838,301     0.46                 

* Cost including engineering, project mangement, construction, testing, construction site works   and supervision construction and testing

Systems
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Annex 10-8: CAPEX cost estimation of typical SWRO plant 100,000 m³/d comprising pre-
treatment of DAF + FF2 

SWRO plant net capacity 100,000                     m3/d
Type of pretreatment DAF + FF2 Dissolved air flotation‐gravity filters‐pressure filters

Type of potabilization Lime / CO2

Waste water treatment  y  y/ n
Type of intake open

Plant lifetime 25 years
Interest rate 6 %/year

System cost Cost partitions Specific cost Remarks

 US $ % US$ / m3,d
Intake , pump station and outfall 30,000,000     12.4                  300.0               
Pretreatment System 45,000,000     18.6                  450.0               
Membranes (in case MF / UF ) ‐                     ‐                    
Pretreatment w.o. membranes 45,000,000     18.6                  450.0               

Reverse Osmosis part total 80,000,000     33.1                  800.0                isobaric ERD
Membranes (w.o vessels) 8,000,000        3.3                     80.0                 
Reverse osmosis without membranes 72,000,000     29.8                  720.0               

Potabilisation Plant 10,000,000     4.1                     100.0               
Drinking Water Storage  & pumping  10,000,000     4.1                     100.0               
Wastewater collection & treatment  5,000,000        2.1                     50.0                 
Mechanical Equipment without membranes 172,000,000   71.2                  1,720.0           
Auxilliary Systems 7,000,000        2.9                     70.0                 
Civil works 18,000,000     7.5                     180.0               
Electrical works 17,000,000     7.0                     170.0               
I&C works 8,000,000        3.3                     80.0                 

Total 230,000,000   2,300.0           

Contingencies [ %] 5 11,500,000     4.8                     115.0               

SWRO plant total* 241,500,000   100.0                2,415.0           

 US $/year  US $/m3

Annual capital cost (annuity) 18,891,752     0.52                 

* Cost including engineering, project mangement, construction, testing, construction site works   and supervision construction and testing

Systems
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Annex 10-9: CAPEX cost estimation of typical SWRO plant 100,000 m³/d comprising pre-
treatment of MF/UF 

SWRO plant net capacity 100,000                     m3/d
Type of pretreatment MF / UF Microfiltration or Ultrafiltration

Type of potabilization Lime / CO2

Waste water treatment  y  y/ n
Type of intake open

Plant lifetime 25 years
Interest rate 6 %/year

System cost Cost partitions Specific cost Remarks

 US $ % US$ / m3,d
Intake , pump station and outfall 35,000,000     15.6                  350.0               
Pretreatment System 30,000,000     13.4                  300.0               
Membranes (in case MF / UF ) 3,400,000        1.5                     34.0                 
Pretreatment w.o. membranes 26,600,000     11.8                  266.0               

Reverse Osmosis part total 80,000,000     35.6                  800.0                isobaric ERD
Membranes (w.o vessels) 8,000,000        3.6                     80.0                 
Reverse osmosis without membranes 72,000,000     32.0                  720.0               

Potabilisation Plant 10,000,000     4.5                     100.0               
Drinking Water Storage  & pumping  10,000,000     4.5                     100.0               
Wastewater collection & treatment  8,000,000        3.6                     80.0                 
Mechanical Equipment without membranes 161,600,000   71.9                  1,616.0           
Auxilliary Systems 7,000,000        3.1                     70.0                 
Civil works 12,000,000     5.3                     120.0               
Electrical works 15,000,000     6.7                     150.0               
I&C works 7,000,000        3.1                     70.0                 

Total 214,000,000   2,140.0           

Contingencies [ %] 5 10,700,000     4.8                     107.0               

SWRO plant total* 224,700,000   100.0                2,247.0           

 US $/year  US $/m3

Annual capital cost (annuity) 17,577,544     0.48                 

* Cost including engineering, project mangement, construction, testing, construction site works   and supervision construction and testing

Systems
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Annex 10-10: CAPEX cost estimation of typical SWRO plant 20,000 m³/d comprising 
beach wells / sand filters 
SWRO plant net capacity 20,000                      m3/d
Type of pretreatment Sandfilter

Type of potabilization Lime / CO2

Waste water treatment  n  y/ n
Type of intake Beachwell

Plant lifetime 25 years
Interest rate 6 %/year

System cost Cost partitions Specific cost Remarks

 US $ % US$ / m3,d
Intake , pump station and outfall 10,000,000     20.7                  500.0               
Pretreatment System 2,000,000        4.1                     100.0               
Membranes (in case MF / UF ) ‐                     ‐                    
Pretreatment w.o. membranes 2,000,000        4.1                     100.0               

Reverse Osmosis part total 20,000,000     41.4                  1,000.0            isobaric ERD
Membranes (w.o vessels) 1,400,000        2.9                     70.0                 
Reverse osmosis without membranes 18,600,000     38.5                  930.0               

Potabilisation Plant 2,500,000        5.2                     125.0               
Drinking Water Storage  & pumping  1,500,000        3.1                     75.0                 
Wastewater collection & treatment  ‐                     ‐                    
Mechanical Equipment without membranes 34,600,000     71.6                  1,730.0           
Auxilliary Systems 1,500,000        3.1                     75.0                 
Civil works 4,000,000        8.3                     200.0               
Electrical works 3,000,000        6.2                     150.0               
I&C works 1,500,000        3.1                     75.0                 

Total 46,000,000     2,300.0           

Contingencies [ %] 5 2,300,000        4.8                     115.0               

SWRO plant total* 48,300,000     100.0                2,415.0           

 US $/year  US $/m3

Annual capital cost (annuity) 3,778,350        0.52                 

* Cost including engineering, project mangement, construction, testing, construction site works   and supervision construction and testing

Systems
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Annex 10-11: CAPEX and OPEX including Levelized Water Production Cost (LWC) of typical MED plant in the Mediterranean Sea and Atlantic 
Ocean 
 

DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400
$/a $/a $/m3 $/m3 % % % %

Chemical dosing 1,447,396    1,447,396    0.040           0.040           2.91 3.07 1.95 2.02
Energy 38,120,514   35,505,605   1.044           0.973           76.60 75.30 51.31 49.53
Maintenance 9,286,500    9,286,500    0.254           0.254           18.66 19.70 12.50 12.95
Labour 910,000       910,000       0.025           0.025           1.83 1.93 1.22 1.27
Annual capital cost 24,534,637   24,534,637   0.672           0.672           33.02 34.23
Total Opex cost 49,764,410   47,149,501   1.363           1.292           100.00 100.00 66.98 65.77
Total Annual Production cost 74,299,047   71,684,137   2.036           1.964           100.00 100.00

DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400
$/a $/a $/m3 $/m3 % % % %

Chemical dosing 1,447,396    1,447,396    0.040           0.040           2.83 2.99 1.91 1.98
Energy 39,590,409   36,824,096   1.085           1.009           77.27 75.98 52.25 50.44
Maintenance 9,286,500    9,286,500    0.254           0.254           18.13 19.16 12.26 12.72
Labour 910,000       910,000       0.025           0.025           1.78 1.88 1.20 1.25
Annual capital cost 24,534,637   24,534,637   0.672           0.672           32.38 33.61
Total Opex cost 51,234,304   48,467,991   1.404           1.328           100.00 100.00 67.62 66.39
Total Annual Production cost 75,768,941   73,002,628   2.076           2.000           100.00 100.00

Type of fuel : NG

Type of cost
Annual cost Specific cost annual average Percentage of total annual 

Opex cost
Percentage of total annual 

production cost

Mediterranean Sea and Atlantic Ocean - Production Cost Summary and Distribution
Type of fuel : HFO

Type of cost
Annual cost Specific cost annual average Percentage of total annual 

Opex cost
Percentage of total annual 

production cost
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Annex 10-12: CAPEX and OPEX including Levelized Water Production Cost (LWC) of typical MED plant in the Red Sea and Indian Ocean 
 

DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400
$/a $/a $/m3 $/m3 % % % %

Chemical dosing 1,447,396    1,447,396    0.040           0.040           3.12 3.29 2.04 2.11
Energy 34,777,975   32,399,996   0.953           0.888           74.92 73.56 49.01 47.25
Maintenance 9,286,500    9,286,500    0.254           0.254           20.00 21.08 13.09 13.54
Labour 910,000       910,000       0.025           0.025           1.96 2.07 1.28 1.33
Annual capital cost 24,534,637   24,534,637   0.672           0.672           52.85 55.70 34.58 35.78
Total Opex cost 46,421,871   44,043,892   1.272           1.207           100.00 100.00 65.42 62.07
Total Annual Production cost 70,956,508   68,578,529   1.944           1.879           100.00 100.00

DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400
$/a $/a $/m3 $/m3 % % % %

Chemical dosing 1,447,396    1,447,396    0.040           0.040           3.03 3.20 2.00 2.07
Energy 36,127,163   33,586,054   0.990           0.920           75.63 74.26 49.96 48.14
Maintenance 9,286,500    9,286,500    0.254           0.254           19.44 20.53 12.84 13.31
Labour 910,000       910,000       0.025           0.025           1.90 2.01 1.26 1.30
Annual capital cost 24,534,637   24,534,637   0.672           0.672           33.93 35.17
Total Opex cost 47,771,059   45,229,950   1.309           1.239           100.00 100.00 66.07 64.83
Total Annual Production cost 72,305,696   69,764,587   1.981           1.911           100.00 100.00

Type of fuel : NG

Type of cost
Annual cost Specific cost annual average Percentage of total annual 

Opex cost
Percentage of total annual 

production cost

Red Sea and Indian Ocean - Production Cost Summary and Distribution
Type of fuel : HFO

Type of cost
Annual cost Specific cost annual average Percentage of total annual 

Opex cost
Percentage of total annual 

production cost
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Annex 10-13: CAPEX and OPEX including Levelized Water Production Cost (LWC) of typical MED plant in the Arabian Gulf 
 

DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400
$/a $/a $/m3 $/m3 % % % %

Chemical dosing 1,447,396    1,447,396    0.040           0.040           3.37 3.55 2.14 2.22
Energy 31,314,730   29,161,955   0.858           0.799           72.90 71.47 46.40 44.63
Maintenance 9,286,500    9,286,500    0.254           0.254           21.62 22.76 13.76 14.21
Labour 910,000       910,000       0.025           0.025           2.12 2.23 1.35 1.39
Annual capital cost 24,534,637   24,534,637   0.672           0.672           36.35 37.55
Total Opex cost 42,958,625   40,805,851   1.177           1.118           100.00 100.00 63.65 62.45
Total Annual Production cost 67,493,262   65,340,487   1.849           1.790           100.00 100.00

DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400
$/a $/a $/m3 $/m3 % % % %

Chemical dosing 1,447,396    1,447,396    0.040           0.040           3.28 3.46 2.11 2.18
Energy 32,515,276   30,227,306   0.891           0.828           73.63 72.19 47.33 45.52
Maintenance 9,286,500    9,286,500    0.254           0.254           21.03 22.18 13.52 13.98
Labour 910,000       910,000       0.025           0.025           2.06 2.17 1.32 1.37
Annual capital cost 24,534,637   24,534,637   0.672           0.672           35.72 36.95
Total Opex cost 44,159,172   41,871,202   1.210           1.147           100.00 100.00 64.28 63.05
Total Annual Production cost 68,693,808   66,405,839   1.882           1.819           100.00 100.00

Type of fuel : NG

Type of cost
Annual cost Specific cost annual average Percentage of total annual 

Opex cost
Percentage of total annual 

production cost

Arabian Gulf - Production Cost Summary and Distribution
Type of fuel : HFO

Type of cost
Annual cost Specific cost annual average Percentage of total annual 

Opex cost
Percentage of total annual 

production cost
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Annex 10-14: CAPEX and OPEX including Levelized Water Production Cost (LWC) of typical SWRO plants  
DNI: 2000-2400 kWh/m²,yr, Fuel Option: NG 
 
 

Region Seawater TDS
Type of 

pretreatment
Seawater 
temperatur

Plant net 
output

Specific 
Capex plant  

cost

Specific 
energy 

consumption 
SEC

Specific Opex 
cost w.o 
energy

Specific 
Capex 
product 
cost

mg/l °C m3/d US$/m3,d kWh/m3 US$/m3 US$/m3

Inland  Coast Inland  Coast Inland  Coast Inland  Coast
DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000

FF1 15 100,000         3.50 23.32 22.65 0.82 0.79 0.33 1.15 1.12 0.46 1.61 1.58
FF1 25 100,000         3.45 23.32 22.65 0.80 0.78 0.33 1.13 1.11 0.46 1.59 1.57
FF1 30 100,000         3.51 23.32 22.65 0.82 0.80 0.34 1.16 1.13 0.46 1.62 1.59
FF1 15 200,000         3.50 23.32 22.65 0.82 0.79 0.29 1.11 1.08 0.37 1.48 1.45
FF1 25 200,000         3.45 23.32 22.65 0.80 0.78 0.29 1.09 1.07 0.37 1.46 1.44
FF1 30 200,000         3.51 23.32 22.65 0.82 0.80 0.30 1.12 1.09 0.37 1.49 1.46
MF /UF 15 100,000         4.00 23.32 22.65 0.93 0.91 0.36 1.29 1.27 0.48 1.77 1.75
MF /UF 25 100,000         3.94 23.32 22.65 0.92 0.89 0.37 1.28 1.26 0.48 1.76 1.74
MF /UF 30 100,000         4.00 23.32 22.65 0.93 0.91 0.37 1.30 1.27 0.48 1.78 1.75
MF /UF 15 200,000         4.00 23.32 22.65 0.93 0.91 0.32 1.25 1.23 0.39 1.64 1.62
MF /UF 25 200,000         3.94 23.32 22.65 0.92 0.89 0.33 1.24 1.22 0.39 1.63 1.61
MF /UF 30 200,000         4.00 23.32 22.65 0.93 0.91 0.33 1.26 1.23 0.39 1.65 1.62
Beach Well  15 20,000            3.93 23.32 22.65 0.92 0.89 0.38 1.30 1.27 0.52 1.82 1.79
Beach Well  25 20,000            3.89 23.32 22.65 0.91 0.88 0.38 1.29 1.27 0.52 1.81 1.79
Beach Well  30 20,000            3.95 23.32 22.65 0.92 0.89 0.39 1.31 1.28 0.52 1.83 1.80
FF1 20 100,000         3.73 23.29 23.02 0.87 0.86 0.34 1.20 1.19 0.46 1.66 1.65
FF1 25 100,000         3.73 23.29 23.02 0.87 0.86 0.34 1.21 1.20 0.46 1.67 1.66
FF1 35 100,000         3.83 23.29 23.02 0.89 0.88 0.34 1.24 1.23 0.46 1.70 1.69
FF1 20 200,000         3.73 23.29 23.02 0.87 0.86 0.30 1.16 1.15 0.37 1.53 1.52
FF1 25 200,000         3.73 23.29 23.02 0.87 0.86 0.30 1.17 1.16 0.37 1.54 1.53
FF1 35 200,000         3.83 23.29 23.02 0.89 0.88 0.30 1.20 1.19 0.37 1.57 1.56
Beach Well  20 20,000            4.17 23.29 23.02 0.97 0.96 0.39 1.36 1.35 0.52 1.88 1.87
Beach Well  25 20,000            4.17 23.29 23.02 0.97 0.96 0.39 1.36 1.35 0.52 1.88 1.87
Beach Well  35 20,000            4.21 23.29 23.02 0.98 0.97 0.39 1.37 1.36 0.52 1.89 1.88
DAF + FF2 20 100,000         4.19 23.25 23.39 0.97 0.98 0.38 1.35 1.36 0.52 1.87 1.88
DAF + FF2 25 100,000         4.20 23.25 23.39 0.98 0.98 0.37 1.35 1.35 0.52 1.87 1.87
DAF + FF2 35 100,000         4.32 23.25 23.39 1.00 1.01 0.39 1.39 1.40 0.52 1.91 1.92
DAF + FF2 20 200,000         4.19 23.25 23.39 0.97 0.98 0.34 1.31 1.32 0.42 1.73 1.74
DAF + FF2 25 200,000         4.20 23.25 23.39 0.98 0.98 0.33 1.31 1.31 0.42 1.73 1.73
DAF + FF2 35 200,000         4.32 23.25 23.39 1.00 1.01 0.34 1.35 1.35 0.42 1.77 1.77
Beach Well  20 20,000            4.29 23.25 23.39 1.00 1.00 0.39 1.38 1.39 0.52 1.90 1.91
Beach Well  25 20,000            4.30 23.25 23.39 1.00 1.01 0.39 1.39 1.40 0.52 1.91 1.92
Beach Well  35 20,000            4.32 23.25 23.39 1.00 1.01 0.40 1.40 1.41 0.52 1.92 1.93

Electricity cost 
Fuel: Natural Gas NG Specific energy cost

Specific Opex product 
cost

Specific product cost

US$‐cents/kW US$/m3 US$/m3 US$/m3

Mediterranean Sea &
Atlantic Ocean

39,000           

2,153         

1,748         

2,247         

1,827         

2,415         

Arabian Gulf 46,000           

2,415         

1,948         

2,415         

Red Sea &
 Indian Ocean

43,000           

2,153         

1,748         

2,415         
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Annex 10-15: CAPEX and OPEX including Levelized Water Production Cost (LWC) of typical SWRO plants  
DNI: 2400-2800 kWh/m²,yr, Fuel Option: NG 
 

Region Seawater TDS
Type of 

pretreatment
Seawater 
temperatur

Plant net 
output

Specific 
Capex plant  

cost

Specific 
energy 

consumption 
SEC

Specific Opex 
cost w.o 
energy

Specific 
Capex 
product 
cost

mg/l °C m3/d US$/m3,d kWh/m3 US$/m3 US$/m3

Inland  Coast Inland  Coast Inland  Coast Inland  Coast
DNI 2800 DNI 2400 DNI 2800 DNI 2400 DNI 2800 DNI 2400 DNI 2800 DNI 2400

FF1 15 100,000         3.50 21.83 21.35 0.76 0.75 0.33 1.09 1.08 0.46 1.55 1.54
FF1 25 100,000         3.45 21.83 21.35 0.75 0.74 0.33 1.08 1.06 0.46 1.54 1.52
FF1 30 100,000         3.51 21.83 21.35 0.77 0.75 0.34 1.10 1.09 0.46 1.56 1.55
FF1 15 200,000         3.50 21.83 21.35 0.76 0.75 0.29 1.05 1.04 0.37 1.42 1.41
FF1 25 200,000         3.45 21.83 21.35 0.75 0.74 0.29 1.04 1.02 0.37 1.41 1.39
FF1 30 200,000         3.51 21.83 21.35 0.77 0.75 0.30 1.06 1.05 0.37 1.43 1.42
MF /UF 15 100,000         4.00 21.83 21.35 0.87 0.85 0.36 1.23 1.21 0.48 1.71 1.69
MF /UF 25 100,000         3.94 21.83 21.35 0.86 0.84 0.37 1.23 1.21 0.48 1.71 1.69
MF /UF 30 100,000         4.00 21.83 21.35 0.87 0.85 0.37 1.24 1.22 0.48 1.72 1.70
MF /UF 15 200,000         4.00 21.83 21.35 0.87 0.85 0.32 1.19 1.17 0.39 1.58 1.56
MF /UF 25 200,000         3.94 21.83 21.35 0.86 0.84 0.33 1.19 1.17 0.39 1.58 1.56
MF /UF 30 200,000         4.00 21.83 21.35 0.87 0.85 0.33 1.20 1.18 0.39 1.59 1.57
Beach Well  15 20,000            3.93 21.83 21.35 0.86 0.84 0.38 1.24 1.22 0.52 1.76 1.74
Beach Well  25 20,000            3.89 21.83 21.35 0.85 0.83 0.38 1.23 1.21 0.52 1.75 1.73
Beach Well  30 20,000            3.95 21.83 21.35 0.86 0.84 0.39 1.25 1.23 0.52 1.77 1.75
FF1 20 100,000         3.73 21.80 21.69 0.81 0.81 0.34 1.15 1.15 0.46 1.61 1.61
FF1 25 100,000         3.73 21.80 21.69 0.81 0.81 0.34 1.15 1.15 0.46 1.61 1.61
FF1 35 100,000         3.83 21.80 21.69 0.83 0.83 0.34 1.18 1.17 0.46 1.64 1.63
FF1 20 200,000         3.73 21.80 21.69 0.81 0.81 0.30 1.11 1.11 0.37 1.48 1.48
FF1 25 200,000         3.73 21.80 21.69 0.81 0.81 0.30 1.11 1.11 0.37 1.48 1.48
FF1 35 200,000         3.83 21.80 21.69 0.83 0.83 0.30 1.14 1.13 0.37 1.51 1.50
Beach Well  20 20,000            4.17 21.80 21.69 0.91 0.90 0.39 1.30 1.29 0.52 1.82 1.81
Beach Well  25 20,000            4.17 21.80 21.69 0.91 0.90 0.39 1.30 1.29 0.52 1.82 1.81
Beach Well  35 20,000            4.21 21.80 21.69 0.92 0.91 0.39 1.31 1.31 0.52 1.83 1.83
DAF + FF2 20 100,000         4.19 21.76 22.04 0.91 0.92 0.38 1.29 1.30 0.52 1.81 1.82
DAF + FF2 25 100,000         4.20 21.76 22.04 0.91 0.93 0.37 1.28 1.30 0.52 1.80 1.82
DAF + FF2 35 100,000         4.32 21.76 22.04 0.94 0.95 0.39 1.33 1.34 0.52 1.85 1.86
DAF + FF2 20 200,000         4.19 21.76 22.04 0.91 0.92 0.34 1.25 1.26 0.42 1.67 1.68
DAF + FF2 25 200,000         4.20 21.76 22.04 0.91 0.93 0.33 1.24 1.26 0.42 1.66 1.68
DAF + FF2 35 200,000         4.32 21.76 22.04 0.94 0.95 0.34 1.28 1.30 0.42 1.70 1.72
Beach Well  20 20,000            4.29 21.76 22.04 0.93 0.95 0.39 1.32 1.33 0.52 1.84 1.85
Beach Well  25 20,000            4.30 21.76 22.04 0.94 0.95 0.39 1.33 1.34 0.52 1.85 1.86
Beach Well  35 20,000            4.32 21.76 22.04 0.94 0.95 0.40 1.34 1.35 0.52 1.86 1.87

2,415         

2,415         

2,153         

2,247         

2,415         

2,153         

2,415         

1,748         

1,827         

1,748         

1,948         

Mediterranean Sea &
Atlantic Ocean

Red Sea &
Indian Ocean

Arabian Gulf

39,000           

43,000           

46,000           

Specific product cost

US$/m3 US$/m3

Electricity cost 
Fuel: Natural Gas NG

US$‐cents/kW US$/m3

Specific energy cost
Specific Opex product 

cost
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Annex 10-16: CAPEX and OPEX including Levelized Water Production Cost (LWC) of typical SWRO plants  
DNI: 2000-2400 kWh/m²,yr, Fuel Option: HFO 
 

Region Seawater TDS
Type of 

pretreatment
Seawater 
temperatur

Plant net 
output

Specific 
Capex plant  

cost

Specific 
energy 

consumption 
SEC

Specific Opex 
cost w.o 
energy

Specific 
Capex 
product 
cost

mg/l °C m3/d US$/m3,d kWh/m3 US$/m3 US$/m3

Inland  Coast Inland  Coast Inland  Coast Inland  Coast
DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000 DNI 2400 DNI 2000

FF1 15 100,000         3.50 22.66 21.97 0.79 0.77 0.33 1.12 1.10 0.46 1.58 1.56
FF1 25 100,000         3.45 22.66 21.97 0.78 0.76 0.33 1.11 1.09 0.46 1.57 1.55
FF1 30 100,000         3.51 22.66 21.97 0.80 0.77 0.34 1.13 1.11 0.46 1.59 1.57
FF1 15 200,000         3.50 22.66 21.97 0.79 0.77 0.29 1.08 1.06 0.37 1.45 1.43
FF1 25 200,000         3.45 22.66 21.97 0.78 0.76 0.29 1.07 1.05 0.37 1.44 1.42
FF1 30 200,000         3.51 22.66 21.97 0.80 0.77 0.30 1.09 1.07 0.37 1.46 1.44
MF /UF 15 100,000         4.00 22.66 21.97 0.91 0.88 0.36 1.27 1.24 0.48 1.75 1.72
MF /UF 25 100,000         3.94 22.66 21.97 0.89 0.87 0.37 1.26 1.23 0.48 1.74 1.71
MF /UF 30 100,000         4.00 22.66 21.97 0.91 0.88 0.37 1.27 1.24 0.48 1.75 1.72
MF /UF 15 200,000         4.00 22.66 21.97 0.91 0.88 0.32 1.23 1.20 0.39 1.62 1.59
MF /UF 25 200,000         3.94 22.66 21.97 0.89 0.87 0.33 1.22 1.19 0.39 1.61 1.58
MF /UF 30 200,000         4.00 22.66 21.97 0.91 0.88 0.33 1.23 1.20 0.39 1.62 1.59
Beach Well  15 20,000            3.93 22.66 21.97 0.89 0.86 0.38 1.27 1.24 0.52 1.79 1.76
Beach Well  25 20,000            3.89 22.66 21.97 0.88 0.85 0.38 1.27 1.24 0.52 1.79 1.76
Beach Well  30 20,000            3.95 22.66 21.97 0.90 0.87 0.39 1.28 1.25 0.52 1.80 1.77
FF1 20 100,000         3.73 22.64 22.32 0.84 0.83 0.34 1.18 1.17 0.46 1.64 1.63
FF1 25 100,000         3.73 22.64 22.32 0.84 0.83 0.34 1.18 1.17 0.46 1.64 1.63
FF1 35 100,000         3.83 22.64 22.32 0.87 0.85 0.34 1.21 1.20 0.46 1.67 1.66
FF1 20 200,000         3.73 22.64 22.32 0.84 0.83 0.30 1.14 1.13 0.37 1.51 1.50
FF1 25 200,000         3.73 22.64 22.32 0.84 0.83 0.30 1.14 1.13 0.37 1.51 1.50
FF1 35 200,000         3.83 22.64 22.32 0.87 0.85 0.30 1.17 1.16 0.37 1.54 1.53
Beach Well  20 20,000            4.17 22.64 22.32 0.94 0.93 0.39 1.33 1.32 0.52 1.85 1.84
Beach Well  25 20,000            4.17 22.64 22.32 0.94 0.93 0.39 1.33 1.32 0.52 1.85 1.84
Beach Well  35 20,000            4.21 22.64 22.32 0.95 0.94 0.39 1.35 1.33 0.52 1.87 1.85
DAF + FF2 20 100,000         4.19 22.60 22.68 0.95 0.95 0.38 1.33 1.33 0.52 1.85 1.85
DAF + FF2 25 100,000         4.20 22.60 22.68 0.95 0.95 0.37 1.32 1.32 0.52 1.84 1.84
DAF + FF2 35 100,000         4.32 22.60 22.68 0.98 0.98 0.39 1.37 1.37 0.52 1.89 1.89
DAF + FF2 20 200,000         4.19 22.60 22.68 0.95 0.95 0.34 1.29 1.29 0.42 1.71 1.71
DAF + FF2 25 200,000         4.20 22.60 22.68 0.95 0.95 0.33 1.28 1.28 0.42 1.70 1.70
DAF + FF2 35 200,000         4.32 22.60 22.68 0.98 0.98 0.34 1.32 1.32 0.42 1.74 1.74
Beach Well  20 20,000            4.29 22.60 22.68 0.97 0.97 0.39 1.36 1.36 0.52 1.88 1.88
Beach Well  25 20,000            4.30 22.60 22.68 0.97 0.98 0.39 1.36 1.37 0.52 1.88 1.89
Beach Well  35 20,000            4.32 22.60 22.68 0.98 0.98 0.40 1.37 1.37 0.52 1.89 1.89

Electricity cost 
Fuel: Heavy Fuel Oil HFO Specific energy cost

Specific Opex product 
cost 

Specific product cost

US$‐cents/kW US$/m3 US$/m3 US$/m3

Mediterranean Sea &
Atlantic Ocean

39,000           

2,153         

1,748         

2,247         

1,827         

2,415         

Arabian Gulf 46,000           

2,415         

1,948         

2,415         

Red Sea &
Indian Ocean

43,000           

2,153         

1,748         

2,415         
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Annex 10-17: CAPEX and OPEX including Levelized Water Production Cost (LWC) of typical SWRO plants  
DNI: 2400-2800 kWh/m²,yr, Fuel Option: HFO 
 

Region Seawater TDS
Type of 

pretreatment
Seawater 
temperatur

Plant net 
output

Specific 
Capex plant  

cost

Specific energy 
consumption 

SEC

Specific Opex 
cost w.o 
energy

Specific 
Capex 
product 
cost

mg/l °C m3/d US$/m3,d kWh/m3 US$‐cents/m3 US$/m3

Inland  Coast Inland  Coast Inland  Coast Inland  Coast
DNI 2800 DNI 2400 DNI 2800 DNI 2400 DNI 2800 DNI 2400 DNI 2800 DNI 2400

FF1 15 100,000         3.50 21.26 20.74 0.74 0.73 0.33 1.07 1.06 0.46 1.53 1.52
FF1 25 100,000         3.45 21.26 20.74 0.73 0.72 0.33 1.06 1.04 0.46 1.52 1.50
FF1 30 100,000         3.51 21.26 20.74 0.75 0.73 0.34 1.08 1.06 0.46 1.54 1.52
FF1 15 200,000         3.50 21.26 20.74 0.74 0.73 0.29 1.03 1.02 0.37 1.40 1.39
FF1 25 200,000         3.45 21.26 20.74 0.73 0.72 0.29 1.02 1.00 0.37 1.39 1.37
FF1 30 200,000         3.51 21.26 20.74 0.75 0.73 0.30 1.04 1.02 0.37 1.41 1.39
MF /UF 15 100,000         4.00 21.26 20.74 0.85 0.83 0.36 1.21 1.19 0.48 1.69 1.67
MF /UF 25 100,000         3.94 21.26 20.74 0.84 0.82 0.37 1.20 1.18 0.48 1.68 1.66
MF /UF 30 100,000         4.00 21.26 20.74 0.85 0.83 0.37 1.22 1.20 0.48 1.70 1.68
MF /UF 15 200,000         4.00 21.26 20.74 0.85 0.83 0.32 1.17 1.15 0.39 1.56 1.54
MF /UF 25 200,000         3.94 21.26 20.74 0.84 0.82 0.33 1.16 1.14 0.39 1.55 1.53
MF /UF 30 200,000         4.00 21.26 20.74 0.85 0.83 0.33 1.18 1.16 0.39 1.57 1.55
Beach Well  15 20,000            3.93 21.26 20.74 0.84 0.82 0.38 1.22 1.20 0.52 1.74 1.72
Beach Well  25 20,000            3.89 21.26 20.74 0.83 0.81 0.38 1.21 1.19 0.52 1.73 1.71
Beach Well  30 20,000            3.95 21.26 20.74 0.84 0.82 0.39 1.23 1.21 0.52 1.75 1.73
FF1 20 100,000         3.73 21.23 21.07 0.79 0.79 0.34 1.13 1.12 0.46 1.59 1.58
FF1 25 100,000         3.73 21.23 21.07 0.79 0.79 0.34 1.13 1.12 0.46 1.59 1.58
FF1 35 100,000         3.83 21.23 21.07 0.81 0.81 0.34 1.16 1.15 0.46 1.62 1.61
FF1 20 200,000         3.73 21.23 21.07 0.79 0.79 0.30 1.09 1.08 0.37 1.46 1.45
FF1 25 200,000         3.73 21.23 21.07 0.79 0.79 0.30 1.09 1.08 0.37 1.46 1.45
FF1 35 200,000         3.83 21.23 21.07 0.81 0.81 0.30 1.12 1.11 0.37 1.49 1.48
Beach Well  20 20,000            4.17 21.23 21.07 0.89 0.88 0.39 1.27 1.27 0.52 1.79 1.79
Beach Well  25 20,000            4.17 21.23 21.07 0.89 0.88 0.39 1.27 1.27 0.52 1.79 1.79
Beach Well  35 20,000            4.21 21.23 21.07 0.89 0.89 0.39 1.29 1.28 0.52 1.81 1.80
DAF + FF2 20 100,000         4.19 21.19 21.40 0.89 0.90 0.38 1.27 1.28 0.52 1.79 1.80
DAF + FF2 25 100,000         4.20 21.19 21.40 0.89 0.90 0.37 1.26 1.27 0.52 1.78 1.79
DAF + FF2 35 100,000         4.32 21.19 21.40 0.92 0.92 0.39 1.30 1.31 0.52 1.82 1.83
DAF + FF2 20 200,000         4.19 21.19 21.40 0.89 0.90 0.34 1.23 1.24 0.42 1.65 1.66
DAF + FF2 25 200,000         4.20 21.19 21.40 0.89 0.90 0.33 1.22 1.23 0.42 1.64 1.65
DAF + FF2 35 200,000         4.32 21.19 21.40 0.92 0.92 0.34 1.26 1.27 0.42 1.68 1.69
Beach Well  20 20,000            4.29 21.19 21.40 0.91 0.92 0.39 1.30 1.31 0.52 1.82 1.83
Beach Well  25 20,000            4.30 21.19 21.40 0.91 0.92 0.39 1.30 1.31 0.52 1.82 1.83
Beach Well  35 20,000            4.32 21.19 21.40 0.92 0.92 0.40 1.31 1.32 0.52 1.83 1.84

Electricity cost 
Fuel: Heavy Fuel Oil HFO Specific energy cost

Specific Opex product 
cost

Specific product cost

US$‐cents cent/kW US$‐cents/m3 US$/m3 US$/m3

Mediterranean Sea &
Atlantic Ocean

39,000           

2,153         

1,748         

2,247         

1,827         

2,415         

Arabian Gulf 46,000           

2,415         

1,948         

2,415         

Red Sea &
Indian Ocean

43,000           

2,153         

1,748         

2,415         
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Annex 10-18: CAPEX and OPEX including Levelized Water Production Cost (LWC) of typical SWRO plants  
DNI: 2400-2800 kWh/m²,yr, CSP Plant: Solar only operation in Red Sea and Atlantic Ocean and Arabian Gulf 
 

Region
Seawater 

TDS
Type of 

pretreatment
Seawater 

temperature
Plant net 
output

Specific 
Capex plant  

cost

Specific 
energy 

consumption 
SEC

Specific 
Opex cost 
w.o energy

Specific 
Capex 
product 
cost

mg/l °C m3/d US$/m3,d kWh/m3 US$/m3 US$/m3

DNI 2800
Solar fulload 

hours
DNI 2400

Solar fulload 
hours

DNI 2800 DNI 2400 Inland  Coast Inland  Coast

kWh/m2,year h/year kWh/m2,year h/year US cent/kWh DNI 2800 DNI 2400 DNI 2800 DNI 2400

FF1 20 100,000         3.73 21.43 4,344 24.64 3,778 4.10 0.50 0.51 0.34 0.84 0.85 0.46 1.30 1.31
FF1 25 100,000         3.73 21.43 4,344 24.64 3,778 4.10 0.50 0.51 0.34 0.84 0.85 0.46 1.30 1.31
FF1 35 100,000         3.83 21.43 4,344 24.64 3,778 4.10 0.50 0.51 0.34 0.85 0.86 0.46 1.31 1.32
FF1 20 200,000         3.73 21.43 4,344 24.64 3,778 4.10 0.57 0.60 0.30 0.87 0.89 0.37 1.24 1.26
FF1 25 200,000         3.73 21.43 4,344 24.64 3,778 4.10 0.57 0.60 0.30 0.87 0.89 0.37 1.24 1.26
FF1 35 200,000         3.83 21.43 4,344 24.64 3,778 4.10 0.57 0.60 0.30 0.88 0.90 0.37 1.25 1.27
Beach Well  20 20,000            4.17 21.43 4,344 24.64 3,778 4.10 0.45 0.45 0.39 0.84 0.84 0.52 1.36 1.36
Beach Well  25 20,000            4.17 21.43 4,344 24.64 3,778 4.10 0.45 0.45 0.39 0.84 0.84 0.52 1.36 1.36
Beach Well  35 20,000            4.21 21.43 4,344 24.64 3,778 4.10 0.45 0.45 0.39 0.84 0.84 0.52 1.36 1.36
DAF + FF2 20 100,000         4.19 21.37 4,344 24.57 3,778 4.10 0.50 0.51 0.38 0.88 0.89 0.52 1.40 1.41
DAF + FF2 25 100,000         4.20 21.37 4,344 24.57 3,778 4.10 0.50 0.51 0.37 0.87 0.88 0.52 1.39 1.40
DAF + FF2 35 100,000         4.32 21.37 4,344 24.57 3,778 4.10 0.50 0.51 0.39 0.89 0.90 0.52 1.41 1.42
DAF + FF2 20 200,000         4.19 21.37 4,344 24.57 3,778 4.10 0.57 0.59 0.34 0.91 0.93 0.42 1.33 1.35
DAF + FF2 25 200,000         4.20 21.37 4,344 24.57 3,778 4.10 0.57 0.59 0.33 0.90 0.92 0.42 1.32 1.34
DAF + FF2 35 200,000         4.32 21.37 4,344 24.57 3,778 4.10 0.57 0.59 0.34 0.92 0.94 0.42 1.34 1.36
Beach Well  20 20,000            4.29 21.37 4,344 24.57 3,778 4.10 0.45 0.45 0.39 0.83 0.84 0.52 1.35 1.36
Beach Well  25 20,000            4.30 21.37 4,344 24.57 3,778 4.10 0.45 0.45 0.39 0.84 0.84 0.52 1.36 1.36
Beach Well  35 20,000            4.32 21.37 4,344 24.57 3,778 4.10 0.45 0.45 0.40 0.84 0.84 0.52 1.36 1.36

* Total annual operating hours of SWRO / Solar power plant 8,000.00 h/year
** Electricity production cost is calculated based on CSP plant in solar only operation mode during solar full load hours (refer to LEC calculations by DLR)
*** Based on the current electricity tariff (2010) in Saudi Arabia

Electricity cost 
Solar only DC Inland **

Electricity cost 
from grid ***

Specific energy cost
Specific Opex product 

cost
Specific product cost

US cent/kWh US$/m3 US$/m3 US$/m3

Arabian Gulf 46,000      

2,415          

1,948          

2,415          

Red Sea &
Indian Ocean 

43,000      

2,153          

1,748          

2,415          
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Annex 10-19: CAPEX and OPEX including Levelized Water Production Cost (LWC) of typical SWRO plants  
DNI: 2400-2800 kWh/m²,yr, CSP Plant: Solar only operation 
 

Region Seawater TDS
Type of 

pretreatment
Seawater 
temperatur

Plant net 
output

Specific 
Capex plant  

cost

Specific energy 
consumption 

SEC

Specific Opex 
cost w.o 
energy

Specific 
Capex 
product 
cost

mg/l °C m3/d US$/m3,d kWh/m3 US$/m3 US$/m3

DNI 2800
Solar fulload 

hours*
DNI 2400

Solar fulload 
hours*

at DNI 2800 at DNI 2400 Inland  Coast Inland  Coast

h/year h/year US cent/kWh DNI 2800 DNI 2400 DNI 2800 DNI 2400
FF1 15 100,000         3.50 21.47 4,344 24.68 3,778 7.90 0.53 0.55 0.33 0.86 0.88 0.46 1.32 1.34
FF1 25 100,000         3.45 21.47 4,344 24.68 3,778 7.90 0.53 0.55 0.33 0.85 0.88 0.46 1.31 1.34
FF1 30 100,000         3.51 21.47 4,344 24.68 3,778 7.90 0.54 0.55 0.34 0.87 0.89 0.46 1.33 1.35
FF1 15 200,000         3.50 21.47 4,344 24.68 3,778 7.90 0.53 0.70 0.29 0.82 0.99 0.37 1.19 1.36
FF1 25 200,000         3.45 21.47 4,344 24.68 3,778 7.90 0.53 0.70 0.29 0.81 0.99 0.37 1.18 1.36
FF1 30 200,000         3.51 21.47 4,344 24.68 3,778 7.90 0.54 0.70 0.30 0.83 1.00 0.37 1.20 1.37
MF /UF 15 100,000         4.00 21.47 4,344 24.68 3,778 7.90 0.61 0.55 0.36 0.97 0.91 0.48 1.45 1.39
MF /UF 25 100,000         3.94 21.47 4,344 24.68 3,778 7.90 0.60 0.55 0.37 0.97 0.92 0.48 1.45 1.40
MF /UF 30 100,000         4.00 21.47 4,344 24.68 3,778 7.90 0.61 0.55 0.37 0.98 0.92 0.48 1.46 1.40
MF /UF 15 200,000         4.00 21.47 4,344 24.68 3,778 7.90 0.61 0.70 0.32 0.93 1.02 0.39 1.32 1.41
MF /UF 25 200,000         3.94 21.47 4,344 24.68 3,778 7.90 0.60 0.70 0.33 0.93 1.02 0.39 1.32 1.41
MF /UF 30 200,000         4.00 21.47 4,344 24.68 3,778 7.90 0.61 0.70 0.33 0.94 1.03 0.39 1.33 1.42
Beach Well  15 20,000            3.93 21.47 4,344 24.68 3,778 7.90 0.60 0.44 0.38 0.98 0.82 0.52 1.50 1.34
Beach Well  25 20,000            3.89 21.47 4,344 24.68 3,778 7.90 0.59 0.44 0.38 0.98 0.82 0.52 1.50 1.34
Beach Well  30 20,000            3.95 21.47 4,344 24.68 3,778 7.90 0.60 0.44 0.39 0.99 0.82 0.52 1.51 1.34

* Total annual operating hours of SWRO / Solar power plant
** Electricity production cost is calculated based on CSP plant in solar only operation mode during solar full load hours (refer to LEC calculations by DLR)
*** Based on current electricity tariff (2010) in Morocco 8,000 h/year

Specific energy cost
Specific Opex product 

cost
Specific product cost

US$/m3 US$/m3 US$/m3

Electricity cost 
from grid ***

Mediterranean Sea 
& Atlantic Ocean

39,000           

2,153         

1,748         

2,247         

1,827         

2,415         

Electricity cost 
Solar only ‐  DC Inland **

US cent/kWh
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Annex 10-20: Levelized electricity costs by typical CSP Plants - Preliminary analysis results: Investment cost breakdown and LEC. Assumptions:  
DNI coast: 2,000 kWh/m2/y; DNI inland: 2,400 kWh/m2/y; Back-up fuel: Natural Gas 
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kWh/(m2 year)
‐
°C 25 30 35 25 30 35 25 30 35 25 30 35

ppm 39,000 43,000 46,000 39,000 43,000 46,000 39,000 43,000 46,000 39,000 43,000 46,000

m3/day
‐

kWh/m3

% 38.5 37.7 37.0
MW 116.0 117.5 120.0
MW
MW 26.0 27.5 30.0
MW 603 623 648

km2 1.16 1.20 1.25

km2 4.41 4.55 4.73
MWh 2,308 2,383 2,479
h/year
h/year
%

GWh el/year

Mio. m3/year
Mio. US$ 1106.3 1128.0 1183.0 1203.0 1213.1 1256.0 1159.8 1169.4 1211.6
Mio. US$ 891.0 912.7 941.5 987.7 997.8 1014.5 944.5 954.1 970.1
Mio. US$

US$cent/kWh 23.29 23.67 24.06 22.65 23.02 23.39 23.32 23.29 23.25 24.68 24.64 24.57

US$/MWhth 11.75 10.08 8.34

kWh/m3

kWhth/m
3

kWh/m3 5.36 4.45 3.59

Spec. Heat cost DES 0.00

Spec. Heat consumption DES 52.6 0.00
0.00Electrical heat demand DES

Spec. Electricity consumption DES 1.55 3.50

LEC
Total Investment DES 313.6 215.3

Total Investment cost 1226.1
Total Investment CSP+PB 912.5

Total Water Production 33.3
Total Net Power Production 719.8 339.9

Total Full Load Hours 8,000

Solar Share 38.8% 47.2% 100.0%

3,778
Solar Full Load Hours 3,778
Energy storage Capacity 2,504 2,555
Land use 4.78 4.88
Mirror area 1.26 1.28
Thermal flow solar field 654 668
Internal Power Consumption 17.8 26.7
Net Power Production 90.0
Gross Power Production 107.8 116.6
Gross Turbine Efficiency 32.9 34.9
Auxiliary Power Desalination 1.55 3.50
Fossil Fuel NG ‐

SM 2
Seawater Design Temperature
Seawater Design Salinity
Desalination Capacity 100,000

DNI 2,000 2,400

3,105

CSP/RO + Dry Cooling  
+ Solar Only

Location Coast Inland

CSP/MED
CSP/RO + Once‐
Through Cooling

CSP/RO + Dry Cooling
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Annex 10-21: Levelized electricity costs by typical CSP Plants -Preliminary analysis results: Investment cost breakdown and LEC. Assumptions:  
DNI coast: 2,400 kWh/m2/y; DNI inland: 2,800 kWh/m2/y; Back-up fuel: Natural Gas 
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kWh/(m2 year)
‐
°C 25 30 35 25 30 35 25 30 35 25 30 35

ppm 39,000 43,000 46,000 39,000 43,000 46,000 39,000 43,000 46,000 39,000 43,000 46,000

m3/day
‐

kWh/m3

% 38.5 37.7 37.0
MW 116.0 117.5 120.0
MW
MW 26.0 27.5 30.0
MW 603 623 648

km2 1.16 1.20 1.25

km2 4.41 4.55 4.73
MWh 2,308 2,383 2,479
h/year
h/year
%

GWh el/year

Mio. m3/year
Mio. US$ 1106.3 1128.0 1183.0 1203.0 1213.1 1256.0 1159.8 1169.4 1211.6
Mio. US$ 891.0 912.7 941.5 987.7 997.8 1014.5 944.5 954.1 970.1
Mio. US$

US$cent/kWh 21.96 22.31 22.68 21.35 21.69 22.04 21.83 21.80 21.76 21.47 21.43 21.37

US$/MWhth 10.85 9.29 7.67

kWh/m3

kWhth/m
3

kWh/m3 5.36 4.45 3.59

Spec. Heat cost DES 0.00

Spec. Heat consumption DES 52.6 0.00
0.00Electrical heat demand DES

Spec. Electricity consumption DES 1.55 3.50

LEC
Total Investment DES 313.6 215.3

Total Investment cost 1226.1
Total Investment CSP+PB 912.5

Total Water Production 33.3
Total Net Power Production 719.8 390.8

Total Full Load Hours 8,000

Solar Share 45.7% 54.3% 100.0%

4,344
Solar Full Load Hours 4,344
Energy storage Capacity 2,504 2,555
Land use 4.78 4.88
Mirror area 1.26 1.28
Thermal flow solar field 654 668
Internal Power Consumption 17.8 26.7
Net Power Production 90.0
Gross Power Production 107.8 116.6
Gross Turbine Efficiency 32.9 34.9
Auxiliary Power Desalination 1.55 3.50
Fossil Fuel NG ‐

SM 2
Seawater Design Temperature
Seawater Design Salinity
Desalination Capacity 100,000

DNI 2,400 2,800

3,652

CSP/RO + Dry Cooling  
+ Solar Only

Location Coast Inland

CSP/MED
CSP/RO + Once‐
Through Cooling

CSP/RO + Dry Cooling
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Annex 10-22: Levelized electricity costs by typical CSP Plants - Preliminary analysis results: Investment cost breakdown and LEC. Assumptions:  
DNI coast: 2,000 kWh/m2/y; DNI inland: 2,400 kWh/m2/y; Back-up fuel: Heavy Fuel Oil 
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Annex 10-23: Levelized electricity costs by typical CSP Plants -Preliminary analysis results: Investment cost breakdown and LEC. Assumptions:  
DNI coast: 2,400 kWh/m2/y; DNI inland: 2,800 kWh/m2/y; Back-up fuel: Heavy Fuel Oil 
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Annex 10-24: Water prices from desalination plants since 1991 
[GWI/desaldata] 
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0. Executive Summary 
The World Bank awarded Fichtner with the MENA Regional Water Out-
look for seeking solutions to overcome the water scarcity by means of 
desalination plants sourced by renewable energies especially concentrated 
solar power. The Water Outlook is composed of three tasks as specified by 
the Terms of Reference (TOR): 
 
• Task 1 - Desalination Potential is related with the additional desalination 

plants that are required in order to bridge the growing water demand in 
the MENA region  
 

• Task 2 - Energy Requirement covers the energy supply of required 
desalination plants by renewable energies in the MENA region with a 
special focus on CSP  
 

• Task 3 - Concentrate Management reports on the environmental aspects 
of desalination. 

 
The report at hand is on the Task 2- Energy Requirement as a part of the 
final report and is structured as follows: 
 
Chapter 1: Objectives  
Chapter 1 briefly summarizes the main objectives of the MENA Regional 
Water Outlook. In the first place the desalination potential is to be assessed 
to close the increasing water gap in the region. Further it is of great interest 
to assess the CSP potential in the MENA region to source the required 
desalination plants with energy. 
 
Chapter 2: Data and Information Basis 
Chapter 2 provides a list of data and information utilized to establish the 
study, including data used for the water demand scenarios at average 
climate scenario as provided by FutureWater (Immerzeel et al., 2011). 
 
Chapter 3: Concentrating Solar Power Technologies 
Chapter 3 provides the necessary basic understanding about the principles of 
the concentrating solar power (CSP) technology and gives an extensive 
review of the present state of the art CSP technology options and energy 
storage systems. At the end of Chapter 3, a CSP technology option is 
determined which will be used as a reference CSP technology in order to 
develop a long-term market scenario for CSP for electricity generation and 
seawater desalination. 
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Figure  0-1: Schematic overview of CSP in combination with desalination plants 
 
 
Chapter 4: Concentrating Solar Power Technology Review 
Chapter 4 presents four major CSP technology options – parabolic trough, 
linear Fresnel, central receiver and dish-engines which are all in principle 
suitable for the combination with seawater desalination plants. However, in 
terms of technology employed, the market is dominated by parabolic trough 
systems with synthetic oil as heat transfer fluid, which accounts for 88 % of 
operating plants and 97.5 % of projects currently under construction. These 
values point up that the parabolic trough technology is “the” actual choice 
of project developers and that there is strong trust in the reliability of this 
technology.  
 

 
Figure  0-2: Different CSP technologies 
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Thus, parabolic trough power plants are determined as reference CSP 
technology in this study, because there is a high probability that first large 
scale CSP seawater desalination projects will use parabolic trough systems 
and that this technology will play also a key role in the long-term.  
 
Chapter 5: CSP Potential Assessment 
Chapter 5 analyses the potential of concentrating solar power for electricity 
generation and seawater desalination in the Middle East and North Africa 
(MENA). DLR’s own developed method for calculating the direct normal 
irradiance (DNI), which is the energy source for CSP plants, is described in 
detail. After assessing the solar resources in MENA, the applied approach 
for the land resource assessment is described and the results of the CSP 
potential assessment are presented. 
 

 
Figure  0-3: CSP potential map for the MENA region 
 
The calculated CSP potential can cope with the growing demand for elec-
tricity and water of the MENA countries. A general economical CSP 
potential for electricity generation in MENA is calculated, which is about 
462,196 TWh/y. This is about 23-fold higher than the current worldwide 
electricity production of 20,181 TWh/y (IEA, 2010). The near-shore Poten-
tial for electricity generation and seawater desalination derived from the 
analysis is about 964 TWh/y. This corresponds to about 70% of the current 
electricity generation of entire Africa and the Middle East which is about 
1,392 TWh/y (IEA, 2010). CSP potential maps and the statistical evaluation 
for each MENA country are presented in the Annex. 
 
Table  0-1: Concentrating Solar Power Potential for Electricity Generation and 

Seawater Desalination in MENA by country 
  Total Coast 

Technical 
Potential 
[TWh/y] 

Economical 
Potential 
[TWh/y] 

Technical 
Potential 
[TWh/y] 

Economical 
Potential 
[TWhy] 

Algeria 135823 135771 0.3 0 
Bahrain 16 16 9 9 
Djibouti* 372 300 0 0 
Egypt 57143 57140 74 74 
Gaza Strip &  
Westbanks 

8 8 0 0 

Iran* 32597 32134 267 267 
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Iraq  27719 24657 0 0 
Israel 151 151 2 2 
Jordan  5885 5884 0 0 
Kuwait 1372 1372 18 18 
Lebanon 5 5 0 0 
Libya 82727 82714 135 132 
Malta  0 0 0 0 
Morocco  8463 8428 15 15 
Oman  15460 14174 84 84 
Qatar  696 555 56 43 
Saudi Arabia  76318 75832 152 152 
Syria  9616 8449 1 1 
Tunisia  5762 5673 58 49 
United Arab 
Emirates  

493 447 15 15 

Yemen 11432 8486 108 104 
Total 472057 462196 995 964 
Technical Potential: DNI > 1800 kWh/m²/y; Economical Potential: DNI > 2000 kWh/m²/y 
* DNI data for Iran from NASA, for Djibouti from NREL, for all others DNI from DLR 
 
Chapter 6: Typical CSP Desalination Plant Configuration 
The structure of the CSP potential assessment based on typical plant ap-
proach is highlighted in Chapter 6. The aim is to supply the desalination 
plants with energy operating at base load.  
 
In order to incorporate regional differences within MENA three macro-
regions regarding seawater quality and three solar irradiance-classes 
(2,000 kWh/m²/y, 2,400 kWh/m²/y and 2,800 kWh/m²/y) have been defined. 
Areas with medium and high potential solar irradiance have been distin-
guished at the coast and in inland areas. 
 
Four different evaluation cases are calculated. The capacity of the desalina-
tion is kept constant (100,000 m3/d) since the study has the priority of 
maximizing the water production rather than electricity production. The 
solar power plant is designed with solar multiple 2 (, i.e. ca. 7.5 full load 
hours under design conditions).  
 

 
Figure  0-4: Scheme of a CSP desalination plant (inland location) in combination with 

a reverse osmosis (RO) 
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Figure  0-5: Scheme of a CSP desalination plant (coastal location) in combination with 

a multi-effect distillation (MED) 
 
 
Table  0-2: Results overview (Assumptions – Location: Arabian Gulf; DNI class: high; 

Fossil Fuel: Natural gas) 

Unit MED/CSP
RO/CSP + Once‐
Through Cooling

RO/CSP + 
Dry Cooling

RO/CSP + 
Dry Cool. + 
Solar Only

Location: Arabian Gulf ‐

kWh/(m2 year)
‐
°C
ppm

m3/day
‐

kWh/m3 1.5
% 32.9 37.0

MW 107.8 120.0
MW 90.0 90.0
MW 17.8 30.0
MW 654 648

km 2 1.26 1.25

km 2 4.78 4.73

MWh 2,504 2,479
h/year
h/year 4,344
% 54.3% 100.0%

GWh el/year 390.8
Mio. m 3 /year

719.8
45.7%

33.3

RESULTS

Coast Inland

DNI 2,400 2,800
SM 2

Desalination Capacity 100,000

Auxiliary Power Desalination 4.3
Fossil Fuel Natural Gas

Seawater Design Temperature 35
Seawater Design Salinity 46,000

Net Power Production
Internal El. Consumption

90.0
30.4

Solar Full Load Hours
Total Full Load Hours
Solar Share

Mirror area
5.03

Total Net Power Production

Total Water Production

2,634
4,344

8,000

Required Land Area
Energy storage Capacity

3,652

688
1.32

35.0
120.4

Turbine Efficiency (Gross)
Gross Power Production

Thermal flow solar field

 
 
Still, it is noted that the obtained results can are qualified to provide a rough 
indication at this stage. For project-specific evaluation a more detailed 
investigation needs to be elaborated. 
 
Chapter 7: Cost aspects 
This section provides an overview about the cost structure of desalination 
plants driven by hybrid CSP systems with thermal energy storage. Main 
result is the levelized electricity cost (LEC). A differentiation is made 
basing on the analysis of four selected configurations. The comparison 
comprehends the analysis of MED and RO systems, once-through and dry 
cooling systems, while rough estimation of input parameters for 3 macro-
regions in MENA is made. Assumptions of the simplified model are de-
scribed and discussed. 
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Figure  0-6: LEC [US$cent/m³] for the 4 considered configurations. Assumptions: 2 

DNI groups: 1- DNI 2,000 at the coast and 2,400 in inland; 2- DNI 2,400 at 
the coast and 2,800 in inland [kWh/m²/year]; Location: Arabian Gulf; 
Fuel: Heavy Fuel Oil. 

 
It is noted that capital and operational expenses calculated in this study are 
not supposed to be conducted for comparing particular project cases. Rather, 
they are principally qualified for rough indication and preliminary compari-
son. 
 
Chapter 8: Power and Water Supply Scenarios 
Chapter 8 explains the methodology used and the results of the electricity 
and water supply scenarios developed during the project. Input data as well 
as the applied methodologies were updated with respect to prior studies.  
 
Due to continuous growth of population and economy, a growth of electrici-
ty consumption from about 1,150 TWh/y in 2010 to 2,900 TWh/y in 2050 
can be expected in MENA (Figure  0-7 and Table  0-3). Data and graphs for 
all individual countries are given in the Annex.  
 
While power supply was almost exclusively based on natural gas and oil 
derivates in the year 2010, a change to a broader spectrum of supply is 
expected in the future. In 2050, a well balanced mix of renewable and fossil 
energy sources for electricity generation will provide affordable, environ-
mentally compatible and secure power to the MENA countries. 
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Figure  0-7: Electricity supply scenario for the total MENA region by sources 
 
Concentrating solar thermal power plants (CSP) will have a major role in 
the future power supply of MENA, because of the following reasons: 
 
• CSP provides power on demand for base, medium or peak load, not 

causing any fluctuations of power supply itself but in the contrary, being 
able to compensate fluctuations of the load and other sources of energy 
and to stabilize the electricity grid. 

• Unlike Europe, the MENA region has no significant potential for hydro-
power or pump storage, which translates into a lower capability to buffer 
fluctuations from photovoltaic and wind power.  
 

• Other storable sources of energy like hydropower, biomass and geo-
thermal energy that would be capable of providing balancing power are 
rather scarce in the MENA region, while the potential for – easily stora-
ble – CSP is extremely large.  

 
Due to those reasons, CSP will play a major role in the future MENA 
electricity supply. Market introduction shall take place as soon as possible, 
because it will take several decades to introduce new technologies on a 
market scale. Even if started decidedly today, it will take until after 2020 to 
see significant shares of renewable energy in the MENA electricity mix.  
It is a major challenge and responsibility for MENA policy makers to start 
such a transition in due time and not lose time and money in useless side-
kicks like nuclear power, which would not solve any, but create many new 
problems like proliferation of plutonium or radioactive waste disposal.  
The future water demand in the MENA region was assessed by an analysis 
of FutureWater (Immerzeel et al. 2011), which included effects of climate 
change on the future availability of natural surface and groundwater re-
sources. From this report, the average climate change scenario was taken as 
basis for the study.  
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The analysis suggests that there will be a significant reduction of available 
surface and groundwater in the medium and long-term future, from 225,000 
MCM/y in the year 2000 to less than 190,000 MCM/y in 2050 (Figure  0-8 
andTable  0-3). At the same time, water demand will grow from 255,000 
MCM/y in the year 2000 to shortly 450,000 MCM/y in 2050, opening a 
very dangerous gap of supply that will affect the whole region from now on.   
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Figure  0-8: Water supply within the average climate change scenario for MENA 
 
In order to cope with future demands, absolute priority was given in the 
used model to efficiency gains in all water sectors and to the treatment and 
reuse of at least 20% of urban and industrial wastewater for irrigation. 
Reuse of untreated wastewater was neglected because of environmental 
constraints. 
 
Conventional desalination plants were taken into account just as scheduled 
by national planning until 2015, taking respective data from the Global 
Water Intelligence Outlook to 2016 (GWI 2010b). Considering the expected 
life cycle of each desalination plant in MENA, the model substitutes any 
decommissioned conventional desalination capacity after 2015 by CSP 
desalination. 
 
If required and after all other options have been used up to their limits, CSP- 
desalination is introduced after 2015 to close eventually opening gaps of 
water supply in each country. In several countries, in spite of being the last 
option according to the assumptions made, seawater desalination combined 
with CSP achieves a major share of water production in the medium and 
long term.  
 
This is due to several advantages associated with CSP technology: 
 
• CSP is a very large, sustainable energy resource even at coastal sites 
• CSP availability correlates very well with seasonal water needs and is 

most abundant in regions with highest water scarcity  
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• CSP can provide base load power for the uninterrupted operation of 
seawater desalination plants 

 
The overall MENA CSP desalination potential identified in this study is 
23,400 MCM/y in 2020, 55,800 MCM/y in 2030 and finally, 98,000 
MCM/y in 2050.  
 
The 2020 market potential of 23,400 MCM/y is equivalent to about 50% of 
the present annual volume of the Nile River flowing into Egypt. The 
achievement of such a large amount of desalted water in MENA within a 
10-year time-span is a tremendous challenge and can only be achieved if 
energy and water policy in MENA are immediately harmonized and deci-
dedly and quickly implement the necessary frame conditions for an effective 
market introduction of renewable energy, especially concentrating solar 
power, instead of continuing with power and water supply based on subsi-
dized fuels.  
 
Looking at the scenario analysis at hand, there is no other visible or viable 
alternative at all that has a realistic potential to avoid a very dangerous, 
subsequently increasing gap of freshwater supply in the MENA region.  
 
The presented scenario shows a consistent way to achieve the requirements 
for climate protection in MENA, reducing the emissions of carbon dioxide 
from power generation from 570 Mt/y in the year 2010 to 270 Mt/y. This 
can be achieved in spite of a significant growth of population and economy 
expected in the region that would lead to emissions of over 1,500 Mt/y 
following a business as usual strategy (Figure  0-9 and Table  0-5).  
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Figure  0-9: Greenhouse gas emissions from the power sector in the total MENA 
region by sources 
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Table  0-3: Annual electricity generation (TWh/y) in the total MENA region by source 
Year 2000 2010 2020 2030 2040 2050
Wind 0.2 12.1 40.0 85.1 149.3 229.7
Photovoltaics 0.0 5.8 34.8 121.7 208.6 289.7
Geothermal 0.1 2.3 11.8 35.1 62.2 97.1
Biomass 0.2 9.3 21.9 38.1 57.4 79.4
CSP Plants 0.0 0.4 56.6 427.6 1125.9 1638.3
Hydropower 24.9 28.3 37.7 53.5 75.4 103.7
Oil 186.8 259.8 181.9 127.3 89.1 62.4
Gas 354.6 781.6 1281.5 1377.4 962.1 296.7
Coal 32.9 46.0 59.6 72.6 74.7 71.8
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0
Total Production 600 1146 1726 2338 2805 2869  
 
Table  0-4: Water supply (MCM/y) within the average climate change scenario for 
MENA 
Year 2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 17,655 35,959 57,108 80,036
Unsustainable Extractions 32,432 47,015 44,636 9,104 7,093 16,589
CSP Desalination 0 0 23,405 55,855 79,461 97,658
Conventional Desalination 4,598 9,210 12,679 9,732 1,054 0
Wastewater Reuse 4,445 4,929 16,965 29,618 44,125 60,357
Surface Water Extractions 185,256 172,975 146,749 162,131 165,735 150,024
Groundwater Extractions 39,136 43,051 48,116 41,491 36,032 37,700
Total Demand BaU 265,868 277,180 310,205 343,891 390,609 442,364  
 
Table  0-5: Emissions of CO2-equivalent (Mt/y) from power generation in the total 
MENA region by sources 
Year 2000 2010 2020 2030 2040 2050
Wind 0.0 0.1 0.5 1.0 1.8 2.8
Photovoltaics 0.0 0.8 3.5 9.7 14.6 17.4
Geothermal 0.0 0.1 0.5 0.7 1.2 1.9
Biomass 0.0 0.6 1.5 2.6 3.9 5.4
CSP Plants 0.0 0.1 3.9 16.4 19.0 26.9
Hydropower 0.4 0.5 0.6 0.9 1.3 1.8
Oil 130.8 181.9 126.5 87.4 59.7 41.0
Gas 159.5 351.7 568.5 589.7 379.5 110.4
Coal 26.3 36.8 47.6 58.1 59.8 57.4
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0
Total Production 317 573 753 767 541 265
Avoided 0.0 33.1 159.3 469.9 942.3 1252.0  
 
Chapter  8.3 describes the technical and economic development of renewable 
energy sources that has been achieved and that is still ahead.  
 
The coupling of renewable energy sources with desalination has the poten-
tial of providing a sustainable source of potable water. There is a wide 
variety of technological combinations between desalination technologies 
and renewable energy sources. Furthermore, technology improvements as 
well as learning effects represent a large potential for cost reductions.  
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This chapter gives an overview of the possible combinations between 
renewable energies with alternative desalination technologies, and shows 
future trends for further development of CSP. 
 
Chapter  8.4 explains that there are already some niche markets for CSP in 
MENA, which will rapidly expand to the full electricity market as technical 
learning, economies of scale and market competition increases. 
 
Chapter 9: Conclusions 
In chapter 9, the main conclusions of this study are presented. 
 
The MENA Water Outlook study has confirmed the existence of an over-
whelming potential of solar energy for the production of electricity and 
desalinated seawater in the Middle East and North Africa. This potential not 
only exceeds the present and future demand of the region by several orders 
of magnitude, but it is also available in a way that allows for the continuous 
base load operation of power and desalination plants all over the year, if 
concentrating solar power technology (CSP) is used.  
 
The results of the study confirm that CSP will have to play a major role in 
the sustainable supply of electricity and water in the MENA region, sustain-
able meaning at the same time being secure, affordable and compatible with 
the environment. For every one of the 22 countries analysed here, long-term 
scenarios of power and water supply starting in the year 2000 up to the year 
2050 have been developed, that show a transition from the deficient present 
state of the art towards a sustainable future supply structure.  
In the power sector, the main pillars of a sustainable supply system are 
efficiency gains in the use and distribution of electricity and a decided 
expansion of renewable energy in the near future. CSP will play a major 
role, as a renewable source of energy in MENA that is capable of providing 
base load and balancing power on demand.  
 
The following issues speak for a significant share of concentrating solar 
power for electricity generation in the MENA region: 
 

1. CSP provides balancing power on demand for base, medium or peak 
load.  

2. MENA has a low tolerance for fluctuating sources of energy, be-
cause it has no significant potential for pump storage like Europe to 
compensate fluctuations such as those originated by wind and PV 
power plants.   

3. Other easily storable energy potentials that could be used for balanc-
ing power like hydropower, biomass and geothermal energy are very 
limited in MENA. 

4. The CSP potential in MENA is extremely large and represents a 
domestic source of energy.  

5. Hybrid CSP steam cycle power plants ideally combine solar energy 
with the traditional use of natural gas and fuel oil, guaranteeing se-
curity of supply but significantly reducing the consumption of fossil 
fuels.  
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An in-depth, high resolution geographical and meteorological analysis of 
each country shows that the solar electricity generation potential in MENA 
exceeds 462,000 TWh/y, a number that compares very favourably to the 
total electricity consumption expected in our scenario by 2050 of about 
2,900 TWh/y, of which 1,600 TWh/y would be covered by CSP technolo-
gies.  
 
The main pillars of a transition to sustainability in the water sector are 
enhanced efficiency in the use of water, reuse of treated wastewater and the 
use of renewable energy, mainly solar energy from concentrating solar 
power plants, for seawater desalination. The advantages of using concentrat-
ing solar power for seawater desalination are the following: 
 

1. The CSP potential in MENA is very large even at coastal sites. 
2. There is a good seasonal correlation of solar energy availability and 

demand. 
3. Solar energy is most abundant in regions with highest water scarcity. 
4. CSP plants provide base load for uninterrupted operation of desali-

nation plants. 
 
In order to close the growing gap between renewable natural water sources 
and water demand, an amount of 98 BCM/y of desalinated water would be 
required by 2050 in all MENA countries according to our scenarios.  
 
The existing coastal CSP potential of 964 TWh/y would allow for the 
desalination of 69 BCM/y at coastal sites, either by combined CSP/RO or 
CSP/MED plants, while at least 27 BCM/y would have to be desalinated by 
RO plants using solar electricity from CSP plants distant to the coast. The 
growing MENA water gap can be eliminated by around 2030, if immediate 
political steps are taken now to introduce and expand CSP desalination 
technology in a decided way.  
 
There are several advantages related to the introduction of CSP for power 
generation and seawater desalination in the MENA region:  
 

1. CSP can be a cost stabilizing element in the future electricity mix 
when fossil fuel prices will increase;  

2. adding solar energy is a prevention against fuel shortage and pro-
longs the availability of fossil fuels; 

3. introducing renewable energy helps to build a robust platform for 
economic development that acts like an insurance against external 
oil crisis; 

4. increasing national share of supply, local industry and labour leads 
to local added value and competence; 

5. stabilization of future energy cost acts as hedge against cost escala-
tion; 

6. lower costs on the national budget, thanks to fuel savings, better for-
eign output balance, avoided subsidies, lower health and military ex-
penses,  
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7. less environmental damage from power generation and seawater de-
salination. 

 
There are also several drawbacks and challenges that must be overcome in 
the course of introducing renewable energy and in particular CSP to the 
MENA energy and water markets: 
 

1. The upfront investment cost of CSP plants is rather high, including 
not only the cost of the power plant (turbine, power cycle) and the 
desalination plant, but in addition to that, a solar collector and stor-
age system equivalent to the fuel for 40 years of operation 

2. Long-term, guaranteed power and water purchase agreements are the 
only feasible mechanisms to finance such projects in a sustainable 
way: long-term investments need equivalent long-term secured reve-
nues.  

3. If private investment shall be stimulated, a long-term purchase 
agreement must provide a tariff for power and water that covers the 
full cost of capital and operation plus reasonable revenues for inves-
tors. Such tariffs are usually higher than the average tariffs for power 
and water existing at present.  

4. Interest rates are the higher, the higher the risk of investment is, 
while the largest part of the cost of a CSP plant is exactly the cost of 
capital. Therefore, strong measures must be taken to reduce invest-
ment risks, like international guarantees, policy support, transparent 
public administration and licensing, transparent and foreseeable tar-
iff systems, etc. If risks are minimized, interest rates are minimized 
and thus, the cost of market introduction is minimized. In this sense, 
paradoxically, higher tariffs for power and water can lead to a lower 
cost of market introduction, if tariffs are harmonized with loan peri-
ods.  

 
Chapter 10: Annex 
In the Annex of this study, country specific electricity and water supply 
scenarios as well as detailed CSP potential maps are presented for each 
MENA country. Furthermore, cost estimations of different CSP plant 
configuration are shown. 
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1. Objective 
The widening gap between the use and availability of water poses a serious 
threat to sustainable socioeconomic development of the Middle East and 
North Africa (MENA) region. Freshwater sources in the region are persis-
tently over-used partly due to low efficiency of water distribution and water 
use and partly because of continuous growth of population and economy in 
the region. Sixteen countries (out of 21 countries in the region) already face 
water stress. As such, these countries augment their water need from fossil 
aquifers and/or using unconventional sources of water, including desalina-
tion and wastewater reuse. With ever increasing population and industriali-
zation of the region's economy, water demand, and hence water stress is 
bound to increase. In addition, projections of climate change impacts on the 
region's water availability are at best unfavorable, with decreases of up to 40 
percent projected for some countries by the end of the 21st century. This 
calls for an even larger augmentation of water supply using unconventional 
methods. In fact the MENA Region leads the world in the use of desalinated 
water - at over 60% of the world desalination capacity. 
 
As a part of a larger report addressing the regional water outlook in the 
MENA region, the World Bank awarded Fichtner to review the potential of 
desalination technologies as an alternative water supply augmentation in this 
region. Furthermore, the review shall focus on options to use renewable 
energy sources (especially concentrating solar power, CSP) to power 
desalination plants as well as on the management of concentrate discharge. 
 
For more than 3 decades, Fichtner has carried out consultancy services for 
desalination, water, waste water and CSP projects and plants in the Gulf 
area as well as in further MENA countries. In doing so, Fichtner compiled 
an extensive and thorough understanding and knowledge of the technical, 
economic, social and environmental aspects of this industry, its current best 
practice, codes and standards. 
 
In regard to the use and potential of CSP for desalination in the MENA 
region, Fichtner secured the services of the German Aerospace Center 
(DLR).  DLR proved its exquisite expertise in these fields with the asses-
ment of such prominent studies as the 2005 report: “Concentrating Solar 
Power for the Mediterranean Region and the 2007 report: “Concentrating 
Solar Power for Seawater Desalination”.  
 
The assessment of water demand and supply data for the MENA countries, 
providing the data basis of the MENA Regional Water Outlook - Part II, 
FutureWater was awarded by the World Bank with a separate study (Part I).  
 
The main objective of the report at hand is to inform the World Bank Study 
Team on desalination related issues and to provide an overview of desalina-
tion potential in the region is whether and to what extent new seawater and 
brackish water desalination plants can augment the water supply in the 
region.  
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The water gap to be closed will be assessed in three time steps: 
 
• Current water gap as of 2010 
• Projected future water gap by 2030 and 2050. 
 
Next to the desalination potential to be assessed to bridge the water gap and 
the resulting energy demand required by the proposed desalination plants, 
the study aims further at the verification of the CSP potential in order assess 
the degree of energy demand coverage by solar-thermal power plants. The 
assessment is rendered on a country basis.  
 
The assessment of desalination potential in the MENA region is described 
particularly in Task 1- Desalination Potential. Reference is made accor-
dingly regarding desalination related subjects. 
 
Task 2 -Energy Requirement report at hand addresses CSP related topics 
only. The outline of both reports is kept common to ease the tracking of 
information. 
 
The necessity to cover the entire MENA region implies a certain degree of 
generalization and simplification. Given the large study area including a 
number of countries in the MENA region, Fichtner proposed to assess the 
desalination potential based on a model approach comprising typical plants. 
Since there is no single desalination plant and process configuration that fits 
to all locations, a set of suitable typical plants are planned. 
 
The level of detail of the report respects the constraints of the study.  
 
The specific topics of the report are: 
 
• input data and information basis used for the assessment of the study 
• a brief overview on the concentrating solar power, main principles and 

the role of thermal storage  
• descriptions of commercial desalination technologies with techno-

economical key data and screening  
• presentation of CSP potential assessment results in the MENA region 

comprising solar energy resource and land resource assessment 
• introduction of typical plant approach and basic design of such CSP 

plants to supply typical desalination plants with energy 
• budgetary cost estimations including investment costs and operational 

costs for typical CSP plants, calculation of unit electricity production 
costs for different configurations and evaluation of results 

• including a brief overview on the current and future energy market in the 
MENA region with future perspectives for solar-powered desalination. 
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2. Data and Information Basis 
The model output data from the Part I Consultant, FutureWater (Immerzeel, 
2010) including water demand and supply data have been used for the water 
demand scenarios assessed within this study. The water gap (unmet de-
mand) is assessed by country in the MENA region for each year between 
2000 and 2050. 
 
Further data used in the study are as listed in Table  2-1 and Table  2-2: 
 
Table  2-1: Utilized data for the solar resource assessment 
Source Spatial Resolution  
DLR ~ 1 x 1 km² 
NASA ~ 111 x 111 km² 
NREL ~ 40 x 40 km² 
 
Table  2-2: Utilized data for the land resource assessment 
Exclusion 
Criteria 

Name Spatial Resolution  Source 

Terrain The Global Land 
One-kilometer Base 
Elevation (GLOBE) 
Digital Elevation 
Model V1.0 

30 x 30 arc-sec Hastings & 
Dunbar, 
1999 

General Bathymetric 
Chart of the Oceans 
(GEBCO) Digital 
Atlas 

60 x 60 arc-sec GEBCO, 
2003 

Land Cover ESA Globcover V2.2 10 x 10 arc-sec Bicheron et 
al., 2008 

Population 
density 

LandScan Global 
Population Database, 
2003.  

30 x 30 arc-sec Oak Ridge 
National 
Laboratory, 
2003 

Hydrology Global Lakes and 
Wetlands Database 
(GLWD 3) 

30 x 30 arc-sec Lehner, Döll, 
2004 

Geomorphology Digital Soil Map of 
the World (DSMW) 
V3.6 

300 x 300 arc-sec FAO/UNES
CO, 2007 

Protected Area The World Database 
on Protected Areas 
(WDPA) 

300 x 300 arc-sec protectedplan
et.net, 2010 

Airports Global Airports - 
DAFIF ap 

236 x 236 arc-sec Pacific 
Disaster 
Center, 2002 
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3. Concentrating Solar Power Basics 
In the following chapter the principle basics of concentrating solar power 
(CSP) are described in order to provide the necessary understanding, why 
CSP has an outstanding meaning for future sustainable sea water desalina-
tion by renewable energies.  

3.1 Introduction to CSP 

Concentrating solar thermal power is a renewable energy technology which 
allows converting solar irradiation into very high temperature heat and in a 
successive step into electricity. The core element is a mirror field which 
reflects direct normal irradiance (DNI) to a focus line or point, called 
receiver. Temperatures up to 1,000 °C can be achieved. These plants allow 
providing dispatchable power, i.e. power capacity on demand, because they 
make use of conventional steam cycles, in which hybrid operation with 
fossil or bio-fuels is possible. In this sense solar energy can be seen as an 
effective fuel saver. Furthermore, the key advantage of CSP in comparison 
to other renewable energy technologies like PV and wind is that the fossil 
fuel consumption can be further reduced by over-sizing the collector field 
and storing a share of the heat into a thermal energy storage system. This 
surplus energy can be used during evening or night times and to compensate 
short-time solar irradiation fluctuations. In principle, solar operation round-
the-clock is possible. 

3.2 Principles of CSP 

The principle of operation of a concentrating solar collector and of a CSP 
plant is drafted in Figure  3-1, showing the option for combined generation 
of heat and power, whereas electricity generation only is obviously also 
possible. From the point of view of a grid operator, CSP behaves just like 
any conventional fuel fired power station, but with considerable less fuel 
consumption, thus being an important factor for grid stability and control in 
a future electricity supply system based mainly on renewable energy 
sources. CSP plants can be designed from 5 MW to several 100 MW of 
capacity.  
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Figure  3-1: Principle of a concentrating solar collector (left) and of a concentrating 
solar thermal power station for co-generation of electricity and process steam (right).  
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Another major advantage of CSP power stations is the fact that the steam 
turbines used for power generation provide an excellent spinning reserve, 
which is very important for short time compensation of any failures or 
outages within the electricity grid. Spinning reserve can only be provided by 
rotating machines like steam or gas turbines. Moreover, CSP plants can be 
designed to be operated in all load segments from base load and interme-
diate load to peaking load services, just as required by grid operators.  
 
The advantage of CSP for providing constant base load capacity for seawa-
ter desalination can be appreciated in Figure  3-2, Figure  3-3 and Figure  3-4 
for a time-series modeling of one week of operation of equivalent wind, PV 
and CSP systems with 10 MW installed power capacity each at Hurghada, 
Egypt: while wind and photovoltaic power systems deliver fluctuating 
power and either allow only for intermitting solar operation or require 
considerable conventional backup, a concentrating solar power plant can 
deliver stable and constant power capacity, due to its thermal energy storage 
capability and to the possibility of hybrid operation with fuel. 
 
To cover a constant load or to follow a changing load by wind or PV 
electricity would additionally require the electricity grid and conventional 
plants for external backup. In both cases an additional backup capacity 
should be installed and operated for most of the time, generating a relatively 
small portion of electricity during daytime and wind periods, but full 
capacity during night and wind calms. 
 
In this study, the renewable share provided by CSP is about 90%, that of PV 
is 25 % and that of wind power is about 35-40 %. Depending on varying 
conditions at different locations, these numbers can be also considered as 
typical for the average annual renewable share of such systems.  
 
As a consequence, CSP plants can save more fossil fuel and replace more 
conventional power capacity compared to other renewable energy sources 
like PV and wind power. Theoretically, instead of conventional backup 
power or fuel, electricity generated by all three systems could be stored in 
batteries, hydro-pump or hydrogen energy storage in order to provide 
continuous power capacity. In that case, the additional electrical storage 
capacities needed by CSP would be rather small, while significant storage 
would be required for PV and wind power, prohibitively increasing the 
overall system cost and energy losses.  

A reasonable economic performance of concentrating solar power plants is 
given at an annual direct solar irradiance of more than 2,000 kWh/m²/y. The 
economic potential of CSP in Europe has been assessed in (Trieb et al. 
2005). It is limited to Spain, Portugal, Greece, Turkey and the Mediterra-
nean Islands and amounts to 1,580 TWh/y of which 1,280 TWh/y are 
located in southern Spain. Although there is a relatively large CSP potential 
in Europe, more attractive sites are located south of the Mediterranean Sea 
with an annual direct solar irradiance of up to 2,800 kWh/m²/y. 
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Figure  3-2: Solar power provided by a CSP-plant with 16 hour storage and conven-

tional power from fuel from the same plant for constant 10 MW base load 
supply.  
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Figure  3-3: Power supplied by 10 MW PV capacity and conventional backup power 

from the grid needed to provide constant 10 MW base load supply. 
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Figure  3-4: Power supplied by 10 MW wind capacity and conventional backup power 

from the grid needed to provide constant 10 MW base load supply. 
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Figure  3-5: Simulation of the relative monthly electricity yield of a solar thermal 

power plant with 24 hour storage at sites with different annual solar irra-
diance and latitude assuming solar only operation without fuel input. To-
tal equivalent annual full load hours achieved: Freiburg (Germany) 2,260 
h/y, Madrid (Spain) 5,150 h/y, El Kharga (Egypt) 8,500 h/y. Source: (May 
2005).  

 
Figure  3-5 shows the monthly electricity yield of a CSP plant with a one-
day thermal energy storage capacity at different locations in Europe and 
North Africa. The site El Kharga in Egypt represents the best case in this 
comparison. Throughout the whole year the solar electricity yield stays at 
almost 100 %, just in January and February it declines to about 85 %, a 
behavior that correlates very well with local power demand. The more the 
plant is located to the North the lower is its monthly electricity yield. In 
Madrid and Freiburg values of less than 20 % are achieved in wintertime, 
and neither achieves 100 % in summer, compared to the site in Egypt.  

3.3 The role of thermal energy storage in CSP: the Solar Multiple 

How has been stated before, one of the key features of concentrated solar 
power is the fact that CSP plant can deliver power on demand. In order to 
increase the number of solar operating hours beyond the times when sun is 
shining, the collector field can be designed to provide, under standard 
conditions, more energy than the turbine can accept. This surplus energy is 
used to charge a heat storage, which can provide the required energy input 
to the turbine system during periods of insufficient solar radiation (Tamme 
et al., 2004). At this point it is useful to introduce the concept of solar 
multiple (SM). 
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Figure  3-6: Definition of CSP plant configuration with different Solar Multiple (SM) 
 
In the model, a solar multiple of one (SM1) defines a collector field with an 
aperture area of 6,000 m² per installed MW of power capacity. A single 
storage unit has a capacity of 6 full load operating hours that will be used 
when applying additional collector fields for night time storage. SM2 would 
require one 6 h storage unit and 2 times 6,000 m² solar field per MW. This 
model considers as reference current parabolic trough technology with 
molten salt storage, steam cycle power block and dry cooling tower with an 
annual net solar electric efficiency of about 12% (Trieb et al. 2009). In 
Figure  3-6 the definition of CSP plant configuration with different Solar 
Multiple is highlighted. 
 
Annual full load hours are shown in Table  3-1 for varying solar multiple, 
latitude and annual solar irradiation. As an example, a CSP plant with a 
solar multiple 4 would have 4 x 6,000 = 2,4000 m²/MW solar field aperture 
area plus 3 x 6 = 18 hours of storage capacity. Such a plant would achieve 
about 5900 full load operating hours at 2,000 kWh/m²/y of annual solar 
irradiation in Southern Spain (Latitude 35°) and almost 8,000 full load hours 
at a site in Southern Egypt (Latitude 25°) with 2,800 kWh/m²/y annual solar 
irradiation. 
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Table  3-1: Annual full load hours (h/y) of CSP plants for different Solar Multiple 
(SM)*, different annual direct normal irradiation (DNI in kWh/m²/year) 
and different latitudes (Lat.) from hourly time series modelling (Trieb et al. 
2009). 

 
SM1 DNI 1800 DNI 2000 DNI 2200 DNI 2400 DNI 2600 DNI 2800

Lat.   0 ° 1613 1869 2128 2362 2594 2835
Lat. 10 ° 1607 1859 2130 2344 2581 2808
Lat. 20 ° 1559 1801 2082 2269 2502 2725
Lat. 30 ° 1460 1689 1977 2128 2350 2580
Lat. 40 ° 1310 1524 1815 1920 2127 2366

SM2 DNI 1800 DNI 2000 DNI 2200 DNI 2400 DNI 2600 DNI 2800
Lat.   0 ° 3425 3855 4221 4645 4931 5285
Lat. 10 ° 3401 3817 4187 4612 4909 5222
Lat. 20 ° 3310 3719 4098 4495 4810 5096
Lat. 30 ° 3147 3539 3943 4283 4605 4887
Lat. 40 ° 2911 3285 3719 3984 4301 4604

SM3 DNI 1800 DNI 2000 DNI 2200 DNI 2400 DNI 2600 DNI 2800
Lat.   0 ° 4869 5414 5810 6405 6713 7147
Lat. 10 ° 4829 5358 5752 6365 6690 7074
Lat. 20 ° 4711 5223 5630 6229 6583 6929
Lat. 30 ° 4499 4995 5434 5970 6352 6676
Lat. 40 ° 4189 4674 5163 5601 5987 6322

SM4 DNI 1800 DNI 2000 DNI 2200 DNI 2400 DNI 2600 DNI 2800
Lat.   0 ° 5987 6520 6796 7563 7859 8243
Lat. 10 ° 5918 6430 6711 7514 7831 8160
Lat. 20 ° 5761 6260 6563 7380 7724 8009
Lat. 30 ° 5506 5999 6340 7110 7497 7738
Lat. 40 ° 5155 5650 6045 6717 7115 7348  

• SM1: 6,000 m²/MW, no storage; SM2: 12,000 m²/MW, 6 h storage; SM3: 18,000 m²/MW, 12 h sto-
rage; SM4: 24,000 m²/MW, 18 h storage 

 
For concentration of the sunlight, most systems use curved or flat glass 
mirrors because of their very high reflectivity. Point focusing and line 
focusing collector systems are used, as shown in Figure  3-7. These systems 
can only use the direct portion of solar radiation, but not the diffuse part of 
the sunlight that cannot be concentrated by mirrors. Line focusing systems 
are easier to handle than point concentrating systems, but have a lower 
concentration factor and hence achieve lower temperatures than point 
focusing systems. Therefore, line concentrating systems will typically be 
connected to steam cycle power stations, while point concentrating systems 
are additionally capable of driving gas turbines or combustion engines.  
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Figure  3-7: Concentrating solar collector technology mainstreams: Parabolic trough 

(top left), linear Fresnel (bottom left), central receiver solar tower (top 
right), dish-Stirling engine (bottom right) 
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4. CSP Technology Review 
A CSP power plant mainly consists of 3 parts: solar field, thermal energy 
storage (optional) and power block. In this chapter an overview on different 
solar field technologies and storage options is given. Both state-of-the-art 
and future developments are presented. The power block is not described in 
detail, because this part doesn´t represent any technology innovation. 
Indeed, steam turbines are widely used in conventional power plants. 
After the technology overview, pre-selection of best suited state-of-the-art 
CSP solar field and storage has been carried out. 

4.1 CSP – Solar Field 

Although all CSP technologies are based on the same principles, different 
approaches have been implemented. Each of them has a different set of 
characteristics and each is in a different degree of technological maturity. In 
this chapter the most representative CSP technologies are presented and 
compared among each other, with regard to actual development and existing 
projects. 

4.1.1 Parabolic Trough Collectors 

Parabolic Trough systems use parabolic mirrors to concentrate solar radia-
tion on linear receiver, constituted by a special coated steel tube and a glass 
envelop in order to minimize heat losses. The collected heat is given to a 
heat transfer fluid (HTF) flowing through the absorber tube – usually 
synthetic oil or water/steam. Due to system layout, the receiver moves 
together with the parabolic mirror in order to track the sun in east-west 
direction (Figure  4-1 and Figure  4-3). The collected heat is then transferred 
to the water/steam loop of a conventional Rankine cycle to directly produce 
electricity or stored in the thermal energy storage. 

4.1.1.1 Parabolic Trough Collectors with Synthetic Oil Heat Transfer 
Fluid 

The heat transfer fluid in this case is synthetic oil, which is heated by the 
concentrated solar radiation up to a temperature of almost 400°C. The outlet 
temperature is a limiting factor, since operation at higher temperatures 
would result in chemical instability of the synthetic oil. Plants of 200 MW 
rated power and more can be built by this technology. (Müller-Steinhagen & 
Trieb, 2004).  
 
The experience of parabolic trough steam cycles dates back to 1985, when 
the first of a series of 9 solar electricity generating systems (SEGS) was 
commissioned in California, with a rated capacity between 14 MW (SEGS 
I) and 80 MW (SEGS (IX commissioned in 1991). The plants have been run 
successfully since then and are still in operation. 
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In Europe ANDASOL I represents the first plant of this type, with 50 MW 
rated power using synthetic oil as heat transfer fluid and a molten salt tank 
system with 7.5 full load hours storage capacity. Its operation started in 
December 2008 (Figure  4-3 and Figure  4-4). Andasol I has a mirror surface 
of ca. 510000 m2 and it generates approximately 179 GWh of gross electric-
ity per year (considering also 12% co-firing). The construction time for 
Andasol 1 was about 2 years and the investment cost amounted to ca. 310 
Mio. € (Schott 2006). In February 2007 the construction of Andasol 2 
started in its immediate vicinity. Andasol 2 was completed in early summer 
2009 and has since been connected to the grid. The solar-thermal power 
plant Andasol 3 is scheduled to go into operation in mid 2011 (Solar 
Millennium 2011). 

 
Figure  4-1: Absorber tube with selective coating and evacuated glass envelope by 

Schott Solar AG, Germany (left) and parabolic trough collector assembly 
at the Plataforma Solar de Almeria, Spain (right). 

 

 
Figure  4-2: Impressions of the Californian Solar Electricity Generating Systems 
 
In Spain, nine parabolic trough power plants both with and without thermal 
energy storage have been started operation since completion of Andasol 1. 
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Today, parabolic trough power plants with a total installed capacity of 550 
MW are connected to the grid and another 1625 MW are currently under 
construction in Spain (CSP Today, October 2010). 
Regarding the USA, in summer 2007, the 64 MW parabolic trough plant 
Nevada Solar 1 have been commissioned in Nevada (USA). In the USA, 
parabolic trough power plants with a total installed capacity of about 420 
MW are operating. 

 
Figure  4-3: Simplified sketch and basic design parameters of the ANDASOL 1 plant 

(EC 2007) 
 

 
Figure  4-4: Andasol-1 parabolic trough solar field, molten salt storage tanks and 

power station during construction in December 2007 (Source: ACS Cobra 
S.A., Spain). 

4.1.1.2 Parabolic Trough Collectors for Direct Steam Generation 

The present parabolic trough plant design uses a synthetic oil to transfer 
energy to the steam generator of the power plant cycle. Direct solar steam 
generation in the absorber tubes of parabolic trough collectors is a promis-
ing option for improving the economy of solar thermal power plants (Eck & 
Steinmann, 2005), since all oil-related components become obsolete and 
steam temperature (and hence efficiency) can be increased. Steam tempera-
tures up to 400 °C at 100 bar pressure have been reached within the frame-
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work of a European projects DISS and INDITEP undertaken over 6,000 
operating hours at the Plataforma Solar de Almería, Spain. The test loop 
with 700 m length and an aperture of 5.70 m has been custom designed and 
constructed for the purpose of demonstrating safe operation and controlla-
bility under constant and transient operating conditions. Within the followed 
projects REAL-DISS and GDV-500 PLUS steam temperatures up to 520°C 
at 120 bar pressure have been reached. The long term goal is to produce 
steam at temperature up to 550°C at 120 bar and to develop an fitting 
thermal energy storage system based on latent heat storage (Eck, 2009). 
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Figure  4-5: Schematic diagram of a direct steam generating solar collector field for a 5 

MW pre-commercial solar thermal power plant designed by DLR (INDI-
TEP, 2004).  

4.1.2 Linear Fresnel Collectors 

Linear Fresnel systems have recently been developed by several companies 
with the goal to achieve more simple design and lower cost than parabolic 
troughs. First prototypes realized up to now are promising and first com-
mercial power plants are presently under construction. In a Fresnel system, 
the parabolic shape of the trough is split into several smaller, relatively flat 
segments. These are put on a horizontal rag and connected at different 
angles to a rod-bar that moves them simultaneously to track the sun during 
the day. Due to this arrangement, the absorber tube can be fixed above the 
mirrors in the centre of the solar field, and does not have to be moved 
together with the mirror during sun-tracking. In the absorber tube, the 
concentrated sunlight is converting water to superheated steam with temper-
atures up to 450°C driving a turbine to produce electricity (SPG 2009).  
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Figure  4-6: Linear Fresnel Collector Field by Novatec (PE1) 
 
While parabolic troughs are fixed on central pylons that must be very sturdy 
and heavy in order to cope with the resulting central forces, the Fresnel 
structure allows for a very light design, with the forces absorbed by the four 
corners of the total structure. Large screws instead of pylons are screwed 
into the ground and hold the lateral bars of the Fresnel structure.  
 
Compared to the existing parabolic trough, some linear Fresnel collector 
systems show a weight reduction per unit area of about 75%. This reflects 
not only a lower cost, but also leads to a lower emission of pollutants during 
construction. On the other hand, the simple optical design of the Fresnel 
system leads to a lower optical efficiency of the collector field, requiring 
about 33-38% more mirror aperture area for the same solar energy yield 
compared to the parabolic trough.  
 
Regarding the integration of the solar field to its environment, Fresnel 
systems offer some advantages over parabolic troughs. Land use is much 
better, as the distances between mirrors are much smaller. The collector 
aperture area covers between 65% and 90% of the required land, while for a 
parabolic trough, only 33% of the land is covered by mirrors, because the 
distances between the single parabolic-trough-rows required to avoid mutual 
shading are considerable. Land use efficiency of a linear Fresnel can thus be 
about 3 times higher than that of a parabolic trough. Considering the lower 
optical efficiency of the Fresnel (2/3 of that of a parabolic trough), this leads 
to a roughly two times better solar energy yield per square meter of land of 
the Fresnel system when compared to a parabolic trough.  
 
This fact may not be of much importance in remote desert areas were flat, 
otherwise unused land is not scarce, but it may be of importance when 
integrating CSP to industrial or tourist facilities, or placing CSP near the 
coast and close to urban centres of demand.  
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The flat structure of the Fresnel segments can be easily integrated to indus-
trial or agricultural uses. In the hot desert, the shade provided by the Fresnel 
segments may be a valuable extra service provided by the plant. It could 
cover all types of buildings, stores or parking lots protect certain crops from 
excessive sunshine and reduce water consumption for irrigation. 

4.1.2.1 Linear Fresnel Collector for Direct Generation of Superheated 
Steam 

In July 2007 the first large scale linear Fresnel concentrating solar collector 
with 1500 m² collector area was inaugurated by a joint venture of Solar 
Power Group (SPG) and MAN at the Plataforma Solar de Almeria. The 
collector, erected under the frame of the project FRESDEMO funded by the 
German government, has produced in a very stable and continuous way 
superheated steam at a temperature of 450°C and a pressure of 100 bar. The 
superheated steam was generated directly inside the absorber tube without 
the use of any heat transfer fluid other than water. Electricity was not 
generated yet. 
 
In May 2008, the German Solar Power Group GmbH and the Spanish Laer 
S.L. agreed upon the joint execution of a solar thermal power plant in 
central Spain. This will be the first commercial solar thermal power plant in 
Spain based on the Fresnel collector technology of the Solar Power Group. 
The planned capacity of the power plant will be 10 MW. It will combine a 
solar thermal collector field with a fossil co-firing unit as backup system. 
The project is located in Gotarrendura about 100 km northwest of Madrid, 
Spain.  
 

   
Figure  4-7: Absorber tube box (left) and linear Fresnel collector assembly (right) of 
the FRESDEMO project at Plataforma Solar de Almeria, Spain (Source: MAN/SPG). 

4.1.2.2 Linear Fresnel Collector for Direct Generation of Saturated 
Steam 

The first European linear Fresnel system for power generation was commis-
sioned in March 2009 near Calasparra, Spain.  
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The Puerto Errado Plant No. 1 (PE 1) has two collector units about 800 
meters long with a total of 18,000 m² collector area producing enough steam 
for a rated power capacity of 1 MW, each. The collectors are fabricated by 
robots in an automated production factory in Fortuna, Spain with a capacity 
of 220,000 m²/y. The automated fabrication has led to a very high optical 
accuracy of the reflector panels, while the on-site erection of the modular 
system is relatively simple. The regular cleaning of the collector field 
segments is also done automatically by a robot. The collector field produces 
directly steam at 55 bar, 270 °C which is fed into a saturated steam turbine 
with 1.4 MW capacity. An annual electricity production of 2.9 GWh is 
expected.  

   
Figure  4-8: Puerto Errado linear Fresnel power station with 2 MW capacity  

(Novatec 2009) 
 

  
Figure  4-9: Robot automatically assembling a linear Fresnel reflector element (left) 

and cleaning robot in operation on the solar field (right) (Paul 2008,  
 Novatec 2009) 
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Figure  4-10: Simplified sketch of a saturated steam cycle power station with linear 

Fresnel collector for solar only operation (left) and with additional fossil 
fuel fired superheater (right) (Novatec 2009) 

 
The implementing companies Novatec and Prointec are installing another 
facility PE-2 with a considerably higher capacity of 30 MW at Puerto 
Errado with a turnkey investment of 120 Mio. €. The construction works 
started in April 2010, and three further plants near Lorca are in the planning 
phase. 
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Figure  4-11: PE 2 plant. Work progress in summer 2010. (Novatec 2011) 
 
The plants include a short term steam storage facility to compensate for 
cloud transients and use air-cooled condensers which can be applied any-
where without need for cooling water. There is a possibility of superheating 
the steam coming from the solar field by a conventional fossil fuel fired 
superheater (Figure  4-10). For the future, superheating of steam within the 
collector field to 350 °C is scheduled to be developed within the next 
generation of concentrating solar collectors.  

4.1.3 Central Receiver Systems 

Central Receiver (Tower) Systems are large-scale power plants in which 
two-axis tracking mirrors, or heliostats, reflect direct solar radiation it onto a 
receiver located at the top of a tower. The typical optical concentration 
factor ranges from 200 to 1000. The solar energy is converted into thermal 
energy in the receiver, and transferred to a heat transfer fluid (air, molten 
salt, water/steam), which in turn, drives a conventional steam or gas turbine. 
In the following different central receiver approaches are described. 

4.1.3.1 PS10 Central Receiver for Saturated Steam Cycle Power Plant 

The PS10 plant is a project funded by the European Community under the 
5th Framework Programme (1998-2002). The PS10 central receiver solar 
tower plant was built by Abengoa Solar after several years of research and 
development and began operation at the end of March 2007. It is located in 
the Spanish province of Sevilla, in Sanlúcar la Mayor, and sits on 150 acres 
(60 ha). 
 
The PS10 has 624 heliostats; each one is a mobile 120 m² curved reflective 
surface mirrors, with an independent solar tracking mechanism that directs 
solar radiation toward the receiver.  
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Heliostats have to be regularly cleaned and - when wind speed is higher than 
36 km/h - they have to be set vertically to avoid structural damages.  
 
The receiver is located in the upper section of the tower. The receiver is a 
cavity receiver of four verticals panels that are 5.5 m wide and 12 m tall. 
The panels are arranged in a semi-cylindrical configuration and housed in a 
squared opening 11 m per side. The receiver is designed to produce satu-
rated steam at 250 °C from thermal energy supplied by concentrated solar 
radiation. The thermal power received by the receiver is about 55 MW at 
full load. The system has a saturated water thermal storage with a capacity 
of 20 MWh. A part of the steam produced is used to load the thermal 
storage system during the full load operation of the plant. 
 
PS10 investment cost is about 35 Mio. €. The project has been granted with 
some public contributions because of its highly innovative features. In this 
sense, 5th Framework Programme of European Commission has contributed 
through DG TREN (Directorate General for Transport and Energy) to PS10 
investment costs with a 5 € Mio. subvention (total eligible costs were 16.65 
Mio. €). In the same way, the regional administration through the Consejería 
de Innovación Ciencia y Empresa in the Junta de Andalucía Autonomic 
Government has supported PS10 project with 1.2 Mio. €.  
 
Since 2009, a second plant (PS20) with the same technical principle but 
with 20 MW installed capacity is connected to the grid at the same location. 
 
 

 
Figure  4-12: PS10 central receiver schematic and design parameters (Abengoa Solar, 

EC 2007) 
 



 

6543P07/FICHT-7130073-v1    4-34 
 

 
Figure  4-13: PS 10 and PS 20 central receiver solar tower facilities near Sevilla, Spain 

(Abengoa Solar). 

4.1.3.2 The GemaSolar Central Receiver Plant Project 

The main aim of the GemaSolar project (former Solar Tres) is to demon-
strate the technical and economic viability of molten salt solar thermal 
power technologies to deliver clean, cost-competitive bulk electricity.  
 
GemaSolar consists of a 17 MW plant using the same central receiver 
approach as PS-10, while using innovative solutions for the energy storage 
system. The project total costs are about 230 Mio €.  
 
As seen in Figure  4-14 cold salt at 290 °C is pumped from a tank at ground 
level to the receiver mounted atop a tower where it is heated by concen-
trated sunlight to 565 °C. The salt flows back to ground level into another 
tank. To generate electricity, hot salt is pumped from the hot tank through a 
steam generator to produce superheated steam. The superheated steam 
powers a Rankine cycle. The molten salt heat storage system permits an 
independent electrical generation for up to 15 hours without any solar feed. 

 

 
Figure  4-14: Sketch and basic design parameters of the GemaSolar (former Solar 

Tres) central receiver plant (EC 2007).  
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Figure  4-15: Gemasolar plant. Work progress, September 2010 (torresolenergy 2011). 
 
The GemaSolar project takes advantage of several technological innova-
tions, which include for example a plant with a 2,650 heliostat field and 120 
m2 glass metal heliostats – the use of a large-area heliostat in the collector 
field greatly reducing plant costs, mainly because fewer drive mechanisms 
are needed for the same mirror area. The total heliostat solar field aperture 
area is 318,000 m². Furthermore, the plant has available a 120 MW (ther-
mal) high-thermal-efficiency cylindrical receiver system, able to work at 
high flux and lower heat losses, and a large thermal storage system (15 
hours, 647 MWh, 6,250 tons salts) with insulated tank immersion heaters – 
this high-capacity liquid nitrate salt storage system is efficient and low-risk, 
and high-temperature liquid salt at 565 °C in stationary storage drops only 
1-2 °C/day. The cold salt is stored at 45 °C above its melting point (240 °C), 
providing a substantial margin for design. 

4.1.3.3 The Solarturm Jülich Central Receiver Project in Germany 

The Solarturm Jülich Central Receiver plant was developed by Solarinstitut 
Jülich and Kraftanlagen München (KAM) and started operation in January 
2009. The demonstration plant is located in Jülich, Germany. The heliostat 
solar field has roughly an area of 20,000 m². The core element of the plant is 
an innovative open volumetric (porous) high temperature receiver (HiTRec) 
developed by DLR with 22 m² surface in 55 m height on the central tower, 
heating up ambient air that is sucked into the receiver to about 700 °C. By 
means of a heat exchanger, the hot air is used to produce superheated steam 
at 485 °C, 27 bar for a steam cycle power plant with 1.5 MW power capaci-
ty. The plant also has a ceramic packed bed as heat storage facility for about 
1 hour operation to overcome cloud transients. The plant is operated by 
Stadtwerke Jülich GmbH. The overall investment cost of the plant is about 
22 Mio. €.  
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Figure  4-16: Sketch of the plant configuration (STJ 2011) 
 

 
Figure  4-17: Heliostat field in front of the 1.5 MW central receiver power tower in 

Jülich, Germany (STJ 2011) 

4.1.3.4 Central Receiver Systems for Gas Turbines and Combined 
Cycle Power Plants  

The high solar fluxes on the receiver (average values between 300 and 1000 
kW/m²) allow working at high temperatures over 1000 °C and to integrate 
thermal energy into steam cycles as well as into gas turbines and combined 
cycles (Figure  4-19). These systems have the additional advantages that they 
can also be operated with natural gas during start-up and with a high fossil-
to-electric efficiency when solar radiation is insufficient. Hence, no backup 
capacities of fossil fuel plants are required and high capacity factors are 
provided all year round. In addition, the specific cooling water consumption 
is reduced significantly compared to steam cycle systems. 
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The high temperature for gas turbine operation and the heat transfer using 
air require a different receiver concept than the absorber tubes used in linear 
concentrating systems. Volumetric receivers do not absorb the concentrated 
solar radiation on an outer tube surface, but within the volume of a porous 
body. Air can be used as heat transfer medium which is flowing through that 
porous material, taking away the heat directly from the surface where it has 
been absorbed. Due to the excellent heat-transfer characteristics, only a 
small temperature gradient between the absorber material and the air exists, 
and thermal losses are reduced. Also, the heat flux density can be much 
higher than in gas cooled tube receivers (SOLGATE 2005). 
 
The porous material can be a wire mesh for temperatures up to 800 °C or 
ceramic material for even higher temperatures (Fend et al., 2004). There are 
two principal designs of volumetric receivers: the open or atmospheric 
volumetric receiver uses ambient air sucked into the receiver from outside 
the tower. The heated air flows through the steam generator of a Rankine 
cycle. The second concept is the closed or pressurized volumetric receiver 
that uses pressurized air in a receiver closed by a quartz window (Figure 
 4-18).  
 
This system can heat pressurized air coming from the compressor of a gas 
turbine power cycle. A first pilot system (Solgate) has been installed and 
tested on the Plataforma Solar de Almeria in Spain. A receiver outlet 
temperature 1050 °C with pressures up to 15 bar was reached, and a con-
trolled system operation of 230 kW electric power output was achieved. 
 

 
Figure  4-18: Pressurised air heated by solar energy using a volumetric receiver 
 

 

 
Figure  4-19: Solar tower used for gas turbine operation in a combined cycle power 

plant  
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Figure  4-20: SOLGATE solar powered gas turbine test arrangement on top of the 

CESA-1 solar tower test facility at the Plataforma Solar de Almeria, 
Spain (SOLGATE 2005), LT low temperature, MT medium tempera-
ture, HT high temperature 

4.1.4 Dish-Engine Systems 

Dish-engine systems utilize a mirror array that track the sun in two axes. As 
indicated in Figure  4-21, mirrors are located on the surface of an imaginary 
3-D paraboloid. The reflective surface (metalized glass or plastic) reflects 
incident solar radiation to a small region called focus. The size of the solar 
concentrator for dish/engine systems is determined by the engine. At a 
nominal maximum direct normal solar irradiation of 1000 W/m2, a 25 kW 
dish-Stirling concentrator has a diameter of approximately 10 meters 
(SolarPaces 2008). Dishes are typically coupled with a Stirling engine in a 
Dish-Stirling System, but a steam engine can be also used. A Stirling engine 
is a closed-cycle regenerative heat engine with a gaseous working fluid. 
“Closed-cycle” means that the working fluid, the gas which pushes on the 
piston, is permanently contained within the engine’s system. Dish-engine 
systems are characterized by high efficiency, modularity, autonomous 
operation, and an inherent hybrid capability (the ability to operate on either 
solar energy or a fossil fuel, or both). Among several solar technologies, 
dish-engine systems have demonstrated highest solar-to-electric conversion 
efficiency (31.25%) (Sandia 2008). Dishes vary widely in size from micro 
dishes with diameters of a few cm to large dishes with diameters of over 10 
m. Micro dishes can be incorporated into a tracking panel of several dishes. 
They do not generate very high temperatures and are best suited for CPV 
applications. Medium-sized dishes are stand-alone systems which can be 
also used for CPV applications. These systems generate moderate amounts 
of heat that can be dissipated with a passive heat sink. 
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Figure  4-21: Example of a Dish-Stirling system (source: Sandia 2008) 
 
The modularity of dish/engine systems allows them to be deployed indivi-
dually for remote applications, or to be grouped together for small-grid 
(village power) or end-of-line utility applications. Dish/engine systems can 
be hybridized with a fossil fuel to provide dispatchable power. This tech-
nology is in the engineering development stage and technical challenges 
remain concerning the solar components and the commercial availability. 
As the main scope of the study was to assess the potential of large scale 
desalination units with CSP for the major centers of demand in MENA, 
parabolic dishes are not analyzed further, because of the limited maturity of 
these systems and the relative small operation capacity. 
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Table  4-1: Comparison of concentrating solar power technologies (SM1-SM2in texts explained in text) 

 
 

Technology Parabolic Trough System Linear Fresnel System Solar Power Tower Dish Stirling Engine 

Application Superheated steam for grid connected power 
plants 

Saturated and superheated steam for process 
heat and for grid connected power plants 

Saturated and superheated steam for grid 
connected power plants 

Stand-alone, decentralized, small off-grid power 
systems. Clustering possible 

Capacity Range (MW) 10 – 250  5 – 250  10 – 100  0.1 – 1  
Realized max. capacity single unit (MW) 80  2 (30 under construction) 20 0.025 
Capacity installed (MW) 920 (1600 under construction) 7 (40 under construction) 38 (17 under construction) Several prototypes 
Peak solar efficiency 21 % 15 % < 20 % 31,25 % 
Annual solar efficiency 10 – 16 % (18 % projected) 8 – 12 % (15 % projected) 10 – 16 % (25 % projected) 16 – 29 % 
Heat transfer fluid Synthetic oil, water/steam demonstrated water/steam Air, molten salt, water/steam Air, H2, He 
Temperature (°C) 350 – 415 (550 projected) 270 – 450 (550 projected) 250 – 565  750 – 900  
Concentration Ratio  50 – 90  35 – 170  600 – 1.000  Up to 3.000 
Operation mode Solar or hybrid Solar or hybrid Solar or hybrid Solar or hybrid 
Land Use Factor  0.25 – 0.40  0.6 – 0.8 0.2 – 0.25  0.2 – 0.25  
Land Use (m²/MWh/y] 6 – 8  4 – 6  8 – 12  8 – 12 
Estimated investment costs (€/kW)  
for SM1 – SM2 

3,500 – 6,500  2,500 – 4,500  4,000 – 6,000 6,000 – 10,000 (SM1 only) 

Development Status Commercially proven Recently commercial Semi-commercial Prototye testing 
Storage options Molten salt, concrete, Phase Change Material Concrete for pre-heating and superheating, 

Phase Change Material for evaporation 
Molten salt, concrete, ceramics, Phase Change 
Material 

No storage available 

Reliability Long-term proven Recently proven Recently proven Demonstrated 
Advantages - Long-term proven reliability and 

durability 
- Storage options for oil-cooled trough 

available 

- Simple structure and easy field 
construction 

- Tolerance for slight slopes 
- Direct steam generation proven 

- High temperature allows high efficiency 
of power cycle 

- Tolerates non-flat sites 
- Possibility of powering gas turbines and 

combined cycles 

- High temperature allows high efficiency 
of power cycle 

- Independent from land slope 
- High modularity 

Disadvatages - Limited temperature of heat transfer fluid 
hampering efficiency and effectiveness 

- Complex structure, high precision 
required during field construction 

- Requires flat land area 

- Storage for direct steam generation 
(Phase Change Material) in very early 
stage 

 

- High maintenance and equipment costs 
 

- Not commercially proven  
- High complexity compared to stand-alone 

PV 
- No storage available 
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4.2 Heat Storage Options for CSP  

4.2.1 Principles of Heat Storage 

Heat storage is one of the most distinguishing features of CSP with respect 
to other renewable energy technologies like wind power or photovoltaics. It 
allows production of electricity on demand just like from fuel oil or natural 
gas, but based on fluctuating solar energy resources (Figure  4-22). This is a 
very important option to increase the revenues from power sales, as off-peak 
solar energy from the morning hours can be shifted to the evening on-peak 
electricity demand, often achieving higher sales prices.  

 
Figure  4-22: The use of thermal energy storage in a CSP plant to shift electricity 

output from morning off-peak to evening on-peak demand (Dracker and 
Riffelmann 2008).  

 
Therefore, heat storage was always an important issue during CSP devel-
opment, and in the meantime, significant experience has been accumulated 
worldwide (Figure  4-23). While the use of HTF is considered too expensive 
as storage medium, molten salt has been developed to maturity and is 
currently applied in several CSP plants in Spain. New storage concepts 
based on concrete and phase change material are presently under develop-
ment.  
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Figure  4-23: Experience using energy storage systems in CSP plants (Zunft 2008) 
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Figure  4-24: Temperature of heat transfer fluid and sensible heat storage vs. steam 

temperature of a Rankine cycle (left) and temperature of direct steam 
generating CSP and PCM vs. steam temperature of Rankine cycle (right) 
(Zunft 2008).  

 
The main reason for developing phase change materials for heat storage is 
the fact that most of the energy transfer to the water/steam loop of a power 
plant takes place at constant temperature during the evaporation phase from 
water to steam (Figure  4-24). Using synthetic oil heat transfer fluid and 
sensible heat storage is on one side limited by the upper allowable tempera-
ture of the HTF which is about 390 °C and on the other side by the required 
steam conditions of the power plant, which are best if pressure and tempera-
ture are high, ideally above 500°C and 120 bar. Using HTF only 370 °C at 
100 bar pressure can be achieved, limiting the efficiency of the power cycle 
to values below state of the art. Moreover, the limited temperature differ-
ence between the cold and hot end also limits storage capacity and increases 
the amount of material required.  
 
Direct steam generating concentrating solar collector systems can easily 
achieve the temperatures required by steam power cycles, but there is no 
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suitable sensible heat storage technology available for the evaporation phase 
which allows for a significant heat transfer at constant temperature.  
Therefore, phase change materials are applied, using the melting heat of the 
material for energy storage (Laing et al. 2009). As PCM materials are 
usually rather expensive, it was proposed to use sensible heat storage for the 
pre-heating and superheating segments of a steam power cycle and PCM 
only for the evaporation segment (Figure  4-25). Such systems are presently 
under development (Laing et al. 2009). 
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Figure  4-25: Concept of using a combined concrete/phase change material storage 

systems for direct steam generating solar power plants (Zunft 2008, 
Laing 2009) 

 
In the following the different heat storage options for CSP are explained and 
the gained experience within concrete projects in Europe is presented.  

4.2.2 Sensible Heat Two-Tank Molten Salt Storage 

Molten salt is a medium often used for industrial thermal energy storage. It 
is relatively low-cost, non-flammable and non-toxic. The most common 
molten salt is a binary mixture of 60% sodium nitrate (NaNO3) and 40% 
potassium nitrate (KNO3). During operation, it is maintained at 290°C in 
the cold storage tank, and can be heated up to 565°C. Two-tank storage 
systems are very efficient, with about 1-2% loss over a one day storage 
period. Because the molten salt mixture freezes at temperatures about 230°C 
(depending upon the salt's composition) care must be taken to prevent it 
from freezing, especially in any of the piping system.  
 
Heat exchangers are used to transfer the heat from the solar field to the hot 
tank. During discharge, the heat transfer fluid is circulated through the same 
heat exchangers to extract the heat from the storage and transfer it to the 
solar power plant steam generator. The investment cost of a two-tank 
molten salt system is about 60 €/kWh.  
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Figure  4-26: Sketch of molten salt tanks at ANDASOL 1 (ACS Cobra) 

 
Figure  4-27: Molten salt storage tanks at ANDASOL 1 with 1010 MWh storage 

capacity during construction in December 2007 (ACS Cobra) 

4.2.3 Sensible Heat Concrete Storage 

A sensible heat storage system using concrete as storage material has been 
developed by Ed. Züblin AG and German Aerospace Center DLR. A major 
focus was the cost reduction of the heat exchanger and the high temperature 
concrete storage material. For live cycle tests and further improvements a 20 
m³ solid media storage test module was built and cycled by an electrically 
heated thermal oil loop. The solid media storage test module has successful-
ly accumulated about one year of operation in the temperature range be-
tween 300 °C and 400 °C. Investment is at present about 30-40 €/kWh with 
a medium term cost target of 20 €/kWh.  
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Figure  4-28: Sketch of a concrete storage with view on the tube bundle that serves as 

heat exchanger between the concrete and the heat transfer fluid (Laing 
et al. 2008) 

 

 
Figure  4-29: Set-up of a 1100 MWh concrete storage from 252 basic storage modules 

for a 50 MW concentrating solar power plant (Laing et al. 2008) 

4.2.4 Latent Heat Phase Change Material Storage 

A major technical problem for the implementation of high-temperature 
latent heat storage systems is the insufficient thermal conductivity of the 
available phase change materials of around 0.5 W/(mK). During the dis-
charge process, the energy released by solidification of the storage material 
must be transported from the solid-liquid interface through the growing 
solid layer to the heat exchanger surface (Figure  4-30). Unfortunately, the 
thermal conductivity of the solid PCM is rather low. 

   
Figure  4-30: Solidification of PCM around heat exchanger tube during discharging 

(left) and finned tube design (right) developed to overcome the reduced 
heat transport through the solidified material (Laing et al. 2009)  
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Fins attached vertically to the heat exchanger tubes can enhance the heat 
transfer within the storage material. Fins can be made of graphite foil, 
aluminum or steel. High temperature latent heat storage with high capacity 
factors was demonstrated at different temperature levels. The sandwich 
concept using fins made either from graphite or aluminum was proven as 
the best option to realize cost-effective latent heat energy storage. The 
application of graphite is preferred for applications up 250 °C; at higher 
temperatures aluminum fins are used. 
 
Feasibility was proven by three prototypes using graphite and by a further 
storage unit using aluminum fins. The prototype with aluminum fins filled 
with sodium nitrate was operated for more than 4000 h without degradation 
of power. PCM test storage facility with a capacity of approx. 700 kWh is 
currently being fabricated. Other activities aim at the thermo-economic 
optimization of the storage concept; further storage systems using the 
sandwich concept are under development (Laing et al. 2009). A cost of 40-
50 €/kWh is expected for large scale storage systems.  
 

  
Figure  4-31: Phase change material demonstration plant with 200 kWh storage 

capacity at German Aerospace Center (Laing 2008) 

4.2.5 Steam Accumulator 

Storage of sensible heat in pressurized liquid water (Ruths Storage) is used 
in several industrial applications as short term (typically 0.5 to 2 h) steam 
buffer. The storage is charged by condensing high temperature steam and 
thus raising the temperature of the water volume contained. During dis-
charge, the pressure within the hot water vessel is decreased. Part of the 
water evaporates and can be withdrawn as saturated steam. The thermal 
capacity of the storage is proportional to the heat capacity of the contained 
water and to the temperature difference allowable for the steam process 
between charging and discharging. Investment of the pressurized steam 
vessel is rather high at about 180 €/kWh.   
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Figure  4-32: Principle of steam accumulator heat storage (Laing 2008)  

  
Figure  4-33: Steam accumulator with 1-hour storage capacity at PS-10 concentrating 

solar power station (Abengoa Solar) 

4.2.6 Hot Water Storage 

A stratified hot water tank at normal ambient pressure can in principle be 
used to store low temperature heat below 100 °C required e.g. for a multi-
effect thermal desalination process. In a stratified tank during discharge, 
cold water is returned to the bottom and hot water is taken from the top of 
the tank. The different temperature layers are stabilized by gravity.  
 

   
Figure  4-34: Solar flat plate collectors for water heating (left) and seasonal hot water 

storage (right) with 6,000 m³ volume at Olympic Park, Munich (Kuckel-
horn et al. 2002) 
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Large scale storage systems up to 20,000 m³ capacity have been developed 
in Germany for seasonal storage of low temperature heat from flat plate 
solar collectors for room heating, accumulating solar energy in the summer 
and releasing heat to the space heating system in winter. The storage 
temperature is typically cycled between a maximum of 95°C and a lower 
temperature of 50°C. Lower storage temperatures can be achieved if heat 
pumps are applied. The stored energy is proportional to the heat capacity of 
the water stored and to the temperature difference achieved during cycling. 
Investment cost is between 50 and 150 €/m³. For a temperature difference of 
30 °C, this would be equivalent to a cost of storage capacity of about 2-5 
€/kWh.   
 

 
Figure  4-35: Sketch of a solar/fuel hybrid district heating system with low tempera-

ture seasonal energy storage (Mangold and Müller-Steinhagen 2002) 
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Table  4-2: Comparison of the principal features of solar thermal storage technologies 
 
Technology Molten Salt Concrete Phase Change Material Water/Steam Hot Water 

Capacity Range (MWh) 500 – > 3,000  1 – > 3,000 1 – > 3,000 1 – 200 1 – 3,000 
Realized max. capacity of 
single unit (MWh) 

1,000 2 0.7 50 1,000 

Realized max. capacity of 
single unit (full load hours) 

7.7 Not yet applied to CSP plants Not yet applied to CSP plants 1.0 Not yet applied to CSP plants 

Capacity installed (MWh) 4,100 3 0.7 50 20,000 (not for CSP) 
Annual Efficiency  98 % 98 % 98 % 90 % 98 % 
Heat Transfer Fluid Synthetic oil Synthetic oil, water / steam water / steam water / steam water 
Temperature Range (°C) 290 – 390 200 – 500 Up to 350  Up to 550 50 – 95 
Investment Cost (€/kWh) 40 – 60  30 – 40 (20 projected) 40 – 50 projected 180 2 – 5  
Advantages - High storage capacity at 

relatively low cost 
- Experience in industrial 

applications 
- Well suited for synthetic 

oil heat transfer fluid 
 

- Well suited for synthetic 
oil heat transfer fluid 

- Easily available material 
- Well suited for pre-

heating and superheat-
ing in direct steam gene-
rating collectors 

 

- latent heat storage 
allows for constant tem-
perature at heat transfer 

- low material require-
ments 

- well suited for 
evapora-
tion/condensation 
process in direct steam 
generating collectors 

- latent heat storage 
allows for constant tem-
perature at heat transfer 

- experience in industrial 
applications 

- well suited for 
evapora-
tion/condensation 
process in direct steam 
generating collectors 

- very low cost storage 
for process heat below 
100°C 

- experience in industrial 
applications 

Disadvantages - sensible heat storage 
requires temperature 
drop at heat transfer 

- molten salt freezes at 
230°C 

- not suited for evapora-
tion/condensation 
process in direct steam 
generating collectors 

- recent development 

- not suited for pre-
heating and superheat-
ing in direct steam gene-
rating collectors 

- early stage of develop-
ment 

- not suitable for pre-
heating and superheat-
ing 

 

- sensible heat storage 
requires temperature 
drop at heat transfer 

- not applicable to power 
generation 
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4.3 Pre-selection of CSP Technologies 

In principle, all CSP technologies can be used for generating electricity and 
heat. All are suited to be combined with membrane as well as with thermal 
desalination systems (Figure  4-36). The scope of pre-selection within this 
study is to find a CSP-technology that can be used as reference with respect 
to performance, cost and integration with seawater desalination in order to 
develop a long-term market scenario for CSP/desalination in general based 
on that technology. Since fast implementation of the CSP-technology for 
seawater desalination is requested, special focus lies on the maturity of all 
relevant components of the respective CSP-technology. 
 
At present, the maturity of point concentrating systems is not as high as that 
of line concentrating systems. In spite of first demonstration projects of 
central receivers in Europe in the 1970ies and three semi-commercial power 
plants in the last three years, the only real commercial CSP plants today are 
line concentrating parabolic trough systems. It is still uncertain whether 
central receivers will be able to compete with line concentrating systems in 
the lower temperature range up to 550 °C for steam generation. Up to now, 
line concentrating systems have had clear advantages due to lower cost, less 
material demand, simpler construction and higher efficiency. 
 

MED RO

Parabolic Trough Central ReceiverLinear Fresnel

Steam Turbine Gas Turbine Combined Cycle

MED RO

Parabolic Trough Central ReceiverLinear Fresnel

Steam Turbine Gas Turbine Combined Cycle

 
Figure  4-36: Options of large scale concentrating solar power and desalination 

systems 
 
On the other hand, neither parabolic troughs nor linear Fresnel systems can 
be used to power gas turbines. In the high-temperature range up to 1000 °C 
and more, central receivers are the only available option to provide solar 
heat for gas turbines and combined cycle systems. However, it is still 
uncertain whether the technical challenge involved with such systems will 
be solved satisfactorily, and if large scale units will be commercially 
available in the medium term future. The early stage of development of 
those systems – although their feasibility has been successfully demonstrat-
ed – still leaves open questions with respect to cost, reliability and scalabili-
ty for mass production at large scale.  
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Therefore, central receiver systems are not used as reference CSP technolo-
gy for this study, although this does not exclude the possibility that they 
may have an important role in a future competitive market of CSP systems 
for electricity and desalination. 
 
As the main scope of the study was to assess the potential of large scale 
desalination units with CSP for the major centers of demand in MENA, 
parabolic dish systems can be excluded as well, as they only operate in the 
kilowatt range. However, they could be applied for decentralized, remote 
desalination. 
 
Discarding point concentrating systems leaves parabolic trough and linear 
Fresnel concentrators as candidates for a CSP reference technology. Direct 
steam generation (for Parabolic Trough or Linear Fresnel Reflector) is a 
promising option. However, due to the experimental status of this technolo-
gy option and the non-availability of appropriate thermal energy storage 
systems, the parabolic trough technology with direct steam generation is 
excluded as a reference technology. 
 
Looking at Table  4-3 the linear Fresnel beats the parabolic trough with 
synthetic oil as heat transfer medium in many items. However, in the most 
crucial issues like experience, reliability and availability of thermal energy 
storage, the linear Fresnel system is in an inferior position compared to the 
parabolic trough system. This fact is not compensated by the less cost of the 
solar field of the linear Fresnel system. When thermal energy storage for 
direct steam generation become commercial available and more experience 
is gained, the linear Fresnel technology will be highly competitive. This 
counts especially when taking the higher land use factor in consideration 
which is an important issue when using CSP in combination with multi 
effect distillation (MED) systems in areas with high population density. 
 
Within this study the parabolic trough technology with synthetic oil as heat 
transfer medium has been selected as the CSP reference technology. Para-
bolic trough power plants represent about 88 % of the worldwide installed 
CSP capacity and about 97.5 % of all capacity which is currently under 
construction (CSP Today, 2011). These values point up that the parabolic 
trough technology is “the” actual choice of project developers. Thus, there is 
a high probability that first large scale CSP seawater desalination projects 
will use parabolic trough systems and that this technology will play also a 
key role in the long-term. 
 
This does not exclude any other CSP technology from being considered, 
assessed or used in combination with seawater desalination, either directly 
by solar heat or through the generation of electricity. 
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Table  4-3: Characteristics of current concentrating solar power technologies (PCM: Phase Change Materials) 
Concentration Method
Technology Linear Fresnel Parabolic Dish
Heat Transfer Fluid Synthetic Oil Water / Steam Water/Steam Water/Steam, Air Pressurized Air Air

Power Cycle Superheated Steam Cycle Superheated Steam Cycle
Superheated and saturated
Steam Cycle

Superheated and saturated
Steam Cycle

Gas Turbine and Combined
Cycle Stirling Engine

Typical Unit Size (MW) 10 - 250 10 - 250 5 - 200 10 - 100 10 - 100 0.1 - 1
State of the Art commercial experimental recently commercial semi-commercial experimental demostrated
Cost of Solar Field (€/m²) 300 - 350 n. a. 200 - 250 300 - 400 300 - 400 n.a.
Investment Costs (€/kW) for SM1 - SM2 3,500 - 6,500 n. a. 2,500 - 4,500 4,000 - 6,000 n.a. 6,000 - 10,000 (only SM1)
Development Status Thermal Storage high low low moderate low low
Experience high very low low moderate very low moderate
Reliability high unknown unknown moderate unknown moderate
Combination with Desalination simple simple simple simple simple simple

Operation Requirements demanding demanding simple demanding demanding simple
Construction Requirements demanding demanding simple demanding demanding moderate
Integration to the Environment demanding demanding simple moderate moderate moderate
Land Requirement high high low high high moderate

Major Criteria

Minor Criteria

Line Concentrating Systems Point Concentrating Systems
Parabolic Trough Central Receiver
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5. CSP Potential Assessment 
In the following chapters the potentials of concentrating solar power (CSP) 
both for electricity generation and seawater desalination in MENA will be 
assessed. First, DLR’s own-developed method for calculating the direct 
normal irradiance (DNI), which is the energy source for concentrating solar 
power plants, is described in detail. Then, the approach for the land resource 
assessment is presented. After the description of the solar energy and land 
resource assessment the calculated potentials for electricity and seawater 
desalination in MENA are presented. Detail data for the individual MENA-
countries is presented in the Annex. 

5.1 Solar Energy Resource Assessment 

Our method for calculating the direct normal irradiance is described in detail 
within the study “Characterization of Solar Electricity Import Corridors 
from MENA to Europe” (Trieb et al. 2009).  
 
Planning and control of concentrating solar systems like parabolic troughs, 
Fresnel technology, heliostats or dish-Stirling systems need information 
about the direct fraction of solar radiation. Contrary to the diffuse fraction 
this beam irradiance can be focused in order to yield higher energy flux 
densities at the receiver. The direct normal irradiance (DNI) serves as 
reference for those systems. DNI is defined as the radiant flux density in the 
solar spectrum (0.3 μm to 3 μm) incident at the earth's surface perpendicular 
to the direction to the sun integrated over a small cone tracing the sun.  
 
The German Aerospace Center (DLR) has developed a method that models 
the optical transparency of the atmosphere to calculate the DNI on the 
ground at any time and any site, by detecting and quantifying those atmos-
pheric 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 (Schillings et al. 2004). The DNI is the natural 
energy source for Concentrating Solar Power Plants (CSP).  
 

 
Figure  5-1: View of METEOSAT 7 weather satellite from geostationary orbit at 

36,000 km, visible channel.  
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Weather satellites like Meteosat-7 from the European Organization 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 (Figure  5-1). 
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, a very high spatial (5 x 5 km or better) and temporal 
(0.5 hour or better) resolution is required for this atmospheric component. A 
long-term archive established at DLR allows the extraction of specific time 
series and specific sectors of the total data set for specific regions and time 
slots to be analyzed (SOLEMI 2008). 
 
 

    

  
Figure  5-2: Original image from METEOSAT 7 (top left), aerosol content from GACP 

(top centre), water vapour content from NCAR-NCEP (top right) and re-
sulting map of the hourly Direct Normal Irradiance (bottom) in Wh/m² for 
the Iberian Peninsula and the Maghreb Region on February 7, 2003, 12:00 
(SOLEMI 2008). 

 
Aerosols, water vapour, ozone etc. have less impact on solar irradiation than 
clouds. Their atmospheric content can be derived from several orbiting 
satellite missions like NOAA and from re-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.  
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It is considered by a digital elevation model with 1 x 1 km spatial resolu-
tion. All layers are combined to yield the overall optical transparency of the 
atmosphere for every hour of the year. Knowing the extraterrestrial solar 
radiation intensity and the varying angle of incidence according to local 
time, the direct normal irradiation can be calculated for every site and for 
every hour of the year. Electronic maps and geographic information system 
(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 is typically in the order 
of ± 8 %. 
 
For concrete project development, performance analysis and site assessment 
of solar power stations, at least 5-15 years of data should be processed, as 
the inter-annual climatic fluctuations can be in the range of ± 15 %. How-
ever, for the assessment of the total solar electricity potential and its geo-
graphic distribution within large regions, a one-year basis is good enough, 
especially because in most MENA countries, the total solar energy potential 
is some orders of magnitude higher than the demand.  
 
Figure  5-3 shows schematically a solar ray on its way through the atmos-
phere and the main atmospheric components which attenuate the ray. The 
diminishment is originated by the absorption by ozone, the Rayleigh-
scattering and absorption by air molecules, the scattering and absorption by 
aerosols, the reflection, scattering and absorption by clouds and the absorp-
tion by water vapour. All shown atmospheric components are taken into 
account by the used model.  
 

 
Figure  5-3: The attenuation of radiation by the atmospheric components.  
 
The calculation of solar direct normal irradiance at the ground is based on a 
clear-sky parameterisation model developed by Bird (1981) and modified by 
Iqbal (1983).  
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Accuracy assessments and detailed comparisons with other parameterisation 
models in several studies (Gueymard 1993; Battles et al. 2000) have shown 
that this model performs as one of the best for clear-sky conditions. Bird’s 
clear-sky-model needs atmospheric input data on Oxygen O2, Carbon 
Dioxide CO2, Ozone O3, water vapour and aerosol optical thickness to 
calculate the broad-band DNI. To use this model also for cloudy-sky 
conditions a transmission coefficient for clouds is added based on a cloud 
detection algorithm developed by Mannstein et al. (1999) and (Schillings et 
al. 2004).  
 
Using the eccentricity corrected solar constant 
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with the mean earth-sun distance r , the actual earth-sun distance r, the day 

of year doy and the solar constant ( 0E  =1376 W/m²), the broadband DNI 
can be calculated with 
 

ClAeWVOzoneGasREDNI ττττττ ⋅⋅⋅⋅⋅⋅= 0    Equation (2) 
 
with the transmission coefficients for the attenuation by Rayleigh-scattering 
τ R, for the attenuation by absorption of equally distributed gases (mainly 
CO2 and O2) τ Gas, for the attenuation by absorption of atmospheric O3 
τ Ozone, for the attenuation by absorption of water vapour τ WV, for the 
attenuation by extinction of aerosols τ Ae and for the attenuation by extinc-
tion of clouds τ Cl. 
 
The functions to derive the transmission coefficients shown in Equation 2 
can be found in detail in (Iqbal, 1983) and (Schillings, 2004). The DNI can 
be calculated for each point of time of the year if the actual air mass is 
known.  
 
The atmospheric parameters attenuate the incoming direct solar irradiance to 
a different extent. As shown in Figure  5-4 the DNI is mostly influenced by 
clouds, followed by aerosol, water vapour, Rayleigh scattering, O3, O2 and 
CO2. The figure gives an example for a daily curve of DNI at ground and 
the attenuation by the different atmospheric components calculated by the 
method presented here. Although the clear-sky input parameters are con-
stant during the day, their influence on the attenuation is stronger for higher 
zenith angles (in the morning and evening hours) due to the increased air 
mass. Information on clouds is based on hourly values as it can be seen in 
the constant DNI values for the parameter clouds for each hour. The extra-
terrestrial irradiance is constant from dawn until dusk due to the irradiated 
surface that is kept perpendicular to the incoming solar rays. As clouds and 
aerosols have the strongest influence on the direct irradiance and are highly 
variable in space and time, data of these parameters should be as accurate as 
possible.  
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Figure  5-4: Example of daily irradiance variation for true solar time showing the 

influence of the different atmospheric constituents on the direct normal ir-
radiance. Values are calculated by the method presented here. 

 
The temporal and spatial variability of the accuracy for these parameters can 
not easily be described for a global scale. It strongly depends on the investi-
gated region. The data are partly or completely derived from satellite remote 
sensing methods. The accuracy depends on the regional land properties like 
surface structure, homo- or heterogeneity of the surface, land-sea distribu-
tion etc. The used atmospheric data can easily be substituted if data with 
higher spatial and temporal resolution and higher accuracy become avail-
able. 
 
All parameters described below are calculated having regard to the air mass 
that is influenced by the solar zenith angle and the geographical elevation 
over sea level for the investigated site. Following global atmospheric data 
sets, which are easily accessible through the internet, are used to derive the 
clear-sky attenuation: 
 
Airmass 
The attenuation of the radiation by the atmospheric components depends on 
the solar zenith angle ΘZ, the air density and the site elevation. The relative 
optical air mass is defined as the ratio of the optical path along the oblique 
trajectory to the vertical path in the zenith direction (Iqbal 1983). Ignoring 
the earth’s curvature and assuming that the atmosphere is non-refractive and 
completely homogenous (see Figure  5-5a), it can be seen that the relative 
optical air mass is  
 

Zcos
am

Θ
1

=
       Equation (3) 

 
with  am  = relative optical air mass [] 
  θz  = solar zenith angle [°] 
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However, density is actually variable with the height. Furthermore, because 
of the curvature of the earth and refraction of the atmosphere, the slant path 
of the beam radiation will follow of the path OP as shown in Figure  5-5b. 
 

 
Figure  5-5: The trajectory of a solar ray through the earth’s atmosphere. (a) Nonre-

fractive plane parallel atmosphere of uniform density. (b) Refractive 
spherical atmosphere of variable density. (Iqbal 1983). 

 
Kasten (1966) developed a function that takes into account the air density.  
 

[ ] 1.253
ZZ )50.15(93.88+cos

am −−
=

ΘΘ
1

    Equation (4) 
 
with:  am  = relative optical airmass [] 
 θz  = solar zenith angle [°] 
 
This equation is applicable to a standard pressure of 1012.25 mbars at sea 
level. For other pressures it should be modified with (Iqbal 1983): 
 

⎟
⎠
⎞

⎜
⎝
⎛ ⋅−⋅=

m
z.exppp 000118400

      Equation (5) 
 

hPa.
pamam p 251013

⋅=
 Equation (6) 

with:  amp = pressure corrected airmass [] 
 am = relative optical airmass [] 
 p = pressure at station [hPa] 
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or using the elevation in [m] with (Iqbal 1983): 
 

⎟
⎠
⎞

⎜
⎝
⎛ ⋅−⋅=

m
z.exppp 000118400

     Equation (7) 
with:  p = pressure at station [hPa] 
p0 = pressure at sea level [hPa] 
z = elevation above sea level [m] 
 
Elevation 
As described above, the elevation for each site is needed for the correct air 
mass determination. This parameter can be derived from Digital Elevation 
Models (DEM) which can provide global elevation information. For this 
study the Global Land One-km Base Elevation Digital Elevation Model 
(GLOBE) as shown in Figure  5-6 is used. This DEM has a spatial resolution 
of 30’’. (Hastings & Dunbar 1999)  
 

 
Figure  5-6: Elevation in [m] based on GLOBE. (Hastings & Dunbar 1999). 
 
Rayleigh Scattering and Equally Distributed Gases 
The Rayleigh scattering of the clear atmosphere and the absorption of 
equally distributed gas, mainly CO2 and O2 are taken into account using 
fixed values for the atmospheric components based on the U.S. Standard 
Atmosphere 1976 (U.S. Department of commerce 1976). 
 
Ozone  
Ozone absorbs radiation mainly at wavelengths smaller than 0.3 μm. Thus, 
the broadband attenuation of DNI influenced by ozone is relatively small. 
The variability of ozone depends on the geographical latitude and the 
season. In the sunbelt ozone varies in the range from about 0.2 to about 0.4 
cm [NTP] with moderate seasonal variability and a slightly decrease 
through the years. This affects the DNI on ground in the magnitude of lower 
1%. Therefore the use of monthly mean values with a spatial resolution of 
1° x 1.25° derived by the Total Ozone Mapping Spectrometer (TOMS 
onboard NASA’s Earth Probe satellite) as input parameter is sufficient. The 
uncertainty of TOMS long-term mean values is indicated with 1% 
(McPeters et al. 1998). 



 

6543P07/FICHT-7130073-v1  5-60 
 

 
Figure  5-7: Monthly mean ozone for February 2002 in [DU] based on TOMS. 
(McPeters et al. 1998). 
 
Water Vapor  
Water Vapour absorbs radiation mainly at thermal wavelengths. Its influ-
ence on the broadband attenuation is larger than that of ozone. Analysing 
data of a 4-year monthly means for the sunbelt (10°-40° N/S) the mean 
spatial variability for the investigated latitudes ranges from about 0.5 to 
about 6.5 cm [NTP] which results in a DNI-variability of up to 15%. Due to 
this high variability daily values of precipitable water from NCEP-
Reanalysis of the Climate Diagnostic Center (CDC-NOAA) with a spatial 
resolution of 2.5° x 2.5° are used. These values are computed using daily 
mean values of the NCEP Reanalysis, based on 6-hour values. The calcu-
lated fields are divided into four quality classes (A, B, C, D) depending on 
the relative influence of the used input data which can be measured or 
modelled. The precipitable water data set is declared as a 'B'-class value. 
This means that there is a strong modelling component although measured 
data is also used. More information about the NCEP-Reanalysis can be 
found in (Kalnay et al. 1996). The used data are interpolated to a 1° x 1° 
grid, consistent to the other atmospheric input data. 
 

 
Figure  5-8: Daily mean of water vapor for the day 07.02.2002 in cm [NTP] based on 

NCEP/ NCAR-Re-analysis. 



 

6543P07/FICHT-7130073-v1  5-61 
 

Aerosols 
Aerosols are small solid or liquid particles that remains suspended in the air 
follows the motion of the air within certain broad limits. In contrast to 
molecules of the permanent atmospheric gases, suspended particles within 
the atmosphere display considerable diversity in volume, size, distribution, 
form and material composition. Such particles are for example dust, pollen, 
sea salt, black carbon etc. Aerosols have a strong influence on the solar 
beam irradiance at clear-sky conditions. Detailed information on aerosol 
optical thickness (AOT) in a high temporal and spatial resolution is not yet 
available in a global scale. Such information would be useful because of the 
high spatial and temporal variability of aerosols. Depending on the region, 
AOT can be in the range from 0.05 for clear coastal regions to greater than 2 
for regions affected by desert dust or soot. This can affect the DNI on 
ground by a decreasing of down close to 0 W/m² (e.g. in a desert storm). A 
compromise between global availability and an appropriate spatial and 
temporal resolution was found in the climatological values of AOT derived 
by a transport model from the Global Aerosol Climatology Project (NASA-
GACP). This project was started 1998 within the NASA Radiation Sciences 
Program and the Global Energy and Water Cycle Experiment (GEWEX). 
GACP bases on the combination of global distributions of aerosol loading 
resulting from transport models for soil dust, sea salt, sulphate aerosols and 
carbonaceous aerosols. The used GACP model and the accuracy of the 
modelled aerosol optical thickness is described in (Tegen et al., 1997), 
(Chin et al. 2002) and (Penner et al. 2002). More information on GACP can 
be found in (Mishchenko et al. 2002). The used data are interpolated to a 1° 
x 1° grid, consistent to the other atmospheric input data. 
 

 
Figure  5-9: Aerosol optical thickness (AOT) for the wavelength of 550 nm for Febru-

ary based on GACP-climatology. (Mishchenko et al. 2002). 
 
Using this data despite the high influence of aerosols is only a rough 
assumption, but global transport models that are validated against ground-
based measurements can provide a first estimate of global aerosol distribu-
tion in space and time. It is planned to use more detailed aerosol data 
derived by new satellites (e.g. ENVISAT) in the near future. 
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Cloud Parameterisation 
Solar irradiance at ground is mostly affected by clouds. In fact, beam 
irradiance can decrease close down to 0 W/m² due to clouds even during 
daylight, in contrast to global irradiance that is always substantially greater 
than 0 W/m² due to its diffuse fraction. Additionally, clouds have a high 
variability in space and time. Strong influence and high variability lead to a 
need of information on clouds in a high temporal and spatial resolution to 
meet the demand of accurate solar irradiance data at ground. 
 
The clouds detection algorithm developed by Mannstein (1999) uses data of 
the geostationary satellite Meteosat (Meteorological Satellite) to calculate 
hourly information on the clouds in a spatial resolution of up to 5 x 5 km². 
The bispectral cloud detection scheme uses infrared (IR) and visible (VIS) 
channels from the Meteosat-7 satellite. It is based on self adjusting, local 
thresholds which represent the surface conditions undisturbed by clouds. 
The calculated cloud-index (CI) is in the range of 0 for no clouds to 100 for 
completely cloudy pixels with high optical depth. CI represents the effective 
cloud transmission which is an integral value influenced by the cloud 
amount and by the average cloud optical depth within the analysed pixel. 
For each region within the Meteosat full disk shown in  
Figure  5-10 the detection algorithm can be performed. Due to the spatial 
range and the possible marginal position of the selected area of investigation 
within the Meteosat full-disk, the spatial resolution of the cloud cover can 
range from 5 x 5 km² at the sub-satellite point to about 10 x 10 km² at 
marginal positions of the image. 
 

 
 
Figure  5-10: Example image of the Meteosat data used to derive the cloud index 

(Meteosat-7, coloured IR-Channel). © EUMETSAT, 2005. 
 
In both spectral channels the basic principle of the algorithm is the same: 
 
• Construct a reference image without clouds from previous images 
• Compare the actual image to the reference image to detect clouds 
• Update the information for the construction of the reference image using 

the cloud-free pixels. 
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Nevertheless there are differences in processing of both channels: 
 
R-Scheme 
The crucial task for getting a good estimate of cloud cover from an IR 
channel is the definition of a local temperature threshold as reference 
temperature which is close to the temperature of the cloud-free surface. As 
surface observations are difficult to access and not available in a sufficient 
temporal and spatial resolution, the reference temperature from the Meteosat 
data itself has to be derived. To achieve this, the available images as a 3-
dimensional array for each day with the spatial coordinates X and Y and the 
temporal coordinates T (time, every half hour, from 1 to 48) are sorted. 
Single missing images do not affect this routine. The reference temperature 
of land surface as shown in Figure  5-11 is described by the following 
parametric function for every pixel: 
 

( ) ( )( ) ( )( )332310 sin1.0sinsincos axaxaaxaaT −⋅+−⋅+−+=  Equation (8) 
 
with x = t/24 * 2π and t = decimal hours of the satellite scan (UTC). a0 gives 
the daily mean temperature, a1 the temperature amplitude, a2 influences the 
width and steepness of the daily temperature wave and a3 gives the phase 
shift which is dominated by the local solar time. These four parameters are 
fitted daily for each land-pixel using the cloud-free pixels.  
 

 
Figure  5-11: Daily background temperature curve for a pixel over land surface 

derived from the fitting parameters a0=290, a1=10, a2=1 and a3=4 which 
are calculated by the IR-scheme. 

 
Over sea only a0 is variable, the other coefficients are set to zero (the 
temperature over sea is kept constant during one day). 
 
The parameters are fitted from those pixels, which are with a high probabil-
ity not contaminated by clouds and therefore representing the temperature of 
the land surface as it is measured by the satellite without any atmospheric 
correction.  



 

6543P07/FICHT-7130073-v1  5-64 
 

After the processing of 48 half-hourly images an update on the coefficients 
a0 to a3 are made. Both, new cloud-free temperature values and the old 
coefficients enter into the new fit of the coefficients, which enables us to 
remember the surface properties even during longer cloudy periods. The 
influence of the new surface temperature is weighted depending on the 
elapsed time to the last cloud-free scene and the quality of the new data. 
 
The following properties of surface versus clouds are used for a first cloud 
detection: 
 
• Clouds are cold. Every pixel with a temperature colder than the estimated 

reference temperature is valued as cloud. There is also an absolute limit 
which depends on the region under consideration.  
 

• Clouds move. The data to the previous image and the image of the day 
before are compared. Clouds are colder and show up as local differences. 

• Surface temperature has a regular daily variation and depends on the 
landscape. The data to the predicted image are compared. Clouds again 
show up as local differences. 
 

• Weather patterns have a larger scale than pixel size. Deviations from the 
predicted temperatures are allowed if they are of the same magnitude 
within regions of pixels with similar surface properties. This information 
is used to make an additive update of the predicted surface temperature. 

 
As the quality of the predicted data is variable, the decision process depends 
on weights similar to a fuzzy-logic decision. Figure  5-12 the IR-cloud 
detection scheme for the defined window for the date of July 9, 2001, 12:00 
UTC. The actual IR-image is shown in (a) with the measured temperature in 
°C. The mean temperature a0 is given in (b); (c) shows the temperature 
amplitude a1 which is constant zero for the sea and therefore consistent 
black. Over land a1 varies depending on the surface properties: the brighter 
the pixel the higher the difference between day and night temperatures. The 
cloud-free reference temperature for 12:00 UTC is shown in (d). The result 
is presented in (e) where the surface features vanished nearly completely. 
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Figure  5-12: Scheme of the IR-cloud-detection for the defined window: (a): actual IR-

image; (b) coefficient a0 (mean daily temperature); (c) coefficient a1 
(temperature amplitude(d) calculated cloud free reference-image (refer-
ence-temperature); (e) difference between (d) and (a). All images refer to 
the date July 9, 2001, 12:00 UTC 
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Figure  5-13: (a) Actual Meteosat VIS data; (b) calculated reference image (c) differ-

ence between calculated cloud-free reference image (b) and actual Me-
teosat data (a). All images refer to the date July 9, 2001, 12:00 UTC. 

 
VIS-Scheme 
Different from the infrared data, the daily variation of the reflected sunlight 
data is mainly influenced by geometrical factors. The Meteosat counts are 
first corrected against the local solar zenith angle. For further corrections 
one year of VIS data were analyzed to extract the distribution of counts with 
respect to solar zenith angle and the angular distance to specular reflection. 
 
We selected the 1% percentile to represent the mini-mum count which is 
subtracted from the data to ac-count for atmospheric influences like forward 
and backward scattering within the atmosphere. VIS data is included into 
the decision process at locations, where the cosine of the solar zenith angle 
is greater than 0.1 (the sun is more than 5.7° over the horizon).  
 
The VIS information is weighted proportional to the cosine of the solar 
zenith angle. Similar to the IR, a reference image is derived from the data, 
which is in this case not variable throughout the day. The actual VIS images 
are compared against the predicted reference image and the previous image.  
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The corrected count has to be higher than a threshold derived from the 
predicted 'cloud-free' scene. Figure  5-13 shows the actual VIS-image (a), the 
reference image (b) and the resulting image (c). 
 
Cloud Index 
From the IR and VIS channels, a cloud index is derived by linear interpola-
tion between the expected 'cloud-free value' and a threshold for a 'fully 
cloudy' pixel (-40°C in the IR and a corrected count of 150 in the VIS 
channel). Both, IR and VIS information are combined to select those values 
that are used for the update of the clear-sky properties and also for the final 
calculation for the cloud-index CI. The self-learning cloud-algorithm needs 
several days lead time to calculate the reference fit. To simulate hourly 
mean values a simple filter has been chosen which weights the scenes 
before and after the nominal time with 25%, while the scene at nominal time 
is weighted with 50%. E.g., the cloud index value for 12 UTC is the 
weighted mean value from the indices derived from the nominal times at 
11:00, 11:30 and 12:00, where the half hour gets a double weight. 
 
Accuracy of Derived DNI 
The validation takes into account two measurements sites in Brazil, four in 
Spain and one in Morocco. From the inter-comparisons at these 7 different 
sites it is concluded that the derivation of the long-term average from 
satellite data without further proof by measurements has reached a high 
level of confidence. The maximum underestimation against measurements is 
observed with a relative root mean bias deviation (rMBD) of -6.0% for the 
site Caico in Northeastern Brazil. The maximum overestimation of the 
satellite-derived values is noticed for Tabernas in Southern Spain at the 
Plataforma Solar de Almeria with an rMBD of +2.0%. It must be noted, that 
in principal the given accuracy of the satellite-derived values depends on the 
quality of the measurements used for validation. Therefore additionally the 
average measurement error of 3% has to be taken into account. Applying 
Gaussian error propagation finally a 1 sigma accuracy of 5% for the long-
term satellite-derived DNI-values is derived. (Meyer et al. 2004) 
 
Figure  5-14 shows the hourly monthly mean values for DNI for a site in 
Spain. The solar regime of the measured ground data (top) is very well 
represented by the satellite-based radiation data (bottom). 
 
Figure  5-15 gives example hourly values for DNI for a validation site. 
Ground data are marked black-dotted, remote (satellite) data are marked 
red-solid. The curves give an idea on how accurate the satellite-based DNI 
represents the measured values. 
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Figure  5-14: Hourly monthly mean of DNI derived from ground data (top) and from 

satellite data and the describe method (bottom) for an example site in 
Spain.  

 
Besides absolute accuracy an important factor for the valuable simulation of 
CSP plants is also the realistic representation of short-term fluctuations of 
the solar resource from hour to hour. This can be described by the temporal 
standard deviation of the two time-series: for the measurements on average 
this is 346 W/m², while it is 352 W/m² for the Meteosat-derived DNI. This 
means the satellite derived DNI shows little higher variability than the 
measurements (Meyer et al. 2004). 
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Figure  5-15: Example for a time-series and measurements for a few days in May and 

October 2001 for a validation site. Ground data are marked black-
dotted; remote (satellite) data are marked red-solid. The upper graph 
shows cloudy days, the lower one cloud-free- days.  

 
The methodology described here shows the algorithm used to produce the 
MENA solar irradiation atlas for the year 2002 shown in Figure  5-16. The 
quality of this atlas can be considered sufficient to estimate the overall 
potential of the solar energy resource in the respective countries, but not for 
concrete project development on specific sites or for economic performance 
analysis of concrete solar power projects. This would require a more 
detailed analysis of solar irradiation based on at least ten years of data. Such 
data can in principle be produced but was not used here, as it requires large 
personnel efforts and funding (SOLEMI 2008).  
 
Within the MENA – Regional Water Outlook, the MENA solar irradiance 
atlas for the year 2002 (spatial resolution ~ 1 x 1 km²) (produced by DLR) 
in order to assess the CSP potential for electricity generation and seawater 
desalination for all MENA countries except of Djibouti and Iran. For 
Djibouti and Iran instead, DNI data from NREL (~ 40 x 40 km²) and NASA 
(~ 111 x 111 km²) was used respectively. 
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Figure  5-16: Direct Normal Irradiance of the year 2002 in kWh/m²/y  
 
.
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5.2 Land Resource Assessment 

After the solar resource assessment, the next step of the analysis was the 
detection of land resources which allow for the placement of Concentrating 
Solar Power plants (CSP). This is achieved by excluding all land areas that 
are unsuitable for the erection of solar fields. Geographic features are 
derived from remote sensing data and stored in a geographic information 
system (GIS). Finally, those data sets are combined to yield a mask of 
exclusion criteria for a complete region or country (Figure  5-17).  
 

 
Figure  5-17: Schematic of combining different GIS data sets in order to develop a 

mask of land exclusion criteria  
 
In this analysis two cases are distinguished. The first case, which is called 
“Total”, is applied in order to explore the general CSP potential for electric-
ity generation. The identified electricity potential can be used for electricity 
generation and/or for seawater desalination in combination with a Reverse 
Osmosis plant (RO). Very strict land exclusion criteria have been applied 
for this case. 
 
The second case, indicated as “Coast”, is applied to investigate the near-
shore potential of CSP in combination with seawater desalination. In this 
case, some additional exclusion criteria have been applied in order to 
explore possible sites which allow both the combination of a CSP plant with 
a RO plant and the combination of a CSP plant with a Multi Effect Desali-
nation plant (MED). 
 
Figure  5-18 shows the land exclusion map for CSP which has been devel-
oped within the MENA – Regional Water Outlook. The remaining sites 
(white coloured) are in principle potential CSP plant sites with respect to the 
exclusion criteria applied (Table  5-1). There are compulsive criteria and 
optional criteria for site exclusion. For example, water bodies, protected 
areas and shifting sands are considered as compulsive criteria for excluding 
a side, while e.g. croplands, shrublands or forests may optionally be used for 
the placement of the CSP plants, although there will be a competition on 
land use.  
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Figure  5-18: Land exclusion map for CSP plants in the MENA region (case: Total)
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Table  5-1: Compulsive and optional criteria for the exclusion of terrain for CSP 
plants. For the two different cases “Total” and “Coast”, different exclusion 
criteria were applied: 

Exclusion Criteria  Compulsive Optional 
Cases 

Total Coast 
Terrain 
Slope > 2,1% x  x x 
Land Cover 
Post-flooding or irrigated croplands  
(or aquatic) 

x  x x 

Rainfed croplands  x x  
Mosaic cropland / vegetation  x x  
Forest (>5m)  x x x 
Mosaic forest, shrubland or grassland  x x  
Shrubland (<5m)  x x  
Herbaceous vegetation  x   
Sparse vegetation  x   
Permanetly or regularly flooded areas x  x x 
Artificial surfaces and associated areas 
(Urban areas >50%) 

 x x x 

Bare areas  x   
Water bodies x  x x 
Permanent snow and ice x  x x 
No data (burnt areas, clouds, …) x  x x 
Population Density     
Population density > 50 persons per km²  x x x 
Hydrology 
Lake x  x x 
Reservoir x  x x 
River x  x x 
Freshwater Marsh, Floodplain x  x x 
Swamp Forest, Flooded Forest x  x x 
Coastal Wetland x  x x 
Pan, Brackish/Saline Wetland x  x x 
Bog, Fen, Mire x  x x 
Intermittent Wetland/Lake  x x x 
Geomorphology 
Shifting Sand, Dunes x  x x 
Security Zone for Shifting Sands 10km  x x x 
Salt Pans  x x x 
Glaciers x  x x 
Security Zone for Glaciers 10km  x x x 
Protected Area 
IUCN Ia  x x x 
IUCN Ib  x x x 
IUCN II  x x x 
IUCN III  x x x 
IUCN IV  x x x 
IUCN V  x x x 
IUCN VI  x x x 
Others  x x x 
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Infrastructure 
Airports  x x x 
Security Zone for Airports 5km  x x x 
Desalination plants  
(capacity > 50,000 m³/day) 

 x x x 

Security Zone for Desalination Plants 
500 m 

 x x x 

Other exclusion criteria 
Suitable area < 4km²  x x x 
Distance from shore (onshore) > 5km  
(pipeline length onshore max. 5km) 

 x  x 

Distance to area with 5m water depth > 
5km (pipeline length offshore max. 5km) 

 x  x 

Site > 20m a.s.l.  x  x 
Tight bays and lagoons  x  x 
 
Figure  5-19, Figure  5-20, Figure  5-21 show detailed land exclusion maps 
for North Africa, Western Asia and the Arabian Peninsula respectively. 
 

 
Figure  5-19: Land exclusion map for North Africa 
 

 
Figure  5-20: Land exclusion map for Western Asia 



 

6543P07/FICHT-7130073-v1  5-75 
 

 
Figure  5-21: Land exclusion map for the Arabian Peninsula 
 
To carry out the land resource assessment, each utilised dataset was trans-
ferred to a GIS-tool in order to process the data. In the following, some of 
the used datasets and applied exclusion criteria are described. 
 
Terrain (slope of land) 
CSP plants, especially parabolic trough power plants, require flat terrain. 
The land slope can be derived from a digital elevation model shown in 
Figure  5-22. For the analysis, the Global Land One-km Base Elevation 
Digital Elevation Model (GLOBE) for the determination of the slope 
(Hastings & Dunbar 1999) is used. A slope higher than 2.1% is excluded for 
the building of CSP plants. The value of 2.1% is determined by the slope-
function based on the elevation, the error of the GLOBE-data and the error 
propagation (Kronshage 2001). Figure  5-23 shows the slope derived from 
the dataset, which is greater 2.1 % (green coloured). 
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Figure  5-22: Global Land One-km Base Elevation Digital Elevation Model in meters 

above sea level (GLOBE) from (Hastings & Dunbar 1999). 
 

 
Figure  5-23: Areas with a slope higher than 2.1% that are excluded for CSP. This 

information is derived from the Digital Elevation Model (DEM) GLOBE 
(Hastings & Dunbar 1999). In this figure slope higher than 2.1% is 
marked as red. 

 
Land Cover 
Information about land cover is taken from the European Space Agency’s 
(ESA) Globcover Database (Bicheron et al. 2008). The ESA Globcover map 
has a spatial resolution of 10 x 10 arc-seconds (~ 300 x 300 m²) and is 
classified in 23 categories. Figure  5-24 presents the land cover for the EU-
MENA region. Within the “Total” case, only areas with herbaceous vegeta-
tion (grassland, savannas or lichens/mosses), sparse vegetation and bare 
areas have been considered as suitable for potential CSP sites. This repre-
sents a very conservative approach. Assessing the land resource for near-
shore CSP sites (“Coast”), which is crucial using CSP in combination with 
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MED plants, rainfed croplands, mosaic cropland / vegetation and shrubland 
have been determined as suitable CSP sites as well. 
 

 
Figure  5-24: Land cover in the EU-MENA region (Bicheron et al. 2008) 
 

 
Figure  5-25: Detailed look at land cover in the MENA region (Bicheron et al. 2008) 
 
Population Density 
Information about population density has been taken from the LandScan 
Global Population Database (Oak Ridge National Laboratory 2003).  
Figure  5-26 presents the population density in the EU-MENA region. The 
spatial resolution of the data set is 30 x 30 arc-seconds (1 x 1 km²). For the 
land resource assessment, all areas where population density is higher than 
50 people per km² have been excluded. 
 

 
Figure  5-26: Population density in the EU-MENA region (Oak Ridge National 
Laboratory 2003) 
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Hydrology 
Hydrological data has been taken from the “Global Lakes and Wetlands 
Database GLWD” (Lehner, Döll 2004). The GLWD consists of three data 
sets (GLWD 1-3). For the land resource assessment, the GLWD-3 data set 
has been used which includes large lakes and reservoirs, smaller water 
bodies and wetlands. The spatial resolution of the data set is 30 x 30 sec-
onds. The map of the GLWD-3 data set is presented at Figure  5-27. All 
categories from the GLWD 3 dataset have been used as exclusion criteria 
for CSP sites. 
 

 
Figure  5-27: Hydrology of the EU-MENA region  
 
Geomorphology 
Certain areas and soils are not suitable to be used as foundation for concen-
trating solar collector fields due to their geomorphologic features. Salt areas 
because of their heavy corrosive features belong to it. But also dynamic 
structures like shifting sands form an exclusion area, which additionally is 
extended by a safety zone for the duration of operating (here 50 years). As 
the flow velocities can amount to 200 m/y this safety zone has to be at least 
10 km width (Kronshage & Trieb 2002). 
 
Sand dunes are unsuitable for the erection of pylons as the sand corns do not 
form a strong compound. Here the exclusion area also contains a safety zone 
which considers the mobility of certain dune types. Such shifting sands can 
cover around 30 m/y at a height of 10 m, therefore the safety zone is precau-
tionary specified with a width of 10 km that eliminates the endangering of 
the facility for the duration of operation (here 50 years) (Cooke et al. 1993). 
 
Spatial information about sand dunes, salt areas and glaciers are taken from 
the ‘Digital Soil Map of the World’ (DSMW) of the FAO (FAO 2007). The 
DSMW is based on the ‘Soil Map of the World’ (1:5 Mio.) of the 
FAO/UNESCO from the year 1978. The spatial resolution of the digital map  
amounts to approximately 10 x 10 km² (300 arc-sec). Altogether the DSMW 
identifies in 26 groups of soil types 106 soil types and additional non-soil 
features, which include the dunes, salt areas and glaciers of interest.  
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Figure  5-28: Geomorphologic exclusion criteria in the EU-MENA region. 
 
Protected Areas 
The information on the protected areas is based on data provided by The 
World Conservation Union (IUCN) and the World Commission on Pro-
tected Areas (WCPA). Data is taken from protectedplanet.net. The defini-
tion of a protected area adopted by IUCN is: “An area of land and/or sea 
especially dedicated to the protection and maintenance of biological diver-
sity, and of natural and associated cultural resources, and managed through 
legal or other effective means”. Although all protected areas meet the 
general purposes contained in this definition, in practice the precise pur-
poses for which protected areas are managed differ greatly. IUCN has 
defined a series of six protected area management categories, based on 
primary management objective. In summary, these are:  
 
CATEGORY Ia: Strict Nature Reserve: protected area managed mainly 
for science defined as an area of land and/or sea possessing some out-
standing or representative ecosystems, geological or physiological features 
and/or species, available primarily for scientific research and/or environ-
mental monitoring. 
 
CATEGORY Ib: Wilderness Area: protected area managed mainly for 
wilderness protection defined as a large area of unmodified or slightly 
modified land, and/or sea, retaining its natural character and influence, 
without permanent or significant habitation, which is protected and man-
aged so as to preserve its natural condition. 
 
CATEGORY II: National Park: protected area managed mainly for 
ecosystem protection and recreation, defined as a natural area of land and/or 
sea, designated to (a) protect the ecological integrity of one or more ecosys-
tems for present and future generations, (b) exclude exploitation or occupa-
tion inimical to the purposes of designation of the area and (c) provide a 
foundation for spiritual, scientific, educational, recreational and visitor 
opportunities, all of which must be environmentally and culturally compati-
ble. 
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CATEGORY III: Natural Monument: protected area managed mainly 
for conservation of specific natural features, defined as an area containing 
one, or more, specific natural or natural/cultural feature which is of out-
standing or unique value because of its inherent rarity, representative or 
aesthetic qualities or cultural significance. 
 
CATEGORY IV: Habitat/Species Management Area: protected area 
managed mainly for conservation through management intervention, 
defined as an area of land and/or sea subject to active intervention for 
management purposes so as to ensure the maintenance of habitats and/or to 
meet the requirements of specific species. 
 
CATEGORY V: Protected Landscape/Seascape: protected area man-
aged mainly for landscape/seascape conservation and recreation, defined as 
an area of land, with coast and sea as appropriate, where the interaction of 
people and nature over time has produced an area of distinct character with 
significant aesthetic, ecological and/or cultural value, and often with high 
biological diversity. Safeguarding the integrity of this traditional interaction 
is vital to the protection, maintenance and evolution of such an area. 
 
CATEGORY VI: Managed Resource Protected Area: protected area 
managed mainly for the sustainable use of natural ecosystems, defined as an 
area containing predominantly unmodified natural systems, managed to 
ensure long term protection and maintenance of biological diversity, while 
providing at the same time a sustainable flow of natural products and 
services to meet community needs.  
 
Besides protected areas which are categorised by the IUCN and thus are 
designated as protected areas, the utilised dataset includes also a reasonable 
number of protected areas which are just proposed, recommended or 
voluntary-recognised (referred as “Others”). Nevertheless, all protected 
areas in the dataset are considered as exclusion areas for CSP. Figure  5-29 
shows the protected areas for the EU-MENA region.  
 

 
Figure  5-29: Protected areas of the EU-MENA region 



 

6543P07/FICHT-7130073-v1  5-81 
 

Infrastructure 
Airports and existing or planed desalination plants with water production 
> 50000 m³/day (together referred as infrastructure) have also been excluded 
as suitable CSP sites. Data about airports was taken from the Pacific Disas-
ter Centre. Additionally, a security zone of 5 km around the airports has 
been applied. Data about desalination plants was obtained from Fichtner. 
 

 
 
Figure  5-30: Airports with 5 km security zone and Desalination plants with water 

production > 50000 m³/day (Infrastructure) in the EU-MENA region 
 
After applying all exclusion criteria derived from the utilised datasets, the 
resulting data has been processed further in the GIS. In the analysis, a 
typical CSP plant is a 100 MW parabolic trough power plant with a Solar 
Multiple of 2. Such plants have a dimension of about 4 km². Thus, all areas 
which are in principle suitable for a CSP plant, but smaller than 4 km² are 
excluded.  
 
Assessing the near-shore potential of CSP for seawater desalination 
(“Coast”) has required some additional processing of the remaining data. 
When combining a MED plant with a CSP plant, the required heat of the 
MED is directly obtained from the CSP plant. Thus, the CSP plant and the 
MED plant need to be sited at the same location. However, the placement of 
desalination plants is subjected to certain exclusion criteria as well. For 
example, in order to keep pumping loses acceptable, the MED plant need to 
be sited not above 20 m above see level and not more than 5 km away from 
shore. Table  5-1 gives an entire overview of the applied exclusion criteria.  

5.3 Results of CSP Potential Assessment for the MENA Region 

The data derived from the solar energy resource assessment and the land 
resource assessment was used to generate maps showing the DNI at poten-
tially suitable sites for CSP in MENA (Figure  5-38). Those maps were 
statistically analysed yielding the CSP potential for electricity generation 
and seawater desalination in each country.  
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The result of the assessment is presented atTable  5-2. These values serve as 
input for the water and electricity supply scenarios for the MENA region 
presented in Chapter 8. 
 
Solar electricity potentials were calculated from the annual DNI with a 
conversion factor of 0.045, which takes into account an average annual 
efficiency of 15 % and a land use factor of 30 % for the respective CSP 
technology. These values correspond to present state of the art parabolic 
trough power plants.  
 
Figure  5-31 and Figure  5-32 shows the technical CSP potential for the entire 
MENA region for the case Total and Coast respectively. 
 
The calculated general economical CSP potential for electricity generation 
(case “Total”) in MENA is about 462196 TWh/y. This is about 23-fold 
higher than the current worldwide electricity production (20181 TWh/y 
(IEA, 2010)). The near-shore Potential for electricity generation derived 
from the analysis is about 964 TWh/y. This corresponds to about 70% of the 
current electricity generation of entire Africa and the Middle East 
(1392 TWh/y (IEA, 2010)).  
 
Figure  5-33, Figure  5-34, Figure  5-35 show the CSP potential in North 
Africa, Western Asia and the Arabian Peninsula respectively in detail. 
Beside the annual sum of the DNI at suitable sites for CSP power plants, the 
maps show the population density in people per km², in order to provide 
information about the distance to major centres of demand. 
 
At the Annex, potential maps and the statistical evaluation for each country 
are presented. Figure  5-36, Figure  5-37 represent examples for the detailed 
country specific CSP potential maps which can be find in the Annex. 
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Figure  5-31: Statistical evaluation of CSP potential in MENA (case Total) 
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Technical CSP Potential in MENA - Case Coast
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Figure  5-32: Statistical evaluation of CSP potential in MENA (Case Cost) 
 
Table  5-2: Concentrating Solar Power Potential for Electricity Generation and 

Seawater Desalination in MENA by country 
  Total Coast 

Technical 
Potential 
[TWh/y] 

Economical 
Potential 
[TWh/y] 

Technical 
Potential 
[TWh/y] 

Economical 
Potential 
[TWhy] 

Algeria 135823 135771 0.3 0 
Bahrain 16 16 9 9 
Djibouti* 372 300 0 0 
Egypt 57143 57140 74 74 
Gaza Strip &  
Westbanks 

8 8 0 0 

Iran* 32597 32134 267 267 
Iraq  27719 24657 0 0 
Israel 151 151 2 2 
Jordan  5885 5884 0 0 
Kuwait 1372 1372 18 18 
Lebanon 5 5 0 0 
Libya 82727 82714 135 132 
Malta  0 0 0 0 
Morocco  8463 8428 15 15 
Oman  15460 14174 84 84 
Qatar  696 555 56 43 
Saudi Arabia  76318 75832 152 152 
Syria  9616 8449 1 1 
Tunisia  5762 5673 58 49 
United Arab 
Emirates  

493 447 15 15 

Yemen 11432 8486 108 104 
Total 472057 462196 995 964 
Technical Potential: DNI > 1800 kWh/m²/y; Economical Potential: DNI > 2000 kWh/m²/y 
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* DNI data for Iran from NASA, for Djibouti from NREL, for all others DNI from 
DLR

 
Figure  5-33: CSP potential in North Africa 
 

 
Figure  5-34: CSP potential in Western Asia 
 

 
Figure  5-35: CSP potential on the Arabian Peninsula 
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Figure  5-36: One of the CSP coast potential maps of Egypt (case Coast, left) and the 

CSP potential map for Egypt (case Total, right) as an example for de-
tailed country specific CSP potential maps in the Annex 

 

 
Figure  5-37: One of the CSP coast potential maps of Saudi Arabia (case Coast, left) 

and the CSP potential map for Saudi Arabia (case Total, right) as an ex-
ample for detailed country specific CSP potential maps in the Annex 

 



6543P07/FICHT-6971711-v3  5-86 
 

 
Figure  5-38: Concentrating Solar Power Potential in the MENA Region (Case “Total”). 

For Djibouti and Iran, DNI data was taken from NREL and NASA respectively 
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6. Typical CSP-Desalination Plant Configuration 
The main objective of the MENA Regional Water Outlook is to close the 
current and future water gap in the region, which should possibly be sourced 
by renewable energies especially by CSP plants. The necessity to cover the 
entire MENA region implies a certain degree of generalization and simplifi-
cation. Given the large study area including a number of countries in the 
MENA region, Fichtner and DLR proposed to assess the CSP and desalina-
tion potential based on a model approach comprising typical plants. Since 
there is no single desalination plant or CSP plant configuration that fits to 
all locations within the area, a set of suitable typical desalination plants are 
considered which will be sourced by solar-thermal power plants. 
 
Four plant configurations are proposed and analysed. They differ mainly in 
the choosen desalination technology, power block cooling system, location 
of the CSP plant with respect to the desalination plant and other boundary 
conditions like seawater temperature and quality. Preliminary assessment of 
energy and land requirement has been carried out and the used methodology 
explained. Further analysis will be carried out in the next part of the study, 
basing on detailed and location-specific input parameters. 

6.1 Typical Plant Approach 

This section describes the basic design of the typical CSP plants which will 
supply the different proposed desalination plants to be allocated in the 
MENA region to augment water supply. Information on typical desalination 
plants will only be briefly mentioned here, if relevant for the CSP plant, 
(e.g. at the interface between the plants), however for further details refer-
ence is made to Task 1 - Desalination Potential Report. Different configu-
rations for desalination plants in combination with CSP power plants are 
shown in Figure  6-1: 
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Figure  6-1: Different configurations for desalination powered by CSP. Left: Solar 

field directly producing heat for thermal multi-effect desalination. Center: 
Power generation for reverse osmosis (RO). Right:  Combined generation 
of electricity and heat for multi-effect desalination (MED) Source: AQUA-
CSP Final Report, DLR 2007. 
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Given different plant components such as water and CSP solar-field and 
back-up power plant there are different possibilities for optimization from 
engineering point of view. The focus can be set on the desalination plant to 
maximize the water production or on the power plant to maximize the 
electricity generation.  
 
The objective function, which sets out the main goals of the design, has 
great influence on the selected plant configuration of each plant. Since 
MENA Regional Water Outlook seeks solutions to meet the increasing 
water demand in the first place, the priority is given to “desalination plant”. 

6.2 Aspects of Better Expressiveness 

Typical plants comprising desalination and CSP plants are designed in such 
a way that regional and local conditions and requirements can be covered as 
much as possible. These include e.g. different water sources, different levels 
of capacity and different intensity of solar radiation in order to cover the 
entire spectrum in the MENA region.   
 
Typical characteristics of different seawater qualities e.g. the Atlantic, the 
Mediterranean, the Red Sea and the Arabian Gulf and the Indian Ocean are 
classified. The attributed values for TDS and temperature of seawater are 
based on general characteristics of the regions only that are relevant for 
typical desalination plant design. For specific projects, more detailed 
seawater analyses should be conducted. 
 
Three macro-regions have been defined to cover different seawater qualities 
(mainly TDS and temperature of seawater) to be processed to potable water.  
 

• Mediterranean Sea & Atlantic Ocean 
• Red Sea & Indian Ocean 
• Arabian Gulf 

 
In this context, local variability of solar radiation over the MENA region is 
considered by introducing various ranges of low, medium and high solar 
radiation for the feasibility of CSP typical plants as follows: 
 
For each macro-region there have been 2 DNI classes defined according to 
yearly sum of DNI at: 
 
Sites with average solar potential: 
 
• 2,000 kWh/m2/year on shore proximity 
• 2,400 kWh/m2/year inland 
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Sites with excellent solar potential: 
 
• 2,400 kWh/m2/year on shore proximity  
• 2,800 kWh/m2/year inland 
 
The values of the chosen DNI-classes are generated based on DLR’s solar 
radiance atlas for the year 2002 (spatial resolution 1 x 1 km2) which was 
produced by DLR to assess the CSP potential for desalination plants within 
MENA Regional Water Outlook. Since data from Iran and Djibouti were 
not available, for these cases other sources have been used. Indeed, for Iran 
the DNI data comes from NASA, while for Djibouti from NREL. 
 
Note: The selected DNI classes should provide a rough indication of solar 
radiation variability in the MENA region. Thus, they should not be inter-
preted as location-specific values, but rather as possible rough range for 
preliminary classification. 
 
It is assumed that solar radiation in inland locations is higher than at coastal 
areas.  
 
The difference is assumed to be about 400 kWh/m2/y in terms of yearly sum 
of DNI. Again, this assumption is quite rough, since DNI spatial variation is 
high, so that in reality it is impossible to make any universal valid generali-
zation. 

6.3 Basic Design of Typical CSP Plant Configuration 

The production capacities of the typical desalination plants are determined 
first based on the selected desalination technology. Once their energy 
(electricity and eventually heat) requirement is assessed (see Task 1- 
Desalination Potential Report), the typical CSP-solar-thermal plant is 
designed accordingly to meet the energy demand. Hence, the main input is 
the desalination capacity. 
 
All configurations are designed to be operated in base load (8,000 operation 
hours/year), under the assumption that -if no energy from solar field and/or 
storage is available- the gap up to the full load is guaranteed by hybrid 
operation. 
 
The typical solar field layout can be observed in Figure  6-2, at nominal 
conditions the heat transfer fluid enters the solar field with a temperature of 
around 295 °C and is heated up to ca. 395 °C. The solar field is oversized so 
that more heat is collected than the turbine can accept. A share of the HTF 
(around 50 % at nominal conditions) enters the oil/water-steam heat ex-
changer, while the surplus heat flows to the oil/molten salt heat exchanger. 
During charge periods, the molten salt flows from the cold tank (ca. 285 °C) 
through the heat exchanger to the hot tank (ca. 385 °C), and vice-versa 
during discharge. The produced steam has lower pressure and temperature 
than conventional power plants; therefore the efficiency of the turbine is 
slightly lower. This limitation is due to the HTF, which can not be operated 
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at temperatures higher than 400 °C. Higher efficiencies can be reached with 
a novel concept (direct steam generation, DSG). However, DSG still has not 
reached a high degree of maturity; for this reason it is not considered in the 
present study. Note that the cooling section is intentionally not represented 
in Figure  6-2, since the cooling is discussed in the following together with 
the desalination. 
 

 
Figure  6-2: CSP plant schematic layout 
 
Before moving to the analyzed configurations it is important to do some 
preliminary considerations. The driving force of MED is thermal power 
which cannot be transported for long distances. This means that the com-
plete CSP/MED plant must be located near to the coast in proximity of the 
desalination plant. The potential advantage of RO is that the driving force is 
electricity, which can be produced elsewhere. In this case the CSP plant can 
be located also at inland sites where DNI is typically higher than at coastal 
sites. All in all, 4 cases are analyzed: 
 
• MED driven with heating steam at 73 °C. The efficiency of the turbine is 

determined by this condition and is lower than conventional wet cooled 
(once-through) Rankine cycles (Figure  6-3). 

• RO/CSP plant at coast with once-through cooling located near to desali-
nation plant. Turbine efficiency is function of the seawater temperature 
(Figure  6-4). 

• RO at coast with dry cooled CSP plant located in desertic inland location 
(Figure  6-5). In this case -due to the dry cooling- the efficiency of the 
turbine is lower than wet cooled systems. This means in turn that more 
thermal energy is required to produce a given amount of electricity. The 
size of the solar field should be larger. However, this negative impact is 
compensated by higher DNI yearly sum (more solar full load hours). 

• RO at coast with dry cooled CSP plant and solar only operation. This 
strategy allows saving fuel cost, whereas the RO is forced to buy electric-
ity from the grid in the case the CSP plant is not working, in order to 
guarantee constant operation of the RO plant. Apart from the boiler for 
the fossil fuel back-up, which in this case is not required, the plant confi-
guration is the same as in case 3. 
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Figure  6-3: CSP-MED plant scheme: the complete energy requirement of the MED 

(heat and electricity) is delivered by the CSP plant located nearby the de-
salination plant.  

 

 
Figure  6-4: CSP/RO located near to the coast shore. The once-through cooling system 

of the CSP plant has a common water intake with the desalination plant. 
 

 
Figure  6-5: CSP/RO with power plant situated in the inland. The required electricity 

for the RO is transported by the grid. 
 
Note that the temperature values indicated for the cooling side represent 
nominal values. In particular the efficiency of the dry cooling -which is 
dependent from the air temperature- is affected by efficiency variations 
which still are not considered in this preliminary analysis. 
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Cases 1 and 2, which present once-through cooling (note that MED requires 
also a down-condenser) a ΔT of 11 °C between seawater and steam side was 
chosen, while for dry cooling the ΔT is assumed to be 15 °C. For example, 
for the macro-region “Mediterranean Sea & Atlantic Ocean”: 
 

⎩
⎨
⎧

°=+
°=+

=Δ+=
location inland          C 60  15  45

locationcoast           C 36  11  25
TTT seawatercondenser  

 
Preliminary design 
There are different approaches in order to compare configurations among 
each other. One possibility would be to choose the same solar field for all 
cases and then to compare electricity and water production. However, the 
best way to compare different systems is to design them in a way that each 
configuration produces the same amount of water and electricity. The model 
presented here is based on this assumption (except for case 4).  
 
In order to do this one should look first at the energy requirements of the 
desalination. MED requires electrical as well as thermal energy, while RO 
uses electricity only. As can be seen in Table  6-1, RO requires more elec-
tricity than the MED, but the “bottle neck” of the energy requirements is the 
heat needed for the MED. Therefore in the end a net power production of 90 
MW for all considered cases was chosen.  
 
Table  6-1: Energy requirements for MED and RO. *RO electricity requirements are 

location-dependent. 

MED RO

kWh/m3 1.55 3.50 ‐ 4.30*

kWhth/m
3 52.65 0.00

MW 6.5 14.6 ‐ 17.9*

kg/s 96.5 0.0

MW 107.8 17.9

MW 90.0

Steam requirement for 100,000 m3/d

Required gross power capacity

Required net power capacity

Spec. Electricity consumption

Spec. Heat consumption

Electricity requirement for 100,000 m3/d

 
 
Once the turbine satisfies the condition, a large surplus of electricity is 
generated, which can be fed into the grid. The CSP plant of the RO case is 
calibrated to have the same net electricity production. Finally, the RO plant 
can be simply scaled up to the MED water production. 
 
The model compares the net -and not the gross- electricity production which 
gives differs only by internal energy requirement, also called parasitics, i.e. 
the internal electricity consumption of the system components (solar field, 
storage, turbine and desalination). In particular, the specific electricity 
consumption of SWRO is larger than MED (around 3-times more). Howev-
er, the negative effect of higher parasitics of RO is (over)compensated by 
better turbine efficiency. 
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Main input parameters are: 
 
• desalination capacity 
• solar multiple (i.e. size of thermal energy storage) 
• plant location 
• direct normal irradiance (DNI) 
• fuel type (heavy fuel oil (HFO), natural gas (NG)) 
 
The capacity of the desalination is fixed (100,000 m3/day), as well as the 
solar multiple (SM=2, i.e. ca. 7.5 full load hours under design conditions).  
 
As  shown in Table  6-2, for each of these regions, boundary conditions 
(typical seawater temperature and salinity) have been chosen. They influ-
ence mainly turbine efficiency and desalination performances.  
 
Table  6-2: Location dependence of seawater characteristics and cost of thermal 

(MED) and membrane (RO) desalination systems 

Mediterranean Sea 
& Atlantic Ocean

Red Sea & Indian 
Ocean

Arabian Gulf

Seawater Salinity ppm 38000 ‐ 41000 41000 ‐ 43000 45000 ‐ 47000

Seawater Design Temperature °C 15 ‐ 30 20 ‐ 35 20 ‐ 35
Spec. Electricity Cons. RO kWh/m3 3.50 3.80 4.30

Spec Electricity Cons. MED kWh/m3 1.55 1.55 1.55

Spec. OPEX RO US$/m3 0.34 0.34 0.38

CAPEX RO US$/(m3 d) 2153 2153 2415

CAPEX MED US$/(m3 d) 3136 3136 3136
 

 
Furthermore, specific operational expenditures (OPEX) and capital expendi-
tures (CAPEX) can be defined. For example, the seawater salinity affects 
electricity consumption, investment and operational cost of the reverse 
osmosis, because the design of the RO has to be adapted to the different 
water qualities. The MED has a more stable behavior and the effect of 
varying boundary conditions on investment cost can be neglected in the first 
approximation. 
 
As the main assumption in the model is that all configurations have the 
same net electricity and water production, first step is to calculate the 
required heat from the turbine which is required from the MED in order to 
supply the required desalination capacity. Typical MED heating steam 
temperature is 73 °C. For this condition it is assumed that a MED with 14 
effects can be installed, which corresponds to a gained output ratio (GOR, 
i.e. the ratio between total drinking water mass flow and heating steam mass 
flow) of ca. 12. 
 
With this information the required heating steam mass flow at the outlet of 
the turbine and in the end the gross electricity production Pel_gross can be 
calculated. The plant internal electricity consumption can be estimated as 
the sum of the parasitics of the single components (solar field, storage, 
turbine, desalination).  
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The turbine efficiency ηturb is defined as function of capacity and condenser 
design temperature. Once ηturb and Pel_gross are known, one can easily 
calculate the required heat for the turbine and in turn the size of the solar 
field and of the thermal energy storage (TES). The CSP/RO configurations 
must have the same net electricity production as the CSP/MED. In these 
cases, neither gross electricity production nor internal electricity consump-
tion (which is itself a function of Pel_gross) is known, so an iteration of these 
values is necessary. Finally, the RO plant can be simply scaled up to the 
required capacity. 
 
All analyzed configurations, operate as base load plants with exception of 
case 4 (RO + CSP inland with solar-only mode), were the base load operat-
ing RO is supplied with electricity from the grid, when the solar -only 
operating CSP power plant will not provide energy to it.. The solar operat-
ing hours are estimated as function of DNI yearly sum and solar multiple 2. 
For a solar multiple of 2 and a DNI ranging from 2,000 kWh/m2/year and 
2,800 kWh/m2/year, a solar share between 40 % and 55 % can be reached 
(with exception of case 4, which has obviously 100 %), whereas the outage 
share is provided by hybrid operation. 
 
Table  6-3 shows that case 2 (RO + Once through cooling) has more internal 
electricity consumption than case 1 (MED). This is due to high electricity 
consumption of RO in comparison to MED. However, the efficient cooling 
in case 2 allows designing a smaller solar field than in the MED case. Case 
3 and 4 present high also high parasitics and gross electricity production. 
But in the last two cases the lower efficiency of the dry cooling negatively 
affects the size of the solar field and of the storage. Nevertheless, the DNI in 
the two inland cases is assumed to be higher than on the coast site, resulting 
in a higher number of solar operation hours (and in case 3 in less fuel 
consumption). 
 
Table  6-3: Results overview for the Mediterranean/Atlantic macro-region, good 

irradiation (2,400-2,800 kWh/m2/y and Natural Gas as back-up fuel) 

Unit MED/CSP
RO/CSP + Once‐
Through Cooling

RO/CSP + Dry 
Cooling

RO/CSP + Dry 
Cool. + Solar 

Only

Location: Mediterranean / Atlantic ‐

kWh/(m2 year)
‐
°C
ppm

m3/day
‐

kWh/m3 1.5
% 32.9 38.5

MW 107.8 116.0
MW
MW 17.8 26.0
MW 654 603
km2 1.26 1.16

km2 4.78 4.41
MWh 2,504 2,308
h/year
h/year 4,344
% 54.3% 100.0%

GWh el/year 390.8
Mio. m3/year

90.0

668
1.28

34.9
116.6

Turbine Efficiency (Gross)
Gross Power Production

Thermal flow solar field

4.88

Total Net Power Production

Total Water Production

2,555
4,344

8,000

Required Land Area
Energy storage Capacity

3,652Solar Full Load Hours
Total Full Load Hours
Solar Share

Mirror area

Net Power Production
Internal El. Consumption 26.7

Seawater Design Temperature 25
Seawater Design Salinity 39,000

Desalination Capacity 100,000

Auxiliary Power Desalination 3.5
Fossil Fuel Natural Gas

DNI 2,400 2,800
Solar Multiple (SM) 2

RESULTS

Coast Inland

719.8
45.7%

33.3
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7. Cost Aspects 
This section provides an overview of the cost structure that may be expected 
with respect to implementation of desalination plants sourced by solar-
thermal power plants dependent upon the selected desalination process and 
project location.  
 
The capital and operational expenses calculated in this study are principally 
qualified for rough indication and comparison of different configurations, 
but are not supposed to be conducted for comparing particular project cases. 

7.1 General Considerations to Cost Estimations 

7.1.1 CSP Production Costs 

In the cost assessment, the estimation of the levelized electricity cost (LEC) 
is based on the calculation of investment (or capital expenditures, CAPEX) 
and operational expenditures (OPEX). The OPEX include costs for fuel, 
personnel, maintenance, mirror, and absorber replacement, insurance. 
 
Based on the annual electricity production, the LEC is determined for 
different plant configurations. They represent the common criterion for an 
economic comparison among the several analyzed cases. 
 
The LEC included in the report are only indicative and shall highlight the 
ranking between different configurations. A more appropriate analysis 
should be project specific and comprehend detailed input parameters (hourly 
values for DNI, ambient and seawater temperature, wind velocity, relative 
humidity). Such a simulation would allow an optimized plant design, major 
precision in the yield calculation and in the assessment of LEC. Further-
more, estimated LEC are not yet representing a final electricity tariff as only 
comparable process specific costs have been considered. Specific financing 
characteristics, cash-flow as well as escalation rates are not included in the 
evaluation as a detailed electricity tariff calculation is not scope of this 
assessment. 
 
Besides the fact that there are many possibilities for the configuration and 
implementation of a CSP and desalination plant (refer to Section  6.3). This 
section provides a common basis for the cost structure of the proposed 
typical CSP plants investigated for the MENA region.  

7.1.2 Capital Expenditure (CAPEX) Estimates 

The capital cost estimation of the CSP system is based on the DLR’s in-
house experience and data collected from actual market tendencies. Never-
theless, investment costs are always prone to a certain degree of uncertainty, 
so that exact definition is not possible without access to project specific 
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information. However, the proposed values provide a sound basis for 
comparative analysis. They include: 
 
• mechanical equipment 
• electrical equipment 
• instrumentation & Control 
• civil works (transportation, construction) 
• auxiliary systems 
• site and infrastructure development costs 
• project development cost (engineering) 
• project management and consultancy services 
 
The cost can be considered turn-key values for each system component. The 
specific cost of solar field includes also the heat transfer fluid system and 
the related heat exchangers. 
 
Costs that are not included in the capital cost estimates are: 
 
• cost of land 
• interest charges during construction 
• import taxes or duties 

7.1.3 Operational Expenditure (OPEX) Estimates 

To provide a common basis for the electricity production cost estimation 
and comparison of the various configurations in different macro-regions, 
sets of economic and operational data have been compiled. 
 
The economic database comprises factors such as plant lifetime and interest 
rates. The various typical plant configurations are characterized by the 
operational data, comprising typical consumption and data for power, fuels 
and consumables as well as expenses for maintenance, personnel and 
insurance. 
 
Exchange Rate 
Exchange rate is 1 €/ 1 US$ = 1.4. 
 
Plant Lifetime 
A useful lifetime of 25 years has been considered according to experience of 
similar projects. 
Discount rate 
A discount rate of 6 % has been considered. 
 
Plant Availability 
All configurations are meant to be operated in base load (8,000 operation 
hours/year), under the assumption that -if no energy from solar field and/or 
storage is available- the gap up to the full load is guaranteed by hybrid 
operation. 
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Costs for steam, electrical energy and fuel 
The cost for steam is calculated according to electrical equivalent approach 
(also called reference cycle method) as described in Section 6.4.3, Task 1 - 
Desalination Potential Report. In this method the energy associated to the 
steam extracted to the thermal desalination plant is considered in terms of 
loss of electric power that would otherwise be used for further electricity 
generation. The electricity loss can also be expressed as heat cost 
[US$/MWhth] for the MED. 
 
In order to evaluate the heat cost, a typical condensing power cycle (con-
densation temperature is function of seawater temperature) is compared with 
an equivalent power plant with steam extraction at 73 °C. The main assump-
tion is that the two plants present the same net electricity production and 
therefore they have a different design. It is important to note that – since the 
design seawater temperature is function of the macro-regions, i.e. for 
example 25 °C for the Mediterranean Sea and 35 °C for the Arabian Gulf- 
the reference power plant does not achieve the same efficiency in every 
location. As a consequence of this, the electricity generation losses of the 
MED/CSP plant in comparison to the reference condensation system are 
higher for the Mediterranean Sea than for the Gulf. In turn, this has an 
influence on the specific heat cost of the MED. 
 
The power plant with steam extraction at 73 °C has higher investment cost 
than the condensing power plant, due to the lower efficiency of the turbine. 
This leads also to higher LEC. By multiplying the LEC difference and the 
net yearly electricity production, one obtains a revenue difference [Mio.US 
$/y]. Now, the ratio between the revenue difference and the yearly heat 
amount [MWhth] coming from the turbine gives the specific heat cost for the 
MED. 
 
Given the increasing crude oil prices worldwide and considering 25 years of 
project lifetime 110 US$/barrel has been taken as an indicator for derivation 
of corresponding prices for natural gas and heavy fuel oil. Based on a fuel 
factor of 1.0 for crude oil, fuel factors of 0.85 for natural gas (NG) and 0.80 
for heavy fuel oil (HFO) are determined based on Fichtner’s in-house 
knowledge in power plant sector1. In case there is natural gas available, it 
should be preferred due to its transportability as liquefied natural gas (LNG) 
and also less carbon footprint per unit fuel value compared to its alterna-
tives.  
 
In case 4, i.e. RO with a solar-only operated CSP power plant, electricity 
from the grid is used, the actual electricity prices of Saudi Arabia (0.041 
US$/kWh) representing Middle East region (applied to corresponding 
macro-regions) and of Morocco (0.079 US$/kWh) for the North Africa 
(Mediterranean region) are implemented in the cost evaluation.  

                                                 
1 Personal communication with Panos Konstantin, Fichtner on 21.01.2011.  
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7.2 Cost Evaluation and Results 

For the comparison of the various typical plant options the following main 
parameters can be taken as input: 
 
• Desalination plant capacity 
• Solar multiple (i.e. size of thermal energy storage) 
• Plant location 
• Direct normal irradiance (DNI) 
• Fossil fuel type for back-up power generation for solar power plant:  

• heavy fuel oil (HFO) or  
• natural gas (NG) 

 
Comparison of results should be conducted under same or comparable 
conditions among different evaluation cases. Below an overview is given in 
Table  7-1: 

 
Table  7-1: Input parameter for cost calculations 
 Unit Value 
Desalination Plant 

   Plant Capacity m³/d 100,000  

   Plant Availability % 94 

CSP Plant 

 DNI kWh/m2/year 2,000 - 2,400 
2,400 - 2,800 

 Solar Multiple - SM 2 

 Fossil Fuel Type - HFO 
NG 

 
The cost assessment is conducted for plant sites in three macro-regions, 
namely Mediterranean Sea & Atlantic Ocean, Red Sea & Indian Ocean, and 
the Arabian Gulf separately. 
 
As shown in Table  7-2 for each of macro-regions, boundary conditions have 
been chosen. They influence mainly turbine efficiency and desalination 
performances. Furthermore, specific operational expenditures (OPEX) and 
capital expenditures (CAPEX) can be defined. For example, the seawater 
salinity affects electricity consumption, investment and operational cost of 
the SWRO, because the design of the SWRO has to be adapted to the 
different water qualities. The MED has a more stable behavior (i.e. negligi-
ble effect of varying boundary conditions on plant performance) and 
investment cost adaptations can be neglected in the first approximation. In 
all analyzed configurations, with exception of case 4 (RO + CSP inland with 
solar-only mode) CSP operates as base load plant. The solar operating hours 
are estimated as function of DNI yearly sum and solar multiple.  
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For a solar multiple of 2 and a DNI ranging from 2,000 kWh/m2/year and 
2,800 kWh/m2/year, a solar share between 40 % and 55 % can be reached 
(with exception of case 4, which has obviously 100 %), whereas the missing 
share is provided by hybrid operation. 
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Table  7-2: Overview of location-specific inputs and specific investment and operation costs for SWRO and MED desalination plants 

    Macro-regions 

  Mediterranean Sea & 
Atlantic Ocean 

Red Sea  &  
Indian Ocean 

 
Arabian Gulf 

 
 

Seawater salinity (TDS) ppm 39,000 43,000 46,000 

Seawater design temperature  °C 25 30 35 

Cooling air design temperature_ inland °C 45 45 45 

Specific electricity consumption_SWRO kWh/m3 3.50 3.80 4.25 

Specific electricity consumption_MED kWh/m3 1.55 1.55 1.55 

Specific OPEX_SWRO US$/m3 0.34 0.34 0.38 

Specific OPEX_MED US$/m3 0.32 0.32 0.32 

Specific CAPEX_ SWRO US$/(m3 d) 2,153 2,153 2,415 

Specific CAPEX_ MED US$/(m3 d) 3,136 3,136 3,136 

Unit electricity price from the local grid2 US$/kWh 0.079 0.041 0.041 
 
 

                                                 
2 The unit electricity costs are included for the SWRO plants if they are sourced with electricity from the local grid. Present electricity prices from Morocco for the Mediterra-
nean Sea & Atlantic Ocean and Saudi Arabia for the Red Sea & Indian Ocean and the Arabian Gulf are considered. Source for prices in Morocco: Electricity Tariffs (Pub-
lished Tariffs) (Eurelectric, May 2007) Source for prices in Saudi Arabia: (SEC 2010). 
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7.2.1 Expenditures of Typical Plants (CAPEX and OPEX) 

For each analyzed configuration, the unit cost of electricity is calculated. 
The LEC are calculated taking as basis the net electricity production, 
including the internal electricity consumption of the desalination. All other 
parasitics are used in the plant in order to track the sun during the day, to 
pump the heat transfer fluid through the solar field, to pump the molten salt 
from the cold to the hot tank or vice-versa, and for turbine pumps. It is clear 
that these internal electricity consumptions cannot be sold and therefore 
they are not considered in the calculation of the LEC. 
 
From the point of view of the power plant, the desalination plants are energy 
consumers. In particular, the RO is only an electricity consumer, while the 
MED is both an electricity and heat user. The desalination plants buy their 
electricity from the CSP power plant, each configuration with the respective 
LEC. The MED is more complicated to assess, because a specific cost for 
the heat has to be calculated further to the LEC. The specific heat cost is 
calculated with a simplified “reference cycle method” also called as elec-
trical equivalent as described in detail in Section Value of Heat: Electrical 
Equivalent Approach in Task 1- Desalination Potential Report.  
 
The solar field represents the major share of the CAPEX. Considering that 
all analyzed configurations have to produce the same amount of net electric-
ity, the turbine efficiency influences directly the heat amount which is 
required from the solar field and in the end the capital expenditures. The 
same applies to the design of the thermal energy storage, i.e. the lower the 
efficiency of the turbine, the higher the size of the TES and of the respective 
CAPEX. The efficiency of the turbine is mainly function of cooling type 
(once-through, dry-cooling, MED) and of the location specific ambient 
conditions (seawater and air temperature). As it can be seen in Table  7-3, 
typical values for seawater temperature are location specific (25 °C – 35 
°C), while for air temperature it is assumed a fixed design value (45 °C) for 
all macro-regions. Further, in Table  7-3 are summarized specific investment 
cost as well as other financial assumptions (OPEX, plant life, discount rate 
etc.). It is noted that turbine and cooling cost are separated in order under-
line the influence of the cooling system on total investment cost.  
 
OPEX for CSP plants includes: 
 
• Annual capital cost 
• Operation and Maintenance (O&M) 
• Insurance cost 
• Fuel cost 
 
Annual capital costs are assessed with the simplified method of periodic 
payments. For the calculation it is assumed a plant life of 25 years and a 
discount rate of 6.0 %. 
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Operation and Maintenance cost is assumed to be 2.0 %/year of the total 
investment, while insurance accounts to 0.5 %/year of total CAPEX. 
 
Fuel consumption is in the first approximation indirectly proportional to the 
DNI yearly sum. In the case of a solar multiple of 2.0, the solar share varies 
between 40 % and 55 %, so that if solar operation is not possible (60 % to 
45 % of the year), the plant works as a conventional power plant. The 
advantage in comparison to other renewable energy sources is that the 
power plant (i.e. the same turbine) can be used and a so-called “shadow-
power plant” is not necessarily required. 
 
This is true with the exception of case 4 (RO / CSP located in inland and 
“solar-only” modus), where electricity is bought from the grid if CSP is 
offline. 
 
Two types of fossil fuels are used: 
 
• Heavy Fuel Oil (fuel factor 0.8) 
• Natural Gas (fuel factor 0.85) 
 
Table  7-3: CSP cost overview: CAPEX, OPEX, main financial assumptions 

Financial Assumptions 
Spec. Inv. SF $/m2 420 
Spec. Inv. TES $/MWhth 77 
Spec. Inv. Back-up Boiler $/kWel 378 
Spec. Fuel Cost $/MWh 64.9 
Spec. Inv. PB $/kW 1,540 
Spec. Inv. Dry Cooling $/kWel 434 
Spec. Inv. Wet Cooling $/kWel 150 
Debt Period y 25 
Discount Rate % 6.0 
O&M Rate CSP+PB %/y 2.0 
Insurance Rate %/y 0.5 
 
CAPEX and OPEX of the several analyzed configurations of CSP plants are 
estimated as listed in Section 4 of Annexes. 
 
Coming to the result evaluation, first, taking a look on the structure of 
CAPEX for 2 reference configurations, i.e. MED/CSP and RO/CSP with 
power plant located in the proximity of the coast and once-through cooling 
system as shown in Figure  7-1 and Figure  7-2. In both cases the solar field 
accounts for more than 50% of the total investment cost. Thermal energy 
storage and power block constitute each around 20% of the CAPEX, while 
the back-up boiler is responsible for ca. 4-5% of the investment. The 
CAPEX structure is very similar in both cases, with exception of the cooling 
share. In the MED/CSP case the thermal desalination serves also as a 
condenser, so this share of cost is completely given to the desalination.  
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For the RO/CSP case a condenser is needed and it makes up for 2% of 
CAPEX. Dry cooling systems, which are not represented here, are more 
expensive than once-through systems. 
 

MED/CSP

57%

21%

4%

18%
0%

Solar Field
Thermal Storage
Back-up Boiler
Power Block
Cooling

 
Figure  7-1: CAPEX breakdown for MED/CSP configuration. Assumptions: DNI 2,400 

kWh/m2/y. Location: Arabian Gulf 
 

RO/CSP+Once-Through Cooling

54%

20%

5%

19%
2%

Solar Field
Thermal Storage
Back-up Boiler
Power Block
Cooling

 
Figure  7-2: CAPEX breakdown for RO/CSP configuration (once-through cooling). 

Assumptions: DNI 2,400 kWh/m2/y. Location: Arabian Gulf 
 
It is interesting also to analyze the CAPEX breakdown for different system 
components (solar field, thermal energy storage, back-up boiler, power 
block and cooling) and to compare them for the regarded configurations 
(Figure  7-3). The power plants produce the same amount of net electricity, 
which is calculated as difference between gross power production and 
internal electricity consumption (including the consumption of the desalina-
tion plant). 



 

6543P07/FICHT-7130073-v1   7-104 
 

The RO presents around 3-times higher specific electricity consumption 
than MED. This means in turn that the configurations with RO require a 
larger turbine. Regarding the solar field, the effect of the higher electricity 
consumption of RO is compensated by the higher turbine efficiency. The 
effect of this compensation is also a function of the efficiency of the cool-
ing. Indeed, in the Arabian Gulf (Figure  7-4) -due to the relatively warm 
seawater temperature- the area of the solar field is almost equal for case 1 
and 2, while for the Mediterranean (Figure  7-3) and the Red Sea the solar 
field is clearly smaller in the RO/CSP+Once-Through  Cooling case than in 
the MED/CSP case. It is noted that the boundary conditions which have 
been chosen for the different macro-regions are only indicative and should 
not be intended as ultimate values. 
 
They are useful for comparison between different configurations and should 
be interpreted as potential results which would occur if the design conditions 
are verified. Further, this is a preliminary result whose aim is not to substi-
tute a more detailed hourly simulation with real location-specific input data 
(DNI, seawater and air temperature), which would allow an optimization of 
the plant design and a refinement of the yield calculation. This more de-
tailed analysis will be part of the following steps of this study. 
 
Regarding cases 3 and 4, they don’t present any difference, because of the 
assumptions about design air temperature, which is assumed to be 45 °C for 
all 3 macro-regions. However, due to the lower turbine efficiency (in 
comparison to the configurations located near to the coast) the area of the 
solar field for CSP plants in inland is generally larger than CSP plants 
located near to the coast. 
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Figure  7-3: Investment cost breakdown per plant component. Comparison between 

configurations. Assumptions: DNI 2,400 kWh/m2/y. Location: Mediterra-
nean Sea 
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Figure  7-4: Investment cost breakdown per plant component. Comparison between 

configurations. Assumptions: DNI 2,400 kWh/m2/y. Location: Arabian 
Gulf 

 
The back-up boiler presents similar investment cost for different configura-
tions, with exception of case 4 (solar-only operation plant). For the same 
reasons explained in the discussion about the solar field (difference in the 
total plant parasitics), the CAPEX of the power block are slightly lower in 
the MED case.  
 
Finally, the differences in the CAPEX of the cooling systems reflects the 
higher specific investment cost for dry-cooled system, which for the MED 
case the cooling cost are completely allocated to the thermal desalination. 

7.3 Levelized Electricity Cost (LEC) of Typical CSP Plants 

The detailed calculation of the electricity production costs is shown in the 
spreadsheet of Annex as well as LEC for all considered configurations. The 
results of the calculation are also presented graphically in Figure  7-5 and 
Figure  7-6. The electricity production costs are indicative only. 
 
The following diagrams are included to highlight the influence of DNI and 
system design on LEC. 
 
First is shown the effect of the yearly sum of DNI on LEC. In Figure  7-5 
can be noted how high DNI lowers LEC. This is due to higher number of 
solar operation hours (in the diagram FLH stands for full load hours). It is 
noted that high DNI sum does not imply higher DNI values for the single 
hour, but rather an increased number of sunny hours in the year. This allows 
reducing the fuel consumption, while the plant investment costs are con-
stant, because they are defined in first approximation by the design condi-
tions (i.e. DNI 800 W/m2) and not by the DNI yearly sum. Further 
optimization of the solar field size is possible; however this is not the aim of 
this study. 
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Figure  7-5: LEC [US$cent/kWh] (left y-axis) and solar full load hours (right y-axis) as 

function of DNI [kWh/m2/y]. Assumptions: CSP plant with once-through 
cooling; Location: Arabian Gulf; Fuel: HFO FLH stands for full load 
hours. 

 
As stated before, also plant configuration and cooling type have a relevant 
influence on LEC. In Figure  7-6 LEC for the 4 different configurations are 
presented: 
 
1. MED/CSP plant location: Coast 
2. RO/CSP plant location: Coast. Cooling system: Once-Through 
3. RO/CSP plant location: Inland. Cooling system: Dry-cooling 
4. RO/CSP plant location: Inland. Cooling system: Dry-cooling. Operation 

modus: solar-only 
 
If not otherwise specified, the operation modus is hybrid. The indication 
“2,000-2,400” indicates for example that the DNI is 2,000 kWh/m2/y on the 
coast location (case 1 and 2), while in the inland site (case 3 and 4) is 2,400 
kWh/m2/y. The results of Figure  7-6 shows that the RO/CSP+Once-Through 
cooling system has lower LEC than the equivalent MED/CSP plant. Case 3 
presents similar LEC as case 2. In this case the higher DNI in the inland 
location is compensated by the lower efficiency of the dry-cooling. Again, 
the influence of the real amount of the mentioned compensation should be 
analyzed case-by-case. Case 3 and 4 perform relative low LEC. Case 4 is 
more sensitive than other configurations to DNI variations due to the solar-
only operation. Indeed, in the last case the number of operation hours is not 
fixed like in the other 3 cases (8,000 hours/year), but is directly affected by 
the DNI yearly sum. So, in a location with a relative low DNI the turbine is 
operated less hours, less electricity is produced and in the end LEC is 
higher, while in the other 3 cases electricity is produced by hybrid opera-
tion. 
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Figure  7-6: LEC [US$cent/kWh] for the 4 considered configurations. Assumptions: 2 

DNI groups: 1- DNI 2,000 at the coast and 2,400 in inland; 2- DNI 2,400 at 
the coast and 2,800 in inland [Wh/m²/year]; Location: Arabian Gulf; Fuel: 
HFO. 

 
Finally, Figure  7-7 shows a relative breakdown of system performances and 
compares them for the four selected configurations. As reference (100%) 
was chosen the configuration RO/CSP with Once-Through Cooling, which 
is represented as dark blue bar. While MED configuration has lower turbine 
efficiency but also lower internal electricity consumption (parasitics) if 
compared with the reference case, the higher turbine efficiency of RO/CSP 
power plants and high DNI in inland locations result in low LEC for 
RO/CSP in inland locations. 
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Figure  7-7: Relative performance breakdown per plant component. Comparison 

between configurations. Reference is case 2 (RO/CSP+Once- Through 
Cooling). Assumptions: DNI 2,400 kWh/m2/y; Location: Arabian Gulf; 
Fuel: Natural Gas 



 

6543P07/FICHT-7130073-v1   8-108 
 

8. Power and Water Supply Scenarios 
In the following chapter the applied methodology and the results of our 
developed electricity supply and water supply scenarios for the MENA 
region are presented. The country specific scenarios are presented in the 
Annex. Furthermore, the future development of renewable energies in the 
context of sea water desalination is briefly discussed and some recommen-
dations for renwable energy policy are given. 

8.1 Power Supply Scenario 

The current chapter gives a brief overview of the present and future electric-
ity mix in the different MENA countries from 2000 to 2050 including 
carbon footprint from power generation. The methodology applied here has 
been described in detail within the MED-CSP study by DLR published in 
the year 2005 (MED-CSP 2005). Here, we will only describe the updates 
and modifications undertaken for the present analysis. 

8.1.1 Methodology 

Electricity Demand Model 
For the present analysis, the data of electricity consumption for each country 
has been updated to 2008, and the scenario – originally starting in the year 
2000 - has been modified accordingly with new start values (Figure  8-1).  
 
The data for each individual country is given in the Annex. 
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Figure  8-1: Scenario of gross electricity consumption for the countries analyzed here 

from 2000 to 2050. Historical data was updated to 2008. Future demand 
was calculated according to the methodology described in (MED-CSP 
2005) 
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The scenario shown here considers the conventional power sector without 
any possible future new electric appliances like electric vehicles or in-
creased seawater desalination. Such new uses of electricity would add to the 
power demand displayed here. 
 
Renewable Energy Sources for Power Generation 
The renewable energy resources in the MENA region were assessed on the 
basis of the results of MED-CSP 2005. The direct normal irradiance (DNI) 
used by concentrating solar power systems was updated with new geo-
spatial data as described in Chapter  2 of this report, while the data for the 
other renewable energies was taken mostly from materials provided by the 
renewable energy scientific community. We have taken into consideration 
the following renewable energy resources for power generation in MENA: 
 

1. Direct Solar Irradiance on Surfaces Tracking the Sun (Concentrating 
Solar Thermal Power Plants - CSP) 

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

3. Wind Speed (Onshore and Offshore Wind Power Plants) 
4. Hydropower Potentials from Dams and River-Run-Off Plants 
5. Heat from Deep Hot Dry Rocks (Geothermal Power) 
6. Biomass from Municipal and Agricultural Waste and Wood 

 
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. The economic potentials are those with a suffi-
ciently good performance that will allow new plants in the medium and long 
term to become competitive with other power sources, considering their 
potential technical development and economies of scale.   
 
The renewable energy potentials for power generation differ widely in the 
countries analyzed within this study. Altogether they can cope with the 
growing demand of the developing economies in MENA. The economically 
feasible potentials are given in  
Table  8-1. For wind power, biomass, geo-thermal energy and hydropower 
together they amount to about 830 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 million barrels of fuel oil per square 
kilometer and year. This magnificent resource can be used both in distri-
buted photovoltaic systems and in large central solar thermal power stations. 
Both distributed rural and centralized urban demand can be covered by 
renewable energy technologies. 
 



 

6543P07/FICHT-7130073-v1   8-110 
 

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 MENA. 
 

Global Irradiance on Tilted Surfaces
in kWh/(m²·y) for PV

Average Annual Wind Speed
at 80 m height in m/s for Wind Power

Direct Normal Irradiance in kWh/(m²·y) for CSP

Global Irradiance on Tilted Surfaces
in kWh/(m²·y) for PV

Average Annual Wind Speed
at 80 m height in m/s for Wind Power

Direct Normal Irradiance in kWh/(m²·y) for CSP

 
Figure  8-2: Mapping renewable energy sources in MENA (MED-CSP 2005) 
 
 
Table  8-1: Economic potential (TWh/y) of renewable sources for power generation in 

the MENA countries according to MED-CSP 2005. The CSP potential has 
been updated within this study. * PV potential includes demand side re-
strictions due to its fluctuating character; the total economic potential of 
PV is similar to that of CSP. 

 

Algeria 0.5 4.7 12.3 135771 35.0 20.9
Bahrain 0.0 0.0 0.2 16 0.1 0.5
Djibouti 0.0 0.0 0.0 300 1.0 50.0
Egypt 50.0 25.7 14.1 57140 125.0 54.0
Gaza & WB 0.0 0.0 1.7 8 0.5 20.0
Iran 48.0 11.3 23.7 32134 12.0 54.0
Iraq 67.0 0.0 8.8 24657 20.0 34.6
Israel 7.0 0.0 2.3 151 0.5 6.0
Jordan 0.1 0.0 1.6 5884 5.0 6.7
Kuwait 0.0 0.0 0.8 1372 n.a. 3.8
Lebanon 1.0 0.0 0.9 5 1.0 5.0
Libya 0.0 0.0 1.8 82714 15.0 7.8
Malta 0.0 0.0 0.1 0 0.2 0.2
Morocco 4.0 10.0 14.3 8428 35.0 17.0
Oman 0.0 0.0 1.1 14174 8.0 4.1
Qatar 0.0 0.0 0.2 555 n.a. 1.5
Saudi Arabia 0.0 70.9 10.0 75832 20.0 20.8
Syria 4.0 0.0 4.7 8449 15.0 17.3
Tunisia 0.5 3.2 3.2 5673 8.0 3.7
UAE 0.0 0.0 0.7 447 n.a. 9.0
Yemen 0.0 107.0 9.1 8486 3.0 19.3
Total 182 233 111 462196 304 356

Wind PV *Hydro Geo Bio CSP

 



 

6543P07/FICHT-7130073-v1   8-111 
 

Modeling a Well Balanced Electricity Mix for MENA 
As described in (MED-CSP 2005), the following frame conditions have 
been taken into account to narrow down the course of renewable energy 
expansion in the MED-CSP scenario: 
 
• Annual electricity demand  
• Peaking power demand and additional reserve capacity 
• Economic potential of renewable energy sources 
• Maximum growth rates of renewable energy technologies  
• Replacement of old power plants 
 
Those parameters were not treated as static constants, but are analyzed in 
their dynamic transition towards a sustainable energy scheme. Modeling the 
power park of the future, we have tried to find a “well balanced mix” of 
renewable and fossil energy sources, combining the best properties of each 
technology to deliver a reliable and economic power supply compatible with 
environment and socio-economic development. One of the pre-conditions of 
this electricity mix is that it must cover the power demand at any time, with 
a security margin of 25% of minimum remaining reserve capacity on top of 
peaking demand.  
 
The different technologies of our portfolio contribute differently to secured 
power: fluctuating sources like wind and PV, although they can deliver a 
considerable share of energy, contribute very little to firm power capacity, 
while fossil fuel plants contribute at least 90 % of their capacity to secure 
power on demand. Besides of the total demand of electricity of each coun-
try, also the secured coverage of peaking demand has been used as frame 
condition for the scenario. The individual country scenarios have been 
designed such that they satisfy this condition at any time of the year.  
 
Fossil fuels used for power generation are subsequently substituted by 
renewable energy, but fossil peaking power capacity remains active all the 
time. CSP and also geothermal energy will partially take over peaking 
duties in the later phase of the scenario.  
 
One of the consequences of renewable energy scenarios is that the ratio of 
the total installed power plant capacity to peak load increases, or in other 
words, the average capacity factor of the power park decreases. The increas-
ing capacity overhead is due to the fluctuating supply from wind and PV 
plants that have a rather low capacity factor and do not contribute to secured 
power. However, this does not necessarily lead to an augmentation of fossil 
fuel based peaking duties, as there are a number of effects that compensate 
such fluctuations: 
 
• temporal fluctuations of a large number of distributed wind or PV plants 

will partially compensate each other, delivering a much smoother capaci-
ty curve than single plants, 

• temporal fluctuations of different, uncorrelated renewable energy re-
sources will partially compensate each other, together delivering a much 
smoother capacity curve than one single resource 
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• fluctuations can be compensated by distribution through the electricity 
grid, 

• biomass, hydro-, geothermal and solar thermal plants can deliver power 
on demand and be applied as renewable backup capacity for fluctuating 
inputs, 

• load management can enhance the correlation of demand and renewable 
supply, 

• fossil fuel fired peaking plants can be used for further adaptation to the 
load. 

 
In effect, controlling many distributed, fluctuating and unpredictable 
elements within a power system is nothing new. Exactly the same occurs 
with the load induced by millions of consumers connected to the grid. All 
together deliver a relatively stable and predictable load curve. A large 
number of distributed renewable energy sources in a well balanced mix can 
even show a better adaptation to the time pattern of the load than nuclear or 
coal fired base load plants with a flat capacity curve. In 2050, the valuable 
fossil fuel resources are only used for the purpose they are best suited for: 
peaking power.  
 
The principle characteristics of the power mix of our scenario are described 
in the following:  
 
Wind Power 
Wind is a strongly fluctuating energy source that cannot be controlled by 
demand. However, distributed wind parks partially compensate each others’ 
fluctuations and show a relatively smooth transition of their total output. 
Depending on the different situation in each country, up to 15 % of the 
installed wind capacity can be considered as secured.  
 
Photovoltaic 
PV power is strongly fluctuating and only available during daytime. There 
is no contribution to secured power, but a good correlation with the usual 
daytime power demand peak. PV is specially suited for distributed power 
supply.  
 
Geothermal Hot Dry Rock 
Geothermal power can be delivered on demand as base, intermediate or 
peaking power using the earth as natural storage system. Plant sizes are 
limited to about 50 to 100 MW maximum. It can be used to compensate the 
fluctuations from wind and PV-power. 
 
Biomass  
Biomass can deliver power on demand as it is easily storable. However, 
biomass is scarce in MENA and subject to seasonal fluctuations. As a 
strategic guideline, biomass can be supplied in times when wind and PV 
power is low in order to compensate those sources, and shut down when 
wind and PV power is available to save the scarce biomass resources.   
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Hydropower 
The situation is similar for hydropower from dams, which can be delivered 
on demand but is scarce in MENA and subject to strong seasonal fluctua-
tions. If used only in times when PV and wind power are low, it acts like a 
natural complement and as a storage system for those resources. Hydro-
power is saved when wind and PV energy is available and preferably used 
during peaking periods, while its annual capacity factor remains more or 
less constant. 
 
Concentrating Solar Power (CSP) 
Concentrating solar thermal power stations can deliver power on demand, 
making use of their thermal storage capability and hybrid operation with 
fuels. They are the natural link between the fossil system and the other 
renewable energy sources. Being the biggest natural resource, they will 
provide the core of electricity in MENA. In the later stage of the scenario, 
they will subsequently take over peaking load duties from fossil fired plants.   
 
Oil and Gas fired Power Plants 
Oil and gas fired power plants are today the most applied technology in 
MENA. They will subsequently take over the part of closing the gap 
between the load and renewable power during peaking times. Therefore, 
their average fossil fuel consumption and their CO2 emissions will be 
reduced faster than their installed capacity. 
 
Coal Steam Plants 
Only a few countries in MENA use coal fired power plants today. Coal 
constitutes a feasible, however problematic supplement to power generation 
in MENA, as it would be exclusively based on imports and is considered a 
heavy burden for climate stability. Therefore, domestic sources like renew-
ables, oil and gas will be the preferred choice in most MENA countries.  
Power technologies based on hydrocarbons will increasingly be charged 
with extra costs of CO2 sequestration, as their effect on climate change is 
very dangerous. If they decide for a power supply based mainly on fossil 
fuels, most MENA countries will soon face a situation where they must 
decide either to overload their economy by subsidies to afford CO2 seques-
tration or to overload the global environment and thus accelerating desertifi-
cation. 
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Table  8-2: Characteristics of power technologies. * Contribution to firm capacity. ** Average annual utilization. 

 
 

 Unit Capacity  Capacity Credit 
* 

Capacity Factor 
** 

Resource Applications Comment 

Wind Power 1 kW – 5 MW 0 – 15 % 15 – 50 % kinetic energy of the wind electricity fluctuating, supply 
defined by resource 

Photovoltaic 1 W – 5 MW 0 % 5 – 25 % direct and diffuse irradiance 
on a tilted surface 

electricity fluctuating, supply 
defined by resource 

Biomass  1 kW – 25 MW  50 - 90 % 40 – 60 % biogas from the decomposi-
tion of organic residues, 
solid residues and wood 

electricity and heat seasonal fluctuations 
but good storability, 
power on demand 

Geothermal  
(Hot Dry Rock) 

25 – 50 MW 90 % 40 – 90 %  heat of hot dry rocks in 
several 1000 meters depth 

electricity and heat  no fluctuations, power 
on demand 

Hydropower 1 kW – 1000 MW 50 - 90 % 10 – 90 % kinetic energy and pressure 
of water streams 

electricity seasonal fluctuation, 
good storability in 
dams, used also as 
pump storage for 
other sources 

Solar Chimney 100 – 200 MW 10 to 70 % 
depending on 
storage 

20 to 70 % direct and diffuse irradiance 
on a horizontal surface 

electricity seasonal fluctuations, 
good storability, base 
load power 

Concentrating Solar 
Thermal Power 

10 kW – 200 MW 0 to 90 % 
depending on 
storage and 
hybridization 

20 to 90 % direct irradiance on a 
surface tracking the sun 

electricity and heat fluctuations are 
compensated by 
thermal storage and 
(bio)fuel, power on 
demand 

Gas Turbine 0.5 – 100 MW 90 % 10 – 90 % natural gas, fuel oil electricity and heat power on demand 
Steam Cycle 5 – 500 MW 90 % 40 – 90 % coal, lignite, fuel oil, natural 

gas 
electricity and heat power on demand 

Nuclear  >500 MW 90 % 90 % uranium electricity and heat base load power 
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Nuclear Fission and Fusion 
After more than 50 years of having been introduced to the power market, 
nuclear power still faces unsolved problems like nuclear waste disposal, 
proliferation of plutonium and public risks that cannot be covered by the 
insurance industry. The decommissioning cost of nuclear plants has proven 
to be up to three times higher than their commissioning cost. At present, 
nuclear power avoids less than 3 % of global carbon emissions, a number 
that clearly shows that nuclear power is dispensable. If introduced to the 
MENA region at all, it will be for other purposes than for a sustainable 
supply of energy. Electricity from nuclear fusion reactors is not expected to 
be available before 2050, and is not relevant for our analysis.  
 
Climate Gas Emissions 
Power technologies require equipment and some of them also fuel. Fossil 
fuels like natural gas, carbon and lignite or oil derivates produce carbon 
dioxide and other gas when burned that are responsible for climate change. 
However, climate gases are also released during the production of equip-
ment. Therefore, emissions must be allocated to the total life cycle of a 
technology, from the winning of the required raw materials down to de-
commissioning. 
 
Typical specific values for life cycle greenhouse gas emissions for energy 
technologies are given in Table  8-3 using the emissions per produced 
electrical Gigawatt-hour as unit. In principle, these values vary with the 
national mix of energy technologies (e.g. changing to lower values as more 
renewable energy is introduced with time), with the quality of fuels, effi-
ciency of combustion processes, etc. For simplicity, we use them here as 
rough indicators in order to detect the effect on greenhouse gas emissions 
when introducing renewable energy in MENA. 
 
Table  8-3: Specific carbon emissions of power technologies in t/GWh 

t/GWh
Wind 12
Photovoltaics 70
Geothermal 80
Biomass 68
CSP Plants 17
Hydropower 17
Oil 700
Gas 450
Coal 800
Nuclear 65  

8.1.2 Results 

The results for each individual MENA country are given in the Annex. The 
cumulated result for all MENA countries is shown in Table  8-3 and Figure 
 8-3 for electricity production. In the year 2010, electricity is almost exclu-
sively produced by oil derivates and natural gas, with only very small shares 
of hydro- and wind power.  
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Due to the presently strong growth of demand this situation will hardly 
change until 2020. By then, small shares of wind power, PV and CSP will 
become visible in the electricity mix. Between 2020 and 2030 the situation 
changes quickly, with a strong growth of all renewable energy technologies.  
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Figure  8-3: Annual electricity production in the total MENA region by sources 
 
It is clear that the introduction of renewable sources of energy will at least 
take 10 years to become visible, even if started and politically supported 
today (which unfortunately is not yet the case).  
 
After peaking between 2020 and 2030 at around 1,500 TWh/y with conven-
tional power production, fossil fuel consumption for power generation will 
be steadily reduced, until reaching a production of less than 500 TWh/y, 
which is lower than that of the year 2000. 
 
CSP will have a dominating role in the future electricity mix, because other 
storable sources of power like geothermal, biomass and hydropower are 
very limited and the tolerance for fluctuating sources like PV and wind 
power is low in the MENA region. Unlike in Europe, such fluctuations 
cannot be smoothened by hydropower or pump storage. Being a hybrid 
(fossil / solar) power system, CSP is the ideal technology for a transition 
from hydrocarbon- to solar-based electricity generation. 
 
Comparing the scenario for electricity generation in Figure  8-3 with the 
installed capacities in Figure  8-4 it can be easily seen that the installed 
capacity of conventional plants is not reduced as fast as their electricity 
production. This is due to the fact that the equivalent full load operating 
hours of those plants will be reduced significantly. In the long term future, 
fuel-fired plants will be applied almost exclusively for peaking power  



 

6543P07/FICHT-7130073-v1   8-117 
 

supply rather than for base load. This is how a 100% availability of firm 
capacity with respect to peak load is achieved and in addition to that a 25% - 
most of the time idle - backup capacity for emergencies. 
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Figure  8-4: Installed power capacity in the total MENA region by sources 
 
Comparing both figures it can also be seen that the installed capacity in 
2050 for wind and PV together is almost as large as the installed capacity of 
CSP. However, the annual electricity output from wind and PV is only 
about 30 % of that of CSP. This is due to the fact that CSP plants can be 
configured for base load as well as for peak load demand just as required, 
and can achieve more annual full load operating hours than PV or wind 
power systems.  
 
At present, carbon emissions from the power sector in MENA amount to a 
total of 600 million tons per year (Mt/y). Following a business as usual 
strategy maintaining the mix of power technologies of the year 2000 also in 
the future, the emissions would increase to 1,000 Mt/y in 2025 and to over 
1,500 Mt/y by 2050. This would be the same amount of emissions produced 
today in the European electricity sector (Figure  8-5).  
 
Because the life cycle emissions of all renewable power technologies are 
very low, the increase of emissions in MENA is dominated by emissions 
from natural gas and fuel oil fired power plants, peaking at shortly 800 Mt/y 
between 2020 and 2030. By 2050, emissions can be reduced to 265 Mt/y, 
which is equivalent to 0.44 t/capita/y and would thus be consistent with 
international goals for greenhouse gas reduction. 
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Figure  8-5: Greenhouse gas emissions from the power sector in the total MENA 

region by sources 
 
Table  8-4: Annual electricity generation (TWh/y) in the total MENA region by source 
Year 2000 2010 2020 2030 2040 2050
Wind 0.2 12.1 40.0 85.1 149.3 229.7
Photovoltaics 0.0 5.8 34.8 121.7 208.6 289.7
Geothermal 0.1 2.3 11.8 35.1 62.2 97.1
Biomass 0.2 9.3 21.9 38.1 57.4 79.4
CSP Plants 0.0 0.4 56.6 427.6 1125.9 1638.3
Hydropower 24.9 28.3 37.7 53.5 75.4 103.7
Oil 186.8 259.8 181.9 127.3 89.1 62.4
Gas 354.6 781.6 1281.5 1377.4 962.1 296.7
Coal 32.9 46.0 59.6 72.6 74.7 71.8
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0
Total Production 600 1146 1726 2338 2805 2869  
 
Table  8-5: Installed power capacity (GW) in the total MENA region by sources 
Year 2000 2010 2020 2030 2040 2050
Wind 0.1 5.3 18.3 39.0 68.2 104.6
Photovoltaics 0.0 3.6 19.6 67.7 115.4 159.3
Geothermal 0.0 0.3 1.7 5.2 11.4 20.4
Biomass 0.1 2.7 6.3 10.9 18.7 27.0
CSP Plants 0.0 0.2 14.4 74.8 186.8 303.7
Hydropower 10.7 12.6 17.6 25.8 37.6 53.1
Oil / Gas 127.0 236.0 338.8 401.6 382.0 266.3
Coal 6.9 9.7 12.6 15.5 15.7 14.9
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0
Total Production 145 271 429 640 836 949  
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Table  8-6: Carbon emissions (Mt/y) in the total MENA region by sources 
Year 2000 2010 2020 2030 2040 2050
Wind 0.0 0.1 0.5 1.0 1.8 2.8
Photovoltaics 0.0 0.8 3.5 9.7 14.6 17.4
Geothermal 0.0 0.1 0.5 0.7 1.2 1.9
Biomass 0.0 0.6 1.5 2.6 3.9 5.4
CSP Plants 0.0 0.1 3.9 16.4 19.0 26.9
Hydropower 0.4 0.5 0.6 0.9 1.3 1.8
Oil 130.8 181.9 126.5 87.4 59.7 41.0
Gas 159.5 351.7 568.5 589.7 379.5 110.4
Coal 26.3 36.8 47.6 58.1 59.8 57.4
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0
Total Production 317 573 753 767 541 265
Avoided 0.0 33.1 159.3 469.9 942.3 1252.0  

8.2 Water Supply Scenario 

In a first place, we will describe the methodology used here to create a water 
supply scenario for all MENA countries aiming at sustainable supply in the 
medium and long term future. Next, the results of the scenario will be 
described for North Africa, Western Asia, the Arabian Peninsula and 
MENA as a total. Results for individual countries are given in the Annex.  

8.2.1 Methodology 

Water Demand Model 
The water demand model was taken from the report of FutureWater (Im-
merzeel et al. 2011) that gives a balance of demand for irrigation, urban use 
and industry and its potential development between the year 2000 and 2050. 
Also, potential withdrawals from groundwater, surface water and non-
sustainable sources (Unmet) are given as function of time (Figure  8-6). 
Here, we will take the “AVE” average climate change scenario as reference 
for further analysis and description of the methodology. The primary goal of 
our scenario analysis is to substitute the “unmet” withdrawals by sustainable 
ones. 

 
Figure  8-6: Water demand and supply in MENA for the climate scenario AVG 
(Immerzeel et al. 2011). 
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Comparing the water demand scenario of FutureWater in Figure  8-6 to that 
of the AQUA-CSP study by DLR in Figure  8-7, we found significant 
differences (up to a factor of ten) in the present and projected irrigation 
demand in some countries like Bahrain, Egypt, Iraq, Kuwait, Qatar and 
United Arab Emirates, although the overall results are very similar.  
 
In the AQUA-CSP study, present withdrawals for irrigation were taken from 
the FAO AQUASTAT database (FAO 2011) and the future demand was 
extrapolated linearly with growing population, assuming that the availability 
of water for food production per capita should at least remain constant in the 
future and can only be reduced by future efficiency gains (AQUA-CSP 
2007). 
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Figure  8-7: Industrial, municipal and agricultural freshwater demand in MENA in 
comparison to sustainable used freshwater resources of the region (white line). The 
increase of de-facto used sustainable water is due to enhanced re-use of water and to 
resources in some countries remaining untapped up to now (AQUA-CSP 2007). 
 
A significant difference of the mentioned demand scenarios lies in the 
assumption of population growth. While AQUA-CSP is based on the 
medium growth scenario of the United Nations of 2006 with a MENA 
population growing to roughly 600 million people by 2050, the FutureWater 
scenario assumes a growth to almost 700 million by 2050. This assumption 
implies a significantly reduced availability of water per capita, as the overall 
demand in both scenarios is almost the same. As described before, this 
assumption primarily affects the agricultural demand sector and withdrawals 
for irrigation. 
 
Another difference lies in the fact that the AQUA-CSP scenario shows a 
slightly “convex” growth function of water demand, initially growing at 
higher rates than in the final years of the scenario, which is due to reduced 
growth rates of population and economy in the future, subsequently stabiliz-
ing at relatively high levels.   
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Taking as basis the new model of irrigation demand from FutureWater with 
a significant reduction of per capita availability of water for irrigation, it 
will have to be discussed if such an assumption is in line with national 
policy in the affected countries. Here, as a first basis for discussion, we will 
use these assumptions for further analysis. 
 
All numbers are given in the calculation spread sheet used for modeling, 
that will be published in due time on the project website. 
 
Modeling Potential Future Efficiency Gains 
Potential future efficiency gains have been modeled like in the AQUA-CSP 
scenario. However, the parameters were modified in order to cope with the 
assumptions that already have been included in the demand analysis by 
FutureWater. Efficiency gains have been given a top priority in our model 
calculations. All other options have a lower priority. 
 
Urban and industrial water use efficiency departs from the present values 
achieved in each country η(tS) in the starting year of the scenario tS = 2000, 
and develops with a linear function of the calendar year according to 
 

))(1()()()()( ttttt SE εηεηη −⋅+⋅=     Equation (9) 
 
until reaching the efficiency η(tE) in the final year of the scenario tE = 2050, 
which is calculated from 
 

))(()()( SSE ttt ηβαηη −⋅+=      Equation (10) 
 
with the best practice efficiency β and the progress factor α, that describes 
how much of the efficiency gap between present practice and state of the art 
is closed until 2050. The transition from present practice to state of the art 
best practice follows a linear function of time using the weighing factor ε, 
 

SE

S

tt
tt

−
−

=ε        Equation (11) 

 
with the starting year tS  = 2001, the final year tE = 2050 and the time 
variable t = 2000, 2001, 2002, .... 2050. 
 
Table  8-7: Parameters used for demand side calculation 

Sector Irrigation Municipal Industrial 
Best Practice βirr = 65 % βmun = 80 % βind = 80 % 
Progress Factor αirr = 35 % αmun = 35 % αind = 35 % 

 
For the different demand sectors (irrigation, municipal use and industrial 
use) different sets of parameters according to Table  8-7 are used to calculate 
the future water demand. “Irrigation efficiency” is better expressed as 
"water requirement ratio" (WRR), that will be used to indicate the ratio 
between irrigation water requirements and the amount of water withdrawn 
for irrigation.  
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The parameters α and β for irrigation imply, that 35% of the gap between 
the present irrigation efficiency and best practice which is assumed to be 
65 % is closed by 2050. Starting values of irrigation efficiency and munici-
pal / industrial distribution efficiency for the year 2000 for each country 
were taken from (FAO 2007) and (World Bank 2007). 
 
Figure  8-8 and Figure  8-9 show the development of urban and industrial 
water use efficiency and water requirement ratio for irrigation over time 
according to our scenario. These measures are considered as additional to 
those assumed in the prior water demand analysis by FutureWater.  
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Figure  8-8: Development of irrigation efficiency (water requirement ratio) in the 

different MENA countries 
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Figure  8-9: Development of urban and industrial water use efficiency in the different 

MENA countries 
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It can be clearly seen that those countries that display rather low efficiency 
in 2010 will experience a stronger efficiency enhancement than those 
countries that already today have a high efficiency standard. The model 
assumptions result in a convergence of efficiency standards in the different 
countries. 
 
Priority of Wastewater Reuse 
The treatment and reuse of wastewater from industrial and urban applica-
tions was assumed to have priority importance on all other measures except 
efficiency gains in a future supply scheme and will be increased in our 
model analysis linearly by the function: 
 

))(1()()()()( ttttt SE εωεωω −⋅+⋅=     Equation (12) 
 
until reaching a share of reused wastewater of ω(tE) = 20% in the final year 
of the scenario tE = 2050 (Figure  8-10). The value of 20% of treated reused 
wastewater was assumed to be the state of the art best practice value that 
could be achieved by all countries by 2050. 
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Figure  8-10: Share of industrial and domestic wastewater treated and reused for 

irrigation 
 
In principle, higher shares of wastewater treatment and reuse could be 
achieved in the future, if policies are adapted accordingly and if economic 
incentives are strong enough. The reuse of untreated wastewater from 
industrial and urban applications was not considered a viable option, as the 
increasing load of detergents and chemically and hygienically problematic 
substances would probably create increasing surface- and groundwater 
pollution.  
 
Whether the reuse of wastewater from agricultural sources must be included 
or the threshold of wastewater reuse from industry and urban applications of 
20% should be modified, must be discussed with representatives from the 
affected countries and the project partners. 
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Conventional Desalination Plants 
The conventional desalination capacity existing at present in each country 
was derived from the Desaldata database (GWI 2010a), and the outlook up 
to the year 2016 (GWI 2010b). 
 
Planned capacity additions between 2010 and 2015 were added to the 
capacities in operation in the year 2010 (Figure  8-11). The GWI desalina-
tion outlook shows an expected doubling of desalination capacity from 28 
MCM/d in 2010 to 62 MCM/d in 2016. Assuming an average annual 
availability of 94%, these values translate into a potential production of 
roughly 10,000 MCM/y in 2010 and 20,000 MCM/y in 2050. The United 
Arab Emirates and Saudi Arabia alone make up for over 50% of the total 
desalination capacity installed in the whole MENA region.  
 

0

5000

10000

15000

20000

25000

2010 2011 2012 2013 2014 2015 2016

Year

Pr
oj

ec
te

d 
D

es
al

in
at

io
n 

C
ap

ac
ity

 [M
C

M
/y

]

Yemen
West Bank
United Arab Emirates
Tunisia
Syria
Saudi Arabia
Qatar
Oman
Morocco
Malta
Libya
Lebanon
Kuwait
Jordan
Israel
Iraq
Iran
Gaza
Egypt
Djibouti
Bahrain
Algeria

 
Figure  8-11: Desalination capacity additions planned in the different MENA countries 

until 2016 assuming 94% availability (8000 operating hours) per year 
(GWI 2010) 

 
From the Desaldata database also the year of commissioning of each plant 
can be obtained. From this information, the expected year of decommission-
ing can be deducted, showing the installed capacity remaining over time. If 
we assume that an expansion of desalination capacities will take place as 
expected until 2015, we can use the life curves of all plants installed and 
operating in 2015 in order to estimate the part of installed capacity that will 
have to be replaced in each year in the future, as a fraction of the capacity 
installed in 2015.  
 
Figure  8-12 to Figure  8-15 show the life curves of desalination plants in 
each country. We have assumed a life time of 20 years for RO, 25 years for 
MED and 35 years for MSF plants. In our model, this results in a subse-
quent potential reduction of conventional desalination capacity, which is 
then replaced by desalination powered by solar energy, a mix of renewable 
sources or any other available source of energy. 
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Desalination Plant Life Curves
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Figure  8-12: Desalination plant life curves (installed capacity / capacity 2015) with 

respect to the capacity planned to be installed in 2015 (GWI 2010) 
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Figure  8-13: Desalination plant life curves (installed capacity / capacity 2015) with 

respect to the capacity planned to be installed in 2015 (GWI 2010) 
 
Multiplying these curves with the annual production expected for 2015, we 
obtain the production of water by conventional desalination for our scenario 
between 2000 and 2050. In the case of RO plants, the mix of electricity to 
power the plants will change after 2015, either according to the electricity 
scenario presented in Chapter 8.1 or by specifically installing equivalent 
additional CSP plants to produce the power needed for RO. In addition to 
that, new CSP desalination capacities may be installed for growing demand. 
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Desalination Plant Life Curves
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Figure  8-14: Desalination plant life curves (installed capacity / capacity 2015) with 

respect to the capacity planned to be installed in 2015 (GWI 2010) 
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Figure  8-15: Desalination plant life curves (installed capacity / capacity 2015) with 

respect to the capacity planned to be installed in 2015 (GWI 2010) 
 
In the case of replacing thermal desalination plants, this could be done either 
by installing combined solar power and desalination plants using MED for 
desalination coupled to a solar powered steam cycle, or replacing thermal 
desalination units by RO. In some countries like Malta, Gaza or Lebanon, 
there is not enough CSP potential to power the required desalination plants. 
Here, a mix of existing sources will be used to power the required desalina-
tion plants according to the electricity scenario in Chapter  8.1. For Gaza and 
Lebanon, CSP imports could be considered as alternative. 
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Concentrating Solar Power for Desalination 
Due to its high cost, we have considered CSP desalination plants as the last 
option in our scenario to eliminate “unmet water demand” that only will be 
applied after making full use of the potential surface and groundwater 
extractions as identified by the analysis of FutureWater, wastewater reuse 
and existing conventional desalination plants that are considered as priority 
solutions. 
 
CSP Desal. = Demand – Potential Extractions - WWR- Conv. Desal. 
 
The resulting “CSP Desalination” can mean different things: 
 

1. CSP steam cycle power stations with coupled MED using all of their 
power production for RO 

2. CSP steam cycle power stations with coupled MED feeding all of 
their power production to the electricity grid 

3. CSP plants providing exactly the amount of electricity used for RO 
plants coupled to the national grid.  

4. A national mix of renewable and non-renewable sources including 
CSP that will power all RO plants connected to the grid. 

 
In our analysis we have considered CSP after 2015 as the priority option to 
supply power to new desalination plants in MENA, because CSP is well 
available and can provide electricity (and heat) on demand for base load 
operation of the desalination plants in a sustainable and reliable way, as 
described in Chapter  8.1. 
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Figure  8-16: Maximum annual capacity additions for CSP desalination plants per 

country assumed as threshold for CSP expansion in MENA 
 
As shown in Figure  8-16, we have limited the annual expansion of CSP 
desalination capacity in each country, starting with a maximum of 100 
MCM/y in 2015 (equivalent to 3 plants with unit capacity of 33.5 MCM/y 
each) and reaching a maximum annual addition of 1,500 MCM/y after 2030. 
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Between 2015 and 2020 we consider possible an exponential growth of 
capacity, doubling every year if required, which will turn into a linear 
growth after 2020, and a constant growth after 2030. These assumptions will 
be discussed with the project partners.  
 
In some countries like e. g. Egypt, a steady growth of CSP capacity is 
inhibited by an extremely fluctuating year-by-year availability of surface 
water. As can be seen in Figure  8-17, after installing some CSP desalination 
capacity before 2020, in some years afterwards there would be no need for 
desalinated water at all, because enough surface water would be available 
from the Nile. In this case, further expansion will not take place, although 
there will still be years with significant gap afterwards.  
 
In years of high surface water availability, the installed CSP plants could 
switch from water production to power production, shutting down RO 
desalination plants for the time they are not required. Alternatively, desali-
nation plants could go on operating, thus reducing the need for groundwater 
withdrawals and saving them for times of shortage. In any case this will be 
subject to national supply policies. 
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Figure  8-17: Resulting water supply in the average climate change scenario for Egypt 
 
In countries where the CSP potential is too low or zero, like e.g. in Malta 
(Figure  8-17), new desalination plants will have to be powered by the 
national electricity mix according to the power supply scenario shown in 
Chapter  8.1. 
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Malta
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Figure  8-18: Resulting water supply in the average climate change scenario for Malta 
 
In this case, the category “CSP Desalination” is replaced by “New Desalina-
tion Plants”. However, it must be considered that additional power capacity 
will have to be added to the results shown in Chapter  8.1 to supply power 
for desalination, because Chapter  8.1 only considers the needs of the 
conventional electricity sector in each country without desalination. 
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Figure  8-19: Resulting water supply in the average climate change scenario for 
Morocco 
 
In some countries, a significant difference to the AQUA-CSP study has 
been detected, resulting from a significant reduction of available surface and 
groundwater in the future, which will have to be replaced by solar powered 
desalination (Figure  8-19). In several cases, in spite of being the last option 
according to our assumptions, CSP achieves a major share of water produc-
tion in the medium and long term.  
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This is due to several advantages associated with CSP technology: 
 

1. CSP is a very large resource even at coastal sites 
2. CSP availability correlates very well with water needs 
3. CSP can provide base load power for desalination plants 

 
Natural Water Extractions 
Natural water extractions are considered to be a least cost option and thus 
have a priority in our scenario. However, there may be situations leading to 
an excess of water, e. g. if wastewater reuse or desalination capacity has 
been expanded during dry years and then a year with high surface water 
availability occurs. In that case in our model, the reuse of wastewater is 
given a priority, but desalination is shut down.  
 
In general, we have given priority to the use of “Surface Water Extractions” 
on “Groundwater Extractions”. This leads to a saving of groundwater 
resources in those years when they are not needed, while surface water is 
used as much as possible.  
 
“Unsustainable Extractions” of groundwater are only allowed in our model 
if no other sources are available to cover the demand. Unsustainable extrac-
tion could also mean that the demand is not met at all. 

8.2.2 Results 

A scenario for each MENA country starting in the year 2000 up to the year 
2050 is given in the Annex. In the following we will present the aggregated 
results for the total MENA region and for the three main regions within 
MENA: North Africa, Western Asia and the Arabian Peninsula. For sim-
plicity, Djibouti and Malta have been included into the nearest main region, 
respectively: 
 
Middle East and North Africa (MENA), including: 
 
North Africa (NA), including: 
 Morocco 
 Algeria 
 Tunisia 
 Libya 
 Egypt 
 Malta 
 
Western Asia WA), including: 
 Gaza 
 Iran 
 Iraq 
 Israel 
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 Jordan 
 Lebanon 
 Syria 
 West Bank 
 
Arabian Peninsula (AP), including: 
 Bahrain 
 Djibouti 
 Kuwait 
 Oman 
 Qatar 
 Saudi Arabia 
 United Arab Emirates 
 Yemen 
 
The scenarios presented here are based on the “Average Climate Change” 
assumptions by FutureWater for the different regions. We will compare the 
results for the MENA region to those of the prior AQUA-CSP study by 
DLR (AQUA-CSP 2007) and discuss the main differences of both ap-
proaches. 
 
Middle East and North Africa (MENA) 
Figure  8-20 shows that considerable amounts of water desalted by renewa-
ble energy cannot be achieved in the short term, because renewable produc-
tion capacities have still to be built and related investments must be 
achieved. Until 2030, increasing deficits will have to be bridged by conven-
tional desalination and by excessive groundwater withdrawals, hoping that 
those limited resources will remain available and affordable until then. This 
may seem optimistic, but there are no sustainable and affordable alternatives 
at hand. On the other hand, it is a reassuring fact that in most MENA 
countries the potential of CSP is neither limited by the solar energy resource 
nor by its cost, but only by the possible speed of CSP capacity expansion 
(starting with zero in the year 2015) and that there is a viable and affordable 
long-term solution for the freshwater deficits in MENA. 
 
Once the industrial CSP production capacities will have grown to a mature 
level, in the time span from 2020 to 2030 the growing freshwater deficits 
will be increasingly covered by desalination plants powered with renewable 
energies, mainly CSP, reducing water gaps and providing most of the non-
conventional water by the year 2030 and afterwards.  
 
In the medium term, the re-use of waste-water and fossil fuelled desalina-
tion will have equal importance to reduce the increasing over-use of non-
renewable groundwater resources. However, this does not imply a prefe-
rence for fossil fuelled desalination for coming projects. On the contrary, the 
scenario assumes a rather quick expansion of CSP for desalination. Howev-
er, it also shows that it will easily take 15-20 years from now until the CSP 
shares will attain a noticeable weight within the mix of water resources of 
the MENA region. 
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This enforces the urgency of a change of thinking and acting of the MENA 
governments and decision makers: only an immediate change to sustainable 
solutions will yield acceptable results in good time. Efficiency gains are 
already considered in our scenario, reducing considerably the water demand 
with respect to business as usual. In spite of that, un-sustainable over-use of 
ground water will still increase, reaching a maximum of 58,000 MCM/y by 
2015, which is equivalent to the annual flow of the Nile River in Egypt.  
 
According to our scenario, the use of fossil fuelled desalination will increase 
from 4,600 MCM/y in 2000 to about 14,000 MCM/y in the same time span. 
Reuse of wastewater is an effective means to combat water scarcity, but 
limited by the available amounts of water that can be reused. Until 2050, 
reuse of wastewater will provide an amount of water equivalent to the 
present overuse of groundwater – 60,000 MCM/y – but in the meantime 
other gaps will have opened. 
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Figure  8-20: Water supply within the average climate change scenario for MENA 
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AQUA-CSP: Middle East & North Africa (MENA)
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Figure  8-21: Water supply for MENA in the AQUA-CSP scenario (AQUA-CSP 2007) 
 
Therefore, combining all measures including seawater desalination will be 
the only viable solution to get rid of the growing water deficits in MENA. 
On the other hand, large scale desalination only has the perspective to 
become environmentally and economically sustainable if powered by solar 
energy. After a phase of market introduction and demonstration that will last 
about 10-15 years, the most dynamic expansion of CSP for desalination will 
take place between 2020 and 2030, when CSP will gradually take over large 
shares of freshwater supply from depleting groundwater resources. In 2050 
demand will be mainly covered by natural water (188,000 MCM/y) and by 
solar powered desalination (98,000 MCM/y). If provided by RO with an 
average consumption of 3.9 kWh/m³, the desalted water would lead to an 
additional electricity demand of around 380 TWh/y in 2050.  
 
Our scenario in Figure  8-20 shows qualitatively very similar results when 
compared to the prior AQUA-CSP scenario shown in Figure  8-21, and fully 
confirms the main statements resulting from this analysis. However, there 
are also important differences between both studies: 
 

1. Water demand in the AQUA-CSP study in 2050 is considerably 
higher than that assumed here, although a much lower population is 
assumed (600 million instead of 700 million assumed here). This 
would result in much lower per capita water availability in the scena-
rio presented here, especially in the agricultural sector. Although it is 
possible to replace irrigation water by “Virtual Water” from food 
imports, this is a very sensitive political matter and should be dis-
cussed with the affected countries. In contrast to our present analy-
sis, AQUA-CSP assumes a constant per capita availability of water 
for irrigation that is only reduced by efficiency gains. This would 
neither increase nor reduce the food import dependency of the ME-
NA countries with respect to the year 2000.  
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2. Both scenarios start with a natural water resource from ground and 
surface water of about 220,000 MCM/y in the year 2000. The 
AQUA-CSP scenario assumes a slightly increasing availability of 
natural water in the MENA, because up to now not all available and 
exploitable renewable freshwater sources are tapped, and thus, there 
would still be some room for expansion to 250,000 MCM/y in the 
long-term future. However, the more in-depth analysis by FutureWa-
ter reveals that climate change and non-ideal temporal correlation of 
water demand and natural supply will most probably lead to a reduc-
tion of available surface and groundwater resources, and even in the 
average scenario analyzed here, would lead to a reduction of natural 
water extractions in 2050 to only 188,000 MCM/y.  

 
3. The simple approach used in AQUA-CSP lead to the result that the 

gap of water supply presently covered by non-sustainable sources of 
water like over-use of groundwater or fossil-fuel-powered desalina-
tion could fully be replaced by solar-powered desalination after 
2035. The present scenario reveals that this will not easily be 
achieved, because year-to-year fluctuations of available surface wa-
ter will probably limit the expansion of CSP desalination, but on the 
other hand will leave unsustainable extractions in dry years. In prin-
ciple, groundwater could be used as “storage” to bridge such gaps, 
holding it back by reducing its consumption in wet years and in-
creasing its use in dry years. In that case it will be important to main-
tain an inter-annual balance of withdrawals, in order to maintain 
groundwater exploitation within a sustainable level. 

 
Both scenarios confirm that desalination powered by CSP has the potential 
to relieve the MENA region from one of its most pressing problems – water 
scarcity – with a realistic medium-term perspective until 2030. There will be 
basically three types of CSP plants, serving domestic electricity supply, 
electricity export or sea water desalination in different combinations: 
 

1. CSP plants for co-generation with coupled MED seawater desalina-
tion must be located at the coast, as the co-generated heat cannot be 
transferred over long distances. Their electricity can be used for ad-
ditional reverse osmosis desalination (RO), for domestic electricity 
consumption or for export of solar electricity to Europe, following 
the ideas of the DESERTEC initiative. As the coastal regions in 
MENA are strongly used by other human activities, this plant type 
will be limited to regions with appropriate site conditions and avail-
able land area, as has been shown in Chapter 2.3.  

 
2. CSP plants used exclusively for power generation can be anywhere 

on the grid. Their electricity can be transmitted to any other place 
and used for domestic supply, solar electricity export or RO-
desalination. This type of plants will be placed where good irradia-
tion coincides with good infrastructure conditions. In general, RO 
desalination plants can be powered by any electricity mix, that can 
be renewable including or excluding CSP, CSP only, hybrid solar 
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and fossil CSP, fossil fuel powered generation or any mix of those 
components.  

 
3. CSP plants for co-generation will be limited to appropriate industrial 

sites or hotel resorts with sufficiently large demand of heat and pow-
er. While their heat will be used on-site for desalination and district 
cooling, their electricity might be used on-site too or be sold to the 
grid for municipal use, export or RO-desalination. 

 
Table  8-8 shows that the CSP potential in Malta, Lebanon, Gaza and West 
Bank will not be sufficient to cover both the growing demand for electricity 
and the additional energy demand for seawater desalination. Other solutions 
will have to be found in those four countries. In all other countries, the CSP 
potential is high enough to cover the future demand for seawater desalina-
tion. In most countries it is even possible to cover most of the demand by 
coastal CSP plants that in principle could produce electricity and desalted 
water in combined generation.  
 
All in all, 69 BCM/y could be desalinated either by MED or RO plants on 
coastal sites in MENA, that are available for the erection of CSP desalina-
tion plants. The production of about 27 BCM/y would be restricted to RO 
plants only, while the CSP plants to power desalination would have to be 
installed away from the coast. A total amount of 1.6 BCM/y required in the 
four countries mentioned above cannot be provided by CSP desalination.   
 
The mix of different CSP plant types - combined power and water, power 
only, water only, combined water and export electricity, etc. - will vary 
according to the policy and demand of each country and the local supply 
side conditions. Our scenario gives a rough estimate of the overall potentials 
in each country. However, it cannot quantify the different plant types that 
will be erected, which will be subject to national strategic power and water 
planning. 
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Figure  8-22: CSP desalination potential by either MED or RO (blue bars) and by RO 

only (orange bars) in the 22 MENA countries analyzed here (* for Iraq 
and Jordan, please refer to the text below) 

 
The potentials for seawater desalination shown in Jordan and Iraq are in 
principle questionable, as both countries have only limited access to the sea 
shore. Their potential for seawater desalination may therefore be limited to 
much lower values, no matter where the energy for desalination would come 
from. Their real seawater desalination potential can only be quantified by 
in-depth environmental impact analysis of their coastal areas.  
 
For Gaza and West Bank, the import of power and water from neighboring 
countries has been proposed. This could be a sound solution, as the CSP 
potential outside Palestine is more than large enough. However, this would 
require strong international cooperation and a change in regional policy. 
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Table  8-8: Comparison of total CSP potential and CSP potential for desalination for the single MENA countries. Left side: electricity balance in TWh/y, right side: 
water balance in BCM/y. Color code of numbers: red: insufficient CSP desalination potential, green: both RO and MED potential sufficient, blue: mainly RO 
 

Total CSP CSP Coastal CSP CSP-SWD Power RO only RO or MED CSP-SWD Total Water
Potential Demand 2050 Potential Demand 2050 Demand Supply 2050 Supply 2050 Demand 2050 Demand 2050

TWh/y TWh/y TWh/y TWh/y kWh/m³ BCM/y BCM/y BCM/y BCM/y
Algeria 135771 120 0.0 7.5 3.5 2.1 0.0 2.1 13.6
Bahrain 16 4 8.6 1.3 4.3 0.0 0.3 0.3 0.4
Djibouti 300 1 0.0 0.0 4.3 0.0 0.0 0.0 0.1
Egypt 57140 395 73.9 25.5 3.8 0.0 6.7 6.7 92.6
Gaza 0 0 0.0 1.5 3.5 0.0 0.0 0.4 0.6
Iran 32134 290 267.4 37.0 3.5 0.0 10.6 10.6 114.9
Iraq * 24657 180 0.0 57.1 4.3 13.3 0.0 13.3 74.2
Israel 151 29 1.7 15.4 3.5 4.0 0.4 4.4 6.4
Jordan * 5884 38 0.0 5.7 3.8 1.5 0.0 1.5 2.5
Kuwait 1372 13 17.6 2.9 4.3 0.0 0.7 0.7 1.3
Lebanon 5 5 0.0 1.2 3.5 0.1 0.0 0.3 1.9
Libya 82714 25 132.3 9.9 3.5 0.0 2.8 2.8 6.2
Malta 0 0 0.0 0.3 3.5 0.0 0.0 0.1 0.2
Morocco 8428 110 14.8 29.9 3.5 5.3 3.3 8.5 26.1
Oman 14174 14 83.5 7.1 3.5 0.0 2.0 2.0 3.1
Qatar 555 8 43.2 1.8 4.3 0.0 0.4 0.4 0.6
Saudi Arabia 75832 135 152.4 101.7 4.3 0.0 23.7 23.7 37.2
Syria 8449 117 0.5 3.1 3.5 0.8 0.1 0.9 25.3
Tunisia 5673 34 48.7 9.2 3.5 0.0 2.6 2.6 6.5
UAE 447 40 14.9 10.3 4.3 0.0 2.4 2.4 3.3
West Bank 8 8 0.0 2.3 3.0 0.0 0.0 0.8 1.2
Yemen 8486 65 104.0 49.7 3.8 0.0 13.1 13.1 24.2
Total 462196 1630 964 380 3.9 27 69 98 442  
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North Africa 
According to our scenario, the demand for freshwater in North Africa will 
increase by a factor of 1.5 from 83 BCM/y in 2000 to 128 BCM/y in 2050, 
while less than 80 BCM/y of renewable natural water resources are availa-
ble in the region (Figure  8-23). The analysis of natural water resources 
reveals strong inter-annual fluctuations of surface water and a trend of 
reduced surface water due to climate change. Due to the growth of popula-
tion and economy in the region, there will be a large water gap opening after 
2010. The scenario reveals a pattern of strong inter-annual fluctuations of 
surface water supply, which is dominated by the role of the Nile River. 
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Figure  8-23: Water supply within the average climate change scenario for North 
Africa 
 
Unsustainable use of water will continue and increase from about 1 Bm³/y 
in 2000 to a maximum of 25 Bm³/y around 2020. Although most of this gap 
will be closed by CSP desalination earliest by 2030 over-exploitation of 
groundwater will remain in dry years afterwards. Fossil fuel powered 
desalination will be developed until 2015 but later – due to its elevated cost 
– it will be substituted by  solar powered desalination using CSP and other 
renewable sources. CSP desalination will become visible to a larger extent 
by 2025 producing around 10 BCM/y of freshwater, and will achieve a 
maximum annual production of 23 BCM/y in 2050.  
 
To this end, a minimum CSP capacity of 4.7 GW must be installed in 
MENA for desalination by 2025 and 10 GW in 2050. This will add to the 
peak electricity demand of about 200 GW expected for this region in 2050 
according to the power supply scenario in Chapter 5.1 and to about 80 GW 
of capacity installed for solar electricity exports in the total MENA region 
as scheduled by the study (TRANS-CSP 2006).  
 
Re-used waste water will cover about 9 BCM/y in 2025 and over 23 BCM/y 
by 2050, making up by then for about 18 % of the water supply, while 23 
BCM/y will come from CSP desalination and 72 BCM/y from natural 
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resources, making up for 18 % and 56% of the water supply, respectively. 
By 2050, only a minor share will still be provided by fossil fuelled desalina-
tion and groundwater over-use. 
 
Western Asia 
Western Asia has the highest exploitable natural water resources of the 
MENA region, which today make up for over 90% of water supply (Figure 
 8-24). However, the scenario shows a considerable reduction of natural 
water extraction potentials due to climate change and over-exploitation in 
the medium and long term future. Although some regions already suffer 
from an over-exploitation of groundwater, seawater desalination has hardly 
been an issue up to now. However, this pattern has been changing recently, 
and in a few years, desalination will increasingly become an important 
source of potable water. Efficiency gains in agriculture, industry and 
municipal distribution, the re-use of waste water and solar powered desali-
nation will be the most important measures to prevent the region from water 
scarcity. 
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Figure  8-24: Water supply within the average climate change scenario for Western 

Asia 
 
There is a maximum water deficit of at present 37 BCM/y, most of it 
occurring in Iran, Iraq and Israel, which will be covered in the long-term 
future in approximately equal shares by efficiency gains, solar powered 
desalination and wastewater reuse. 
 
Arabian Peninsula 
On the Arabian Peninsula, the total demand of about 35 BCM/y at present 
will almost double until 2050. Extractions of surface and groundwater will 
change from 16 BCM/y today to only 11 BCM/y in 2050. Until 2015, fossil-
fuel-powered desalination with a production of 10 BCM/y will become the 
second most important source of freshwater, which is also a source that is 
not considered sustainable in economical and environmental terms. Unsus-
tainable extractions from groundwater amount to 10 BCM/y in 2010.  
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This makes the Arabian Peninsula the most critical region in MENA, not 
because of its absolute deficits which are smaller than those of Western 
Asia, but in terms of dependency on non-sustainable water, that makes up 
for over 50 % of the total supply (Figure  8-25). 
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Figure  8-25: Water supply within the average climate change scenario for the Arabian 

Peninsula 
 
With the Masdar initiative, the United Arab Emirates have recently started 
to build up a sustainable solution for energy and water based on renewable 
energy sources including concentrating solar power (Masdar 2007). Howev-
er, it will take at least 15 years until visible shares of CSP desalination can 
be build up in the energy and water sectors of the region, today starting with 
zero. Until 2020, the expansion of CSP desalination will still be over-
compensated by the annual growth of demand for freshwater. By 2025 
global industrial CSP production capacities will finally have become large 
enough to cope with the growing demand, and the freshwater deficits can 
and must then be alleviated within a time span of 10-15 years. Fossil fuelled 
desalination will remain until 2040.  
 
In order to achieve a fast elimination of un-sustainable supply of water, a 
minimum capacity of 2.5 GW of CSP desalination systems must be installed 
until 2020, and 22 GW until 2050. Due to an only moderate share and 
growth of industrial and municipal water demand and a presently low 
efficiency of those sectors, the option of re-using waste water is rather 
limited. However, in the long term it will be an important factor of security 
and sustainability and will supply a slightly lower amount of freshwater as 
the natural exploitable water resources.  
 
In absolute numbers, Saudi Arabia and Yemen are the countries with the 
largest deficits on the Arabian Peninsula. However, all countries of the 
region suffer from severe water scarcity and a high dependency on non-
sustainable sources. Therefore, the Arabian Peninsula has the highest 



 

6543P07/FICHT-7130073-v1  8-141 
 

priority, and absolutely no alternative to immediately start market introduc-
tion and market expansion of CSP desalination systems.   
 
Having an important potential domestic market for CSP desalination, the 
necessary financial means due to its oil and gas exports and with the Masdar 
initiative already started in the United Arab Emirates, the Arabian Peninsula 
has a very good chance to become a technology- and market leader for CSP 
desalination in the medium term future. In 2050, CSP desalination on the 
Arabian Peninsula can make up for over 40 BCM/y of freshwater. There 
will be a considerable environmental impact on the coasts around the 
Peninsula from such large amounts of seawater desalination. The necessary 
measures of environmental impact prevention will have highest priority, but 
can be solved satisfyingly, if solar energy is applied. 

8.3 Future Technology Development of Renewable Energies 

8.3.1 Future Trends of the CSP technology 

This section provides an overview about future trends in CSP development 
with respect to technical improvements and cost reduction potentials. The 
major potential for cost reductions are: 
 
• Technology Improvements 
• Learning effects 
 
Technology Improvements 
The evaluation of potential for cost reductions focuses on solar collection 
assembly, absorbers, mirrors, power block and thermal energy storage, 
because these areas account for the majority of the CAPEX (Sargent & 
Lundy). 
 
One prerequisite for this cost reduction is the increase of the system effi-
ciency by increasing the live steam temperature significantly. In particular, 
the direct steam generation (DSG) in is a promising option to improve CSP 
performances. According to previous studies the cost reduction of the DSG 
process compared to the SEGS technology is expected to be approximately 
10 % due to better steam parameters at the inlet of the turbine and to the fact 
that a HTF/steam heat exchanger is not longer required. To solve this 
problem a German-Spanish consortium was recently formed to develop 
these components. Within this project the partners are developing, testing 
and operating all mentioned components for an operation temperature of up 
to 500°C (see Figure  8-26).  
 
To test these components under real solar conditions at 500°C a test set-up 
is being erected and connected to Endesas conventional power plant in 
Carboneras (Spain) (Eck 2009). 
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Figure  8-26: Piping and instrumentation diagram of the test facility erected in 

Carboneras (Eck 2009). 
 
Nevertheless, DSG solar thermal power plants require innovative storage 
concepts, where the two-phase heat transfer fluid poses a major challenge. A 
three-part storage system is recently proposed, where a phase change 
material (PCM) storage will be deployed for the two-phase evaporation, 
while concrete storage will be used for storing sensible heat, i.e. for preheat-
ing of water and superheating of steam (Laing 2010). Figure  8-27 shows 
schematically the difference between sensible and latent heat storage. The 
small temperature differences between fluid and storage material throughout 
the storage results in more efficient storage layout. 
 
 

 
Figure  8-27: Temperature-enthalpy characteristics for sensible heat storage systems 

with sensible heat transfer fluid in absorbers (left) and combined sensi-
ble/PCM storage for direct steam generation in absorbers (right). Sec-
tions in power block steam cycle: 1–2 preheating, 2–3 evaporation, 3–4 
superheating (Laing 2010). 

 
Last but not least, the combination of high solar shares with high conversion 
efficiencies is one of the major advantages of solar gas turbine systems 
compared to other solar-fossil hybrid power plants. Pressurized air receivers 
can be used in solar tower plants to heat the compressed air in the gas 
turbine to temperatures up to 1,000 °C, as shown in Figure  8-28.  
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Using modern gas turbine systems in recuperation or combined cycle mode 
leads to conversion efficiencies of the solar heat from around 40 % up to 
more than 50 %. This is an important step towards cost reduction of solar 
thermal power. Together with the advantages of hybrid power plants -
variable solar share, fully dispatchable power, 24 hours operation without 
storage- solar gas turbine systems are expected to have a high potential for 
market introduction in the mid-term view. Although the cost predictions 
indicate potential competitive applications in the green power market, the 
introduction of this new technology is hampered by several factors, among 
them the fact that exploiting the full potential of high efficiencies of com-
bined cycle plants (> 50 %) requires power levels above 50 MWel. This 
means a very high investment cost which is not realistic for the introduction 
of a new technology (Schwarzbözl 2006). 
 

 
Figure  8-28: Solar gas turbine plant schematic: combined Brayton and Rankine cycle 

(Schwarzbözl 2006). 
 
Learning effects 
Technology improvements, scale-up effects and CSP volume production 
will drive down investment cost. The cost of concentrating solar power 
plants can be modelled as function of time individually for the different 
components of such plants. For each component, a separate learning curve 
and progress ratio for future cost development was assumed (Trieb et al. 
2009). An overview on model assumption can be found in Table  8-9. The 
learning curve of each component – investment cost c as function of time t – 
was calculated from the total installed capacity P and from the progress ratio 
PR according to the following equation, were P0 was the installed capacity 
at the starting year (2005) and Pt was the installed capacity in the year x, and 
c0 and ct stand for the respective specific investment at that time: 
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Table  8-9: Assumed expansion of CSP capacity, start values c0 (2005), progress ratio 
PR and future costs of CSP plant components in €2005 taking current pa-
rabolic trough technology, molten salt storage and steam cycle power block 
with dry cooling tower as reference (Trieb et al. 2009). 

 
 
A progress ratio of 90 % means that the specific investment is reduced by 
10 % each time the world wide installed capacity doubles. The model was 
based on a scenario of worldwide CSP expansion considered as realistic.  
 
Figure  8-29 shows the comparison of electricity cost generated by CSP and 
by fossil fuels, calculated according to (Nitsch 2008). It appears clearly that 
CSP can become fully competitive between 2020 and 2030, and can later 
contribute significantly to stabilize global electricity costs. As the capacity 
needed to achieve this cost reduction is rather high, the expansion of CSP 
(like other renewable energy sources) can be considered a preventive 
measure against electricity cost escalation and climate change. 
 

 
Figure  8-29: Electricity cost in % of the maximum starting value in 2005 as function 

of time and direct normal irradiation (DNI in kWh/m²/y) for CSP refer-
ence plants with a solar multiple SM4 compared to the cost of power 
generation from fossil fuels (including carbon costs) according to the 
Lead Study 2008 (Nitsch 2008) 

8.3.2 Desalination by Renewable Energies: Future Trends 

Research and development aiming to increase energy efficiency of desalina-
tion and renewable energy is achieving important results. The coupling of 
renewable energy sources with desalination has the potential of providing a 
sustainable source of potable water, initially for end-users in arid areas with 
limited alternative solutions. In the long-term, it is aimed to power every 
new desalination plant with renewable energy sources.  
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There is a wide variety of technological combinations possible between 
desalination technologies and renewable energy sources. This chapter gives 
an overview of the possible combinations. Main part of information is taken 
from the Prodes road map documentation (Prodes Road Map) and articles 
from scientific journals. 
 
However, this chapter only provides a qualitative description, while detailed 
analysis and comparison of desalination with other renewable and conven-
tional energy sources is not aim of this part of the study. A comprehensive 
and wide comparison could contribute to enrich and complete next phases of 
the MENA Water Outlook project. For this objective, detailed and location-
specific input parameters, as well as yearly yield analysis based on hourly 
simulations would be required. 
At present time, combinations between renewable energy sources (RES) and 
desalination (DES) are implemented as pilot plant size applications or still 
are in the R&D phase. Therefore implemented capacities -with few excep-
tions- are relatively small and typically range between a few m3 up to 100 
m3 (Mathioulakis 2006). 
 
The coupling of renewable energy and desalination imposes the conjunction 
of two separate and different technologies. Each component of the system 
presents different features and different degrees of maturity. Furthermore, 
RES are characterized by strong intermittent behavior, while often desalina-
tion plants work as base load plants. This is also the main reason why the 
focus of this study is on CSP, which allows providing dispatchable power to 
the desalination plant, due to the option of thermal energy storage and 
hybrid operation. 
 
Table  8-10 shows an overview of possible combinations between desalina-
tion and renewable energies. A very basic description of the technologies 
and their development state follows. 
 
Table  8-10: Possible combinations between renewable energies and desalination 

(Prodes Road Map) 
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8.3.2.1 Desalination by Solar Energy  

Solar stills. The solar still is a very old concept. The solar still is basically a 
low-tech “greenhouse” providing simplicity of construction and mainte-
nance. Its function principle is very simple and is based on the fact that glass 
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or other transparent materials have the property of transmitting incident 
short-wave solar radiation. The transparent cover traps solar energy within 
the enclosure. This heats up the water causing the partial evaporation of the 
water. 
 
The vapor condenses on the glass cover, which is at a lower temperature 
because it is in contact with the ambient air, and runs down into a collector. 
The specific capacity range is a few l/m²/d. 
 

 

Figure  8-30: Basic principle of solar water distillation (Source: www.solaqua.com) 
 
Multiple Effect Humidification (MEH). Multiple Effect Humidification 
systems use for example heat from solar thermal collectors. They induce 
multiple evaporation and condensation cycles inside several stages. Tem-
perature requirement of the process is between 70 °C and 85 °C. The system 
works as follows: the humid air flows in a circuit driven by natural convec-
tion between condenser and evaporator (Figure  8-31). Seawater is heated in 
the solar collector, enters the evaporator and then is distributed onto verti-
cally hanging fleeces. Air moves in counter-current flow to the brine 
through the evaporator and gets saturated with humidity. In the condenser, 
saturated air condenses on a fiat plate heat exchanger made of Polypropy-
lene. The distillate runs down the plates and trickles into a collecting basin. 
The heat of condensation is mainly transferred to the old seawater flowing 
upwards inside the flat plate heat Seawater exchanger (Müller-Holst et al. 
1998). During re-condensation of the generated saturated humid air, most of 
the energy used before for evaporation is regained and can be used in 
subsequent cycles of evaporation and condensation, which considerably 
reduce the thermal energy input required for desalination. Specific capacity 
accounts to 20-30 l/m²/d (Prodes Road Map). 
 

 
Figure  8-31: Scheme of a solar MEH (Müller-Holst et al. 1998) 
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Membrane Destillation (MD). This thermal desalination technology uses 
hydrophobic membranes, i.e. membranes which within a certain pressure 
range cannot be wetter by water in the liquid phase. The pore size of these 
membrane is typically a factor 10^3 higher than RO membranes. On one 
side of the membrane (left in Figure  8-32) there is hot water (temperature of 
60 - 80 °C), while on the other side the temperature is ca. 5 °C lower due to 
the coolant. The temperature difference causes a vapour partial pressure 
difference between the two membrane sides, so that a share of the hot water 
evaporates and passes through the membranes. The vapour then condenses 
on the cold side and is collected in the condensate canal. Operation with 
solar energy is possible with solar thermal collectors, whereas energy for 
pumping can be delivered by PV modules. 
 

 
Figure  8-32: Principle of membrane distillation (Koschikowski et al., 2003) 
 
Figure  8-33 shows a possible combination of MD with solar energy, where 
thermal energy requirements are provided by solar thermal collector, while 
required electricity for pumping is procured by a PV array (Banat et al., 
2006). 
 

 
Figure  8-33: Principle Flow-sheet of a solar (thermal + PV) MD (Banat et al., 2006) 
 
PV-RO. The PV-RO system consists of a photovoltaic field that supplies 
electricity to the desalination unit through a DC / AC converter and a RO 
membrane for the desalination. This technology has been widely tested and 
also been installed to supply water in rural areas in developing countries, for 
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example, in Tunisia, Morocco and other Mediterranean countries (Adira). 
This solution is economically feasible in remote locations where the alterna-
tives are limited and also expensive. There are intensive R&D efforts to 
increase the PV conversion efficiency and improve the RO process; there-
fore, it is expected that costs of PV-RO systems will be reduced signifi-
cantly in the future (Prodes Road Map). 
 
PV-ED. ED is an electrochemical process for the separation of ions across 
charged membranes from one solution to another under the influence of an 
electrical potential difference used as a driving force, as represented in 
Figure  8-34.  
 
Little experience exists using these kinds of systems with renewable energy. 
Only a few pilot units for R&D purposes are in operation. The main barriers 
for this system are the limited availability of small-sized commercial ED 
units and that they can only be used for brackish water desalination. 
 

 
Figure  8-34: Scheme of an ED desalination (Sadrzadeh & Mohammadi, 2008) 

8.3.2.2 Desalination by Wind Energy 

WIND-RO. In this case a wind generator is coupled to a RO plant with a 
buffer and batteries as a back-up. A wind-powered RO desalination system 
consists of a high-pressure pump, an RO module, and pre-treatment and 
post-treatment units. As wind speed is highly variable, the flow rate and 
water pressure of the feed water generated by a wind pump would also be 
highly variable. Therefore, adding a flow/pressure stabilizer and a feedback 
control mechanism to adjust the flow rate and water pressure according to 
the variable wind speed would improve the efficiency of the system (Liu et 
al., 2002).  
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Figure  8-35: Wind-RO system scheme (Liu et al. 2002) 
 
Other potential combinations, which are not described further, are: 
 
• WIND-MVC 
• GEOTHERMAL energy + MED / MEH / TVC / MD 
• WAVE ENRGY + RO / MVC 
 
Outlook 
Finally, Table  8-11 gives a brief overview about typical capacity range of 
the described configurations, their energy requirements as well as their 
maturity state. 
 
Table  8-11: Possible combinations between renewable energies and desalination 

(Prodes Road Map) 
Typical Capacity Development Stage

[m3/d] Thermal [kWh/m3] Electrical [kWh/m3] -
SOLAR STILL < 0.1 solar passive - Applications
SOLAR MEH 1-100 100 1.5 Applications/R&D
SOLAR MD 0.15-10 150-200 - R&D
SOLAR CSP/MED >5000 50-70 1.5 Applications/R&D

- BW: 0.5-1.5
- SW: 3-5

PV-DER <100 - BW only: 3-4 R&D
- BW: 0.5-1.5
- SW: 3-5

WIND MVC <100 - SW only: 11-14 Basic Research
WAVE-RO 1000-3000 2.2-2.8 Basic Research

Applications/R&D

Applications/R&D

Energy Demand

PV-RO <100

WIND-RO 50-2000

 

8.4 Recommendations for Renewable Energy Policy 

Like any other country, countries in the Middle East and North Africa need 
an electricity and water supply structure that is inexpensive, secure and 
compatible with society and the environment, in one word, sustainable. To 
achieve a sustainable electricity and water supply structure in the future, it is 
indispensable to introduce renewable energies as fast as possible. 
 
As shown in Chapter  8.1 and  8.2, especially CSP can play a key role in the 
future electricity and water supply structure of most MENA countries due to 
its technical characteristics and the abundant resources of solar energy. 
 
However, most countries in MENA hesitate to introduce CSP or other 
renewable energies into their power and water supply systems since most 
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decision makers claim CSP and renewable energies respectively as too 
expensive compared to conventional technologies. Many public power 
utilities in MENA are obliged by their national laws to provide least cost 
electricity to their customers. Thus public power utilities follow mainly a 
business as usual approach, investing in conventional power technologies 
which burning fossil fuels for power generation. 
 
In principle, this attitude is very reasonable, but unfortunately it does not 
reflect the realities. In summer 2008, when oil prices peaked at 140 
US$/barrel, some energy importing countries faced a rather helpless and 
desperate situation, as their national account went deep into the red (CIA 
2008). This situation has impressively pointed out the present electricity 
supply structure is not at all sustainable, secure or inexpensive. Even the 
global financial crises brought oil prices significantly down and thus relaxed 
the situation for most MENA countries today a barrel of oil is sold again for 
about 90 - 100 US$. 
 
Subsidies on fossil fuels are very common in MENA, both in net energy 
importing and exporting countries. In fact, MENA economic seem to be 
built to a great extent on oil and gas exploitation, exportation and consump-
tion. Both exporters and importers are heavily dependent on oil and gas, and 
volatility prices hits them both. Subsidizing fuels does not remedy this 
situation, because in that case the consumers pay less, but the state and the 
tax payers pay more. Some oil exporting countries start to suffer from their 
economic growth, because they forced to burn oil for their growing domes-
tic demand, which cannot be sold any more on the world market. 
 
Due to the situation in summer 2008, several MENA countries have recently 
changed their attitude towards CSP and other renewable energies. First 
countries in MENA are now starting with first steps to estimate costs and 
provide initial markets. 
 
In this context, the DLR has developed a strategy for financing CSP in 
MENA within the project CSP-Finance (Trieb et al. 2011). The strategy is 
mainly based of taking advantage of the technical characteristics of CSP 
power plants, instead of calling for least cost power plants and for high 
subsidies from international donor institutions.  
 
The market introduction of CSP in MENA is faced to four major initial 
barriers which must be overcome. These barriers are summarized in Table 
 8-12. 
 
Table  8-12:Major initial barriers for introduction of CSP in MENA (Trieb et al. 2011) 
Barrier Problem outline 
Cost of electricity from CSP 
higher compared to present 
average market prices 

CSP is compared with average cost of electricity of the 
existing power plant portfolio. The capability of CSP to 
substitute peak load power plants with high fuel costs is 
not taken into account.  

High initial investment costs  CSP power plants have low variable operation costs but 
high fixed costs due to high initial investment costs 
causing high capital and insurance costs. 

Fuel price volatility Even high fuel prices (e.g. in 2008) would have justified 



 

6543P07/FICHT-7130073-v1  8-151 
 

Barrier Problem outline 
implementation of CSP, the volatility of fuel prices 
postpone the introduction of CSP and other renewable 
energies because decision makers “hope for better 
days”.  

Electricity price volatility and 
unknown revenues 

CSP projects have high fixed costs but unknown 
revenues at open markets. 

 
The most important market barriers for CSP are the higher costs of electrici-
ty when comparing CSP with the average costs of the existing electricity 
generation portfolio. However, CSP power plants can be designed especially 
to operate in a certain load segment. Depending on the size of the solar field 
and the size of thermal energy storage system, CSP power plants are able to 
supply the peak-, medium- or base load segment and thus competing with 
the corresponding technologies which are operating in the certain load 
segment. 
 
Another important barrier for introducing CSP is the high initial investment 
costs. A CSP power plant is composed of a power block (similar to a 
conventional, fuel-fired power station), a concentrating solar thermal 
collector field and eventually a thermal energy storage system. While the 
capacity of the power block is constant, the varying size of the solar collec-
tor field and storage will define the capacity factor (annual full load hours) 
of the plant and thus its application in the peak, medium and base load 
segment (Figure  8-36). This makes CSP a very flexible option for capacity 
planning. 
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Figure  8-36: Different configurations of CSP plants adding collector fields and storage 

to a power block with constant capacity lead to different investment and 
to higher capacity factors (more operating hours per year).  CSP plants 
can be designed for peak, medium and base load supply. Hybrid opera-
tion with fuel guarantees firm capacity on demand (Trieb et al 2011). 

 
The investment for the power block is comparable to that of any conven-
tional power station, but adding solar field and storage means adding 
considerable investment. One could say that a CSP plant is nothing else but 
a conventional power plant, but the amount of fuel usually burned during 



 

6543P07/FICHT-7130073-v1  8-152 
 

the total lifetime of the plant is bought on the first day and placed beside the 
power block in form of a solar collector field. Fuel is replaced by capital 
investment. The main problem is that capital investment will require debt 
service and interest rates that will generate additional costs of finance and 
insurance that are usually not required for fuel.  
 
Replacing fuel by capital goods is in principle favorable for a national 
economy, as this creates labor and industrial activities. However, the large 
investment involved is a major challenge of finance. 
 
Another barrier for investing in CSP projects is the volatility of fossil fuel 
prices. After the year 2000, fuel prices have rocketed unexpectedly by a 
factor of five, peaking in summer 2008 at 140 US$/barrel. On the other 
hand, due to the global financial crises oil prices came down to 
75 US$/barrel in summer 2009. Today, the oil prices are in the range of  
100 US$/barrel. Even coal prices that used to be stable for decades, are now 
subject to strong fluctuation. This leaves energy planners with the problem 
of predicting the future development of the cost of their electricity mix: will 
costs explode, go down or stay constant? MENA countries are sensitive to 
such volatility as their economy is often built on subsidized prices, which 
heavily burden the national balance in case fuel costs increase. 
 
For CSP investors, this volatility represents a significant barrier. Although 
the high fuel prices in 2008 justified implementation of CSP, this did not 
trigger any CSP projects in MENA. CSP stands for a known, immediate, 
large scale investment with high, mainly fix capital cost. The volatility of oil 
prices makes it easy for decision makers to postpone the introduction of 
CSP and other renewable sources of energy for later.  
 
However, the global financial crisis seems to be over, and oil prices rising 
again and energy importing countries might soon face the same problem as 
in 2008. One could also look at the capital cost of CSP not as a challenge, 
but as an advantage: CSP plants can guarantee firm electricity prices for 
their complete lifetime. Their cost is paid in form of capital in the first day 
while the capital return to investors is constant. The LEC of CSP is not 
submitted to any cost escalation, aside from inflation rates on personnel and 
spare parts which make up for only a minor part of the LEC. One may say 
that a CSP plant delivers electricity together with a hedge against cost 
escalation. It is an important cost stabilizing element for electricity supply. 
  
The forth barrier is the electricity price volatility and the insecurity of future 
revenues. In the frame of its renewable energy feed in tariff system based on 
the renewable energy act implemented in the year 2000, Germany has 
installed in the past decade a wind power capacity of over 25,000 MW. To 
this adds a 10 GW photovoltaic power capacity installed at the end of 2009 
(BMU, 2010). Taking into account that the German base load segment of 
around 55,000 MW is presently dominated by nuclear, lignite and coal 
plants – all of them are base load plants that are optimized to run at constant 
load – it becomes clear that Germany is increasingly facing situations when 
its mix of power technologies becomes difficult to control. As a result of 



 

6543P07/FICHT-7130073-v1  8-153 
 

introduc-ing wind and photovoltaic power to the electricity mix, the need 
for conven-tional base load plants subsequently disappears, while the need 
for balancing power increase (IWES, 2009). 
 
A consequence of this is a phenomenon that has already occurred several 
times during low demand periods with high wind power availability:  
 
spot market prices for electricity became negative, due to a significant over-
production of wind power that could not be compensated by the running 
base load plants. In a robust grid infrastructure like central Europe, this can 
be compensated technically by exporting power to the neighbors, but a 
small country in MENA would have massive technical problems facing 
such a situation. Its only option would be to dim the output of its wind park.  
 
The main problem for renewable energy producers is that they cannot really 
calculate their future revenues in open markets. If situations like the one 
described above would appear frequently, they may frequently be losing 
money by dimming. However, their running cost – mainly capital cost – is 
high, constant and fixed. At the moment, the German feed-in law protects 
wind power producers, guaranteeing their feed-in tariff at any time, but this 
is not a sustainable situation and will most probably change in the near 
future. 
This shows that a renewable energy act like in Germany, opening the power 
sector to an unlimited expansion of wind, photovoltaic and other fluctuating 
renewable electricity sources, is not a viable solution for developing coun-
tries: if added power capacities are not under the control of public power 
utilities and consistent with the national requirements for capacity planning, 
problems like this will arise.  
 
This is not a general objection to a feed-in tariff system or to wind and 
photovoltaic power, but it shows that a tariff system for MENA must be 
designed in a way that is consistent with the specific demand for capacity 
additions according to national electricity needs and policy. The goal is to 
achieve a well balanced mix of power sources that altogether are able to 
supply base, medium and balancing power on demand. On one hand, CSP 
has the advantage of delivering electricity and firm capacity on demand. On 
the other hand, CSP faces the same situation of having a fix cost but un-
known revenues, if fluctuating power sources within the national power 
park can reduce market prices of electricity in an unpredictable way.  
 
Looking at the challenges described above, the requirements for a successful 
market implementation of CSP become clear: the associated large long-term 
investments require equivalent long-term, secure revenues. An investor 
cannot take the risk of investing in a huge stock of fuel for 40 years of 
operation in the form of a solar collector field, if s/he is unsure of the 
stability of a project’s revenue streams. Projects with costs that are fixed but 
revenues that are not will have a difficult time attracting the desired financ-
ing at the required cost.  
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One method that can be used to overcome this barrier is a long-term power 
purchase agreement (PPA) that covers the investment, financing cost, 
insurance, personnel and operation cost of the CSP plants while allowing for 
a reasonable return for investors. In most cases in MENA, the buyer of 
electricity will be a public national power utility, while the project structure 
can be public, private or mixed finance with a BOO (Build, Own, Operate), 
BOOT (Build, Own, Operate, Tarnsfer), corporate finance or other struc-
ture.  
 
As described before, a long-term PPA is not necessarily a disadvantage for 
the buying party, as on the other hand a CSP plant can guarantee a long-
term fix tariff for electricity with no risk of cost escalation. A public utility 
can incorporate the CSP tariff into its annual budget and charge it on the 
electricity prices for consumers. Governments also may add taxes, if 
required. In any case, long term power purchase agreements should be 
designed according to the specific needs of the national electricity plan. The 
ability to plan capacity additions and their specific function within the 
power park is very important for grid stability.  
 
In order to reduce risks for national and international investors especially in 
developing countries, a guarantee of the PPA should be obtained from 
international insurance entities such as MIGA, EIB, Mu-Re, etc. A long-
term PPA together with an international guarantee will have the effect of 
reducing the cost of finance, because risks are directly related to interest 
rates. In addition to that, tariffs should include a compensation for inflation. 
Credibility, the ability to plan future activities and the stability and reliabil-
ity of the legal, political and economic framework conditions of such a 
scheme are very important in order to reduce investment risks and to trigger 
local manufacturing industries. 
 
Enhanced security and reliability from long-term PPA and international 
guarantees together with lower interest rates for investors and banks is of 
course the easiest way to reduce the LEC of CSP, as capital cost makes up 
for over 80% of the electricity price. Moreover, the running cost will drop 
significantly after the debt period. In this context it must be mentioned that 
high quality of equipment and maintenance is crucial in order to prolong the 
plant’s lifetime as much as possible beyond the loan period.  
 
Adequate tariffs for CSP must not necessarily be defined on the basis of 
average costs of the conventional power sector or less on the basis of base 
load power, but specifically on the avoided cost in each supply segment, 
base load, medium load and peak load. The high avoided cost of peak load 
electricity allows for a much higher tariff in that segment and as a conse-
quence will require lower subsidies.  
 
In the MENA region, it is possible to design CSP plants specifically to 
match the requirements of peak load, medium load or base load, because the 
availability of solar energy is evenly distributed over the year. As an 
example, the monthly electricity yield of a CSP plant in Egypt is in winter 
only about 25% lower than in summer (TRANS-CSP 2006). To this adds a 
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very good daily and seasonal correlation of power demand and solar energy 
availability. Air conditioning is more and more becoming an important 
driver of demand in MENA and is very well correlated with the availability 
of solar power. Due to thermal energy storage and hybrid operation with 
fuel, the design and output of a CSP plant can be almost perfectly adjusted 
to match any demand of the power grid. Considering this, CSP can be 
competitive in the peaking segment, and the relatively high initially required 
CSP tariff can be justified by equivalent avoided costs (Figure  8-37).  
Some countries cover peak load to a great extent with diesel-fired gas 
turbines with a much lower efficiency than that of 30% assumed here, and 
with accordingly higher cost of production. In summer 2008 this cost was in 
fact well above 30 ct/kW. 
 
Our strategy is to introduce CSP step-by step in the different load segments 
which have different average costs of electricity generation. First, CSP 
power plants will be used to replace power plants in the peak load segment. 
Due to the high costs of peak load power, no or only a low amount of 
subsidies are necessary to make CSP competitive against conventional fossil 
fired power plants. When electricity generating costs of CSP go down due to 
learning curve effects and the electricity costs of conventional power plants 
increase due to increasing fossil fuel prices, step-by-step the medium and 
finally the base load segment can be entered. 
 
Figure  8-37 shows the applied strategy for a fictitious case country in 
MENA. Starting a CSP project today could enable a first plant installed by 
2012 or 2013 (point B1). Considering the model case, by that time, the plant 
will already be competitive with conventional, new peaking plants fired 
with fuel oil. Plants installed in the following years in the same segment will 
be even less expensive, and by about 2020, CSP would start to be competi-
tive with medium load plants (B2). If this process is continued by filling up 
the medium load segment with CSP and substituting more and more fuel in 
this sector, the break even with the average electricity cost will be achieved 
before 2030 (point B), and by 2040 CSP will break even in the base load 
segment (B3). For more information see (Trieb et al. 2011). 
 
The model case shows that the market introduction of CSP in MENA must 
not necessarily be based on subsidies. Considering that many MENA 
utilities are obliged to provide least cost electricity to their consumers, one 
could even argue that they are forced to implement CSP into their electricity 
mix. In any case, it will be a win-win situation for those that do so: if fuel 
prices go up further, they will immediately save significant money and 
stabilize their national budget. If fuel prices would go down, they would 
even have additional financial means to start this important investment into 
a sustainable supply structure and to avoid future crises like the one in 
summer 2008. MENA countries are blessed with an enormous potential of 
solar energy, and present net energy importers like Morocco or Jordan could 
even completely change their paradigm and become exporters of solar 
electricity in the medium term future.  
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Figure  8-37:Levelized cost of electricity of concentrating solar power plants compared 

to the specific cost of peaking, medium and base load plants (Trieb et al. 
2011) 

 
B1 = Break Even with Peaking Power  
B2 = Break Even with Medium Load  
B   = Break Even with Average Electricity Cost 
B3 = Break Even with Base Load 

 
Figure  8-38 shows how in the model case the conventional peak, medium 
and base load segments are subsequently replaced by CSP. This is a very 
simple model of a national power park that is only composed of convention-
al and CSP plants. In reality, there will be additional capacity from other 
sources like hydropower, wind energy and photovoltaics, and the structure, 
efficiency and mix of the conventional fossil fuel-fired plants will also be 
different. Careful planning of added capacity and its function in the different 
power segments is very important. Long-term power purchase agreements 
for CSP should be provided according to the capacities that are needed by 
national energy planning, and not opened to uncontrolled expansion. The 
same holds for all other renewable power technologies. For conventional 
power, this is the usual procedure anyway. 
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Figure  8-38: Market introduction of CSP starting with peaking, then medium and 

finally base load power production of the model case, subsequently subs-
tituting first expensive and later less expensive fuels in the power mar-
ket. The expansion of CSP is consistent with the replacement of old 
plants (Trieb et al. 2011). 

 
There are further options for the optimization of the national electricity mix 
including also other sources of renewable energy like wind power, PV, 
biomass, hydropower, geothermal energy and others that may increase the 
overall achievable renewable share of power generation. As an example, if 
deficits of solar energy availability occur in winter, hydropower, biomass 
and wind energy may help to compensate seasonal shortages. This interac-
tion is already investigated in several projects by the DLR (REMix 2010). 
 
While tendering CSP plants, a country can offer an adequate PPA with a fix 
tariff, calculated on the basis of actual technology cost and the available 
solar energy resource including compensation for currency and inflation 
risks.  
 
On the other hand, a call for tender should include requirements for a 
maximum national share of supply and for high quality of equipment and 
maintenance, in order to guarantee longevity of the plants.  
 
In order to reduce investment risk and thus reduce the cost of finance also in 
developing countries, such power purchase agreements should be guaran-
teed by the state and in addition by a guarantee from a strong international 
insurance entity. Such an internationally insured power purchase agreement 
(iPPA) should at least be valid for the debt period, and provide a tariff high 
enough to cover the total capital-, insurance- and operation cost, and in 
addition provide a reasonable return to investors and the power producer. 
The required tariff for the iPPA will differ for each individual country and 
may be calculated by an independent advisor commissioned by national 
power authorities. It will be very important that the tariffs are reduced every 
year for new plants, in a predictable way, in order to trigger investment into 
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technical learning and cost reduction, and to give a reliable frame for 
national industries to start with the production of CSP equipment. The 
difference to a feed-in tariff system like in Germany will be that any added 
capacity will be strictly limited to national capacity requirements and 
planning. 
 
Policy Recommendations: 
As a conclusion from the discussion above, our policy recommendations for 
introducing CSP in MENA are as follow: 
 

1. Develop country specific case studies. Every country in MENA has 
its own characteristics and there is no general solution which is suit-
able for every country.  

2. Calculate the real structure of national power generation by identify-
ing the cost of generating peak, medium and base load power and its 
possible development in the future. 

3. Calculate the cost of electricity from concentrating solar power un-
der the conditions given in the country and its development in the fu-
ture according to Figure  8-37. Identify tariffs and conditions re-
quired by CSP investors. 

4. Compare the cost of new peak, medium and base load power plants 
to that of CSP plants and identify possible cost break even points ac-
cording to Figure  8-37. Grants or subsidies could accelerate cost 
break-even if available and if necessary. 

5. For the break-even points, new power capacity needed and its pri-
mary function within the peak, medium or base load segment must 
be identified. According to capacity planning call for tender, offering 
an appropriate long-term power purchase agreement together with 
inflation and currency adjustment and requesting bids for guaranteed 
quality and longevity of the CSP plants. Also a reasonable national 
share of supply of CSP equipment may be requested.  

6. Seek for a governmental and in addition for international guarantees 
for the long-term power purchase agreements to reduce investment 
risks. Internationally insured power purchase agreements (iPPA) can 
open a business case for CSP in MENA. The duration of each power 
purchase agreement may be connected to the duration of the loan pe-
riod for project finance.  

7. If CSP expansion is done by the private sector, provide transparent 
information on the calculation of the tariff and publish the long-term 
perspectives of tariff reduction according to the expected CSP learn-
ing curve and local conditions. Public utilities may be obliged to use 
CSP if it is the least cost option. Get expert advice to calculate ac-
ceptable tariffs for CSP in each load segment.  

8. Support local companies that wish to start production of CSP com-
ponents. 

 
The advantages of introducing CSP in MENA are as follows: 
 

1. CSP can be a cost stabilizing element in the future electricity mix 
when fossil fuel prices will increase; 
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2. adding solar energy is prevention against fuel shortage; 
3. building a robust platform for economic development that acts like 

an insurance against external oil crisis; 
4. increasing national share of supply, local industry and labour leads 

to local added value and competence;  
5. stabilization of future energy cost acts as hedge against cost escala-

tion; 
6. lower costs on the national budget, thanks to fuel savings, better for-

eign output balance, avoided subsidies, lower health and military ex-
penses, less environmental damages, etc. 

 
Within the CSP-Finance project, the DLR is currently working out several 
case studies for some MENA countries in order to apply the described 
theoretical strategy to real cases. The aim is to calculate suitable country 
specific tariffs for long-term power purchase agreements which trigger 
investments in CSP projects and to develop roadmaps for long-term power 
capacity development (Trieb et al. 2011). 
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9. Conclusions 
The MENA Water Outlook study has confirmed the existence of an over-
whelming potential of solar energy for the production of electricity and 
desalinated seawater in the Middle East and North Africa. This potential not 
only exceeds the present and future demand of the region by several orders 
of magnitude, but it is also available in a way that allows for the continuous 
base load operation of power and desalination plants all over the year, if 
concentrating solar power technology (CSP) is used.  
 
The results of the study confirm that CSP will have to play a major role in 
the sustainable supply of electricity and water in the MENA region, sustain-
able meaning at the same time being secure, affordable and compatible with 
the environment. For every one of the 22 countries analysed here, long-term 
scenarios of power and water supply starting in the year 2000 up to the year 
2050 have been developed, that show a transition from the deficient present 
state of the art towards a sustainable future supply structure.  
 
In the power sector, the main pillars of a sustainable supply system are 
efficiency gains in the use and distribution of electricity and a decided 
expansion of renewable energy in the near future. CSP will play a major 
role, being the only renewable source of energy in MENA that is capable of 
providing base load and balancing power on demand. The following issues 
speak for a significant share of concentrating solar power for electricity 
generation in the MENA region: 
 

6. CSP provides balancing power on demand for base, medium or peak 
load.  

7. MENA has a low tolerance for fluctuating sources of energy, be-
cause it has no significant potential for pump storage like Europe to 
compensate fluctuations such as those originated by wind and PV 
power plants.   

8. Other easily storable energy potentials that could be used for balanc-
ing power like hydropower, biomass and geothermal energy are very 
limited in MENA. 

9. The CSP potential in MENA is extremely large and represents a 
domestic source of energy.  

10. Hybrid CSP steam cycle power plants ideally combine solar energy 
with the traditional use of natural gas and fuel oil, guaranteeing se-
curity of supply but significantly reducing the consumption of fossil 
fuels.  

 
An in-depth, high resolution geographical and meteorological analysis of 
each country shows that the solar electricity generation potential in MENA 
exceeds 462,000 TWh/y, a number that compares very favourably to the 
total electricity consumption expected in our scenario by 2050 of about 
2,900 TWh/y, of which 1,600 TWh/y would be covered by CSP technolo-
gies.  
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The main pillars of a transition to sustainability in the water sector are 
enhanced efficiency in the use of water, reuse of treated wastewater and the 
use of renewable energy, mainly solar energy from concentrating solar 
power plants, for seawater desalination. The advantages of using concentrat-
ing solar power for seawater desalination are the following: 
 

5. The CSP potential in MENA is very large even at coastal sites. 
6. There is a good seasonal correlation of solar energy availability and 

demand. 
7. Solar energy is most abundant in regions with highest water scarcity. 
8. CSP plants provide base load for uninterrupted operation of desali-

nation plants. 
 
In order to close the growing gap between renewable natural water sources 
and water demand, an amount of 98 BCM/y of desalinated water would be 
required by 2050 in all MENA countries according to our scenarios. The 
existing coastal CSP potential of 964 TWh/y would allow for the desalina-
tion of 69 BCM/y at coastal sites, either by combined CSP/RO or 
CSP/MED plants, while at least 27 BCM/y would have to be desalinated by 
RO plants using solar electricity from CSP plants distant to the coast. The 
growing MENA water gap can be eliminated by around 2030, if immediate 
political steps are taken now to introduce and expand CSP desalination 
technology in a decided way.  
 
There are several advantages related to the introduction of CSP for power 
generation and seawater desalination in the MENA region:  
 

8. CSP can be a cost stabilizing element in the future electricity mix 
when fossil fuel prices will increase;  

9. adding solar energy is a prevention against fuel shortage and pro-
longs the availability of fossil fuels; 

10. introducing renewable energy helps to build a robust platform for 
economic development that acts like an insurance against external 
oil crisis; 

11. increasing national share of supply, local industry and labour leads 
to local added value and competence; 

12. stabilization of future energy cost acts as hedge against cost escala-
tion; 

13. lower costs on the national budget, thanks to fuel savings, better for-
eign output balance, avoided subsidies, lower health and military ex-
penses,  

14. less environmental damage from power generation and seawater de-
salination. 

 
There are also several drawbacks and challenges that must be overcome in 
the course of introducing renewable energy and in particular CSP to the 
MENA energy and water markets: 
 

5. The upfront investment cost of CSP plants is rather high, including 
not only the cost of the power plant (turbine, power cycle) and the 
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desalination plant, but in addition to that, a solar collector and stor-
age system equivalent to the fuel for 40 years of operation 

6. Long-term, guaranteed power and water purchase agreements are the 
only feasible mechanisms to finance such projects in a sustainable 
way: long-term investments need equivalent long-term secured reve-
nues.  

7. If private investment shall be stimulated, a long-term purchase 
agreement must provide a tariff for power and water that covers the 
full cost of capital and operation plus reasonable revenues for inves-
tors. Such tariffs are usually higher than the average tariffs for power 
and water existing at present.  

8. Interest rates are the higher, the higher the risk of investment is, 
while the largest part of the cost of a CSP plant is exactly the cost of 
capital. Therefore, strong measures must be taken to reduce invest-
ment risks, like international guarantees, policy support, transparent 
public administration and licensing, transparent and foreseeable tar-
iff systems, etc. If risks are minimized, interest rates are minimized 
and thus, the cost of market introduction is minimized. In this sense, 
paradoxically, higher tariffs for power and water can lead to a lower 
cost of market introduction, if tariffs are harmonized with loan peri-
ods.  
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10. Annexes 
The following section shows the CSP potential for electricity generation and 
seawater desalination as well as the developed scenarios for electricity and 
water supply for each MENA country.  
 
The information for each country is divided in 4 sections: 
 
Section 1: CSP potential – maps and tables  
 
The CSP potential maps which are developed within the CSP potential 
assessment are presented in this section. The maps show the Direct Normal 
Irradiance (DNI) in kWh/m²/y on all areas which are not excluded from the 
land resource assessment as well as the population density in people/km². 
The first map is always the general CSP potential for electricity generation 
(case Total). In case there is a cost potential, at least one further map shows 
the near-shore CSP potential (case Coast). For both cases, figures of the 
statistical evaluation are shown. 
 
Section 2: Water supply scenario – figures and tables 
 
Figures of the developed water supply scenarios are presented as well as the 
corresponding tables with the main indicators of the developed scenarios.  
The water production in MCM/year due to efficiency gains, unsustainable 
extraction, CSP desalination, conventional desalination, wastewater reuse, 
surface water extraction and groundwater extractions is shown as well as the 
total water demand. 
 
Section 3: Electricity supply scenario – figures and tables 
 
This section contains for each country figures for the development of 
electricity production in TWh/y, installed capacity in MW and CO2-
emission due to power generation in Mt/y. Again, the section contains the 
corresponding tables with the main indicators of the developed scenarios. 
 
Section 4: Cost estimations of different CSP plant configurations - tables 
 
Rough cost estimates are provided for the analyzed plant configurations 
according to plant location, solar irradiance and back-up fuel type.
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Annex: Section 1 to Section 3 
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Algeria          
 
CSP Potential:  
 
Total: Technical Potential: 135823 TWh/y 

Economic Potential: 135771 TWh/y 
Coast: Technical Potential: 0.3  TWh/y 
 Economic Potential: 0  TWh/y 
Power Demand 2010:  38.7  TWh/y 
Power Demand 2050:  189  TWh/y 
Water Demand 2050:  13590  MCM/y 
 

 
Figure  10-1: CSP potential map for Algeria (Total) 
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Figure  10-2: Statistical evaluation of CSP potential in Algeria (Total) 
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Algeria          
 
Water Supply Scenario: 
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Figure  10-3: Water supply scenario for Algeria until 2050 
 
 
Table  10-1: Main water supply scenario indicators for Algeria until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 451 1037 1775 2614
Unsustainable  
Extractions 0 0 0 0 0 0
CSP Desalination 0 0 0 0 0 2142
Conventional  
Desalination 90 288 534 457 0 0
Wastewater Reuse 0 0 314 737 1292 1948
Surface Water  
Extractions 5686 6269 5897 4889 4649 4668
Groundwater Extractions 765 492 622 2449 3882 2218
Total Demand BaU 6540 7050 7818 9567 11598 13590
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Algeria          
 
Electricity Supply Scenario:  
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Figure  10-4: Electricity generation in Algeria until 2050 
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Figure  10-5: Installed capacity in Algeria until 2050 
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Figure  10-6: CO2-Emission of power generation in Algeria until 2050 
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Algeria          
 
 
 
Table  10-2 Main electricity supply scenario indicators for Algeria until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 25.83 38.73 61.75 109.32 158.03 189.88
Photovoltaics 0.00 0.42 2.50 8.76 15.02 20.87
Wind 0.00 1.05 4.20 9.45 16.80 26.25
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 1.07 2.43 4.01 5.81 7.70
Geothermal 0.00 0.09 0.28 0.84 1.50 2.35
Hydropower 0.10 0.28 0.30 0.32 0.35 0.39
CSP Plants 0.00 0.00 5.33 40.00 98.00 120.00
Oil 0.80 0.80 0.56 0.39 0.27 0.19
Gas 24.93 35.02 46.14 45.54 20.27 12.13
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Photovoltaics 0.00 0.28 1.53 5.30 9.02 12.46
Wind 0.00 0.59 2.35 5.28 9.39 14.67
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.31 0.69 1.14 1.94 2.57
Geothermal 0.00 0.01 0.04 0.11 0.23 0.43
Hydropower 0.10 0.29 0.31 0.34 0.38 0.43
CSP Plants 0.00 0.00 1.48 6.15 15.08 21.82
Oil / Gas 7.00 8.63 12.30 18.62 21.10 21.56
Coal 0.00 0.00 0.00 0.00 0.00 0.00
Peak Load 4.79 7.18 11.45 20.27 29.31 35.21
Total Inst. Capacity 7.10 10.11 18.70 36.95 57.14 73.94
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 11.78 16.47 21.01 20.47 9.74 7.41
Avoided CO2-Emissions BAU 
Mt/a 0.00 1.0499 6.8287 28.814 61.74 78.601
Photovoltaics 0.00 0.05 0.25 0.70 1.05 1.25
Wind 0.00 0.01 0.05 0.11 0.20 0.32
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.07 0.17 0.27 0.40 0.52
Geothermal 0.00 0.01 0.01 0.02 0.03 0.05
Hydropower 0.00 0.00 0.01 0.01 0.01 0.01
CSP Plants 0.00 0.00 0.38 1.56 1.65 1.97
Gas 11.22 15.76 19.73 17.42 5.93 2.73
Oil 0.56 0.56 0.37 0.23 0.12 0.07
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 



 

6543P07/FICHT-7130073-v1  10-169 
 

Bahrain          
 
CSP Potential: 
 
Total: Technical Potential: 16 TWh/y 

Economic Potential: 16 TWh/y 
Coast: Technical Potential: 9 TWh/y 
 Economic Potential: 9 TWh/y 
Power Demand 2010:  12.4 TWh/y 
Power Demand 2050:  8.9 TWh/y 
Water Demand 2050:  405 MCM/y 
 

 
Figure  10-7: CSP potential map for Bahrain (Total) 
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Figure  10-8: Statistical evaluation of CSP potential in Bahrain (Total) 
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Bahrain          
 

 
Figure  10-9: CSP potential map for Bahrain (Coast) 

Technical Potential - Case: Coast
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Figure  10-10: Statistical evaluation of CSP potential in Bahrain (Coast) 
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Bahrain          
 
Water Supply Scenarios: 
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Figure  10-11: Water supply scenario for Bahrain until 2050 
 
 
Table  10-3: Main water supply scenario indicators for Bahrain until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 4 8 13 19
Unsustainable  
Extractions 0 0 0 0 0 0
CSP Desalination 0 0 26 82 308 311
Conventional  
Desalination 113 250 245 215 0 0
Wastewater Reuse 2 2 15 32 50 70
Surface Water  
Extractions 21 0 8 4 4 5
Groundwater Extractions 68 0 1 1 1 1
Total Demand BaU 204 252 299 341 376 405
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Bahrain          
 
Electricity Supply Scenarios: 
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Figure  10-12: Electricity generation in Bahrain until 2050 
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Figure  10-13: Installed capacity in Bahrain until 2050 
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Figure  10-14: CO2-Emission of power generation in Bahrain until 2050 
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Bahrain          
 
 
 
Table  10-4: Main electricity supply scenario indicators for Bahrain until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 6.30 12.38 14.67 14.11 12.14 8.95
Photovoltaics 0.00 0.01 0.05 0.19 0.32 0.45
Wind 0.00 0.00 0.01 0.01 0.02 0.04
Biomass 0.00 0.02 0.05 0.09 0.13 0.17
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.35 1.80 2.70 3.50
Coal 0.00 0.00 0.00 0.00 0.00 0.00
Gas 6.30 11.85 13.86 11.77 8.79 4.67
Oil / Gas 6.30 12.35 14.21 12.02 8.96 4.79
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 1.40 3.45 4.13 4.09 3.65 2.87
Photovoltaics 0.00 0.01 0.03 0.10 0.18 0.25
Wind 0.00 0.00 0.00 0.01 0.02 0.03
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.01 0.01 0.03 0.04 0.06
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.10 0.40 0.60 0.78
Oil / Gas 1.40 3.44 3.98 3.55 2.81 1.76
Coal 0.00 0.00 0.00 0.00 0.00 0.00
Peak Load 1.40 2.75 3.26 3.14 2.70 1.99
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 2.83 5.69 6.51 5.56 4.15 2.28
Avoided CO2-Emissions BAU 
Mt/a 0.00 0.01 0.18 0.86 1.37 1.80
Photovoltaics 0.00 0.00 0.01 0.02 0.02 0.03
Wind 0.00 0.00 0.00 0.00 0.00 0.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.00 0.00 0.01 0.01 0.01
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.03 0.07 0.05 0.06
Gas 2.83 5.33 6.23 5.30 3.95 2.10
Oil 0.00 0.35 0.25 0.17 0.12 0.08
Coal 0.00 0.00 0.00 0.00 0.00 0.00
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Djibouti           
 
CSP Potential: 
 
Total: Technical Potential: 372  TWh/y 

Economic Potential: 300  TWh/y 
Coast: Technical Potential: 0  TWh/y 
 Economic Potential: 0  TWh/y 
Power Demand 2010:  0.4 TWh/y 
Power Demand 2050:  4.3 TWh/y 
Water Demand 2050:  97 MCM/y 
 

 
Figure  10-15: CSP potential map for Djibouti (Total) 
*DNI data from NREL 
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Figure  10-16: Statistical evaluation of CSP potential in Djibouti (Total) 
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Djibouti          
 
Water Supply Scenario: 
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Figure  10-17: Water supply scenario for Djibouti until 2050 
 
 
Table  10-5: Main water supply scenario indicators for Djibouti until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 2 5 10 17
Unsustainable  
Extractions 0 0 0 0 0 0
CSP Desalination 0 0 0 0 0 0
Conventional  
Desalination 0 1 1 0 0 0
Wastewater Reuse 0 0 2 5 9 16
Surface Water  
Extractions 26 30 35 42 53 64
Groundwater Extractions 0 0 0 0 0 0
Total Demand BaU 26 31 40 52 72 97
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Djibouti          
 
Electricity Supply Scenario: 
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Figure  10-18: Electricity generation in Djibouti until 2050 
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Figure  10-19: Installed capacity in Djibouti until 2050 
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Figure  10-20: CO2-Emission of power generation in Djibouti until 2050 
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Djibouti          
 
 
 
Table  10-6: Main electricity supply scenario indicators for Djibouti until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 0.18 0.41 0.96 1.79 2.93 4.27
Photovoltaics 0.00 0.01 0.06 0.21 0.36 0.50
Wind 0.00 0.02 0.10 0.22 0.38 0.60
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.03 0.06 0.10 0.15 0.21
Geothermal 0.00 0.02 0.07 0.21 0.38 0.59
Hydropower 0.06 0.06 0.06 0.05 0.05 0.04
CSP Plants 0.00 0.00 0.10 0.20 0.50 1.00
Gas 0.12 0.16 0.44 0.75 1.08 1.31
Oil 0.00 0.10 0.07 0.05 0.03 0.02
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 0.07 0.14 0.35 0.72 1.20 1.76
Photovoltaics 0.00 0.01 0.03 0.11 0.19 0.27
Wind 0.00 0.02 0.06 0.14 0.25 0.39
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.01 0.02 0.03 0.05 0.07
Geothermal 0.00 0.00 0.01 0.03 0.06 0.11
Hydropower 0.03 0.03 0.03 0.03 0.03 0.02
CSP Plants 0.00 0.00 0.03 0.06 0.11 0.22
Oil / Gas 0.04 0.07 0.17 0.32 0.51 0.67
Coal 0.00 0.00 0.00 0.00 0.00 0.00
Peak Load 0.04 0.08 0.19 0.35 0.57 0.83
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 0.06 0.15 0.27 0.41 0.57 0.69
Avoided CO2-Emissions BAU 
Mt/a 0.0 0.0 0.2 0.4 0.8 1.2
Photovoltaics 0.00 0.00 0.01 0.02 0.03 0.03
Wind 0.00 0.00 0.00 0.00 0.00 0.01
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.00 0.00 0.01 0.01 0.01
Geothermal 0.00 0.00 0.00 0.00 0.01 0.01
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.01 0.01 0.01 0.02
Gas 0.05 0.07 0.20 0.34 0.49 0.59
Oil 0.00 0.07 0.05 0.03 0.02 0.02
Coal 0.00 0.00 0.00 0.00 0.00 0.00
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Egypt          
 
CSP Potential: 
 
Total: Technical Potential: 57143  TWh/y 

Economic Potential: 57140 TWh/y 
Coast: Technical Potential: 74 TWh/y 
 Economic Potential: 74 TWh/y 
Power Demand 2010:  158 TWh/y 
Power Demand 2050:  674 TWh/y 
Water Demand 2050:  92581 MCM/y 
 

 
Figure  10-21: CSP potential map for Egypt (Total) 
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Figure  10-22: Statistical evaluation of CSP potential in Egypt (Total) 



 

6543P07/FICHT-7130073-v1  10-179 
 

Egypt          
 

 
Figure  10-23: CSP potential map for Egypt (Coast) 1 
 

 
Figure  10-24: CSP potential map for Egypt (Coast) 2 
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Figure  10-25: CSP potential map for Egypt (Coast) 3 
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Figure  10-26: Statistical evaluation of CSP potential in Egypt (Coast) 
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Water Supply Scenario: 
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Figure  10-27: Water supply scenario for Egypt until 2050 
 
Table  10-7: Main water supply scenario indicators for Egypt until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 1762 3923 6387 9673
Unsustainable  
Extractions 0 0 14559 9154 0 9343
CSP Desalination 0 0 3400 2803 0 6709
Conventional  
Desalination 90 230 378 217 0 0
Wastewater Reuse 2946 3346 5645 8376 11106 15122
Surface Water  
Extractions 49314 54817 35510 44489 63150 45836
Groundwater Extractions 754 2421 5754 5863 0 5898
Total Demand BaU 53104 60814 67009 74825 80643 92581
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Electricity Supply Scenario: 
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Figure  10-28: Electricity generation in Egypt until 2050 
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Figure  10-29: Installed capacity in Egypt until 2050 
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Figure  10-30: CO2-Emission of power generation in Egypt until 2050 
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Table  10-8: Main electricity supply scenario indicators for Egypt until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 72.90 158.07 319.74 512.01 655.84 674.43
Photovoltaics 0.00 1.08 6.48 22.70 38.91 54.04
Wind 0.16 3.91 15.14 33.87 60.08 93.79
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.23 1.26 2.88 5.26 7.94 11.18
Geothermal 0.14 0.64 1.67 4.74 8.31 12.91
Hydropower 13.70 14.43 16.60 20.23 25.32 31.85
CSP Plants 0.00 0.06 8.15 75.00 235.00 395.00
Gas 49.86 108.69 249.21 336.49 270.67 68.93
Oil 8.81 28.00 19.60 13.72 9.60 6.72
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 15.95 33.15 69.89 120.76 166.38 191.03
Photovoltaics 0.00 0.59 3.19 11.03 18.79 25.95
Wind 0.05 1.30 5.02 11.23 19.93 31.11
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.07 0.36 0.82 1.50 2.27 3.19
Geothermal 0.02 0.09 0.22 0.63 1.11 1.72
Hydropower 2.81 3.02 3.55 4.41 5.63 7.23
CSP Plants 0.00 0.01 1.02 10.00 36.15 71.82
Oil / Gas 13.00 27.80 56.07 81.95 82.50 50.01
Coal 0.00 0.00 0.00 0.00 0.00 0.00
Peak Load 11.00 23.85 48.24 77.25 98.96 101.76
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 28.87 69.09 121.57 142.96 92.44 30.76
Avoided CO2-Emissions BAU 
Mt/a 0.00 2.90 20.36 83.16 196.70 272.67
Photovoltaics 0.00 0.14 0.65 1.82 2.72 3.24
Wind 0.00 0.05 0.18 0.41 0.72 1.13
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.02 0.09 0.20 0.36 0.54 0.76
Geothermal 0.01 0.04 0.07 0.09 0.17 0.26
Hydropower 0.23 0.25 0.28 0.34 0.43 0.54
CSP Plants 0.00 0.02 0.58 2.92 3.97 6.47
Gas 22.44 48.91 106.54 128.71 79.17 15.51
Oil 6.17 19.60 13.03 8.16 4.37 2.35
Coal 0.00 0.00 0.00 0.00 0.00 0.00
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CSP Potential: 
 
Total: Technical Potential: 8 TWh/a 

Economic Potential: 8 TWh/y 
Coast: Technical Potential: 0 TWh/y 
 Economic Potential: 0 TWh/y 
Power Demand 2010:  1.36 TWh/y (Palestine) 
Power Demand 2050:  23.54 TWh/y (Palestine) 
Water Demand 2050: 1160 MCM/y (West Bank) / 

585 MCM/y (Gaza) 
 

 
Figure  10-31: CSP potential map for Gaza Strip and West Bank (Total) 
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Figure  10-32: Statistical evaluation of CSP potential in Gaza Strip & West Bank 

(Total) 
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Palestine / Gaza Strip and West Bank     
 
Water Supply Scenario: 
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Figure  10-33: Water supply scenario for West Bank until 2050 
 
 
Table  10-9: Main water supply scenario indicators for West Bank until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 36 77 130 194
Unsustainable  
Extractions 68 364 0 0 0 0
CSP Desalination 0 0 369 475 617 766
Conventional  
Desalination 4 4 45 45 0 0
Wastewater Reuse 6 7 26 50 81 120
Surface Water  
Extractions 74 58 89 76 104 72
Groundwater Extractions 202 13 10 9 9 7
Total Demand BaU 354 445 575 732 940 1160
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Figure  10-34: Water supply scenario for Gaza until 2050 
 
 
Table  10-10: Main water supply scenario indicators for Gaza until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 13 30 53 83
Unsustainable  
Extractions 80 181 0 0 0 0
New Desalination Plants 0 0 132 195 361 435
Conventional  
Desalination 0 0 94 94 0 0
Wastewater Reuse 0 0 8 19 35 56
Surface Water  
Extractions 18 9 9 10 11 10
Groundwater Extractions 44 1 1 1 1 1
Total Demand BaU 143 191 256 348 461 585
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Electricity Supply Scenario: 
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Figure  10-35: Electricity generation in Palestine until 2050 
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Figure  10-36: Installed capacity in Palestine until 2050 
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Figure  10-37: CO2-Emission of power generation in Palestine until 2050 



 

6543P07/FICHT-7130073-v1  10-188 
 

Palestine / Gaza Strip & Westbanks     
 
 
 
Table  10-11: Main electricity supply scenario indicators for Palestine until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 0.96 1.36 2.88 6.01 12.15 23.54
Photovoltaics 0.00 0.06 0.36 1.26 2.16 3.00
Wind 0.00 0.02 0.08 0.18 0.32 0.50
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.13 0.34 0.63 1.01 1.46
Geothermal 0.00 0.06 0.18 0.54 0.96 1.50
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.50 1.50 6.00 16.00
Gas 0.00 0.00 0.65 1.36 1.32 0.81
Oil 1.00 1.10 0.77 0.54 0.38 0.26
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 0.20 0.36 0.93 2.22 4.26 7.57
Photovoltaics 0.00 0.04 0.20 0.70 1.19 1.64
Wind 0.00 0.02 0.07 0.15 0.27 0.43
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.04 0.10 0.18 0.34 0.59
Geothermal 0.00 0.01 0.02 0.07 0.15 0.27
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.06 0.20 0.92 2.91
Oil / Gas 0.20 0.26 0.47 0.91 1.39 1.74
Coal  0.00 0.00 0.00 0.00 0.00
Peak Load 0.20 0.28 0.60 1.25 2.53 4.89
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 0.70 0.79 0.94 1.21 1.25 1.35
Avoided CO2-Emissions BAU 
Mt/a 0.00 0.17 0.74 1.93 4.89 10.69
Photovoltaics 0.00 0.01 0.04 0.10 0.15 0.18
Wind 0.00 0.00 0.00 0.00 0.00 0.01
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.01 0.02 0.04 0.07 0.10
Geothermal 0.00 0.00 0.01 0.01 0.02 0.03
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.04 0.06 0.10 0.26
Oil 0.70 0.77 0.51 0.32 0.17 0.09
Gas 0.00 0.00 0.28 0.52 0.39 0.18
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CSP Potential: 
 
Total: Technical Potential: 32597  TWh/a 

Economic Potential: 32134  TWh/y 
Coast: Technical Potential: 267  TWh/y 
 Economic Potential: 267  TWh/y 
Power Demand 2010:  251  TWh/y 
Power Demand 2050:  464  TWh/y 
Water Demand 2050:  114878 MCM/y 
 

 
Figure  10-38: CSP potential map for Iran (Total) 
*DNI data by NASA 
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Figure  10-39: Statistical evaluation of CSP potential in Iran (Total) 
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Figure  10-40: CSP potential map for Iran (Coast) 1 
*DNI data by NASA 
 

 
Figure  10-41: CSP potential map for Iran (Coast) 2 
*DNI data by NASA 

Technical Potential - Case: Coast
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Figure  10-42: Statistical evaluation of CSP potential in Iran (Coast) 
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Water Supply Scenario: 
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Figure  10-43: Water supply scenario for Iran until 2050 
 
 
Table  10-12: Main water supply scenario indicators for Iran until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 6795 13257 20630 27521
Unsustainable  
Extractions 17349 22150 8555 0 2642 7222
CSP Desalination 0 0 3400 9237 13156 10565
Conventional  
Desalination 0 172 282 218 0 0
Wastewater Reuse 0 0 3698 7188 11152 14815
Surface Water  
Extractions 40513 36743 41416 45883 40098 37340
Groundwater Extractions 24450 24578 24856 19019 18665 17414
Total Demand BaU 82312 83643 89001 94802 106343 114878
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Electricity Supply Scenario: 
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Figure  10-44: Electricity generation in Iran until 2050 
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Figure  10-45: Installed capacity in Iran until 2050 
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Figure  10-46: CO2-Emission of power generation in Iran until 2050 
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Table  10-13: Main electricity supply scenario indicators for Iran until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 117.91 250.56 359.54 444.62 493.91 464.09
Photovoltaics 0.00 1.08 6.49 22.70 38.91 54.05
Wind 0.00 0.36 1.44 3.24 5.76 9.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 2.15 4.98 8.22 12.03 16.03
Geothermal 0.00 0.23 0.68 2.03 3.60 5.63
Hydropower 6.00 6.84 9.36 13.56 19.44 27.00
CSP Plants 0.00 0.00 9.83 75.00 230.00 290.00
Gas 87.14 206.91 295.86 288.63 150.90 25.90
Oil 24.77 27.00 18.90 13.23 9.26 6.48
Coal 0.00 6.00 12.00 18.00 24.00 30.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 30.64 59.80 89.96 123.69 152.22 162.22
Photovoltaics 0.00 0.72 3.89 13.44 22.91 31.63
Wind 0.00 0.31 1.22 2.75 4.90 7.65
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.61 1.42 2.35 4.01 5.34
Geothermal 0.00 0.03 0.09 0.27 0.55 1.02
Hydropower 4.44 5.16 7.21 10.66 15.60 22.10
CSP Plants 0.00 0.00 2.73 16.67 41.82 52.73
Oil / Gas 26.20 51.90 71.26 74.34 58.16 36.39
Coal 0.00 1.07 2.14 3.21 4.27 5.34
Peak Load 21.00 44.62 64.03 79.18 87.96 82.65
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 56.66 117.23 157.86 159.15 101.49 49.95
Avoided CO2-Emissions BAU 
Mt/a -0.10 -0.52 4.98 39.55 118.89 168.61
Photovoltaics 0.00 0.14 0.65 1.82 2.72 3.24
Wind 0.00 0.00 0.02 0.04 0.07 0.11
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.15 0.34 0.56 0.82 1.09
Geothermal 0.00 0.01 0.03 0.04 0.07 0.11
Hydropower 0.10 0.12 0.16 0.23 0.33 0.46
CSP Plants 0.00 0.00 0.70 2.92 3.88 4.75
Gas 39.21 93.11 133.14 129.89 67.91 11.65
Oil 17.34 18.90 13.23 9.26 6.48 4.54
Coal 0.00 4.80 9.60 14.40 19.20 24.00
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CSP Potential: 
 
Total: Technical Potential: 27719 TWh/a 

Economic Potential: 24657 TWh/y 
Coast: Technical Potential: 0 TWh/y 
 Economic Potential: 0 TWh/y 
Power Demand 2010:  37.5 TWh/y 
Power Demand 2050:  305 TWh/y 
Water Demand 2050:  74207 MWh/y 
 

 
Figure  10-47: CSP potential map for Iraq (Total) 
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Figure  10-48: Statistical evaluation of CSP potential in Iraq (Total) 
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Water Supply Scenario: 
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Figure  10-49: Water supply scenario for Iraq until 2050 
 
 
Table  10-14: Main water supply scenario indicators for Iraq until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 5246 10604 16270 22046
Unsustainable 
Extractions 0 10089 12728 0 3815 0
CSP Desalination 0 0 3400 12323 13711 13280
Conventional Desalinati-
on 0 139 237 147 0 0
Wastewater Reuse 0 0 2092 4186 6380 8585
Surface Water 
Extractions 45631 29391 25562 29135 23194 26794
Groundwater Extractions 0 5157 4687 3847 3945 3503
Total Demand BaU 45631 44776 53952 60243 67316 74207
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Electricity Supply Scenario: 
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Figure  10-50: Electricity generation in Iraq until 2050 
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Figure  10-51: Installed capacity in Iraq until 2050 
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Figure  10-52: CO2-Emission of power generation in Iraq until 2050 
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Table  10-15: Main electricity supply scenario indicators for Iraq until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 29.19 37.48 80.52 159.51 250.93 304.70
Photovoltaics 0.00 0.69 4.15 14.54 24.92 34.61
Wind 0.00 0.60 2.40 5.40 9.60 15.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.67 1.67 3.09 4.75 6.69
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.59 1.91 5.90 12.54 21.84 33.79
CSP Plants 0.00 0.00 0.50 25.00 100.00 180.00
Oil 31.29 31.50 22.05 15.44 10.80 7.56
Gas 0.00 2.11 43.84 83.51 79.02 27.04
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 6.91 10.13 24.25 52.62 85.92 111.99
Photovoltaics 0.00 0.45 2.44 8.44 14.39 19.86
Wind 0.00 0.34 1.34 3.02 5.37 8.38
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.19 0.48 0.88 1.58 2.68
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.23 0.78 2.46 5.33 9.47 14.95
CSP Plants 0.00 0.00 0.14 4.55 15.38 32.73
Oil / Gas 6.68 8.37 17.40 30.40 39.73 33.38
Coal 0.00 0.00 0.00 0.00 0.00 0.00
Peak Load 6.50 8.35 17.93 35.52 55.88 67.86
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 21.91 23.17 35.86 51.01 47.36 23.70
Avoided CO2-Emissions BAU 
Mt/a -1.89 1.16 3.96 20.86 62.62 113.01
Photovoltaics 0.00 0.09 0.42 1.16 1.74 2.08
Wind 0.00 0.01 0.03 0.06 0.12 0.18
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.05 0.11 0.21 0.32 0.45
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.01 0.03 0.10 0.21 0.37 0.57
CSP Plants 0.00 0.00 0.04 0.97 1.69 2.95
Oil 21.90 22.05 15.44 10.80 7.56 5.29
Gas 0.00 0.95 19.73 37.58 35.56 12.17
Coal 0.00 0.00 0.00 0.00 0.00 0.00
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Israel          
 
CSP Potential: 
 
Total: Technical Potential: 151 TWh/a 

Economic Potential: 151 TWh/y 
Coast: Technical Potential: 2 TWh/y 
 Economic Potential: 2 TWh/y 
Power Demand 2010:  55.6 TWh/y 
Power Demand 2050:  59.3 TWh/y 
Water Demand 2050:  6368 MCM/y 
 

 
Figure  10-53: CSP potential map for Israel (Total) 

Technical Potential - Case: Total
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Figure  10-54: Statistical evaluation of CSP potential in Israel (Total) 
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Figure  10-55: CSP potential map for Israel (Coast) 

Technical Potential - Case: Coast
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Figure  10-56: Statistical evaluation of CSP potential in Israel (Coast) 
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Water Supply Scenario: 
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Figure  10-57: Water supply scenario for Israel until 2050 
 
 
Table  10-16: Main water supply scenario indicators for Israel until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 46 111 193 288
Unsustainable  
Extractions 735 2082 0 0 0 0
CSP Desalination 0 0 2169 2929 3810 4414
Conventional  
Desalination 130 359 787 533 0 0
Wastewater Reuse 262 316 428 534 662 802
Surface Water  
Extractions 707 672 790 799 966 818
Groundwater Extractions 948 58 47 50 50 47
Total Demand BaU 2781 3486 4268 4956 5680 6368
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Electricity Supply Scenario: 
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Figure  10-58: Electricity generation in Israel until 2050 
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Figure  10-59: Installed capacity in Israel until 2050 
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Figure  10-60: CO2-Emission of power generation in Israel until 2050 
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Table  10-17: Main electricity supply scenario indicators for Israel until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 39.99 55.58 66.03 70.13 67.92 59.34
Photovoltaics 0.00 0.12 0.72 2.51 4.30 5.97
Wind 0.00 0.02 0.06 0.14 0.24 0.38
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.24 0.54 0.87 1.24 1.61
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.01 0.15 0.57 1.27 2.25 3.51
CSP Plants 0.00 0.14 2.25 16.08 27.83 29.00
Oil 13.27 1.20 0.84 0.59 0.41 0.29
Gas 1.72 28.71 36.06 28.68 16.65 8.59
Coal 25.00 25.00 25.00 20.00 15.00 10.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 9.89 14.41 17.58 20.09 21.10 20.36
Photovoltaics 0.00 0.07 0.37 1.29 2.19 3.03
Wind 0.00 0.01 0.05 0.11 0.20 0.32
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.07 0.15 0.25 0.41 0.54
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.01 0.11 0.41 0.94 1.71 2.71
CSP Plants 0.00 0.07 0.62 3.57 5.57 5.27
Oil / Gas 4.98 9.18 11.07 10.00 8.08 6.53
Coal 4.90 4.90 4.90 3.92 2.94 1.96
Peak Load 8.90 12.37 14.69 15.61 15.12 13.21
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 30.06 33.84 37.09 30.23 20.68 13.07
Avoided CO2-Emissions BAU Mt/a 0.00 3.44 6.83 15.96 23.40 24.44
Photovoltaics 0.00 0.02 0.07 0.20 0.30 0.36
Wind 0.00 0.00 0.00 0.00 0.00 0.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.02 0.04 0.06 0.08 0.11
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.01 0.02 0.04 0.06
CSP Plants 0.00 0.05 0.16 0.63 0.47 0.48
Oil 9.29 0.84 0.59 0.41 0.29 0.20
Gas 0.77 12.92 16.23 12.91 7.49 3.86
Coal 20.00 20.00 20.00 16.00 12.00 8.00
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Jordan          
 
CSP Potential: 
 
Total: Technical Potential: 5885 TWh/a 

Economic Potential: 5884 TWh/y 
Coast: Technical Potential: 0 TWh/y 
 Economic Potential: 0 TWh/y 
Power Demand 2010:  14.7 TWh/y 
Power Demand 2050:  52.6 TWh/y 
Water Demand 2050:  2496 MCM/y 
 

 
Figure  10-61: CSP potential map for Jordan (Total) 

Technical Potential - Case: Total
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Figure  10-62: Statistical evaluation of CSP potential in Jordan (Total) 
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Water Supply Scenario: 
 

Jordan

0

500

1,000

1,500

2,000

2,500

3,000

2000 2010 2020 2030 2040 2050

Year

W
at

er
 P

ro
du

ct
io

n 
[M

C
M

/y
]

0

500

1,000

1,500

2,000

2,500

3,000

Efficiency Gains
Unsustainable Extractions
CSP Desalination
Conventional Desalination
Wastewater Reuse
Surface Water Extractions
Groundwater Extractions
Total Demand BaU

 
Figure  10-63: Water supply scenario for Jordan until 2050 
 
 
Table  10-18: Main water supply scenario indicators for Jordan until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 77 175 303 472
Unsustainable  
Extractions 263 882 0 0 0 0
CSP Desalination 0 0 705 864 1232 1501
Conventional  
Desalination 34 85 318 272 0 0
Wastewater Reuse 63 74 126 191 278 393
Surface Water  
Extractions 520 112 153 151 200 115
Groundwater Extractions 124 23 21 20 19 14
Total Demand BaU 1003 1175 1400 1672 2032 2496
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Electricity Supply Scenario: 
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Figure  10-64: Electricity generation in Jordan until 2050 
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Figure  10-65: Installed capacity in Jordan until 2050 
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Figure  10-66: CO2-Emission of power generation in Jordan until 2050 
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Table  10-19: Main electricity supply scenario indicators for Jordan until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 8.84 14.71 25.89 40.82 51.57 52.64
Photovoltaics 0.00 0.13 0.80 2.81 4.82 6.70
Wind 0.00 0.15 0.60 1.35 2.40 3.75
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.15 0.37 0.65 0.96 1.29
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.02 0.02 0.02 0.03 0.03 0.04
CSP Plants 0.00 0.00 1.20 12.00 26.00 38.00
Oil 6.59 1.40 0.98 0.69 0.48 0.34
Gas 2.23 12.85 21.92 23.30 16.88 2.53
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 1.67 2.98 5.80 10.37 14.36 16.73
Photovoltaics 0.00 0.08 0.42 1.45 2.47 3.41
Wind 0.00 0.10 0.40 0.91 1.62 2.53
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.04 0.11 0.18 0.32 0.43
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.01 0.01 0.01 0.02 0.02 0.02
CSP Plants 0.00 0.00 0.33 2.18 4.00 6.91
Oil / Gas 1.66 2.75 4.52 5.63 5.93 3.43
Coal 0.00 0.00 0.00 0.00 0.00 0.00
Peak Load 1.41 2.35 4.13 6.51 8.23 8.40
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 5.62 6.79 10.68 11.47 8.83 2.59
Avoided CO2-Emissions BAU 
Mt/a 0.00 0.18 1.24 7.18 14.72 22.62
Photovoltaics 0.00 0.02 0.08 0.23 0.34 0.40
Wind 0.00 0.00 0.01 0.02 0.03 0.05
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.01 0.03 0.04 0.07 0.09
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.02 0.22 0.47 0.68
Oil 4.61 0.98 0.69 0.48 0.34 0.24
Gas 1.00 5.78 9.86 10.49 7.60 1.14
Coal 0.00 0.00 0.00 0.00 0.00 0.00
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Kuwait          
 
CSP Potential: 
 
Total: Technical Potential: 1372 TWh/a 

Economic Potential: 1372 TWh/y 
Coast: Technical Potential: 18 TWh/y 
 Economic Potential: 18 TWh/y 
Power Demand 2010:  59.6 TWh/y 
Power Demand 2050:  37.9 TWh/y 
Water Demand 2050:  1291 MCM/y 
 

 
Figure  10-67: CSP potential map for Kuwait (Total) 

Technical Potential - Case: Total
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Figure  10-68: Statistical evaluation of CSP potential in Kuwait (Total) 
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Figure  10-69: CSP potential map for Kuwait (Coast) 
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Figure  10-70: Statistical evaluation of CSP potential in Kuwait (Coast) 
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Water Supply Scenario: 
 

Kuwait

0

200

400

600

800

1,000

1,200

1,400

2000 2010 2020 2030 2040 2050

Year

W
at

er
 P

ro
du

ct
io

n 
[M

C
M

/y
]

0

200

400

600

800

1,000

1,200

1,400

Efficiency Gains
Unsustainable Extractions
CSP Desalination
Conventional Desalination
Wastewater Reuse
Surface Water Extractions
Groundwater Extractions
Total Demand BaU

 
Figure  10-71: Water supply scenario for Kuwait until 2050 
 
 
Table  10-20: Main water supply scenario indicators for Kuwait until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 9 23 40 61
Unsustainable  
Extractions 0 0 0 0 0 0
CSP Desalination 0 0 0 0 405 664
Conventional  
Desalination 360 501 474 387 57 0
Wastewater Reuse 74 103 134 170 205 237
Surface Water  
Extractions 0 0 156 220 243 184
Groundwater Extractions 0 0 0 161 185 145
Total Demand BaU 433 604 774 961 1136 1291
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Electricity Supply Scenario: 
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Figure  10-72: Electricity generation in Kuwait until 2050 
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Figure  10-73: Installed capacity in Kuwait until 2050 
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Figure  10-74: CO2-Emission of power generation in Kuwait until 2050 
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Table  10-21: Main electricity supply scenario indicators for Kuwait until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 33.61 59.55 65.28 60.00 50.73 37.93
Photovoltaics 0.00 0.08 0.45 1.58 2.70 3.75
Wind 0.00 0.00 0.00 0.00 0.00 0.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.08 0.20 0.34 0.51 0.68
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 1.42 4.00 8.00 13.00
Gas 33.61 59.40 63.21 54.08 39.52 20.50
Oil 0.00 0.00 0.00 0.00 0.00 0.00
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 9.30 15.70 17.49 16.88 15.26 12.68
Photovoltaics 0.00 0.05 0.29 0.99 1.68 2.32
Wind 0.00 0.00 0.00 0.00 0.00 0.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.02 0.06 0.10 0.17 0.23
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.40 0.89 1.78 2.89
Oil / Gas 9.30 15.63 16.76 14.90 11.64 7.24
Coal 0.00 0.00 0.00 0.00 0.00 0.00
Peak Load 7.06 12.51 13.71 12.60 10.66 7.97
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 15.12 26.74 28.60 24.64 18.14 9.71
Avoided CO2-Emissions BAU 
Mt/a 0.00 0.06 0.77 2.36 4.69 7.36
Photovoltaics 0.00 0.01 0.05 0.13 0.19 0.23
Wind 0.00 0.00 0.00 0.00 0.00 0.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.01 0.01 0.02 0.03 0.05
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.10 0.16 0.14 0.21
Gas 15.12 26.73 28.44 24.34 17.78 9.22
Oil 0.00 0.00 0.00 0.00 0.00 0.00
Coal 0.00 0.00 0.00 0.00 0.00 0.00
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Lebanon          
 
CSP Potential: 
 
Total: Technical Potential: 5 TWh/a 

Economic Potential: 5 TWh/y 
Coast: Technical Potential: 0 TWh/y 
 Economic Potential: 0 TWh/y 
Power Demand 2010:  9.7 TWh/y 
Power Demand 2050:  24.8 TWh/y 
Water Demand 2050:  1906 MCM/y 
 

 
Figure  10-75: CSP potential map for Lebanon (Total) 

Technical Potential - Case: Total
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Figure  10-76: Statistical evaluation of CSP potential in Lebanon (Total) 
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Water Supply Scenario: 
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Figure  10-77: Water supply scenario for Lebanon until 2050 
 
 
Table  10-22: Main water supply scenario indicators for Lebanon until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 55 107 171 234
Unsustainable  
Extractions 48 198 0 0 0 0
New Desalination Plants 0 0 312 258 256 339
Conventional  
Desalination 10 10 6 0 0 0
Wastewater Reuse 0 0 62 128 210 297
Surface Water  
Extractions 821 871 915 963 1007 943
Groundwater Extractions 222 167 130 118 115 92
Total Demand BaU 1101 1245 1479 1574 1759 1906
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Electricity Supply Scenario: 
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Figure  10-78: Electricity generation in Lebanon until 2050 
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Figure  10-79: Installed capacity in Lebanon until 2050 
 

Lebanon

0

2

4

6

8

10

12

14

2000 2010 2020 2030 2040 2050

Year

C
O

2-
E

m
is

si
on

s 
of

 P
ow

er
 

G
en

er
at

io
n 

[M
t/y

]

BAU
Photovoltaics
Wind
Wave / Tidal
Biomass
Geothermal
Hydropower
CSP Plants
Gas
Oil
Coal

 
Figure  10-80: CO2-Emission of power generation in Lebanon until 2050 
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Table  10-23: Main electricity supply scenario indicators for Lebanon until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 8.44 9.74 13.97 20.61 24.93 24.75
Photovoltaics 0.00 0.10 0.60 2.10 3.60 5.00
Wind 0.00 0.03 0.12 0.27 0.48 0.75
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.11 0.24 0.39 0.54 0.69
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.40 0.41 0.45 0.51 0.59 0.70
CSP Plants 0.00 0.00 0.39 1.00 3.00 5.00
Gas 0.65 0.09 5.87 11.94 13.63 10.45
Oil 7.39 9.00 6.30 4.41 3.09 2.16
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 2.29 2.76 4.28 7.11 9.43 10.57
Photovoltaics 0.00 0.07 0.38 1.30 2.22 3.06
Wind 0.00 0.03 0.10 0.23 0.41 0.64
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.03 0.07 0.11 0.18 0.28
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.24 0.25 0.28 0.32 0.38 0.46
CSP Plants 0.00 0.00 0.11 0.22 0.60 0.91
Oil / Gas 2.05 2.38 3.35 4.92 5.64 5.22
Coal 0.00 0.00 0.00 0.00 0.00 0.00
Peak Load 1.75 2.02 2.90 4.27 5.17 5.13
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 5.47 6.37 7.17 8.70 8.65 6.66
Avoided CO2-Emissions BAU 
Mt/a -0.01 0.14 0.67 1.70 3.43 5.19
Photovoltaics 0.00 0.01 0.06 0.17 0.25 0.30
Wind 0.00 0.00 0.00 0.00 0.01 0.01
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.01 0.02 0.03 0.04 0.05
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.01 0.01 0.01 0.01 0.01 0.01
CSP Plants 0.00 0.00 0.03 0.04 0.05 0.08
Gas 0.29 0.04 2.64 5.37 6.13 4.70
Oil 5.17 6.30 4.41 3.09 2.16 1.51
Coal 0.00 0.00 0.00 0.00 0.00 0.00
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Libya          
 
CSP Potential: 
 
Total: Technical Potential: 82727 TWh/a 

Economic Potential: 82714 TWh/y 
Coast: Technical Potential: 135 TWh/y 
 Economic Potential: 132 TWh/y 
Power Demand 2010:  33.1 TWh/y 
Power Demand 2050:  61.4 TWh/y 
Water Demand 2050:  6247 MCM/y 
  
 

 
Figure  10-81: CSP potential map for Libya (Total) 
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Figure  10-82: Statistical evaluation of CSP potential in Libya (Total) 
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Figure  10-83: CSP potential map for Libya (Coast) 1 
 

 
Figure  10-84: CSP potential map for Libya (Coast) 2 
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Figure  10-85: CSP potential map for Libya (Coast) 3 
 

Technical Potential - Case: Coast

0.000

10.000

20.000

30.000

40.000

50.000

60.000

1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000

DNI [kWh/m²/y]

El
ec

tr
ic

ity
 P

ot
en

tia
l [

TW
h/

y]

 
Figure  10-86:  Statistical evaluation of CSP potential in Libya (Coast)
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Water Supply Scenario: 
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Figure  10-87: Water supply scenario for Libya until 2050 
 
 
Table  10-24: Main water supply scenario indicators for Libya until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 41 90 151 220
Unsustainable  
Extractions 560 183 0 0 0 0
CSP Desalination 0 0 0 1321 2487 2818
Conventional  
Desalination 223 223 757 689 0 0
Wastewater Reuse 40 43 265 510 817 1153
Surface Water  
Extractions 821 871 915 963 1007 943
Groundwater Extractions 2529 3124 2862 1598 1290 1112
Total Demand BaU 4174 4444 4840 5171 5751 6247
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Electricity Supply Scenario: 
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Figure  10-88: Electricity generation in Libya until 2050 
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Figure  10-89: Installed capacity in Libya until 2050 
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Figure  10-90: CO2-Emission of power generation in Libya until 2050 
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Table  10-25: Main electricity supply scenario indicators for Libya until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 12.73 33.07 54.04 67.14 70.04 61.41
Photovoltaics 0.00 0.16 0.94 3.28 5.63 7.82
Wind 0.00 0.45 1.80 4.05 7.20 11.25
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.18 0.42 0.70 1.01 1.34
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 1.38 10.76 19.00 25.00
Gas 12.73 32.28 49.51 48.35 37.20 16.00
Oil 0.00 0.00 0.00 0.00 0.00 0.00
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 4.00 9.64 16.73 23.09 27.04 28.10
Photovoltaics 0.00 0.11 0.58 2.02 3.43 4.74
Wind 0.00 0.24 0.94 2.12 3.77 5.89
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.05 0.12 0.20 0.34 0.45
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.38 1.66 2.92 4.55
Oil / Gas 4.00 9.24 14.70 17.10 16.58 12.48
Coal 0.00 0.00 0.00 0.00 0.00 0.00
Peak Load 2.86 7.43 12.14 15.08 15.74 13.80
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 5.73 14.56 21.46 19.42 12.10 5.20
Avoided CO2-Emissions BAU 
Mt/a 0.00 0.32 2.86 10.79 19.42 22.43
Photovoltaics 0.00 0.02 0.09 0.26 0.39 0.47
Wind 0.00 0.01 0.02 0.05 0.09 0.14
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.01 0.03 0.05 0.07 0.09
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.10 0.42 0.32 0.41
Gas 5.73 14.53 21.16 18.49 10.88 3.60
Oil 0.00 0.00 0.00 0.00 0.00 0.00
Coal 0.00 0.00 0.00 0.00 0.00 0.00
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Malta          
 
CSP Potential: 
 
Total: Technical Potential: 0 TWh/a 

Economic Potential: 0 TWh/y 
Coast: Technical Potential: 0 TWh/y 
 Economic Potential: 0 TWh/y 
Power Demand 2010:  2.54 TWh/y 
Power Demand 2050:  2.25 TWh/y 
Water Demand 2050:  155 MCM/y 
 
 
Water Supply Scenario: 
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Figure  10-91: Water supply scenario for Malta until 2050 
 
 
Table  10-26: Main water supply scenario indicators for Malta until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 1 2 2 4
Unsustainable  
Extractions 0 0 0 0 0 0
New Desalination Plants 0 0 0 82 90 96
Conventional  
Desalination 35 70 89 1 0 0
Wastewater Reuse 0 0 3 6 11 15
Surface Water  
Extractions 36 21 21 35 35 37
Groundwater Extractions 10 5 0 3 4 4
Total Demand BaU 81 97 113 130 142 155
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Electricity Supply Scenario: 
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Figure  10-92: Electricity generation in Malta until 2050 
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Figure  10-93: Installed capacity in Malta until 2050 
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Figure  10-94: CO2-Emission of power generation in Malta until 2050 
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Table  10-27: Main electricity supply scenario indicators for Malta until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 1.94 2.54 2.90 2.99 2.73 2.25
Photovoltaics 0.00 0.00 0.02 0.06 0.11 0.15
Wind 0.00 0.01 0.02 0.05 0.10 0.15
Wave / Tidal 0.00 0.00 0.00 0.01 0.02 0.03
Biomass 0.00 0.01 0.03 0.04 0.06 0.07
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.04 0.10 0.15 0.20
Gas 0.00 0.00 0.83 1.10 0.89 0.37
Oil 1.50 2.00 1.40 0.98 0.69 0.48
Coal 0.40 0.48 0.56 0.64 0.72 0.80
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 0.59 0.79 0.93 1.00 0.98 0.89
Photovoltaics 0.00 0.00 0.01 0.03 0.06 0.08
Wind 0.00 0.00 0.01 0.03 0.06 0.09
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.01
Biomass 0.00 0.00 0.01 0.01 0.02 0.02
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.01 0.01 0.02 0.03
Oil / Gas 0.47 0.64 0.72 0.71 0.60 0.42
Coal 0.12 0.14 0.17 0.19 0.22 0.24
Peak Load 0.55 0.72 0.82 0.85 0.77 0.64
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 1.37 1.79 1.81 1.70 1.47 1.16
Avoided CO2-Emissions BAU 
Mt/a 0.03 0.05 0.07 0.14 0.19 0.27
Photovoltaics 0.00 0.00 0.00 0.01 0.01 0.01
Wind 0.00 0.00 0.00 0.00 0.00 0.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.00 0.00 0.00 0.00 0.00
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.00 0.00 0.00 0.00
Gas 0.00 0.00 0.37 0.49 0.40 0.16
Oil 1.05 1.40 0.98 0.69 0.48 0.34
Coal 0.32 0.38 0.45 0.51 0.58 0.64
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Morocco          
 
CSP Potential: 
 
Total: Technical Potential: 8463 TWh/a 

Economic Potential: 8428 TWh/y 
Coast: Technical Potential: 15 TWh/y 
 Economic Potential: 15 TWh/y 
Power Demand 2010:  34 TWh/y 
Power Demand 2050:  192 TWh/y 
Water Demand 2050:  26084 MCM/y 
 

 
Figure  10-95: CSP potential map for Morocco (Total) 

Technical Potential - Case: Total
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Figure  10-96: Statistical evaluation of CSP potential in Morocco (Total) 
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Figure  10-97: CSP potential map for Morocco (Coast) 1 
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Figure  10-98: CSP potential map for Morocco (Coast) 2 
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Figure  10-99: Statistical evaluation of CSP potential in Morocco (Coast) 
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Water Supply Scenario: 
 

Morocco

0

5,000

10,000

15,000

20,000

25,000

30,000

2000 2010 2020 2030 2040 2050

Year

W
at

er
 P

ro
du

ct
io

n 
[M

C
M

/y
]

0

5,000

10,000

15,000

20,000

25,000

30,000

Efficiency Gains
Unsustainable Extractions
CSP Desalination
Conventional Desalination
Wastewater Reuse
Surface Water Extractions
Groundwater Extractions
Total Demand BaU

 
Figure  10-100: Water supply scenario for Morocco until 2050 
 
 
Table  10-28: Main water supply scenario indicators for Morocco until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 1035 2118 3328 4487
Unsustainable  
Extractions 498 0 1223 0 573 24
CSP Desalination 0 0 3400 6344 7904 8540
Conventional  
Desalination 10 25 250 228 0 0
Wastewater Reuse 0 0 854 1804 2951 4192
Surface Water  
Extractions 13247 15043 8704 8097 6692 6870
Groundwater Extractions 2632 1213 3148 2130 2160 1971
Total Demand BaU 16387 16281 18613 20721 23608 26084
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Electricity Supply Scenario: 
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Figure  10-101: Electricity generation in Morocco until 2050 
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Figure  10-102: Installed capacity in Morocco until 2050 
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Figure  10-103: CO2-Emission of power generation in Morocco until 2050 
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Table  10-29: Main electricity supply scenario indicators for Morocco until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 15.18 34.06 77.79 130.67 175.09 191.81
Photovoltaics 0.00 0.34 2.04 7.14 12.24 17.00
Wind 0.00 3.30 5.50 9.45 16.80 26.25
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 1.22 2.71 4.43 6.38 8.41
Geothermal 0.00 0.20 0.60 1.80 3.20 5.00
Hydropower 1.44 1.49 1.65 1.90 2.26 2.72
CSP Plants 0.00 0.00 8.00 45.00 85.00 110.00
Gas 6.24 7.51 33.09 33.01 29.15 10.99
Oil 0.00 6.00 4.20 2.94 2.06 1.44
Coal 7.50 14.00 20.00 25.00 18.00 10.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 4.62 9.11 20.07 35.72 50.81 60.91
Photovoltaics 0.00 0.23 1.23 4.25 7.24 10.00
Wind 0.00 1.22 2.03 3.49 6.20 9.69
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.35 0.78 1.27 2.13 2.80
Geothermal 0.00 0.03 0.08 0.24 0.49 0.91
Hydropower 1.17 1.24 1.39 1.64 1.99 2.44
CSP Plants 0.00 0.00 2.22 6.92 13.08 20.00
Oil / Gas 1.56 2.53 7.32 11.63 15.16 12.55
Coal 1.89 3.52 5.03 6.28 4.52 2.51
Peak Load 2.39 5.36 12.25 20.58 27.57 30.21
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 8.83 18.98 34.90 39.72 31.99 17.81
Avoided CO2-Emissions BAU 
Mt/a -0.02 3.54 14.89 44.04 80.11 105.91
Photovoltaics 0.00 0.04 0.20 0.57 0.86 1.02
Wind 0.00 0.04 0.07 0.11 0.20 0.32
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.08 0.18 0.30 0.43 0.57
Geothermal 0.00 0.01 0.02 0.04 0.06 0.10
Hydropower 0.02 0.03 0.03 0.03 0.04 0.05
CSP Plants 0.00 0.00 0.57 1.75 1.43 1.80
Gas 2.81 3.38 14.89 14.85 13.12 4.95
Oil 0.00 4.20 2.94 2.06 1.44 1.01
Coal 6.00 11.20 16.00 20.00 14.40 8.00
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CSP Potential: 
 
Total: Technical Potential: 15460 TWh/a 

Economic Potential: 14174 TWh/y 
Coast: Technical Potential: 84 TWh/y 
 Economic Potential: 84 TWh/y 
Power Demand 2010:  18.6 TWh/y 
Power Demand 2050:  29,2 TWh/y 
Water Demand 2050:  3145 MCM/y 
 

 
Figure  10-104: CSP potential map for Oman (Total)  
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Figure  10-105: Statistical evaluation of CSP potential in Oman (Total) 
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Figure  10-106: CSP potential map for Oman (Coast) 1 
 

 
Figure  10-107: CSP potential map for Oman (Coast) 2 
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Figure  10-108: CSP potential map for Oman (Coast) 3 

Technical Potential - Case: Coast
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Figure  10-109: Statistical evaluation of CSP potential in Oman (Coast) 
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Water Supply Scenario: 
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Figure  10-110: Water supply scenario for Oman until 2050 
 
 
Table  10-30: Main water supply scenario indicators for Oman until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 30 75 150 245
Unsustainable  
Extractions 0 0 0 0 0 0
CSP Desalination 0 0 0 536 1418 2032
Conventional  
Desalination 90 297 523 389 44 0
Wastewater Reuse 37 40 82 139 231 335
Surface Water  
Extractions 624 657 693 568 567 480
Groundwater Extractions 98 0 0 74 65 53
Total Demand BaU 849 994 1328 1780 2475 3145
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Figure  10-111: Electricity generation in Oman until 2050 
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Figure  10-112: Installed capacity in Oman until 2050 
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Figure  10-113: CO2-Emission of power generation in Oman until 2050 
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Table  10-31: Main electricity supply scenario indicators for Oman until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 9.03 18.61 28.42 33.68 34.00 29.22
Photovoltaics 0.00 0.08 0.49 1.71 2.93 4.08
Wind 0.00 0.24 0.96 2.16 3.84 6.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.08 0.21 0.38 0.61 0.87
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 2.00 8.34 12.00 14.00
Gas 7.46 15.21 22.67 19.62 13.59 3.55
Oil 1.56 3.00 2.10 1.47 1.03 0.72
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 2.33 4.95 8.05 10.69 12.19 12.48
Photovoltaics 0.00 0.05 0.29 0.99 1.69 2.34
Wind 0.00 0.10 0.39 0.88 1.56 2.44
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.02 0.06 0.11 0.20 0.35
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.56 1.85 2.67 3.11
Oil / Gas 2.33 4.78 6.76 6.86 6.07 4.25
Coal 0.00 0.00 0.00 0.00 0.00 0.00
Peak Load 2.20 4.54 6.93 8.21 8.29 7.12
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 4.45 8.96 11.89 10.37 7.33 2.71
Avoided CO2-Emissions BAU 
Mt/a 0.00 0.18 1.51 5.37 8.57 11.67
Photovoltaics 0.00 0.01 0.05 0.14 0.21 0.24
Wind 0.00 0.00 0.01 0.03 0.05 0.07
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.01 0.01 0.03 0.04 0.06
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.14 0.32 0.20 0.23
Gas 3.36 6.84 10.20 8.83 6.12 1.60
Oil 1.09 2.10 1.47 1.03 0.72 0.50
Coal 0.00 0.00 0.00 0.00 0.00 0.00
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CSP Potential: 
 
Total: Technical Potential: 696 TWh/a 

Economic Potential: 555 TWh/y 
Coast: Technical Potential: 56 TWh/y 
 Economic Potential: 43 TWh/y 
Power Demand 2010:  27.2 TWh/y 
Power Demand 2050:  18.5 TWh/y 
Water Demand 2050:  645 MCM/y 
 

 
Figure  10-114: CSP potential map for Qatar (Total) 

Technical Potential - Case: Total
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Figure  10-115: Statistical evaluation of CSP potential in Qatar (Total) 



 

6543P07/FICHT-7130073-v1  10-238 
 

Qatar          
 

 
Figure  10-116: CSP potential map for Qatar (Coast) 

Technical Potential - Case: Coast
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Figure  10-117: Statistical evaluation of CSP potential in Qatar (Coast) 
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Water Supply Scenario: 
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Figure  10-118: Water supply scenario for Qatar until 2050 
 
 
Table  10-32: Main water supply scenario indicators for Qatar until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 6 14 21 28
Unsustainable  
Extractions 0 0 0 0 0 0
CSP Desalination 0 0 0 0 263 412
Conventional  
Desalination 150 420 437 406 162 0
Wastewater Reuse 45 50 57 63 70 74
Surface Water  
Extractions 81 64 82 103 88 92
Groundwater Extractions 195 0 0 31 38 39
Total Demand BaU 472 533 583 617 643 645
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Electricity Supply Scenario: 
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Figure  10-119: Electricity generation in Qatar until 2050 
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Figure  10-120: Installed capacity in Qatar until 2050 
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Figure  10-121: CO2-Emission of power generation in Qatar until 2050 
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Table  10-33: Main electricity supply scenario indicators for Qatar until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 9.23 27.19 24.49 22.86 21.18 18.51
Photovoltaics 0.00 0.03 0.18 0.63 1.08 1.50
Wind 0.00 0.00 0.00 0.00 0.00 0.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.02 0.04 0.07 0.09 0.12
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.31 2.50 6.00 8.00
Gas 9.23 27.15 23.97 19.67 14.01 8.89
Oil 0.00 0.00 0.00 0.00 0.00 0.00
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 2.34 6.92 6.33 6.21 6.12 5.72
Photovoltaics 0.00 0.02 0.10 0.35 0.60 0.82
Wind 0.00 0.00 0.00 0.00 0.00 0.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.01 0.01 0.02 0.03 0.04
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.08 0.56 1.33 1.78
Oil / Gas 2.34 6.89 6.13 5.29 4.16 3.08
Coal 0.00 0.00 0.00 0.00 0.00 0.00
Peak Load 2.15 6.34 5.71 5.33 4.94 4.31
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 4.15 12.22 10.83 9.00 6.49 4.23
Avoided CO2-Emissions BAU 
Mt/a 0.00 0.02 0.19 1.29 3.04 4.10
Photovoltaics 0.00 0.00 0.02 0.05 0.08 0.09
Wind 0.00 0.00 0.00 0.00 0.00 0.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.00 0.00 0.00 0.01 0.01
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.02 0.10 0.10 0.13
Gas 4.15 12.22 10.79 8.85 6.30 4.00
Oil 0.00 0.00 0.00 0.00 0.00 0.00
Coal 0.00 0.00 0.00 0.00 0.00 0.00
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CSP Potential: 
 
Total: Technical Potential: 76318 TWh/a 

Economic Potential: 75832 TWh/y 
Coast: Technical Potential: 152 TWh/y 
 Economic Potential: 152 TWh/y 
Power Demand 2010:  224 TWh/y 
Power Demand 2050:  275 TWh/y 
Water Demand 2050:  37158 MCM/y 
 

 
Figure  10-122: CSP potential map for Saudi Arabia (Total) 

Technical Potential - Case: Total
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Figure  10-123: Statistical evaluation of CSP potential in Saudi Arabia (Total) 
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Figure  10-124: CSP potential map for Saudi Arabia (Coast) 1 

 
Figure  10-125: CSP potential map for Saudi Arabia (Coast) 2 
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Figure  10-126: CSP potential map for Saudi Arabia (Coast) 3 

Technical Potential - Case: Coast
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Figure  10-127: Statistical evaluation of CSP potential in Saudi Arabia (Coast) 
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Water Supply Scenario: 
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Figure  10-128: Water supply scenario for Saudi Arabia until 2050 
 
 
Table  10-34: Main water supply scenario indicators for Saudi Arabia until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 826 1606 2485 3271
Unsustainable  
Extractions 9126 9299 7289 0 63 0
CSP Desalination 0 0 3400 14144 20172 23656
Conventional  
Desalination 2000 3434 3946 2950 286 0
Wastewater Reuse 160 158 1132 2144 3380 4611
Surface Water  
Extractions 6159 6154 6035 5528 5287 4393
Groundwater Extractions 4082 3297 2438 1911 1508 1227
Total Demand BaU 21527 22341 25066 28283 33182 37158
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Electricity Supply Scenario: 
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Figure  10-129: Electricity generation in Saudi Arabia until 2050 
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Figure  10-130: Installed capacity in Saudi Arabia until 2050 
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Figure  10-131: CO2-Emission of power generation in Saudi Arabia until 2050 
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Table  10-35: Main electricity supply scenario indicators for Saudi Arabia until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 125.36 223.51 287.76 320.80 316.86 274.53
Photovoltaics 0.00 0.42 2.50 8.75 15.00 20.84
Wind 0.00 0.60 2.40 5.40 9.60 15.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.82 2.03 3.61 5.57 7.73
Geothermal 0.00 0.50 4.25 12.76 22.68 35.44
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 7.00 45.00 95.00 135.00
Gas 54.05 108.67 190.83 190.15 130.42 33.52
Oil 71.32 112.50 78.75 55.13 38.59 27.01
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 26.43 47.82 63.88 76.73 82.90 81.62
Photovoltaics 0.00 0.26 1.41 4.89 8.33 11.51
Wind 0.00 0.34 1.34 3.02 5.37 8.38
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.23 0.58 1.03 1.86 2.58
Geothermal 0.00 0.07 0.57 1.70 3.49 6.44
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 1.94 6.92 14.62 24.55
Oil / Gas 26.43 46.92 58.03 59.16 49.24 28.17
Coal 0.00 0.00 0.00 0.00 0.00 0.00
Peak Load 23.01 41.02 52.82 58.88 58.16 50.39
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 74.24 127.80 142.08 127.17 89.30 38.87
Avoided CO2-Emissions BAU 
Mt/a 0.00 1.20 8.43 35.21 71.37 115.30
Photovoltaics 0.00 0.05 0.25 0.70 1.05 1.25
Wind 0.00 0.01 0.03 0.06 0.12 0.18
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.06 0.14 0.25 0.38 0.53
Geothermal 0.00 0.03 0.17 0.26 0.45 0.71
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.50 1.75 1.60 2.21
Gas 24.32 48.90 85.87 85.57 58.69 15.08
Oil 49.92 78.75 55.13 38.59 27.01 18.91
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 
 
 



 

6543P07/FICHT-7130073-v1  10-248 
 

Syria           
 
CSP Potential: 
 
Total: Technical Potential: 9616 TWh/a 

Economic Potential: 8449 TWh/y 
Coast: Technical Potential: 1 TWh/y 
 Economic Potential: 1 TWh/y 
Power Demand 2010:  46 TWh/y 
Power Demand 2050:  177 TWh/y 
Water Demand 2050:  25316 MCM/y 
 

 
Figure  10-132: CSP potential map for Syria (Total)  
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Figure  10-133: Statistical evaluation of CSP potential in Syria (Total) 



 

6543P07/FICHT-7130073-v1  10-249 
 

Syria           
 

 
Figure  10-134: CSP potential map for Syria (Coast) 

Technical Potential - Case: Coast
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Figure  10-135: Statistical evaluation of CSP potential in Syria (Coast) 
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Water Supply Scenario: 
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Figure  10-136: Water supply scenario for Syria until 2050 
 
 
Table  10-36: Main water supply scenario indicators for Syria until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 767 1633 2722 3928
Unsustainable 
Extractions 0 0 0 0 0 0
CSP Desalination 0 0 937 653 2499 879
Conventional Desalinati-
on 5 5 4 0 0 0
Wastewater Reuse 596 578 1240 1903 2728 3505
Surface Water 
Extractions 15601 15589 13806 14245 12837 14768
Groundwater Extractions 0 0 1625 1627 2128 2236
Total Demand BaU 16202 16171 18379 20061 22914 25316
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Electricity Supply Scenario: 
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Figure  10-137: Electricity generation in Syria until 2050 
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Figure  10-138: Installed capacity in Syria until 2050 
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Figure  10-139: CO2-Emission of power generation in Syria until 2050 
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Table  10-37: Main electricity supply scenario indicators for Syria until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 22.74 46.08 77.50 129.36 170.46 177.30
Photovoltaics 0.00 0.35 2.08 7.27 12.46 17.31
Wind 0.00 0.45 1.80 4.05 7.20 11.25
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.35 0.91 1.67 2.60 3.67
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 2.50 2.53 2.62 2.77 2.98 3.25
CSP Plants 0.00 0.00 2.44 31.35 88.73 116.56
Gas 7.61 16.90 49.16 65.01 40.91 9.26
Oil 12.63 25.00 17.50 12.25 8.58 6.00
Coal 0.00 0.50 1.00 5.00 7.00 10.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 7.00 13.46 23.52 41.75 57.95 65.37
Photovoltaics 0.00 0.20 1.06 3.67 6.25 8.63
Wind 0.00 0.25 1.01 2.26 4.02 6.29
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.10 0.26 0.48 0.87 1.22
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 1.56 1.61 1.70 1.83 2.01 2.24
CSP Plants 0.00 0.00 0.68 5.70 13.65 21.19
Oil / Gas 5.44 11.19 18.61 26.76 29.67 23.68
Coal 0.00 0.11 0.21 1.06 1.48 2.11
Peak Load 4.80 9.73 16.36 27.31 35.99 37.43
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Avoided CO2-Emissions BAU 
Mt/a -0.04 0.47 2.93 18.14 49.93 75.69
Total 12.31 25.62 35.68 43.84 32.69 19.75
Photovoltaics 0.00 0.05 0.21 0.58 0.87 1.04
Wind 0.00 0.01 0.02 0.05 0.09 0.14
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.02 0.06 0.11 0.18 0.25
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.04 0.04 0.04 0.05 0.05 0.06
CSP Plants 0.00 0.00 0.17 1.22 1.50 1.91
Gas 3.42 7.61 22.12 29.25 18.41 4.16
Oil 8.84 17.50 12.25 8.58 6.00 4.20
Coal 0.00 0.40 0.80 4.00 5.60 8.00
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Tunisia          
 
CSP Potential: 
 
Total: Technical Potential: 5762 TWh/a 

Economic Potential: 5673 TWh/y 
Coast: Technical Potential: 58 TWh/y 
 Economic Potential: 49 TWh/y 
Power Demand 2010:  15.8 TWh/y 
Power Demand 2050:  54.7 TWh/y 
Water Demand 2050:  6462 MCM/y 
 

 
Figure  10-140: CSP potential map for Tunisia (Total) 

Technical Potential - Case: Total
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Figure  10-141: Statistical evaluation of CSP potential in Tunisia (Total) 
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Tunisia          
 

 
Figure  10-142: CSP potential map for Tunisia (Coast) 

Technical Potential - Case: Coast
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Figure  10-143: Statistical evaluation of CSP potential in Tunisia (Coast) 
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Tunisia          
 
Water Supply Scenario: 
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Figure  10-144: Water supply scenario for Tunisia until 2050 
 
Table  10-38: Main water supply scenario indicators for Tunisia until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 46 104 188 267
Unsustainable  
Extractions 0 0 0 0 0 0
CSP Desalination 0 0 0 0 1702 2633
Conventional  
Desalination 36 36 110 102 0 0
Wastewater Reuse 22 22 157 339 608 876
Surface Water  
Extractions 2313 1923 2210 1990 1769 1619
Groundwater Extractions 698 1235 1023 1815 1298 1067
Total Demand BaU 3068 3215 3546 4350 5566 6462
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Tunisia          
 
Electricity Supply Scenario: 
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Figure  10-145: Electricity generation in Tunisia until 2050 
 

Tunisia

0
2
4
6
8

10
12
14
16
18

2000 2010 2020 2030 2040 2050

Year

In
st

al
le

d 
P

ow
er

 C
ap

ac
ity

 [G
W

]

0
2
4
6
8
10
12
14
16
18

Photovoltaics
Wind
Wave / Tidal
Biomass
Geothermal
Hydropower
CSP Plants
Oil / Gas
Coal
Peak Load

 
Figure  10-146: Installed capacity in Tunisia until 2050 
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Figure  10-147: CO2-Emission of power generation in Tunisia until 2050 
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Tunisia          
 
 
 
Table  10-39: Main electricity supply scenario indicators for Tunisia until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 11.59 15.81 26.34 40.89 51.72 54.72
Photovoltaics 0.00 0.07 0.45 1.57 2.68 3.73
Wind 0.00 0.80 3.00 5.00 7.00 7.50
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.32 0.71 1.15 1.62 2.09
Geothermal 0.00 0.06 0.19 0.58 1.03 1.61
Hydropower 0.06 0.13 0.20 0.27 0.34 0.41
CSP Plants 0.00 0.00 3.60 16.00 28.00 34.00
Gas 10.30 12.02 16.51 15.16 10.23 4.81
Oil 1.23 2.40 1.68 1.18 0.82 0.58
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 2.87 3.31 6.70 11.17 15.09 16.80
Photovoltaics 0.00 0.05 0.27 0.94 1.60 2.21
Wind 0.00 0.45 1.68 2.79 3.91 4.19
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.09 0.20 0.33 0.54 0.70
Geothermal 0.00 0.01 0.03 0.08 0.16 0.29
Hydropower 0.06 0.13 0.21 0.28 0.36 0.45
CSP Plants 0.00 0.00 1.00 2.46 4.31 6.18
Oil / Gas 2.81 2.58 3.31 4.29 4.21 2.78
Coal 0.00 0.00 0.00 0.00 0.00 0.00
Peak Load 1.60 2.18 3.64 5.65 7.14 7.55
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 5.50 7.13 8.62 7.55 4.60 2.83
Avoided CO2-Emissions BAU 
Mt/a 0.00 0.57 3.75 11.46 19.48 23.06
Photovoltaics 0.00 0.01 0.04 0.13 0.19 0.22
Wind 0.00 0.01 0.04 0.06 0.08 0.09
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.02 0.05 0.08 0.11 0.14
Geothermal 0.00 0.00 0.01 0.01 0.02 0.03
Hydropower 0.00 0.00 0.00 0.00 0.01 0.01
CSP Plants 0.00 0.00 0.25 0.62 0.47 0.56
Oil 0.86 1.68 1.12 0.70 0.37 0.20
Gas 4.63 5.41 7.06 5.80 2.99 1.08
Coal 0.00 0.00 0.00 0.00 0.00 0.00
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United Arab Emirates        
 
CSP Potential: 
 
Total: Technical Potential: 493 TWh/a 

Economic Potential: 447 TWh/y 
Coast: Technical Potential: 15 TWh/y 
 Economic Potential: 15 TWh/y 
Power Demand 2010:  98 TWh/y 
Power Demand 2050:  57 TWh/y 
Water Demand 2050:  3345 MCM/y 
 

 
Figure  10-148: CSP potential map for United Arab Emirates (Total) 

Technical Potential - Case: Total
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Figure  10-149: Statistical evaluation of CSP potential in United Arab Emirates (Total) 
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United Arab Emirates        
 
 
 

 
Figure  10-150: CSP potential map for United Arab Emirates (Coast) 
 

Technical Potential - Case: Coast
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Figure  10-151: Statistical evaluation of CSP potential in United Arab Emirates 

(Coast) 
 
 



 

6543P07/FICHT-7130073-v1  10-260 
 

United Arab Emirates        
 
Water Supply Scenario: 
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Figure  10-152: Water supply scenario for United Arab Emirates until 2050 
 
 
Table  10-40: Main water supply scenario indicators for United Arab Emirates until 

2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 30 60 92 116
Unsustainable  
Extractions 1359 438 0 0 0 0
CSP Desalination 0 0 0 571 2249 2392
Conventional  
Desalination 1200 2640 2969 2194 505 0
Wastewater Reuse 187 186 311 418 549 628
Surface Water  
Extractions 182 114 216 132 92 155
Groundwater Extractions 527 83 0 55 49 55
Total Demand BaU 3453 3461 3526 3429 3536 3345
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United Arab Emirates        
 
Electricity Supply Scenario: 
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Figure  10-153: Electricity generation in United Arab Emirates until 2050 
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Figure  10-154: Installed capacity in United Arab Emirates until 2050 
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Figure  10-155: CO2-Emission of power generation in United Arab Emirates until 

2050 
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United Arab Emirates        
 
 
 
Table  10-41: Main electricity supply scenario indicators for united Arab Emirates 

until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 41.63 97.92 111.83 95.58 77.66 57.11
Photovoltaics 0.00 0.18 1.08 3.78 6.48 9.00
Wind 0.00 0.00 0.00 0.00 0.00 0.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.09 0.20 0.32 0.44 0.55
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.18 1.32 12.00 25.00 40.00
Gas 40.39 96.07 108.25 78.80 45.25 7.22
Oil 1.24 1.40 0.98 0.69 0.48 0.34
Coal 0.00 0.00 0.00 0.00 0.00 0.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 8.32 19.71 23.03 21.54 19.77 17.39
Photovoltaics 0.00 0.11 0.61 2.12 3.62 4.99
Wind 0.00 0.00 0.00 0.00 0.00 0.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.02 0.06 0.09 0.15 0.18
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.09 0.37 2.67 5.56 8.89
Oil / Gas 8.32 19.48 21.99 16.66 10.45 3.32
Coal 0.00 0.00 0.00 0.00 0.00 0.00
Peak Load 7.34 17.27 19.72 16.85 13.69 10.07
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 19.04 44.31 49.62 36.73 21.61 4.72
Avoided CO2-Emissions BAU 
Mt/a 0.00 0.11 0.96 6.49 13.54 21.62
Photovoltaics 0.00 0.02 0.11 0.30 0.45 0.54
Wind 0.00 0.00 0.00 0.00 0.00 0.00
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.01 0.01 0.02 0.03 0.04
Geothermal 0.00 0.00 0.00 0.00 0.00 0.00
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.07 0.09 0.47 0.42 0.66
Gas 18.18 43.23 48.71 35.46 20.36 3.25
Oil 0.86 0.98 0.69 0.48 0.34 0.24
Coal 0.00 0.00 0.00 0.00 0.00 0.00
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Yemen          
 
CSP Potential: 
 
Total: Technical Potential: 11432 TWh/a 

Economic Potential: 8486 TWh/y 
Coast: Technical Potential: 108 TWh/y 
 Economic Potential: 104 TWh/y 
Power Demand 2010:  7.9 TWh/y 
Power Demand 2050:  157 TWh/y 
Water Demand 2050:  24245 MCM/y 
 

 
Figure  10-156: CSP potential map for Yemen (Total) 

Technical Potential - Case: Total
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Figure  10-157: Statistical evaluation of CSP potential in Yemen (Total) 
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Yemen          
 
 
 

 
Figure  10-158: CSP potential map for Yemen (Coast) 1 
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Yemen          
 
 
 

 
Figure  10-159: CSP potential map for Yemen (Coast) 2 
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Figure  10-160: Statistical evaluation of CSP potential in Yemen (Coast) 
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Yemen          
 
Water Supply Scenario: 
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Figure  10-161: Water supply scenario for Yemen until 2050 
 
 
Table  10-42: Main water supply scenario indicators for Yemen until 2050 
Water Production in 
MCM/y  2000 2010 2020 2030 2040 2050
Efficiency Gains 0 0 377 901 1993 4245
Unsustainable  
Extractions 2347 1149 81 0 0 0
CSP Desalination 0 0 1955 2989 6820 13075
Conventional  
Desalination 20 20 193 190 0 0
Wastewater Reuse 6 5 313 677 1320 2507
Surface Water 
 Extractions 2861 3571 3530 3810 3682 3820
Groundwater Extractions 790 1186 891 709 621 598
Total Demand BaU 6024 5931 7342 9275 14437 24245
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Yemen          
 
Electricity Supply Scenario: 
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Figure  10-162: Electricity generation in Yemen until 2050 
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Figure  10-163: Installed capacity in Yemen until 2050 
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Figure  10-164: CO2-Emission of power generation in Yemen until 2050 
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Yemen          
 
 
 
Table  10-43: Main electricity supply scenario indicators for Yemen until 2050 
Electricity in TWh/a 2000 2010 2020 2030 2040 2050
Load 3.21 7.93 23.36 55.39 103.93 157.39
Photovoltaics 0.00 0.39 2.32 8.11 13.91 19.31
Wind 0.00 0.09 0.36 0.81 1.44 2.25
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.31 0.91 2.05 3.93 6.81
Geothermal 0.00 0.50 3.85 11.56 20.54 32.10
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.50 5.00 30.00 65.00
Gas 0.00 0.00 9.59 20.48 21.75 19.27
Oil 3.41 6.90 4.83 3.38 2.37 1.66
Coal 0.00 0.00 1.00 4.00 10.00 11.00
 
Capacity in GW 2000 2010 2020 2030 2040 2050
Total Inst. Capacity 0.81 1.82 6.57 17.05 31.96 48.35
Photovoltaics 0.00 0.23 1.24 4.29 7.31 10.10
Wind 0.00 0.06 0.24 0.55 0.97 1.52
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.09 0.26 0.59 1.31 2.72
Geothermal 0.00 0.07 0.64 2.10 5.14 9.17
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.14 1.11 6.67 14.44
Oil / Gas 0.81 1.37 3.89 7.62 8.34 7.65
Coal 0.00 0.00 0.15 0.80 2.22 2.75
Peak Load 0.48 1.19 3.89 9.23 17.32 26.23
 
CO2-Emission Mt/a 2000 2010 2020 2030 2040 2050
Total 2.39 4.93 8.99 16.01 21.62 21.99
Avoided CO2-Emissions BAU 
Mt/a -0.14 0.62 3.48 10.88 27.70 51.96
Photovoltaics 0.00 0.05 0.23 0.65 0.97 1.16
Wind 0.00 0.00 0.00 0.01 0.02 0.03
Wave / Tidal 0.00 0.00 0.00 0.00 0.00 0.00
Biomass 0.00 0.02 0.06 0.14 0.27 0.46
Geothermal 0.00 0.03 0.15 0.23 0.41 0.64
Hydropower 0.00 0.00 0.00 0.00 0.00 0.00
CSP Plants 0.00 0.00 0.04 0.19 0.51 1.06
Gas 0.00 0.00 4.32 9.22 9.79 8.67
Oil 2.39 4.83 3.38 2.37 1.66 1.16
Coal 0.00 0.00 0.80 3.20 8.00 8.80
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Annex: Section 4        
 
 
Table  10-44: Preliminary analysis results: Investment cost breakdown and LEC. 

Assumptions: DNI coast: 2,000 kWh/m2/y; DNI inland: 2,400 kWh/m2/y; 
Back-up fuel: Heavy Fuel Oil. 
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Table  10-45: Preliminary analysis results: Investment cost breakdown and LEC. 

Assumptions: DNI coast: 2,400 kWh/m2/y; DNI inland: 2,800 
kWh/m2/y; Back-up fuel: Heavy Fuel Oil. 
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Table  10-46: Preliminary analysis results: Investment cost breakdown and LEC. 
Assumptions: DNI coast: 2,000 kWh/m2/y; DNI inland: 2,400 
kWh/m2/y; Back-up fuel: Natural Gas. 
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Table  10-47: Preliminary analysis results: Investment cost breakdown and LEC. 
Assumptions: DNI coast: 2,400 kWh/m2/y; DNI inland: 2,800 
kWh/m2/y; Back-up fuel: Natural Gas. 
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1. Objective 
The widening gap between the use and availability of water poses a serious 
threat to a sustainable socioeconomic development of the Middle East and 
North Africa (MENA) region. 
 
As a part of a larger report addressing the regional water outlook in the 
MENA region, the World Bank awarded Fichtner to review the potential of 
desalination technologies as an alternative water supply augmentation in this 
region. Furthermore, the review shall focus on options to use renewable 
energy sources (especially concentrating solar power, CSP) to power 
desalination plants as well as on the management of concentrate discharge. 
 
The MENA Regional Water Outlook is composed of three tasks as specified 
by the Terms of Reference (TOR): 
 
• Task 1 - Desalination Potential is related with the additional desalination 

plants that are required in order to bridge the growing water demand in 
the MENA region  
 

• Task 2 - Energy Requirement covers the energy supply of required 
desalination plants by renewable energies in the MENA region with a 
special focus on CSP 
 

• Task 3 - Concentrate Management reports on the environmental aspects 
of desalination. 
 

The main objective of the Task 3 - Concentrate Management report at hand 
is to inform the World Bank Study Team on the concentrate management 
related topics such as potential impacts of concentrate to environment and 
available technical options of concentrate disposal and management. The 
level of detail of the report respects the constraints of the study.  
 
The specific topics of the report are: 
 
• descriptions of desalination plant discharge flows and their characteris-

tics relevant to environment to provide background information,  
• an overview on recently reported findings on environmental impacts of 

concentrate discharge,  
• suggestions on impact mitigation measures to environment, 
• a summary on legislations and guidelines in the region with recommen-

dations for improvement, 
• description of commercial technical options that are available on the 

market including a summary of new developments 
• treatment of process effluents as a part-stream of concentrate flow 
• cost aspects of concentrate management to provide an indication for 

concentrate minimization and treatment of process waste water flows 
discharged from desalination plants.   
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2. Executive Summary  

Today, there is no doubt that desalination technology can serve as a reliable 
water source in areas of the world that face water scarcity. In the recent 
years, commercial desalination technologies have been undergoing a 
significant development e.g. in terms of increasing plant capacities, remark-
able reductions in energy demand, availability of improved equipments and 
materials facilitating longer plant life-time. 
 
Whilst desalination technologies were developing further, environmental 
issues of desalination were not sufficiently addressed until the last decade or 
were of secondary importance, only. Since then, subject of concentrate 
disposal and also concentrate management, in a much broader sense, started 
to be seen as a feasibility factor for implementing desalination projects.  
 
The need for addressing concentrate management to safeguard the environ-
ment becomes indispensible given the great share of desalination capacities 
already installed worldwide. New plants are likely to come to supply the 
increasing water demand. Thus, there is growing global interest to study and 
understand the potential impacts of desalination plants and to find appropri-
ate measures for impact mitigation. The so-called “hot spot” areas with 
accumulated desalination plants deserve special attention. 
  
In view of the challenges related to concentrate management to minimize 
the concentrate flow from desalination plants, and the short-term develop-
ment attained so far, the review shows that their share of the capital ex-
penses is still high, making their involvement within desalination plants to 
some extent difficult. The review identified further research need to conduct 
research projects and pilot plants to understand and overcome the technical 
limitations of concentrate management and to improve their cost-
effectiveness. Several methods for concentrate management have already 
been commercialized, while others are emerging.  
 
In contrary to seawater desalination plants, concentrate management of 
brackish water desalination plants releasing concentrate to surface waters or 
into aquifers appear to be more challenging in various aspects. The main 
reasons for this challenge appear due to higher potential risks of deteriora-
tion of corresponding water body and limited availability of cost-effective 
solutions. Hence, the need for water recovery enhancement in desalination 
technology and concentrate minimization is more substantial for brackish 
water desalination. The cost aspects may provide limitations especially for 
municipal desalination facilities. 
 
This report aims at providing an overview on the concentrate management 
options to be employed in inland brackish water and coastal seawater 
desalination plants and further assistance for planning and construction of 
new desalination plants to close the current and future water gap in the 
MENA region. 
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For impact minimization of the concentrate, the approaches are twofold: 
 
• Removal of potentially harmful substances from concentrate before 

discharge (treatment of process effluents) 
• Volume reduction of concentrate flow (concentrate minimization). 
 
To the beginning of the report, the discharge flows of desalination plants 
and their characteristics are described. Focus is given to environment related 
constituents of concentrate, including desalination process effluents. The 
review involves the recent desalination literature published related to 
environmental impacts and concerns. Suggestions for measures to mitigate 
potential impacts are provided together with a brief summary of available 
legislations and guidelines in the MENA region.  
 
The chapter on concentrate management options involves available technic-
al options to minimize the concentrate flow or to find solutions for its 
beneficial use. Well-proven technologies are identified and typical cost 
comparisons are included to provide an indication. The section is finalized 
with new developments reporting briefly on a set of emerging technologies. 
 
In summary, the main findings of the report are as follows:  
Seawater concentrate and brackish water concentrate are typically different 
in salinity concentrations and thus require different concentrate management 
approaches. 
 
Environmental concerns of concentrate are primarily related to high salinity 
and temperature characteristics especially compared to ambient seawater 
conditions. Among higher salt concentrations, there may be residual chemi-
cals present in the seawater concentrate which can be minimized by appro-
priate waste water treatment plants including sludge treatment and sludge 
dewatering. The associated costs are not significant relative to total desali-
nation plant costs. Recently there is an increasing trend for installation of 
such treatment processes within desalination plants. 
  
The extent of impacts is difficult to assess given the complexity of the entire 
system and lack of sound data. More empirical observations are required to 
establish a sound basis for quantitative statements concerning impact 
assessment. 
 
Measures are suggested to minimize such impacts e.g. involvement of EIA 
studies, proper site selection, enhanced concentrate outfall design, treatment 
plants for desalination plant effluents to minimize potential adverse effects 
including pre- and post operational monitoring. These are covered in the 
report to mention some of possible impact mitigation measures that can be 
implemented in future desalination projects in the MENA countries. 
 
Conventional concentrate management options comprise mainly of: 
 
• Surface water discharge 
• Sewer disposal 
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• Deep well injection 
• Evaporation pond 
• Zero Liquid Discharge  
• Land application. 
 
There is no universal solution for concentrate management challenges. 
Except the surface water discharge option, which is the most practical and 
economic way and widely applied concentrate disposal option to seawater 
desalination plants, the remaining alternatives found only limited applicabil-
ity. They are considered to be viable rather for smaller concentrate volumes 
from brackish water desalination plants in inland areas. Most of the tech-
niques appear far too costly compared to costs of desalination process to 
produce potable water.  
 
The review identified need for further research to improve the cost-
effectiveness of concentrate management options in general. 
 
Relevant legislations and laws are needed to protect groundwater and 
seawater to minimize possible impacts of desalination concentrate to 
receiving water bodies especially in regions with accumulated desalination 
plants. The MENA countries have not yet established stringent environmen-
tal regulations. It would be eligible to develop a common consensus within 
the MENA region to safeguard the environment. In this context, it is rec-
ommended to treat the process effluents of the desalination plants before 
discharge. 
 
The concentrate management options for specific projects should be as-
sessed individually taking into consideration site-specific information, 
project goals and boundaries. The report is requested to provide a baseline 
for general considerations of concentrate management options for future 
plants to be installed in the MENA region. 
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3. Concentrate Considerations 

3.1 Desalination Plant Discharges  

Desalination processes convert saline water to fresh water by separation of 
the dissolved salts. At the end of the desalination process, the saline water is 
separated into two streams: one with a low concentration of dissolved salts 
and inorganic materials (the potable water stream) and the other, containing 
the remaining dissolved salts (the concentrate stream or also called brine 
discharge).  
 
The amount of concentrate flow discharged from desalination plants varies 
generally from 15 to 85 percent of the feed flow, depending on the feed 
water salinity and technology used in the plant. 
 
The term “brine” is usually used in the desalination literature for seawater 
concentrate with higher salinity content > 36,000 mg/l (Younos, 2005), 
whereas the more general term “concentrate” can be used for any concen-
trated stream generated from either brackish or seawater. In this report the 
distinction will be made by indicating the feed water type for clarity, such as 
brackish water concentrate or seawater concentrate. 
 
Typically there are three types of desalination plant discharges: 
 
• Brackish water concentrate 
• Seawater concentrate 
• Process effluents. 
 
Whilst brackish and seawater contain “seawater” in concentrated form, 
process effluents may contain residual chemicals remaining from desalina-
tion processes, depending on selected plant technology and configuration. In 
volume, process effluents are much smaller compared to concentrate flow 
generated in desalination plants. Table 3-1: shows major discharge flows 
including concentrate discharge and process effluents.  
 
In the past, common practice was to mix the process effluents with concen-
trate flows resulting in lower residual chemical concentrations in the 
concentrate before discharge. Recently there is an apparent trend for ac-
commodation of appropriate treatment of desalination plant effluents (pre-
treatment and post-treatment waste water, cleaning solutions etc.) to avoid 
potential environmental impacts. However, only a limited number of plants 
have already introduced such treatment stages. One prominent example of 
such treatment is applied in the Perth I seawater reverse osmosis (SWRO) 
desalination plant. 
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Table 3-1: Relevant main discharge flows from desalination plants 
Desalination Technology Discharge Flow Content 
SWRO / MED / MSF Seawater concentrate Salinity and heat1 
 Chlorination 2 Chemical 
 Antiscalants Chemical 
SWRO Filter backwash waste water Suspended solids 
 Dechlorination 3 Chemical 
 Coagulants Chemical 
 Flocculants Chemical 
MED / MSF  Corrosion inhibitors Chemical 
 Antifoaming agents Chemical 
 
 
Due to higher effluent volumes of thermal plants, comprising seawater 
concentrate and cooling water from the thermal process, to be discharged, 
the chemical concentrations used in thermal processes are diluted resulting 
in low concentrations. Thus, there is no technology established to date to 
remove the chemicals. Figure 3-1 and Figure 3-2 give some impression of 
volumes and characteristics of the concentrate and the process effluents 
comparatively for SWRO and thermal plants relevant for multi-effect-
distillation (MED) and multi-stage flash distillation (MSF).  
 
 

 
 
Figure 3-1: Effluent characteristics from SWRO desalination plants (Bleninger and 

Jirka, 2010) 
 

                                                 
1 The temperature increase in SWRO is rather minor compared to MSF and MED. 
2 Chlorine is usually applied for biocide treatment 
3 Dechlorination is usually achieved by dosing of sodium bisulfate (SBS) 
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Figure 3-2: Effluent characteristics from MSF distillation plants (also relevant for 

MED) (Bleninger and Jirka, 2010) 
 
A more detailed overview is given on process effluents and on their envi-
ronmental relevance depending on desalination technologies. 

3.1.1 Concentrate Characteristics 

Desalination plants are basically classified according to feed water salinity 
levels by total dissolved solids (TDS). Table 3-2 shows typical salinity 
concentrations for brackish and seawater.  
 
Table 3-2: Feed water classification by salinity 
 Water TDS concentration (mg/l) 
Potable water  < 1000 
Low salinity brackish water 1000 - 5000 
High salinity brackish water 5,000-15,000 
Seawater 35,000-50,000 
 
Whilst brackish waters are located in aquifers, rivers or lakes in inland, 
seawater can be taken directly from the sea (open intake) or from a coastal 
aquifer (indirect intake). Indirect intakes, also called as subsoil intakes, such 
as beach wells or infiltration galleries, accommodate the concepts of 
groundwater extraction at seashore. They generally have no or minor impact 
on local marine life and can provide pre-filtered water source by means of 
slow filtration for the desalination process. Because they rely on the per-
meability and the stability of subsurface materials, as well as on the relia-
bility of the groundwater source, they require detailed hydro-geotechnical 
evaluation prior to construction. 
 
In general, desalination of groundwater (brackish water) is suggested to be a 
more environmentally friendly alternative to seawater desalination due to  
lower energy demand, higher recovery, and thus, less concentrated concen-
trate produced, however the availability of appropriate groundwater re-
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sources is usually the limiting factor in many areas (Munoz and Fernández-
Alba, 2008), including the MENA region. Many groundwater resources that 
are being used in the MENA region are only slowly replenished (fossil 
groundwater) and rapid depletion of a non-renewable resource is not 
sustainable. 
 
Seawater varies considerably in quality (e.g. salinity, temperature) and more 
importantly, there can be major local variations within seawater quality 
parameters. Typical TDS concentrations of seawater can range from less 
than 35,000 mg/l to greater than 45,000 mg/l reaching TDS levels of up to 
50,000 mg/l. A summary of several feed water sources and associated TDS 
concentrations is shown in Table 3-3. The values indicate average salinity.  
 
Table 3-3: Salt concentrations of different world water sources (Gaid and Treal, 2007) 
Water body TDS concentration (mg/l) 
Pacific Ocean  34,000 
Mediterranean Sea 38,000-40,500 
Atlantic Ocean 38,000-40,000 
Red Sea 41,000-42,000 
Arabian Gulf 42,000-45,0004 
 
The resulting reject flow concentration at the end of the desalination process 
depends highly on the feed water salinity and the recovery. Due to consider-
able differences in feed water quality among seawater and brackish water 
(as referred to Table 3-2), the concentrate generated from the respective 
desalination processes differ as well in salinity and volume significantly. 
Due to the wide spread of seawater desalination plants in the MENA region, 
focus is given to “seawater desalination” and its potential impacts to envi-
ronment in the report. Significant differences of brackish water to seawater 
desalination are highlighted, accordingly. 
 
The concentration factor, CF, is the relation of the concentration of a given 
constituent, here total dissolved salts (TDS) in the concentrate, to the feed 
concentration depending on the water recovery as follows: 
 

RC
C

CF
f

c

−
==

1
1  

CF, the concentration factor 
Cc,  the concentrate concentration 
Cf , the feed concentration 
R,  the water recovery 
 
Depending on the applied desalination process either membrane-based or 
thermal distillation, typical concentrate characteristics can be different as 
shown in Table 3-4. Given the smaller volumes to be processed and lower 
salinity brackish water desalination plants involve typically reverse osmosis 
technology (BWRO) due to better economics.  

                                                 
4 According to Fichtner’s experience the salinity levels may reach up to 47,000 mg/l in the 
Arabian Gulf 
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Table 3-4: Concentrate characteristics for various desalination technologies (slightly 
modified from Mickley, 2001) 

Process BWRO SWRO  MED/MSF 
Feed water Brackish Seawater Seawater 

Recovery 60-85% 30-50% 15-50% 

Temperature Ambient Ambient +5 to 15°C above 
ambient1 

Concentrate blending Possible, not 
typical 

Possible, not 
typical 

Typical, with 
cooling water 

Final concentration factor (CF) 2.5-6.7 1.25-2.0 < 1.15 
1 The original source (Mickley, 2001) indicated 15-50% above ambient which has been 
modified to +5 to 15°C above ambient in recent publications (Lattemann and Höpner, 
2008).  A temperature range of 5-10°C is considered to be more common in practice. 
 
The seawater concentrate generated from seawater reverse osmosis plants 
(SWRO) plants typically have higher salt concentrations compared to 
thermal desalination plants such as multi-effect distillation (MED) or multi-
stage flash (MSF) due to mixing with cooling water from the thermal 
process as mentioned previously. 

3.1.2 Process Effluent Characteristics 

In order to maintain the desalination plant efficiency and the plant equip-
ment over a long operation period, process chemicals are applied depending 
on the selected technology. If mixed with concentrate flow, there may be 
residual process chemicals present in the seawater concentrate.  
 
Chemicals used to prevent biofouling and scaling are common for both RO 
and thermal plants (MED/MSF). Foaming agents and corrosion inhibitors 
are applied only in thermal desalination plants whereas chemical additives 
against suspended solids and scale deposits are particularly subject to 
reverse osmosis plants (as referred to Table 3-1).  

3.1.2.1 Process Effluents of RO Plants 

Process effluents from seawater reverse osmosis (SWRO) plants are usually 
generated in the pre-treatment and chemical dosing section operating on 
surface water as follows (Figure 3-3): 
 
• Control of biofouling, usually by chlorination (NaOCl), and dechlorina-

tion with sodium bisulfite (SBS), 
• Removal of suspended material by coagulation and media filtration 

(conventional treatment as shown in Figure 3-3), 
• Control of scaling by acid addition (lowering the pH of the incoming 

seawater) and/or dosing of special antiscalants, 
• Cartridge filters as a final protection barrier against suspended particles 

and microorganisms before the RO units. 
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Figure 3-3: Typical flow scheme of a SWRO desalination plant showing conventional 

pre-treatment steps and chemical dosing steps including different waste 
and side streams  (UNEP, 2008) 

 
• If membrane-based pre-treatment method is applied such as microfiltra-

tion (MF) or ultrafiltration (UF), alternatively to conventional pre-
treatment, then required coagulant amount becomes lower, but chlorina-
tion (NaOCl) and dechlorination with sodium bisulfite (SBS) may be 
required. 

3.1.2.2 Process Effluents of Thermal Plants 

Chemical dosing and seawater conditioning of MED/MSF distillation plants 
include: 
 
• Control of biofouling, usually by chlorination (e.g. NaOCl), 
• Control of scaling by antiscalant dosing, 
• Reduction of foaming by antifoam addition, 
• Deaeration or use of oxygen scavengers to inhibit corrosion. 
 
In the following Figure 3-4, a typical flow-scheme of an MSF distillation 
plant with chemical dosing and conditioning steps are shown (also applica-
ble to MED plant effluents): 

 
Figure 3-4: Flow‐scheme of a MSF distillation plant showing chemical dosage steps, 

conditioning and the different waste and side streams (UNEP, 2008) 
 
Typical effluent properties from RO and MED/MSF plants are summarized 
comparatively in Table 3-5 according to their relevance to environment. 
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Table 3-5: Typical effluent properties of RO and MED/MSF plants (slightly modified 
from Lattemann and Höpner, 2008) 

 RO MED / MSF  

Physical properties     

Salinity  
Temperature  
Plume density  
 
Dissolved oxygen (DO) 
 
 
 
 
 
 

Up to 65,000–85,000 mg/L  
Ambient seawater temperature  
Negatively buoyant  
 
If well intakes used: typically below 
ambient seawater DO because of the low 
DO content of the source water.  
 
If open intakes used: approximately the 
same as the ambient seawater DO 
concentration. 

About 50,000 mg/L  
+5 to 15°C above ambient.  
 
Positively, neutrally or negatively buoyant 
depending on the process, mixing with cooling 
water from co-located power plants and 
ambient density stratification.  
 
Could be below ambient seawater salinity 
because of physical deaeration and use of 
oxygen scavengers 

Biofouling control additives and by-products   

Chlorine 
 
 
 
 
Halogenated organics 
 

If chlorine or other oxidants are used to 
control biofouling, these are typically 
neutralized before water enters the 
membranes to prevent membrane damage. 
 
Typically low content below harmful 
levels. 

Approx. 10-25% of source water feed dosage, if 
not neutralized. 
 
 
 
Varying composition and  concentrations, 
typically trihalomethanes 

Removal of suspended solids   

Coagulants 
(e.g. iron-III-chloride) 
 
 
 
Coagulant aids 
(e.g. polyacrylamide) 
 

May be present if source water is condi-
tioned and the filter backwash water is not 
treated. May cause effluent coloration if not 
equalized prior to discharge. 
 
May be present if source water is condi-
tioned and the filter backwash water is not 
treated 

Not present (treatment not required) 
 
 
 
 
Not present (treatment not required) 
 
 

Scale control additives  

Antiscalants 
 
Acid (H2SO4) 
 
 
 
 
 

Typically low content below toxic levels.  
 
Reacts with seawater to cause harmless 
compounds, i.e. water and sulfates; the 
acidity is consumed by the naturally 
alkaline seawater, so that the discharge pH 
is typically similar or slightly lower than 
that of ambient seawater) 

Typically low content below toxic levels. 
  
Reacts with seawater to cause harmless 
compounds, i.e. water and sulfates; the acidity 
is consumed by the naturally alkaline seawater, 
so that the discharge pH is typically similar or 
slightly lower than that of ambient seawater) 
 

Foam control additives  

Antifoaming agents 
(e.g. polyglycol) Not present (treatment not required) Typically low content below harmful levels 

Contaminants due to corrosion  

Heavy  metals 
 

Traces of iron, chromium, nickel, 
molybdenum may contain if low- quality 
material is used 

Traces of copper and nickel concentrations if 
low-quality materials are used for heat 
exchangers 

Cleaning chemicals  

Cleaning chemicals 

Alkaline (pH 11-12) or acidic (pH 2-3) 
solutions with additives such as: detergents 
(e.g.dodecylsulfate), complexing agents 
(e.g. EDTA), oxidants (e.g. sodium 
perborate), biocides (e.g. formaldehyde) 

Acidic (pH 2) solution containing corrosion 
inhibitors such as benzotriazole derivates 
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After having highlighted the relevant process effluent flows based on the 
selected desalination process, the following section will deal with constitu-
ents of concentrate flow with respect to environmental factors and suggest 
measures to mitigate the impacts. 

3.2 Environmental Impacts of Concentrate 

Concentrate from seawater desalination plants contains mainly salts origi-
nating from the sea, but due to its high specific weight and the potential 
presence of additional chemicals introduced in the desalination processes, it 
may cause adverse effects to the marine population in the area of the 
discharge of the concentrate (Einav et al., 2003).   
 
Such potential impacts are classified under physio-chemical impacts and 
contaminants.  

3.2.1 Physio-chemical Impacts 

3.2.1.1 Salinity, Temperature and Density 

In regards with compatibility of concentrate flow into the receiving envi-
ronment and impact assessment, focus has been given to environmental 
concerns related to increased salinity, temperature and density of the 
concentrate in the first place. This is due to the risk of increasing of ambient 
salinity and temperature of seawater, which may affect the local ecosystem. 
 
Although the seawater concentrate contains the same salts as in the feed 
water, their concentration is significantly higher. The concentration differ-
ence of salts may affect the ecosystem in the vicinity of the discharge 
location. There are certain species such as benthic communities (e.g. 
seagrass beds) that may be sensitive to high salinity levels (Lattemann and 
Höpner, 2008).  
 
The concentrate discharges are often denser than seawater and tend to sink 
towards the bottom of sea, which may extend the concentrate mixing 
process (Purnama et al. 2005). Main concerns are related with risk of 
stratification due to concentrate accumulation at the sea-bottom. 
 
In view of potential temperature changes in receiving seawater, thermal 
plant concentrates can be relevant as they can hold increased heat due to 
thermal processing of seawater. In case thermal desalination plants are 
located next to power plants, (co-generation plants to produce both water 
and electricity, which is frequently the case in the Red Sea and the Arabian 
Gulf Region) effluents from thermal desalination plants can be further 
mixed with cooling water used for the power plants. In consequence, while 
the concentrations in the seawater concentrate may decrease due to further 
dilution, the heat load in the concentrate may, in turn, increase.  
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Any temperature increase would mean that the temperature of seawater 
concentrate at the outfall location is elevated compared to the feed water 
temperature at the intake. Differences of +5°C to 15°C above ambient 
seawater temperature have been reported (Altayaran 1992, Lattemann and 
Höpner, 2008). In contrary to thermal desalination plants, the temperature of 
the RO concentrate remains close to ambient values. 
 
In surface water, density is a function of salinity and temperature. The 
density difference between concentrate stream and ambient seawater, as a 
function of salinity and temperature, primarily determines spreading and 
mixing of the plume in the receiving water body.  
 
Cause- impact assessment of desalination plant discharges is difficult to 
determine without totally studying the complex seawater ecosystem in-
volved. Ideally, such studies should be based on thorough investigations and 
analyses. In the context of accumulation of effects, World Bank (1998) 
stated that severity of environmental impacts often depends on the accumu-
lation of problems over time, over space or both.  
 
A common consensus amongst many articles is that discharge site selection 
may perhaps be the primary factor that determines the extent of ecological 
impacts of desalination plants (Lattemann and Höpner, 2008; Maugin and 
Corsin, 2005; Tsitourtis, 2008). Similarly, semi-enclosed seas, such as the 
Arabian Gulf, or the Red Sea are perceived more susceptible to significant 
increases in salinity around outfalls due to the limited flushing (Robert et 
al., 2010; Cintron et.al, 1970; Purnama et al., 2005) 
 
Recent discussions whether installed desalination plants have already 
caused a significant increase in seawater salinity and temperature characte-
ristics in the Arabian Gulf and the Red Sea are discussed under section 3.3. 

3.2.2 Contaminants 

Chemical additives applied to seawater may be found at low levels in the 
discharge concentrate. 

3.2.2.1 Biocides 

Biocide treatment is required to control biological growth in desalination 
plant equipment. Usually chlorine is applied in form of sodium hypochlorite 
solution (NaOCl) for chlorination and sodium bifulfite (SBS) for dechlorina-
tion. 
 
To allow for a sufficient reaction time within the plant, chlorine is usually 
injected at the plant’s intake. 
 
In thermal desalination plants, seawater is chlorinated continuously at a 
certain dosing rate. Residual chlorine levels between 200 and 500 μg/l have 
been reported for distillation plant reject streams by Lattemann and Höpner, 
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2008. While this level ensures that the entire plant from intake to outfall is 
protected from biofouling, it also means that residual chlorine is discharged 
to surface waters. In fact some plants have also reported lower residual 
chlorine levels, especially where low-level chlorination is applied.  
 
For example through utilizing pulse-chlorination which represents one of 
the best available techniques (BAT) within the European Union for seawater 
chlorination, chlorine levels in the seawater concentrate discharge can be 
reduced. In Qatar the environmental regulation has been incrementally 
reducing the maximum chlorine concentration permitted in discharged 
cooling seawater from 200 to 50μg/l5. There are plants that have already 
adopted this approach to meet the requirements in Qatar.  
 
It is yet not clear if there is a trend towards chlorine doses in the MENA 
region and if discharge concentrations have been decreasing. 
 
If residual chlorine levels are found in the discharge, potential relevant 
impacts may result in formation of halogenated by-products that may harm 
the marine organisms. 
 
Due to intolerance of membranes to chlorine, intermittent or shock chlorina-
tion is applied in RO plants meaning chlorine to be dosed at a higher 
concentration, but for a shorter time intervals. Before pre-treated seawater 
enters the RO plant, it is dechlorinated (neutralized) again in order to protect 
the membranes. In consequence, residual chlorine levels in the RO-
concentrate stream can be found very low to non-detectable. 

3.2.2.2 Heavy Metals 

Metal concentrations may be found in the concentrate due to corrosion of 
plant equipment materials installed in desalination plants. Thus, appropriate 
material quality is essential to reduce corrosion risk.  
 
Copper concentrations may be present in trace concentrations in thermal 
desalination plant discharges as copper-nickel alloys are commonly used as 
heat exchanger materials in distillation plants. Copper concentrations in 
natural waters vary in a range between 0.1 to 100µg/l (Kennish 1997). 
Therefore, it does not necessarily mean that copper will adversely affect the 
environment, but should be within natural concentration limits. 
 
Copper is like most metals transported and accumulated in sediments, which 
is a major concern of point discharges, and may potentially lead to increased 
sediment concentration in these sites. Metals in sediments can be assimi-
lated by benthic organisms, which often form the basis of the marine food 
chain. 
 

                                                 
5Qatar’s discharge regulation in force for residual chlorine is one of the most strict 
discharge regulation in the world (50 μg/l, compared to 200 μg/l recommended by the 
World Bank or EU). Some plants have also switched to chlorine dioxide.  
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The RO-concentrate may contain traces of iron, nickel, chromium and 
molybdenum, but contamination with metals is generally below a critical 
level, as non-metal equipment and stainless steels predominate in RO 
desalination plants. Emphasize must be given to the application of appropri-
ate stainless steel grades (and the strict adherence to welding procedures) to 
prevent the high pressure piping of the RO-plant to suffer from corrosion. 
Simultaneously, if corrosion is prevented successfully, heavy metal release 
becomes a negligible issue. 

3.2.2.3 Antiscalants 

As the name suggests, antiscalants are used to avoid scale formation in both 
thermal and RO desalination plants.  
 
Antiscalants contain polymeric substances that generally have a slow to 
moderate rate of elimination from the environment. This may be a concern 
in seas with high installed desalination capacity in combination with the 
prolonged residence time of antiscalants in the environment (UNEP, 2008).  
 
Currently research focus is given to the development of effective antisca-
lants with no biological effects (Ketsetzi et al. 2008). This may assist the 
production of less toxic concentrates in future. 

3.2.2.4 Coagulants from RO Plants 

In pre-treatment process of RO plants where open intake option is applied, 
suspended solids are removed from seawater either conventionally e.g. by 
flocculation, filtration, floatation, sedimentation or alternatively by pre-
treatment using MF/UF. 
 
If conventional pre-treatment is selected, in most of cases coagulants (such 
as ferric-III-chloride) and coagulant aids (such as high molecular organics 
like polyacrylamide) are added to feed water for flocculation and coagula-
tion and media filtration of suspended material. Media filter units are 
backwashed intermittently, and the backwash water containing the sus-
pended material and coagulants is typically discharged to the sea if not 
treated before discharge.  
 
The alternative MF/UF pre-treatment regime requires backwashing as well, 
however coagulant consumption is lower. Therefore backwash waste water 
does not contain coagulants and can be discharged to sea without treatment. 
As chlorine is dosed to control biofouling, dechlorination with SBS may be 
necessary to remove residual chlorine before discharge. 
 
Efforts are made to reduce coagulants used in the pre-treatment of desalina-
tion plants in Australia.   
 
The chemicals themselves have a very low toxic potential. However, their 
discharge may cause an intense coloration (reddish color) of the reject 
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stream if ferric salts are used which may increase turbidity and may cause 
aesthetic impacts and algae bloom at the discharge point location6. 

3.2.2.5 Antifoaming Agents from Thermal Plants 

Antifoaming agents like polyethylene and polypropylene glycol are added to 
intake seawater of thermal desalination plants to disperse foam causing 
organics and to reduce surface tension in the water/air interface.  
 
Polyglycols are not toxic but can be highly polymerized, which reduces 
their biodegradability. Potential adverse effects are not likely as dosage 
levels are low (in ppm-parts per million-range) and discharge concentrations 
are further decreased by dilution in the seawater environment (Lattemann 
and Höpner, 2008; UNEP, 2008).  

3.2.2.6 Cleaning Chemicals from RO Plants 

The purpose of cleaning in desalination plants is to restore the plant perfor-
mance. Cleaning chemicals from SWRO plants differ from thermal desali-
nation plants.  
 
Chemical cleaning is adopted to control RO-membrane fouling, particularly 
caused by foulants such as inorganic scaling and some forms of organic and 
biofouling that are not removed via the backwash process in RO plants.  
 
There are a variety of different chemicals that may be used for membrane 
cleaning, for example, citric acid is commonly used to dissolve inorganic 
scaling, and other acids may be used for this purpose as well. Strong bases 
such as caustic are typically employed to dissolve organic material. 
 
Detergents and surfactants may also be used to remove organic and particu-
late foulants, particularly those that are difficult to dissolve. Chemical 
cleaning may also utilize concentrated disinfectants such as a strong chlo-
rine solution to control biofouling. Due to the variety of foulants that are 
present in many source waters, it is often necessary to use a combination of 
different chemicals in series to address multiple types of fouling.  
 
Cleaning procedure of membranes consists of three cleaning schemes: 
 
• Membrane backwash, (without using chemicals) containing the natural 

solids from the sea, can either be discharged into the sea along with the 
concentrate, or dewatered and transported to a landfill. 

                                                 
6 Safrai and Zask , 2008 have  reported on the red brine phenomenon from the Ashkelon 
desalination plant, since 2005 in operation, which releases its untreated backwash waste 
water every hour for 10-20 min with high ferric concentration, up to 42 mg/l. High ferric 
concentration and high loads are due to usage of ferric sulfate as coagulant additive.  
Reportedly Ashkelon and Hadera SWRO desalination plants in Israel have recently 
switched to continuous dilution of the backwash waste water with seawater concentrate in 
order to avoid peaks in turbidity. New plants like Sorek SWRO will include sludge 
treatment. 
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• Chemical cleaning of membranes takes place in certain intervals depend-
ing on the seawater quality and degree of fouling. Chemically enhanced 
backwash (CEB) is typically applied using chlorine, acid and base condi-
tioning on a daily basis and  

• Cleaning in place (CIP) using the same chemicals as for RO membrane 
cleaning on monthly basis, typically from 3 to 6 months.  

 
The CEB and CIP waste waters can be conveyed to a scavenger tank for 
initial treatment and neutralized before final discharge. 
 
If MF/UF is applied in the pre-treatment, membranes are cleaned chemically 
as RO membranes resulting in similar cleaning effluents. 
 
Chemical cleaning solutions can be neutralized (at a pH value of about 7) 
before final discharge so that they do not cause any harm to the environ-
ment. 

3.2.2.7 Cleaning Chemicals from Thermal Plants 

Acid cleaning is required in distillation plants mainly for heat exchanger 
surfaces which need to be cleaned at certain intervals in order to maintain 
the process efficiency.  
 
While the heat exchanger surfaces of MSF plants only need to be cleaned at 
extremely long intervals thanks to the implementation of ball cleaning 
systems, the surfaces in MED plants have to be cleaned more often, on 
average twice a year.  
 
Cleaning solutions from acid cleaning can be neutralized (around pH 7) 
before final discharge. 

3.3 Concentrate Discharge Impacts in Arabian Gulf and Red Sea  

In several arid regions of the world, for example in the Middle East, desali-
nation is not an attractive option only, but has already become indispensible 
for water supply and will be even more important with growing population 
in the region. This is the reason for the accumulation of large-scale desalina-
tion plants in the so-called “hot spot” area.  
 
Future projections for water demand scenarios for the region impose the 
need for more seawater desalination plants. The resulting situation would 
presumably be even more accumulation of such plants in the area. The 
question rises whether there are already changes detected in the environ-
ment that may be caused by concentrate discharge from installed desalina-
tion plants and whether there will be any limitations for the construction of 
future plants. 
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The discussion beyond desalination experts, whether desalination has 
already caused impacts in the Arabian Gulf and the Red Sea, is still on-
going. A brief summary on the recent publications is given in this section. 
 
It is well known that the semi-enclosed Arabian marginal seas of the 
Arabian Gulf and the Red Sea are the most saline bodies of the world and 
also environmentally fragile (refer to Table 3-3, Sheppard, 2000). Therefore 
any further loss of water (meaning further extraction of seawater) by 
desalination plants and possible salt loading by returned discharge of 
concentrates could make the marginal seas become even more saline 
(hypersaline), especially in consideration of prevailing high evaporation 
rates. 
 
It should be noted that the seawater desalination does not add up salts to 
seawater, but returns a concentrate stream in higher concentrations than 
ambient seawater (having the same salt content in a reduced volume of 
seawater). Therefore, the risk of salt-loading as used in the cited paper is 
probably meant that such effects of salt concentration increase may be 
observed in close vicinity of outfall location in the seas. 
 
Purnama et al., 2005 pointed out that semi-enclosed seas like the Arabian 
Gulf or Red Sea can be more susceptible to significant increases in salinity 
around outfalls due to the limited flushing these environments experience.  
They have developed a mathematical model to assess the impacts of desali-
nation in the area. The model results showed that the desalination activities 
(as of 2005) remained still safely in the linear regime, meaning within 
acceptable limits, however they stated also that long-term impacts would 
depend exponentially on plant’s location and its volumetric rate of seawater 
extraction, calling for special attention for future plants to be built in the 
region. 
 
It was reported by Höpner and Lattemann, 2002 that a significant increase in 
salinity may not be tolerated even by organisms that are otherwise adapted 
to high values, such as 42,500 mg/l or more in the northern parts of the Red 
Sea. Further, that the response of the impacted marine ecosystem depends 
on its sensitivity and the magnitude of the impact, which in turn depends on 
factors such as distance, transport direction and dilution (Höpner and 
Windelberg, 1996). They have classified the Arabian Gulf and the Red Sea 
as entire ecosystems due to their semi-enclosed character.  
 
To date, there is no statistically significant evidence available verifying a 
long-term salinity and temperature increase in the seawater of the Arabian 
Gulf and the Red Sea. To allow for statistically sound conclusions, adequate 
monitoring is required. 
 
There was none or very little information found on empirical data-based 
findings for the regions waters. The most of the publications describe 
possible impacts and emphasize the sensitive nature of the Arabian Gulf and 
the Red Sea region and the importance of appropriate site selection to 
minimize potential adverse impacts. 
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Another paper supporting this observation is in press by Robert et al. 
(2010). They have identified 62 research articles that were published in 
peer-reviewed journals that were concerned with the environmental and/or 
ecological effects of desalination plant discharges in receiving marine 
waters. Based on their critical review, they stated that there is lack of 
empirical evidence as a main shortcoming regarding impact assessment. The 
majority of the statements are found to be of qualitative nature other than 
based on quantitative findings. Thus, emphasize should be given to conduct-
ing representative measurements in future to collect empirical data to assess 
possible impacts. 
 
In this sense, site information should be collected and evaluated to study the 
environment before plant operation for objective verification of impacts of 
concentrate discharge as well as after start of plant operation.  
 
For appropriate planning of future plants, it is necessary to consider existing 
plants and their concentrate discharge in the region considering cumulative 
impacts to the local environment.  
 
Even the cause-effect relationship is scientifically not fully established, 
precautionary measures should be taken in the region. The term of precau-
tionary principle was already described by Wingspread Statement, 2000 and 
Safrai and Zask, 20087. 

3.4 Measures for Environmental Impact Mitigation 

Already in the beginning of a desalination project, several measures can be 
taken to minimize possible impact to environment. Special attention must be 
given to sound data basis on site conditions for appropriate siting including 
environmental factors.  
 
Some suggestions and ideas will be listed in the following: 
 
Measures for Appropriate Siting 

 
• Data collection  
• Data assessment and evaluation (e.g. ambient data, site data) 
• Site selection 

• Site surveys and investigations 
• Marine survey 
• Bathymetric survey 
• Recirculation study and dispersion modeling8 considering existing 

desalination plant discharges (modeling of discharge flow) 

                                                 
7 Precautionary principle states “when an activity rises threats of harm to human health or 
the environment, precautionary measures should be taken even if some cause and effect 
relationships are not fully established scientifically (Wingspread Statement on the Precau-
tionary Principle , 2000 ; Safrai and Zask , 2008) 
8 Besides modeling of discharge flow to minimize potential impacts from the environment 
and to avoid impacts of discharge on the intake, the objective should also be to investigate 
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• Soil investigation on/off-shore 
• Topographic survey 
• Seawater sampling program 
• Environmental Site Assessment Study 
• Pilot plant testing  

 
Measures for Appropriate Design and Operation 

 
• Conceptual design of “best practice” desalination plants 

• involving adequate planning and plant optimization 
• minimum seawater extraction 
• minimum energy consumption and footprint 
• minimum chemical consumption 
• minimum waste (liquid, solid)  
• including waste water treatment plant (WWTP) 
• including modeling of concentrate discharge (mixing and dispersion) 
• considering the results of EIA study 
• considering the results of pilot plant tests 
• considering life-cycle of plant 

• Involvement of stakeholders 
• Training of key personnel for efficient plant operation  

 
Measures for Appropriate Permit 

 
• Definition and classification of concentrate as waste flow 
• Establishment of discharge quality standards 
• Definition of minimum requirements for outfall structure (length, depth) 
• Prohibition of discharge at coast  
• Requirement of Environmental Impact Assessment study 
• Requirement of best available technology 
• Adaptation of environmental legislation and policy 
• Case-by-case evaluation of project proposals 
• Strict controlling, inspection and monitoring of discharge points 

 
Measures for Appropriate Monitoring 

 
• Before-After / Control-Impact Monitoring with adequate replication on 

an annual basis 
• Statistical analysis of results, comparative analysis of trends 
 
Measures for Institutional Water Authorities 
 
• Preparation of master plans for water bodies 
• Integrated, multi-scale water resources planning 
• Assessment of desalination guidelines  

                                                                                                                            
potential impacts of discharge by one or several (cumulative impacts) outfalls on the 
environment which may not have been adequately done in the past.  
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• Development of local, regional, national water laws 
• Conducting studies to promote national water program 
• Establishment of incentives, task forces of permitting processes 

3.5 Relevant Legislations and Guidelines 

Regulations and guidelines with environmental concern are generally 
subject to national water framework. Among countries that are well-ahead 
in gaining experience with desalination such as the U.S. and Australia, there 
are advanced requirements within environmental policy set-up.  
 
The Middle East countries have not yet adopted environmental regulations 
giving sufficient consideration to environmental concerns that can be 
potentially caused by desalination.  
 
In the U.S. and Australia, as pioneers of establishers of environmental 
regulations, there are stringent permit processes on the state- and national 
level which must be granted. Just to provide an overview on some permit 
regulations regarding concentrate management, the following requirements 
are worth mentioning to give examples: 
  
• Concentrate disposal to surface water must demonstrate acceptable 

concentrate chemistry (such as pH, total suspended and dissolved solids, 
different individual chemicals) 

• Pre-treatment and post-treatment waste waters must be treated before 
discharge 

• Limits based upon characteristics of the receiving water body and human 
and aquatic toxicity studies are defined, also whole effluent toxicity test 
(WET) are required   

• Limits for concentrate mixing zone are defined 
• Extensive field baseline studies are conducted to investigate potential 

impacts of the concentrate to ensure that mitigation measures (e.g. dif-
fusers) work as planned, including 2-3 years of baseline monitoring and 
several years of effects monitoring during plant commissioning and op-
eration; studies are designed to have sufficient statistical explanatory 
power to detect actual changes and follow the before-after, control-
impact (BACI) approach9  

• For concentrate disposal to groundwater aquifers e.g. deep well injection 
option, the well integrity and water quality must be monitored 

• For permits to use evaporation ponds, requirements are typically that 
monitoring of pond integrity must be done 

• For disposal to sewage systems, concentrate is classified as industrial 
waste and must follow the stipulated discharge standards 

• For zero liquid discharge there are requirements for disposal of the solids 
to approved, impervious areas posing no threat to surface and groundwa-
ter 

                                                 
9 Such field studies are missing so far particularly in the MENA region. 
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• Land application disposal is considered to be a groundwater discharge. 
Therefore, a zone of discharge is established only if adequate monitoring 
measures of the movement of contaminants can be met. 

 
The regulations allow (force) the desalination industry to make concentrate 
disposal as an integral part of a desalination plant. However permit granting 
should not decelerate desalination proposals, but support them to be suffi-
ciently sound and comprehensive and to minimize possible environmental 
impacts.  
 
In the MENA region, concentrate disposal is not yet adequately regulated or 
monitored on a national scale in each country. There are only a few coun-
tries that have introduced stipulations related to concentrate disposal to 
protect the marine environment and groundwater in the aquifer environment 
e.g. Israel10, Egypt11, and Saudi Arabia12.  
 
There is still great need for set-up of establishment of unified corresponding 
water framework and regulations especially focusing on desalination issues 
in the region. This is especially important for the integration of EIA studies 
on a regional basis in the MENA region in order to better control and 
minimize possible cumulative effects of accumulated desalination plants. 
 
There are recently published international guidelines that provide assistance 
for sustainable development. Some of these guidelines were compiled and 
released by the following international organizations:  
 
• United States Environmental Protection Agency (EPA),  
• United Nations Environmental Protection (UNEP) Division of Environ-

mental Information, Assessment and Early Warning,  
• World Health Organization (WHO),  
• United Nations Economic Commission for Europe (UNECE). 
 
Recently the EC has established a water directive for the Mediterranean Sea. 
The goal of the EU Marine Strategy Framework Directive13 is, being in line 
with the objectives of the 2000 Water Framework Directive 2000, which 
requires surface freshwater and groundwater bodies - such as lakes, streams, 
rivers, estuaries, and coastal waters - to be ecologically sound by 2015 and 
that the first review of the River Basin Management Plans should take place 
in 2020. In order to meet common challenges, it was mentioned that cooper-
ation with non-EU Mediterranean (North African countries) partners should 
be improved.  
 
Further, the International Desalination Association (IDA) has formed a task 
force in 2009 to explore the environmental effects of desalination on the 

                                                 
10 Stipulations within national master plan 34B3 and the Law for the protection of the 
Coastal Environment 
11 Stipulations for approval and monitoring by the Egyptian Environmental Affairs Agency, 
EEAA 
12 Presidency of Meteorology and Environment, PME Regulations 
13 http://ec.europa.eu/environment/water/marine/index_en.htm 
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Arabian Gulf and recommend strategies to mitigate potential impacts. The 
next conference takes place early December 2010 in Bahrain. 
 
The guidelines developed by national and international agencies involve 
recommendations only, without having legal restrictions or consequences so 
that the permit regulations on country-basis remain further crucial for 
environmental protection. The expected trend in future is more stringent 
regulations. 
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4. Concentrate Management  
Depending on the desalination plant type, desalinating seawater at coastal 
areas or alternatively brackish water in inland areas, the requirements and 
the constraints for concentrate management may be significantly different. 
Thus, there is no single technology that can cover all concentrate manage-
ment needs and challenges, as they are highly project and site-specific. 
 
The main drivers of management of desalination plant concentrate include: 
 
• Increased water demand and increasing size of plants which limits 

disposal options 
• Increased number of plants in a region such that the cumulative effect on 

receiving waters can escalate the need for increased concentrate man-
agement (e.g. Middle East) 

• Increased regulation of discharges that makes disposal more difficult and 
slows the permitting process (e.g. groundwater regulations) 

• Increased public concern with environmental issues that plays a role in 
the permitting process 

• Increased number of desalination plants in semi-arid regions where 
conventional disposal options are limited. 

 
As a result of these trends, it is becoming more and more challenging to find  
viable methods of concentrate management that fulfill the multi-objective 
technical, environmental, and financial requirements. 
 
Today, there are only a limited number of conventional concentrate man-
agement options available on the market. Current approaches to concentrate 
management are, in general, either costly or they require additional water 
volumes for their application. Further research is needed to better develop 
new and cost-effective approaches to concentrate management. 
 
Mickley et al. (1993) identified the factors that influence the selection of an 
appropriate concentrate disposal method. These include: 
 
• volume or quantity of concentrate 
• quality or constituents of concentrate 
• physical or geographical location of the discharge point of the concen-

trate 
• availability of receiving site 
• permissibility of the option 
• public acceptance 
• capital and operating costs 
• ability for the facility to be expanded 
• economics of the recovered product, including capital and operation 

costs. 
 
The majority the desalination plants worldwide dispose their concentrate to 
surface waters as this is the most practical and economical option. Others, in 
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the absence of surface waters within close reach, deployed alternative 
methods to return the concentrate e.g. deep well injection, sewer discharge, 
evaporation ponds, zero liquid discharge or land application. Their number 
is however limited and the associated costs are significantly high, especially 
for the large concentrate volumes from seawater desalination plants.  
 
Conventional technical options to concentrate management will be de-
scribed briefly in the following sections.  

4.1 Concentrate Management Options 

4.1.1 Surface Water Discharge  

Surface water discharge is the most common concentrate disposal practice 
given the premises that there is access to receiving water bodies such as 
oceans, seas or rivers. 
 
For coastal desalination plants, disposal of seawater concentrate to seas 
appears to be the most practical and economic way (Purnama et al., 2003).  
 
The environmental impacts are relevant to receiving water body characteris-
tics and the constituents of the concentrate discharge flow. The feasibility of 
the surface water option depends on the compatibility of concentrate for the 
receiving water body. For brackish water desalination plants in inland areas, 
the disposal options for the concentrate are highly limited and thus more 
challenging (Ahmed, 2000; Gilron et al., 2003).  
 
Improper disposal of brackish water concentrate may cause problems such 
as groundwater pollution, negative effects on agricultural lands or high salt 
load in municipal sewerage system.  
 
There are two different application of surface water discharge: 
 
• Direct discharge at coastline into shallow waters 
• Discharge via long outfall pipe including diffusers. 

4.1.1.1 Direct discharge at coastline 

This type of discharge is based on releasing the concentrate near shore at 
shallow water levels. The distance to shore is usually a few meters only. 
Given the smaller water column and weaker currents and waves prevailing 
at smaller depths near shore, the mixing and dilution of the concentrate may 
take longer time within the outfall area.   
 
The desalination plants in the Middle East generally use this type of dis-
charge. The continuation of discharging concentrated salt solutions directly 
at the coastline is not recommended in the future.  
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Abdul-Wahab and Al-Weshahi, 2009 reported that under certain conditions 
(small plants, insensitive shore) it has been given some consideration 
because of economical factors. 
 
Einav et al. 2003 stated also that this method is generally not recommended 
for seas with high sensitivity, or for large desalination plants, or for areas 
with population of high environmental awareness. 

4.1.1.2 Concentrate Discharge via outfall pipe and diffusers 

In order to enhance the mixing and dispersion of the concentrate plume 
from desalination plants at the coastline a long outfall pipeline can be 
installed within a range of hundreds of meters up to a few kilometers. As a 
further measure most of the long outfalls contain multiport diffusers to 
dilute the seawater concentrate rapidly to avoid and reduce the sinking 
tendency of the concentrate to the seafloor. An exemplary layout of an 
outfall pipeline with multiport diffuser is shown in Figure 4-1 followed by 
different diffuser construction details in Figure 4-2: 

 
Figure 4-1: Layout of an outfall pipeline with multiport diffuser (Bleninger, 2007) 

 
Figure 4-2: Typical construction details for multiport diffusers in water bodies: (a) 

Diffuser pipe on bottom with port holes, (b) diffuser pipe buried in trench 
with short risers, (c) deep tunnel construction with long risers 

 
It is also of interest to place the point of concentrate discharge far away 
from the beach and from rocky areas which are rich in organisms, as well as 
far away from areas where large numbers of people are involved in activi-
ties such as recreation, touring, and fishing (Einav et al., 2003). Moreover as 
a means of minimizing potential impacts, the presence of unique and 
valuable habitat and biolological resources within the vicinity of desalina-
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tion plant discharges should be considered (Dupavillon and Gillanders, 
2009; Lattemann and Höpner, 2008). 
 
Further, efforts are made to improve the design of concentrate discharges 
from desalination plants so that possible impacts to marine ecosystems 
related to e.g. salinity and temperature increase of seawater can be mini-
mized. Main effects on marine biota are expected to be in the vicinity of the 
discharge pipe related to the increase in the concentration of salt at the point 
of discharge. Especially benthic organisms in the sandy bottom can poten-
tially be subject (Einav et al. 2003).  
 
Several hydrodynamic modeling approaches have been conducted so far to 
optimize the discharge structures. In this context, it was stated by several 
authors (Al-Barwani and Purnama, 2008; Purnama et al. 2003; Shao and 
Law 2009) that spatial extent of concentrate plumes and coastal erosion due 
to outfalls can be minimized by building discharges further offshore. 
 
As each desalination project is individual, the optimization of outfall 
structure design should be achieved based on the project and site‐specific 
data. 
 
Models suggested that the worst discharge design, from the perspective of 
dilution of the concentrate, is an intertidal, or surface discharge as plumes 
tend to extend further and dilute less rapidly (Robert et al., 2010; Alamed-
dine and El-Fadel, 2007; Bleninger and Jirka, 2008).  
 
The success of the diffusers operation depends on their number and on the 
space between them. It is possible to improve the dispersion efficiency by 
using special diffusers. These boost the concentrate pressure at the outlet of 
the discharge pipe and thereby improve the dilution.  
 
In regards with diffuser design, it has been reported that diffusers directed at 
an angle of 30–90° (refer to θ in Figure 4-1) to the seafloor well perform so 
that the concentrate is pushed in the direction of the surface of the sea 
(Einav et al., 2003). More recent models suggest a shallower discharge 
angle of 30-45° that may enhance mixing and offshore transport desalina-
tion concentrates in coastal waters with moderate to steep bottom slopes 
(Bleninger and Jirka, 2008). Thus, there is broad agreement amongst 
modeling studies that sub-tidal, offshore discharge in an area of persistent 
turbulent flow is the optimal design to minimize the spatial extent and 
intensities of concentrate plumes (Robert et al., 2010). 

4.1.2 Sewer Disposal 

Concentrate discharge to an existing sewage collection system is another 
option which is applied especially for brackish water desalination plants in 
inland areas.  
 
The main advantage of this kind of co‐discharge is to allow for mixing of 
high-salinity concentrate with other low-salinity waste waters before 
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discharge in order to reduce the salt concentration of concentrate part-
stream. 
 
Only little information is available on combining concentrate flows with 
treated waste water streams. Caution must be given especially in regards 
with high salinity or high temperature concentrate and residual biomass 
content found in waste waters.  
 
A possible disadvantage is the potential for whole effluent toxicity (WET) 
of the blended discharge, as the mixing of the two waste streams may lead 
to synergetic effects not found in the individual waste streams (UNEP, 
2008).  
  
On this subject, site‐specific laboratory toxicity tests of combined effluents 
in different mixing rations are required in order to detect potential impacts 
on the receiving environment, using effluents from the treatment plants in 
question, and local fauna and flora species. 
 
Neutralized cleaning effluents from RO, MF/UF units can be discharged to 
sewage systems for further biological treatment if such facility is available 
at close plant vicinity. If not, they can be discharged to biological treatment 
facility at the installed desalination plant site. 
 
Sewer disposal option requires a permit from the local sewage agency and 
may charge a certain fee since the concentrate adds up an additional hydrau-
lic load to the existing system. The sewage treatment plant must have 
sufficient design capacity to accept the brackish water concentrate dis-
charge. The permit may impose limitations to protect the sewers and 
treatment plants’ infrastructure, the treatment process, and final effluent and 
bio-solids’ quality.  
 
Co-discharge of concentrate to existing sewage treatment system provides 
only limited applicability for medium and large capacity desalination plants. 
Smaller volume discharges with low TDS content can be economical given 
permitting requirements are met. 

4.1.3 Deep Well Injection 

Deep well injection (DWI) is presently applied worldwide for disposal of 
industrial, municipal and hazardous wastes. In recent years, this technology 
has been given serious consideration as an option for permanent removal of 
concentrate from land based desalination plants.  
 
Deep well injection or subsurface injection involves the disposal of concen-
trate into unusable groundwater aquifers, generally at depths ranging from 
330 to 2,600 m (Abdul-Wahab and Al-Weshahi, 2009). The receiving 
aquifer water quality is considered poor, and hence appropriate for concen-
trate injection, with TDS values > 10,000 mg/l.  
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The feasibility of deep well injection depends highly on site conditions 
especially on geological and hydro-geological conditions. Hence this 
method may not be applicable at all sites. 
 
In order to ensure the overall performance and reliability of this option, a 
thorough geological investigation of the selected site must be conducted 
prior to design and drilling of the deep wells. In addition, potential need for 
filtration of total suspended solids (TSS) and conditioning of the concentrate 
should be assessed prior to injection in order to ensure stable injectivity.  
 
Suitable locations for deep wells can be potentially in areas with aquifers 
that can accept larger amounts of concentrate. The reservoir capacity is 
required to be capable of receiving concentrate over the entire design life of 
the desalination plant. 
 
In order to protect possible future use of water from shallower aquifers that 
may be used for drinking purposes, the permanent isolation of concentrate 
must be ensured by a confining layer between the receiving aquifer and any 
overlying source of drinking water. Due to this risk, deep injection wells 
should not be located in areas vulnerable to earthquakes or regions with 
mineral resources, or where groundwater supplies for domestic or agricul-
tural use is significant (Ahmed, 2000).  
 
The feasibility determination of deep wells is expensive, thus, this option is 
considered cost-effective for disposal of large concentrate volumes. Even 
upon successful testing, there is still no guarantee for long-term reliable 
operation of the well system. 
 
The major constraints of the option can be summarized as follows: 
 
• dependency on site conditions for adequate aquifer characteristics  
• need for detailed investigation of geological and hydro-geological 

conditions via test wells prior to installation  
• risks associated with groundwater contamination 
• operation costs involved in filtration and conditioning of concentrate 
• possibility of corrosion and subsequent leakage in the well casing 
• monitoring based on frequent measurements required for reliable well 

performance regarding TSS content in the concentrate 
• uncertainty on the well operation life, which can only be estimated using 

mathematical simulation techniques.  
 
The option of deep well installations is usually highly related with environ-
mental permit regulations due to potential risks on the groundwater re-
sources. Permit granting process involves assessment results of test well 
operation at the selected site.  
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4.1.4 Evaporation Pond 

This method relies on the principle of volume reduction through evaporation 
of concentrate by solar energy for final disposal. Generally, if net evapora-
tion rates are high, meaning at sites under dry climates conditions, evapora-
tion ponds can offer a viable solution for concentrate disposal.   
 
The costs of evaporation ponds are directly related with cost of land depend-
ing on land availability within close reach of the desalination facility. In this 
context, since the majority seawater desalination plants are located at coastal 
areas, this option could be more viable for small-capacity municipal brack-
ish water desalination plants in inland or at coastal regions with low eco-
nomic value.   
 
There are several types of enhanced evaporation systems that take advan-
tage of the increased evaporation. This way, the exposure of the impounded 
concentrate to air can be increased. In the past, some approaches used 
include spraying or misting the water into the air, letting the water fall 
through the air, or saturating a cloth material and exposing it to air flow. 
These methods have not achieved commercial success for municipal 
concentrate, but have the potential to reduce required land area and capital 
costs (Mickley, 2009). 
 
The costs of the ponds are mainly related with piping and pumping, costs of 
land and land preparation, possible distribution system, synthetic or clay 
liner and monitoring. Additional costs may incur for solids disposal due to 
accumulation of separated salts in the pond over time. 
 
This option must take into consideration groundwater regulations due to 
potential risks of contamination by seepage from constructed evaporation 
ponds. 

4.1.5 Zero Liquid Discharge and Near-Zero Liquid Discharge 

Zero liquid discharge (ZLD) systems are essentially thermal methods, such 
as thermal evaporators, crystallizers and spray dryers that can reduce 
concentrate to a slurry (near ZLD) or to a solid product (ZLD) for landfill 
disposal. Very high recoveries greater than 97 percent can be achieved using 
near-ZLD or ZLD processes. Relative ranges of recovery for current SWRO 
and BWRO and brackish water coupled with ZLD and near-ZLD have been 
illustrated by Sethi et al. (2006) as shown in Figure 4-3. 
 
These methods are well-established and -developed, however, their capital 
and operating costs are characterized with relatively high to very high costs. 
The costs may even exceed the costs for the desalination facility itself, so 
this option is not typically employed except for special situations e.g. for an 
inland brackish water desalination facility with no other alternatives availa-
ble for concentrate discharge.  
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Figure 4-3: Illustration of recovery enhancement possibility for brackish water 

reverse osmosis (BWRO), Sethi et al. 2006 
 
As a possible combination of near-ZLD with evaporation ponds, the concen-
trated slurry may be sent to evaporation ponds. This typically results in a 
lower cost option than processing concentrate to solids. Use of high recov-
ery RO systems in front of the thermal evaporators can reduce costs for 
waters of limited hardness (Mickley, 2005). The selective and sequential 
removal of salts followed by their use may offer promise to reduce zero 
liquid discharge costs (Mickley, 2004). Reducing the cost of zero liquid 
discharge systems may likely stimulate the desalination sector. 

4.1.6 Land Application  

Similar to evaporation ponds, land application can be an option at favorable 
climate conditions and available area. Possible beneficial uses of concen-
trate are however highly limited (e.g. spray irrigation or lawns, parks, golf 
courses and crop lands).  
 
The primary difficulty with land applications is that the concentrate dis-
charge needs to meet the national and local groundwater protection regula-
tions based on the salinity and the use of the underlying groundwater 
(USBR, 2009). If concentrate is used for irrigational purposes, water quality 
tolerance of target vegetation to salinity must be considered in addition.  
 
Direct discharge of concentrate is generally not practicable due to high 
salinity levels. Typically, concentrate needs to be diluted prior to discharge 
in order to meet the groundwater regulations. For dilution of concentrate 
much higher volumes of water may be required compared to the volume of 
concentrate. This volume increase, in turn, increases the required land for 
discharge substantially.  
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Given the low economy of scale, this option can only be feasible for smaller 
volumes for a limited number of cases. 

4.2 New Developments  

The consideration of alternative or new concentrate disposal options is 
driven by several factors: 
 
• Increasing number and size of desalination plants 
• Increasing accumulation of desalination plants in certain regions 
• Increasing concentrate volumes  
• Limited available disposal options 
• More strict environmental regulations 
• Increasing public awareness and environmental concerns. 
 
Under new developments one consideration is further treatment of concen-
trate to facilitate disposal, use, or reuse (beneficial use of concentrate). It 
includes reducing the volume of concentrate even to extreme levels of zero 
liquid discharge (ZLD) processes. This option has received some attention 
recently however there are limitations that should be considered in the 
overall assessment. Increasing the recovery reduces on one hand the concen-
trate volume, but on the other hand increases its salinity. The salinity 
concentration may become a limiting factor for disposal methods where 
concentrate eventually interacts with receiving waters such as surface water 
or groundwater. It can be concluded that minimizing the concentrate volume 
typically makes the concentrate less compatible, in terms of salinity, if it is 
discharged to surface waters or groundwater. For other options such as 
evaporation ponds, deep well injection and zero liquid discharge recovery 
increase may be useful for volume reduction. Unless disposal options of 
evaporation ponds or deep well injection are available, there is usually little 
benefit gained by minimizing the volume of concentrate unless it is mini-
mized as part of a ZLD processing scheme. 
 
Various means of increasing membrane system recovery are mostly based 
on extensive pretreatment of feed water to a two-stage membrane system or 
inter-stage treatment prior to the second membrane stage. Such additional 
recovery increase has its costs and if feed water shows high hardness levels 
the treatment may require additional chemicals and high solids disposal cost 
during operation. 
 
Conventional zero liquid discharge technologies are very energy and cost 
intensive. There are particular considerations in order to reduce these costs 
e.g. by coupling membrane systems prior to the thermal evaporative systems 
of ZLD.  Cost-effective zero liquid discharge (ZLD) techniques can poten-
tially enable the desalination of especially brackish water resources in 
water-scarce regions.  
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There is as well the selective removal option of individual salts from 
concentrate based on e.g. ZLD technology. In regards with high volumes of 
seawater concentrate, the associated costs are considered high for applica-
tion of selective salt recovery. It must provide lower cost scenarios for 
various sites to become competitive in general terms. In the Middle East, 
particularly in Saudi Arabia, it is well known that salts are imported at high 
prices. In future selective salt recovery may be promising solution to 
concentrate management by turning waste to resource if its cost-
effectiveness improves. There is need for market development in long-term. 
 
Reuse of concentrate is considered to be locally limited option for a small 
number of sites. Concentrate variability depending on specific sites must be 
taken into consideration.  
 
To conclude this section on new developments, there is need recognized for 
further research and project developments to enable a scale-up of pilot or 
small-scale plants and to reduce the associated costs to increase their 
feasibility.  

4.3 Process Effluent Treatment 

Besides technical options to concentrate disposal and concentrate minimiza-
tion, waste water management is also subject to desalination plant impact 
mitigation. 

4.3.1.1 Treatment of Thermal Plant Effluents 

Given the quite small concentrations of process chemicals applied in 
thermal desalination plants such as antiscalants, anti-foaming agents, 
corrosion inhibitors, and comparatively quite large seawater concentrate 
flow volumes, there was no technology established to date to remove the 
residual chemicals from the concentrate.  
 
Thermal plants do not require pre-treatment of seawater, so coagulants are 
not applied, thus such treatment is not required. 
 
Due to biofouling control applied to seawater, both seawater concentrate 
and cooling water may contain residual chlorine at the discharge point 
which is typically not removed. It is suggested to optimize the chlorination 
regime so that overdosing is avoided. Further low-level or pulse chlorina-
tion14 are other options to bring down chemical consumption/loads and 
finally dechlorination of seawater concentrate with sodium bisulfite (SBS) 
within plant boundaries to minimize residual chlorine levels. 
 
Acid cleaning effluents used in cleaning of stages of MSF or effects of 
MED plants are neutralized before discharge.  
 
                                                 
14 Chlorine treatment with given pulses of chlorine every 6 h in order to obtain optimal 
antifouling efficacy with a minimal amount of chlorine. 
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Conditioning chemicals should be used as economically as possible in order 
to avoid residual amounts downstream of the process. 

4.3.1.2 Treatment of RO Plant-Effluents 

On the contrary to thermal plants, pre-treatment stage of RO plants involves 
dosing of coagulants for removal of turbidity (suspended solids) from 
seawater. In order not to cause turbidity and sedimentation in the discharge 
site and iron salts based on dosing of coagulants (e.g. FeCl3), the following 
waste water part-streams can be treated before discharge: 
 
• Backwash water from filters of RO-pre-treatment process  
• Neutralization and detoxification of all chemicals-containing waste water 

streams e.g. chemical storage, chemical cleaning and preservation of RO 
membranes (MF/UF membranes if applied in pre-treatment) 

• Discharges from the post-treatment system (e.g. backwash water of 
limestone filters if applied) 

• Thickening and dewatering of sludge generated in the waste water 
treatment system for disposal. 

 
Following conventional treatment process stages can be applied for treat-
ment of such waste water flows: 
 
• Neutralization 
• Sedimentation 
• Sludge thickening  
• Sludge dewatering. 
 
First, waste water streams/drains containing chemicals are collected sepa-
rately in a chemical drains retention basin for neutralization and detoxifica-
tion by dosing acid (e.g. HCl) and caustic (e.g. NaOH) and flocculated by 
means of adding coagulant (e.g. FeCl3) prior to further treatment.  
 
Backwash water streams from pre-treatment and post-treatment sections 
with high suspended solid content are collected in a backwash waste water 
basin. Already neutralized chemical waste water from neutralization is 
added to backwash waste water basin. 
 
Collected waste water part-streams are then transferred to sedimentation 
section (lamella clarifier) of the waste water treatment system on a conti-
nuous basis. To aid sedimentation and settling, flocculants can be added into 
the feed of the sedimentation stage.  
 
To separate sludge flakes from clear water, a special kind of clarifier can be 
used which is called lamella clarifier. Due to lamella packages which it 
includes it provides a considerably high clarifying area while keeping the 
footprint of the clarifier comparatively small. The flakes get accumulated on 
the lamellas and slide down to the conus of the clarifier. Sludge generated in 
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lamella clarifier of sedimentation part is transferred to sludge thickener tank 
to further concentrate sludge solids content before dewatering. 
 
The overflow of the sedimentation system will be water with low turbidity 
(clear water) which will be discharged to sea given the condition that 
turbidity is within allowed limits. If not, treated backwash water will be 
returned to pre-treatment section of RO plant. 
 
The clarified water from sludge thickener tank will be transferred back into 
backwash waste water basin upstream the sedimentation system. 
 
For sludge dewatering, centrifuge and filter press technologies are generally 
applied where drier cake solids are produced. For the improvement of 
filtration efficiency of sludge dewatering system, appropriate type of 
flocculant can be dosed into dewatering system feed lines before entering 
the centrifuge or filter press. Thickened solids discharged from sludge 
dewatering unit should be in the form of a cake with a dry solid (DS) 
content of around 20%. The cake is discharged to be disposed to landfill 
according to local solid disposal regulations.  
 
If dissolved air flotation (DAF) is applied in the pre-treatment of RO, 
floating sludge layer from DAF units is directly fed into sludge dewatering 
unit. 
 
A schematic view of filter backwash waste water treatment plant is shown 
in Figure 4-4. 
 
The presented treatment approach of conventional treatment is a cost-
effective solution in general. It was applied in Australian SWRO desalina-
tion plants in Gold Coast, Perth I and Sydney for treatment of pre-treatment 
backwash waste water before discharge. The specific waste water treatment 
plant scheme for a selected site is however subject to individual assessment 
considering project and local site data e.g. the seawater quality especially in 
regards with TSS content, the selected pre-treatment technology of desalina-
tion as well as the prevailing discharge permission limits and solid disposal 
regulations.  
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Figure 4-4: Schematic diagram of filter backwash waste water treatment process from      

pre-treatment of SWRO (Mauguin and Corsin, 2005)  

4.4 Concentrate Management Costs 

This section includes cost indications for CAPEX and OPEX of commercial 
concentrate management options to minimize the concentrate flow and 
including waste water treatment plants e.g. to treat the pre-treatment back-
wash waste water from RO plants for appropriate treatment of concentrate 
before discharge. 
 
Among the concentrate management options that are commercially viable, a 
relative CAPEX cost comparison was made by Mickley, 2003 and Wilf, 
2007 which reflects the economy of scale factors as well as general relative 
level of cost as given in Figure 4-5. According to the author, the least cost-
intensive methods are sewer disposal for inland BWRO and surface water 
discharge for coastal SWRO plants. Good economy of scale is provided for 
deep well injection. Spray irrigation appears applicable at moderate costs 
whereas zero liquid discharge and evaporation ponds correspond to high to 
very high costs.  
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Figure 4-5: Scale dependent capital costs of concentrate disposal options (Mickley, 

2003, Wilf and Mickley, 2007) 
 
The cost of producing desalination water becomes more costly as the 
concentrate disposal costs increase. A summary of costs for concentrate 
disposal and the RO membrane system is shown in Table 4-1. Water cost 
comparison includes capital and operation and maintenance costs after 
Greenlee et al., 2009.  
 
Again, surface water disposal is by far the least expensive option, although 
piping and pumping costs can significantly increase when the plant is not 
located on the coast. Evaporation ponds and ZLD are the most expensive 
options due to stringent groundwater regulations and energy requirements, 
respectively. As it can be seen from Table 4-1, cost impacts of expensive 
ZLD- technology are significant making desalinated water costs extremely 
expensive compared to other options. This option is practically not relevant 
for seawater desalination plant concentrate disposal. 
 
Table 4-1: Cost comparison of membrane unit and concentrate disposal options 

(Greenlee et al., 2009)  
Option Cost 

(USD/m³) 
Critical factors 

Concentrate disposal 
options15 
Surface Water 
Evaporation Pond 

 
 

0.03 - 0.30 
1.18 - 10.04 

 

 
 
Piping, pumping and outfall construction 
Pond size and depth, salt concentration, 
evaporation rate, disposal rate, pond liner 
cost  

Deep Well Injection 0.33 - 2.64 Tubing diameter and depth, injection rate, 
chemical costs 

Benchmark 
Membrane replacement 
Chemicals 
 

 
0.008 - 0.05 
0.008 - 0.05 

 

 
Scaling, fouling 
Cleaning frequency 
 

 

                                                 
15 Costs include capital and operation and maintenance (O&M) costs after Greenlee et al., 
2009 
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Interestingly, both of the cost evaluation results conclude that the poorest 
economy of scale is attributed to evaporation ponds. A possible reason for 
this could be the following: 
 
The authors noted that they made their assessment mainly on projects in the 
U.S. and assumed high capital costs for land acquisition at coastal areas 
(making particularly evaporation ponds high in CAPEX) and extensive 
groundwater permit requirement. However it should be further noted that 
land costs as well as groundwater availability conditions may be highly 
different in other areas of the world dependent on local conditions. There-
fore evaporation ponds can be a well-feasible option for such desalination 
projects in the MENA region.  
 
A more detailed cost estimation considering different options for a specific 
project should be assessed upon specific project and local data. The cost of 
concentrate management option is of great interest because producing 
desalinated water becomes more costly as the concentrate disposal costs 
increase.  
 
From an environmental aspect, it is also worth emphasizing not to favor 
very energy- intensive methods for concentrate management, even if they 
perform very well in terms of concentrate management, as higher energy 
consumption puts also burdens on the environment. Therefore, it is essential 
to come up with technically, environmentally and financially viable solu-
tions.   
 
In regards with treatment of RO desalination plant process effluents the 
associated costs depend highly on the seawater quality and the required pre-
treatment method prior to RO process. Total suspended solid content in 
seawater determines the extent of required waste water treatment plant 
which may highly vary depending on site. The number of reference projects 
which involved such treatment plants is highly limited. However the share 
of such treatment plant costs relative to total plant costs is not significant. 
To give an example, the associated costs16 with waste water treatment 
(WWTP) of the Australian plants installed in Sydney and Perth I plants was 
as high as 2 - 3% of CAPEX for the total plant. Both applied flocculation-
filtration for pre-treatment of seawater.  
 
In addition, there are attempts made for reduction or even elimination of 
coagulants used in pre-treatment of RO in order to reduce waste water 
treatment costs to minimize potential impacts. Concentrate recycling was 
also applied in Australia to reduce the recovery of RO plants and thus 
reducing the seawater intake amount. Given the limited number of reference 
projects implemented to date, a rough estimate of CAPEX can be provided 
at this stage within a range of approximately 200-250 USD/m³ of waste 
water. The estimated range is based on conventional treatment as included 
section 4.3.1.2. Any requirement for more advanced treatment would 
increase the costs accordingly. 
                                                 
16 Note that Australian desalination plants are rather classified in the high-cost range 
compared to other desalination plants worldwide.  
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5. Conclusions 
Growing water demand has been the driving force for building new desali-
nation plants and for the recent developments achieved within the desalina-
tion technologies available. 
 
The majority of the desalination plants are based on seawater while there are 
brackish water desalination plants, to a smaller portion, that are usually 
installed in inland areas. The focus of the report was given to seawater 
desalination plants due to covering the majority of desalination plants in the 
MENA region. 
 
The report dealt with relevant issues of concentrate discharged from desali-
nation plants especially on the possible impacts to the receiving environ-
ment. The measures to be taken by means of concentrate management are 
twofold in their nature: The first one is to take all necessary measures to 
minimize damage to the environment that may potentially be caused by the 
residual substances in the concentrate emerging from the desalination 
process; and the second measure is to minimize the production of concen-
trate by reducing the concentrate volume to provide better disposal options 
or to enable beneficial use of constituents of the concentrate such as salt 
recovery. 
  
The concentrate management options for minimizing the amount of concen-
trate are still associated with relatively high costs. There are well-proven 
technologies available on the desalination market however the considerably 
high costs have impacts on the costs of water produced by the desalination 
plants due to high energy demand or high capital costs of the sophisticated 
equipments and structures required.  
 
There is still need for research of feasible solutions that can fulfill the 
requirements in the sense of technology, environment and financing. In this 
context, within a broader sense of environmental protection, it is of interest 
not to employ high-energy demanding technologies for concentrate man-
agement.  Further improvements are expected to allow a wider application 
of concentrate management techniques. 
 
Regarding determination of such impacts of desalination plants, it appears 
difficult to establish a direct cause-effects link to verify such impacts 
without studying the whole system involved which is quite complex in its 
nature. The complexity calls for thorough investigations and analyses to be 
conducted. There is still very little information available related to impact 
assessment of desalination discharges on the marine environment. Pre- and 
post-operational monitoring and baseline information is necessary for such 
assessment studies.  
 
The optimal solution for concentrate management of each project should be 
identified individually based on the given conditions regarding technical, 
environmental and economical aspects of the specific project. The limiting 
factors for their application depend more on environmental and economic 
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factors rather than on technical feasibility. For sound impact assessment 
specific factors like project site location, applied desalination technology 
and plant configuration and local environmental conditions of receiving 
water body, including existing plants and their discharges in the proximity 
must be considered individually for each desalination project.  
 
Precautionary measures should be taken by adapting best available desalina-
tion technology (BAT) and including measures for enhanced concentrate 
outfall design and location serving for rapid mixing and dilution or the 
concentrate.  
 
In order to enhance the mixing and dispersion of the concentrate plume 
from desalination plants at the coastline it is now common practice to install 
a long outfall pipeline containing multiport diffusers to dilute the seawater 
concentrate rapidly to avoid and reduce the sinking tendency of the concen-
trate to the seafloor. 
 
In context of BAT, site-specific approach is recommended to identify BAT 
solutions and to verify if these work effectively involving full-scale EIA 
studies, including monitoring and toxicity tests. The mixing zone concept 
cannot be applied and an enhanced outfall design cannot be determined 
without field studies, whole effluent toxicity (WET) tests or national 
ambient standards for salinity.  
 
It is further suggested to minimize the chemicals consumption within the 
plant in order to avoid overdosing (eco-toxicity and chemical dosing rates 
have already reduced) and to minimize residual chemicals in the discharge 
flow (e.g. application of pulse chlorination which is defined as one of the 
BAT for chlorination in order to minimize residual chlorine concentrations).  
 
Additionally removal of residual chemicals and contaminants from the 
concentrate by means of appropriate waste water treatment plants (WWTP) 
including sludge treatment and dewatering units is recommended. The cost 
impacts for the involvement of such treatment plants are not significant 
compared to overall capital costs of the plants and they are coming more 
and more into common practice. The specific plant scheme is dependent on 
prevailing project and site conditions as well as local regulations of dis-
charge quality standards and solid disposal to landfill. 
 
Measures to mitigate potential impacts of the concentrate are state-of-the art 
whereas concentrate minimization is not yet established. Today’s best 
practice is expected to become the minimum requirement for future desali-
nation plants. 
 
Legislations are expected to be more stringent in future in context of 
approval of environmentally-sensitive disposal options to preserve ground-
water and seawater quality and the ambient ecosystem. Since each desalina-
tion project is unique and depends on project-specific conditions and 
considerations, permit granting for each project should be evaluated on a 
case-by-case basis. 
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On a national level to protect and control water resources, broader values 
must be applied that consider an integrated water resources management 
approach. This can help countries or local regions to achieve a balanced and 
diversified water portfolio. 
 
In this context, the report, as a part of the MENA Regional Water Outlook, 
can provide support to the MENA countries for their considerations and to 
develop perspectives for concentrate management on country basis.  
 
Given the extensive experience gained in the desalination sector and the 
local similarities, the MENA region provides a suitable platform to work 
together on integrated concentrate management solutions to region’s waters 
and to establish a common consensus.  
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