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8. DESALINATION IN CALIFORNIA AND SPAIN  

8.1. Global Overview 

Since the beginnings of desalination in the late 1950’s - early 1960’s, global installed 
capacity has been increasing exponentially from 110,000 m3/day in 1960, based on 
distillation processes, up to today’s 54 hm3/day (Figure 27). Water purification 
technology has developed to the point where today there is not only one or two, but at 
least seven different distillation and membrane methods of desalting water. Reverse 
Osmosis (RO) is the most common process accounting for 46% of world installed 
capacity. Second comes Multi Stage Flash (MSF) with 36% followed by Multi Effect 
Distillation (MED) with 30%. The remaining 15% is obtained through Multi Effect 
Evaporation (MEE), Nanofiltration (NF), Vapor Compression (VC) and Electrodialysis 
(ED) (Reddy and Ghaffour, 2006). 
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Figure 27. Contracted capacity of all desalination plants word-wide 

On a world average, over half of desalted water is obtained from the sea or the ocean while 
only 25 percent comes from brackish water. Purification of surface stream flows and 
wastewater make up for the remaining 25%.    

The above data has been obtained from the International Desalination Association (IDA), 
which provides an accurate worldwide desalting plant inventory. However, the IDA database 
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often overestimates real desalination capacity by including plants that have not been built, 
have been built but never operated, have been built but are no longer in operation, or were 
small test facilities (Pacific Institute, 2006). Based on several other different sources, (Karajeh 
and BenJemaa, 2004; Torres Corral, 2004; Barker, 2004; California Water Desalination Task 
Force, 2003) this paper estimates the total operational desalination capacity is between 20 
hm3/day and 32 hm3/day. 

There are a number factors that have contributed to the recent increase in RO technology, 
particularly the decrease in energy consumption and the improvement in membrane 
technology, whose cost dropped dramatically within the past decade (Mujeriego, 2007 a). Due 
to higher membrane efficiency and less usage of chemicals and energy, today it is possible to 
build smaller RO trains and intake systems requiring lower capital investment and operating 
costs. Combined capital and operating costs account for over half of a typical RO plant’s 
costs, while the rest is divided into debt (37%), maintenance (7%) and components and 
membrane replacement (5%).  

The Persian Gulf countries are optimizing seawater treatment by implementing the most 
cutting-edge hybrid desalination systems. This new technology integrates thermal (MFS) and 
RO desalination processes and thus, benefits from the advantages of both systems resulting in 
reduced energy use, extended membrane lifetime, lower capital costs, etc. Helal et al (2004) 
point out that desalted water costs could be reduced by 17 to 24% of that of single MSF 
process and that water production could be doubled by using preheated water as the feed to 
the RO plant compared to an isolated RO facility. (see El-Sayed et al. 1997). Also, the 
benefits of combined desalination systems can be further optimized through triple hybrid 
facilities integrating MSF/RO desalination and power generation. Desalination/power hybrid 
plants have three fundamental advantages: 1) a common water intake and reuse of 
refrigeration water as feed for the desalination plant, 2) dilution of brine with the power 
plant’s outlet, 3) availability of local energy supply for desalting process. Indeed, most of the 
Gulf’s power plants are co-generation power desalting plants (CPDP) that generate electric 
energy and also produce fresh water through the desalination of seawater (Almulla et al., 
2005).  

Half of the world’s desalination capacity is located in Middle East/Persian Gulf/North Africa 
countries. Nevertheless, there are two western countries ranking among the four world’s 
largest desalination capacities: the United States and Spain. The US holds the second-largest 
desalination contracted capacity in the world (6.5 hm3/day, 17% of global capacity), only 
exceeded by Saudi Arabia (18%) and followed immediately by the UAE (13%) and Spain 
(7%) (Pacific Institut, 2006). According to the 19th IDA/GWI Worldwide Desalting Plant 
Inventory 2006, California has a desalination capacity of 870,000 m3/day. Therefore, if 
California was considered as a country itself, its desalination capacity would be among the 
world’s ten largest, after Japan and very close to Libya and Korea (Figure 28). 
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Figure 28. Countries with the largest desalination capacity 

8.2. Desalination in California and Spain  

Both California and Spain are at the forefront of world desalination technology. California, 
together with Japan, is the top manufacturer of pressurized vessels and RO membranes 
(Mujeriego, 2007 a). After buying Pridesa, the Spanish construction firm Acciona became a 
global leader in building RO plants. Acciona will design and build a Carlsbad (San Diego) 
seawater desalination facility, the largest in the US and the fifth in the world, with a capacity 
of 204,000 m3/day (Figure 29). 

 

 
Figure 29. Acciona advertisement. 

“This year we are going 
to build in California the 
largest desalination plant 
in the US, with a capacity 

of 204,000 m3/day.  
Tomorrow life will be 
better that it is today”. 
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8.2.1. Current use of desalination 
Spain has a long desalination history starting in 1969 as a source of urban water for dry and 
isolated locations like City of Ceuta in Northern Africa and the Canary Islands including 
Lanzarote, Fuerteventura and Gran Canaria. In 2006 operating installed capacity is Spain was 
over 2 million cubic meters per day (MMA, 2007). 80 percent of Spain’s desalination 
capacity is concentrated in four regions: The Canary Islads (33%), Andalusia (23%), Murcia 
(13%) and the Region of Valencia (13%). Seawater desalination in the Canary Islands is very 
intensive due to scarcity of fresh water. On average, the Islands rely on ocean desalination for 
one-fifth of their water supply, while the island of Lanzarote is totally dependent on advanced 
non-potable water treatment to fulfill its dirking water needs. According to the Centro Canario 
del Agua, in 2004 the island of Lanzarote obtained 81% of its drinking water supply from 
desalination, while the reaming 19% was covered by reclaimed wastewater. The case of the 
Canary Islands is comparable to that of the Middle Eastern countries, where scarcity of fresh 
water resources point to desalination and recycling as the only reliable source of supply. In 
addition, customers in these regions are usually able to pay for the high costs of desalination 
without big struggle: oil-rich Middle Eastern countries take advantage of their local energy 
resources, while in the Canary Islands’ the large tourism industry manages to support 
desalination costs by high water prices. Such an intensive use of desalination technology 
wouldn’t be economically viable in regions without access to cheap energy or in areas where 
water prices are low, as it occurs in agricultural regions. 

Despite sharing the same technology, there are significant differences between desalination in 
both countries. As shown in Table 21, Spain’s installed capacity is over three times larger 
than that of California. Moreover, Spain relies on desalination for over 3% of its total water 
supply, while in California desalted water only accounts for 0.5% of total urban and 
agricultural water demand. 

Table 21. Current and prospective desalting capacity 
 California Spain 
Timeframe 2004 2030 2006 2009 
Operational installed capacity  (th m3/day) 587 2,570 2,009 3,480 
% Total water supply 0.5% 2.1% 3.2% 5.4% 
% Desalination from seawater  2% 39% 70% 83% 
Data from DWR, CCC, MMA, INE   

 

California desalting projections are scheduled to 2030, whereas the Spanish Ministry of 
Environment estimates only considers desalination development within the next two years. 
Data shown on Table 21 are a result from our own calculations based on collected information 
from Department of Water Resources (DWR) and California Coastal Commission (CCC). In 
fact, both authorities show different data on current and projected desalting capacity. 
Moreover, DWR’s California Water Plan Update 2005 looks into horizon 2030 while it 
appears to be no specific timeframe for projects listed in CCC’s Seawater Desalination and 
the California Coastal Act 2004. Data on future projections shown by DWR vary significantly 
from the 2003 Water desalination, Findings and Recommendations report to the 2005 
California Plan Update. 2003 Findings and Recommendations report estimates a potential 
increase in brackish water desalination by one million m3/day within 2015, while California 
Plan Update forecasts additional 300,000 m3/day by 2030.  
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The California Coastal Commission (CCC) shows an inventory of current and proposed 
seawater desalination plants along the California Coast in its Seawater Desalination and 
Coastal Commission Act. Eleven plants (12,200 m3/day) were identified in 2004, although 
only five of them (9,400 m3/day) were known to be active. It is necessary to point out that 
CCC’s estimation is slightly different from that of DWR. The report Water Desalination: 
Findings and Recommendations (DWR, 2003) only refers to seawater and brackish water and 
does not mention river or wastewater desalination. The DWR report estimates California’s 
annual desalted water production is 6 hm3 from the ocean water and 210 hm3 from brackish 
water. One of the reasons why California uses so little seawater for desalination purposes is 
its elevated cost, compared to that of brackish water (see section 3). In addition, seawater RO 
processes have a recovery rate of 40 to 50 percent, whereas brackish RO treatment can 
achieve more than 90% recovery. DWR California Water Plan Update 2005 estimates that the 
average energy demand for seawater desalination is between 2.64 kWh/m3 and 3.97 kWh/m3, 
which is 1.5 to 2.5 times higher than that of brackish water (1.05 kWh/m3 to 2.63 kWh/m3). 

8.2.2. Future projection for desalination 
With regards to the future, both countries are expecting to increase their desalination capacity, 
as shown in Table 1. Within the next two years Spain will increase its desalination capacity to 
almost 3.5 hm3/day or 35% beyond California’s projection for 2030, 2.6 hm3/day. This 
translates into an annual capacity increase of 490,000 m3/day in Spain, yet only 76,000 
m3/day in California. By 2009 Spain will meet 5.4% of total supply with desalination, unlike 
California where within 25 years desalination will only account for 2.1% of the State’s 
portfolio.  

California DWR estimates that the State’s desalination capacity will quadruply by 2030. 
Approximately half of the newly installed 2 hm3/day will be obtained from seawater. As the 
quality and quantity of inland water declines, more coastal municipalities are looking into 
seawater desalination as potential source of drinking water (LBWD, 2006). Following current 
water demand trends desalination is expected to supply 2.1% of the State’s drinking water by 
2030, which is four times as much as today’s level.  

In 2006 the Pacific Institute released a report about current desalination situation in California 
and future perspectives. The report includes a comprehensive list of over 20 desalting 
proposed plans in California as of spring 2006 (Figure 30). The largest proposed projects are 
located in Southern California, whereas most of the plants in San Francisco Bay and 
Monterrey Bay do not exceed 10,000 m3/day of capacity.  

The Spanish Ministry of the Environment, within the framework of the A.G.U.A. Program 
(Actuaciones para la Gestión y la Utilización del Agua), has projected 13 new facilities that 
would increase desalting capacity by one million cubic meters per day within spring 2008. 
Moreover, the Spanish Ministry of the Environment (MMA) has scheduled the 
commissioning of another 11 plants totaling 447,000 m3/day that are currently under process 
of approval. All 24 projected plants will be located close to the sea along the Mediterranean 
coastline and both archipelagoes (see Figure 31). A comprehensive list of the projects is 
included in the report Politica del Agua: Balance, released by the MMA in December 2006. 
The report generally refers to desalination as seawater desalination and does not specifically 
mention the construction of any brackish water purification facility. According to the 
projections made by the MMA Spain’s desalination capacity will increase by over 70% within 
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the next two years. Following current demand trends, by 2009 desalination would account for 
almost 6 percent of total water supply. 

 

 

 

Figure 30. Proposed desalination plants in California as of spring 2006 
 

 

Figure 31. Projected desalination plants within the A.G.U.A. Program 
 

Similar to California, newly installed capacity will be concentrated in urban areas of the south 
coast where increasing urbanization stresses water supply. Although there are ten different 
regions included in the MMA’s A.G.U.A. Program, two of them, Murcia and Alicante, will 
hold seventy percent of total newly installed capacity. 
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In California, the ocean only provides two hundredths of total feed, unlike in Spain where 70 
percent of installed capacity uses seawater for desalination. In Spain usually public desalting 
facilities use seawater, whereas private plants desalt mostly brackish water (MMA 2007). Due 
to higher salt concentration, seawater desalination processes require more energy and produce 
more brine than brackish water treatment. As a result, not only is desalination more expensive 
but also brine discharge becomes a major challenge. Unlike the Pacific Ocean, dilution 
capacity of the Mediterranean Sea is very limited because of its mild currents and its closed 
shape.  

Desalinated water in Californian is almost entirely designed for urban uses, including 
municipal, industrial and power plant feed (Table 22). In contrast, over one-fifth of Spain’s 
desalting capacity is used for agricultural irrigation. This is the highest level in the world, 
according to José Antonio Medina, president of the Spanish Desalination and Water Re-Use 
Association AYEDR (WWF, 2007). Desalinated water for irrigation is mostly obtained from 
brackish water, accounting for half of total groundwater desalination output. Only 5% of 
seawater desalination is dedicated to agriculture purposes, while the remaining 95% is 
delivered to municipal customers. 

Table 22. Desalination capacity in California, Spain and worldwide 
 California Spain World 

Desalination capacity by    
Use    

Municipal 57% 55% N/A 
Power plants 18% - N/A 
Industrial 23% 19% N/A 
Irrigation 1% 22% N/A 
Tourism - 4% N/A 
Other 1% - N/A 

    
Process    

RO 85% 86% 46% 
MED 2% 4% 30% 
NF 5% 2% - 
MSF 0% 2% 36% 
ED 4% 6% 5% 
VC 2% - 5% 
Other 2% - 5% 

    
Data from Pacific Institute (2006), 19th IDA/GWI Worldwide Desalting 
Plant Inventory (2006), MMA (2007) 

 

In both California and Spain, RO is virtually the only method applied, while only one sixth of 
total is obtain by distillation or other membrane processes. This is due to the fact that RO is 
one of, if not the most energy-efficient desalination method as of current technology. On a 
world average though, MED and MSF account for two thirds of global installed capacity. In 
fact distillation methods are used in oil-rich regions where seawater distillation plants are 
often built as cogeneration facilities coupled to power plants.  
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8.3. Energy use  

Contrary to popular belief, California is one of the least energy-intensive States per capita in 
the country; it is ranked #49 in per capita energy consumption, only before New York and 
Rhode Island (Energy Information Administration State Energy Data 2004). Nonetheless, the 
state’s increasing demand requires more energy efficient management strategies based on 
saving opportunities and “smart growth principle” (CEC, 2006). In order to comply with the 
State’s Renewable Portfolio Standards (RPS), California must generate 20 percent of the 
state’s electricity from renewable resources by 2010 and 33 percent by 2020. Moreover, an 
executive order signed in 2005 by Governor Schwarzenegger sets progressive greenhouse 
gases reductions down to 80 percent below 1990 levels by 2050.  

Bearing in mind the target goals, California must make a strong effort to reduce total energy 
use, particularly emphasizing on the largest consumers such as water, transportation, 
construction, etc. The water sector is the most important energy user in California, estimated 
to account for 19% of the total electricity, 30% of natural gas and 350,000 million of liters of 
gas oil per year (CEC, 2006). Only supply and drinking water treatment consume over ten 
thousand GWh per year. The Energy Commission, through its Public Interest Energy 
Research (PIER), is funding the Water Energy Sustainability Tool, which will assess water 
utility managers with the life-cycle costs of the water system and various water supply 
options.  

Despite continuous technology improvements, energy is still the major cost driver of 
desalination: 44% of all the costs in a typical RO plant and 60% in large thermal treatment 
plants (Mujeriego, 2007 a). Therefore, large increase of desalination in California and Spain 
will entail a remarkable rise in energy use, as shown in Figure 32. Current energy uses have 
been calculated based on DWR’s (2005) data (3.6 kWh/m3 for seawater and 1.84 kWh/m3 for 
brackish water) while future energy demand has been estimated assuming further technologic 
improvements. Energy use for seawater desalination is expected be 2.9 kWh/m3 by 2010 
(Torres Corral, 2004). We estimate a proportional drop in brackish water desalting by 1.5 
kWh/m3. 

Current energy demand for desalination purposes in Spain is almost six times higher than in 
California, yet desalination capacity is only 3.4 times larger. This is due to Spain’s intensive 
use of seawater versus brackish water, which is 40% less energy-consuming. Future 
projections show that energy use for desalination in California would grow by factor 5 by 
2030 as a result of increased seawater desalination. 

As previously mentioned, projected seawater desalination plants in California and Spain will 
be located close to areas of high urban water demand and thus will minimize conveyance cost 
from the facilities to the customers. This represents an important advantage compared to 
brackish water desalination, which may entail high conveyance costs along its way from the 
aquifers inland to the coastal locations. 

Compared to alternative water supply sources like interbasin  transfers, projected desalination 
plants in Spain would have similar capacity and energy costs to the Ebro transfer, as shown in 
Table 23. 
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Figure 32. Energy consumption driven by desalination 

Table 23. Capacity and energy costs of desalination and Ebro transfer in Spain 
 Projected seawater 

desalination plants 
in peninsular Spain 

Ebro River 
transfer 

Capacity (hm3/year) 486 1,050 
Energy use (Million kWh per year) 1,409 2,886 
Unitary energy use (kWh/m3) 2,90 2.75 

Data from DWR, MMA, Catalán Deus (2004), Ecologistas en Acción 
 

The Ebro transfer would require 12 pumping stations and 3,168 kWh to covey 1,050 hm3 per 
year, although it would also generate 282 kWh through two power plants in the south stretch. 
If the Ebro transfer was operating today at its full capacity, it would be less energy-consuming 
than desalination. Today energy use for seawater and brackish water desalination is 3.07 
kWh/m3 on a national average and 2.81 kWh/m3 without considering seawater desalination in 
the Canary Islands. In order to compare increase of water supply and related costs of 
desalination versus the Ebro River transfer, we only take into account projected desalination 
facilities within the Spanish peninsula because the transfer would not bring any additional 
water to the islands. Desalination facilities included in the A.G.U.A. program would provide 
less than half of the water transferred from the Ebro River at a cost 5.5% higher. Future 
energy demand for desalination is however difficult to forecast due to fast technological 
evolution. For instance, Long Beach Water Department in Southern California has patented 
an innovative seawater desalination prototype that has proved to be 20 to 30 percent more 
energy efficient than traditional RO methods (see Chapter 8.7). 
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The Spanish Institute for Energy Diversification and Savings (IDAE), belonging to the 
Spanish Ministry of Industry, Truism and Trade (MITYC), provides financial and technical 
support for the development of new sources of renewable energy. The IDAE has made 
available �30 Million for research projects regarding solar energy, thermal energy, 
photovoltaic technology, home biomass and cogeneration facilities. I believe that the Spanish 
Ministry of the Environment (MMA), should take the example of the MITYC and create a 
similar organization for Water Supply Diversification and Water Savings that would promote 
sustainable water sources and water use efficiency.  

8.4. Costs 

Cost of desalination is hard to estimate since it depends on many factors specially the size of 
the plant and the price of energy. DWR 2005 California Plan Update shows unit costs 
obtained from a variety of sources including agency reports, technical journals, and general 
periodicals. The estimations are $0.203/m3 to $0.405/m3 for brackish water and $0.649/m3 to 
$1.621/m3 for seawater. Torres Corral (2004) estimates average costs of seawater desalination 
in Spain between 1995 and 2010 (see Table 24). 

Table 24. Costs of seawater desalination in Spain 
 1995 2002 2004 2010 

       
Investment �/m3/day 890 610 600 590 
Lifetime of the facilities years 15 15 15 15 
Interest  % 10 4 4 4 
Per unit energy use kWh/m3 5.3 4.1 3.6 2.9 
Energy price �/kWh 0.077 0.048 0.048 0.048 
       
Costs(�/m3)      

Electricity  0.408 0.196 0.172 0.139 
Labor   0.036 0.036 0.030 0.025 
Chemicals   0.030 0.028 0.028 0.030 
O&M   0.024 0.024 0.024 0.024 
Membrane retrofitting  0.018 0.018 0.016 0.014 

Total operations  0.516 0.302 0.270 0.232 
       
Investment   0.337 0.170 0.168 0.165 
       
TOTAL COSTS �/m3 0.853 0.472 0.438 0.390 

 $/m3 1,166 0.645 0.598 0.533 
Data from: Torres Corral 2004   

 

Increased desalination capacity will consequently raise California and Spain’s carbon dioxide 
footprint at a rate of 0.46 tons per MWh. This data corresponds CO2 footprint estimation in 
Spain (Mujeriego, 2007 a). By 2030 desalination facilities in California will dump 0.88 
million tons CO2 equivalent into the atmosphere while Spanish contribution will be almost 
twice as important, 1.55 million tons of Greenhouse gases (GHG). According to the 
California Coastal Comission (2006), the use of renewable energy could save up to 0.43 tons 
CO2 equivalent per MWh. The Spanish island El Hierro in the Canary archipelago has two 
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seawater desalination facilities that will be supplied by wind power within the next decade. In 
fact, by 2015 El Hierro will become the first island in the world to be entirely supplied by 
renewable energies. A 10 MW windmill park will pump water into a reservoir to be released 
when necessary and generate electricity through a 10 MW power plant. The surplus wind 
power will be directly delivered to the grid from where the desalination plant receives its 
energy supply.   

Recognizing environmental consequences of greenhouse gas emissions, the California Public 
Utilities Commission (CPCU) adopted a CO2 adder accounting for possible future costs of 
mitigating GHG emissions in April 2005. Taking the cost of carbon into account means that 
an investment is considered more cost-effective if it avoids a ton of CO2 emissions at an 
incremental cost equal to the value of the carbon adder - $8/ton (Pew Center, 
www.pewclimate.org). Therefore, when it comes to evaluating desalination as a future water 
supply, an extra cost of $0.011/m3 to brackish water and $0.013/m3 for seawater should be 
taken into account due to GHG effects.  

On 1 January 2005, the European Parliament established a Community Directive including 
greenhouse gas Emissions Trading Scheme (EU ETS). The international trade in emission 
rights is the most important instrument used by the European Union to meet the Kyoto target 
in the most cost-effective way. For the EU, the Kyoto Protocol means that, over a period 
ranging from 2008 to 2012, the emission of greenhouse gases (CO2, CH4) has to be reduced 
by 8% in relation to 1990 levels. All installations emitting GHG associated with their activity 
must be in possession of an appropriate permit issued by the competent authorities, otherwise 
they will be required to pay a �100 fee per ton of carbon dioxide equivalent. Nonetheless, 
operators can maintain the same level of emissions and avoid the penalty payment and by 
purchasing emission rights from other European operators through the established trading 
scheme shared by all Union members. The price of emission rights fluctuates according on the 
market’s needs and varies from one country to another. Currently in Spain, the market price 
for allowance is around �20/ton. In other words, every ton of GHG that Spain dumps into the 
atmosphere reduces its emission credit that could otherwise be sold to an interested buyer for 
�20. Hence, policymakers must take into account the �20/ton opportunity cost linked to 
carbon dioxide emissions and thus add an additional �0.033/m3 to seawater and �0.027/m3 to 
brackish water desalination processes (1 � = 1.3811 US $. August 06, 2007). 

8.5. Public Investment in Desalination  

8.5.1. California 
Although desalination plants can be built by private customers, it is undeniable that public 
entities have a crucial role in the development or slowdown of desalination by granting or 
withholding public funding and by establishing more or less restrictive regulations.  

In 2003 DWR created the Desalination Task Water Force to look into potential opportunities 
and impediments for using brackish water and ocean water desalination in California, and to 
examine what role the State should play in furthering the use of desalination technology. 

In November 2002, California voters passed Proposition 50, the Water Security, Clean 
Drinking Water, Coastal and Beach Protection Act. Chapter 6(a) of Proposition 50 authorized 
DWR to administer a $50 million grant for seawater and brackish desalination programs. 
Entities involved with water management activities including cities, counties, joint power 
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authorities, public water districts, universities and colleges, tribes, nonprofit organizations, 
watershed management groups, State agencies, and federal agencies were eligible to apply. 
The goal of the grant program is to assist water-related groups by covering up to 50% of the 
cost of desalination projects, including construction of new facilities, feasibility studies, 
research and development, and pilot and demonstration plants. Brackish water projects 
received 49% of the grant awards while the remaining was accorded to ocean/bay water 
related desalting projects. Although the program aimed for a statewide geographically 
balanced distribution, most of the awarded projects are located in Southern California, in 
Ventura, Los Angeles Orange and San Diego Counties (Figure 33). 

 

Figure 33. Projects Awarded Funding. Proposition 50, Ch. 6(a) – 2006 
 

Nevertheless, uneven distribution does not necessarily mean unbalanced benefits. In fact, 
increasing local resources in Southern California will reduce the need for imported water and 
thus, additional water will be made available in the entire State. 

The Proposition 50, Chapter 6(a) grant program was divided into two cycles; the first one was 
carried out during FY 2004/2005 and awarded 24 projects with a total of $25 million, whereas 
the second one took place in 2006 and provided $21.54 million in grants for another 24 
different projects. Construction projects received the major portion of Proposition 50 grants; 
however, public funding only covered 1/10 of the total costs. In contrast, forty percent of the 
cost of R&D programs and Feasibility Studies were supported by the State (see Table 25). 

In addition, local water agencies have the option of providing extra funding for desalting 
projects. The Metropolitan Water District of Southern California (MWD) is one of the public 
agencies making higher investments in ocean water desalination. The MWD’s Integrated 
Resource Planning (IRP) defines a target up to 507,000 m3/day of desalted water, included in 
the 2.5 hm3/day supply portfolio by 2025. As a first step to implementing the IRP, MWD 
issued a competitive request for proposals targeting 169,000 m3/day of desalted water. In 
2001, MWD initiated the Seawater Desalination Program (SDP), which provides funding up 
to $0.20/m3/year for 25 years for desalted water that is produced and used within the 
Metropolitan’s service area. The Carlsbad plant will produce water at a cost of $0.73 to $0.81 
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per cubic meter and will receive subsidies from the SDP to help the new resource become 
more competitive compared to water from MWD ($0.45/m3) (Mujeriego, 2005). Furthermore, 
MWD is providing $250,000 to five member agencies to conduct research in various aspects 
of seawater desalination (MWD, 2005).  

Table 25. Proposition 50, Chapter 6(a) grant program. 2005 and 2006 funding cycles 

 

Awarded 
Projects 

Total Cost  
($ Million) 

State Share 
to Total Cost 

Awarded 
Grant 

Amount  
($ Million) 

Percentage 
of total Grant 

Amount 

Project category      
Construction Projects  184.0 10% 17.9 38% 
Pilot and Demonstration Projects  27.9 31% 8.7 19% 
Research and Development  36.7 41% 15.0 32% 
Feasibility Studies  12.4 40% 4.9 11% 
Total 260.9  46.5  

Source: DWR, 2006 
 

8.5.2. Spain 
Spanish farmers pay between �0.002/m3 and �0.017/m3 ($0.003/m3 to $0.023/m3) which is 
between 1/24 and 1/200 of the cost of desalted brackish water in Spain. Thus, it stands to 
reason that, without public subsidies, desalination wouldn’t be an affordable water source for 
agricultural purposes. In fact, the Spanish Government has supported desalination since 1983 
in order to obtain a price of desalinated water similar to the average price of drinking water 
used by households in all of Spain (Gasco, 2004).  

Currently, there are several programs subsidizing desalination projects at local, national and 
European level. In 2005, it was approved that the Ministry of Environment, together with the 
Junta de Andalucia would subsidize 70% of the cost of acquisition of Marbella’s desalination 
plant. Moreover, the European Union Structural and Cohesion Funds may be used to co-
finance desalination projects presented by the Spanish authorities, and eventually will be 
included in the A.G.U.A. Program In fact, one of Barcelona metropolitan area desalination 
plants was financed by EU Cohesion Funds and in 2005, 37 million euros were made 
available for desalination plants in the Balearic Islands.  

Paradoxically, Spain is required to meet the full cost recovery principle included in the Article 
9 EU-Water Framework Directive by 2010, which states :“Member States shall take account 
of the principle of recovery of the costs of water services, including environmental and 
resource costs (…)”. Hence, price of water should reflect the real cost of the project. It should 
be noted that the full cost recovery principle is included as one of the key points of the 
A.G.U.A. Program. However, it should be verified it the principle is indeed applied 
nationwide and for all uses of water, including irrigation.  
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8.6. Santa Barbara and Carboneras: Two Examples of Inefficient 
Planning.  

Being relatively fast to build, desalination plants often appear as an emergency measure rather 
than a management tool, unlike transfers or conjunctive use projects. During the 1986-1991 
drought in California, dozens of projects started to appear, particularly in the Central Coast 
and South Coast region. However, once the drought was over, the high energy cost and 
environmental impacts of desalination were difficult to justify and thus, many projects were 
shelved and some facilities were even closed, either temporarily or permanently. Similarly, 
after the Ebro transfer was canceled in 2004, southeastern Spain, especially Murcia and the 
Region of Valencia, threw themselves into countless large-scale desalting projects, hoping to 
make up for the missing supply they had taken for granted. It is still too early to know what 
the future of desalination in Spain will be like, but there are already several examples of weak 
management strategies and lack of coordination amongst water stakeholders.  

The case of Santa Barbara’s plant is a perfect example of the action-reaction principle 
between drought/rainfall and desalination in California. The 1986-1991 drought brought to 
light the inefficiency of Santa Barbara’s water supply system, to which the city reacted by 
bulling the largest seawater reverse osmosis facility in the US at that time (10,000 m3/day). 
Despite its important capacity, the plant has actually never been operational, because desalted 
water was no longer required due to abundant rainfall in 1991. Thus, the plant was put into 
standby mode after the testing period was completed in 1992. Over the 5-year contract period, 
the City, along with the Montecito and Goleta Water Districts, paid off the $34 million 
construction cost and also paid to maintain the facility in standby mode (City of Santa 
Barbara Water, 2005). If Santa Barbara’s RO plant was built today, the investment cost would 
be as little as $8 Million, based on the average $800 per m3/day capacity given by Reddy and 
Ghaffour, 2006. Moreover, it would benefit from more efficient and cost-effective membrane 
technology, energy recovery systems, etc. The plant has permits to operate as a permanent 
part of the City’s water supply and, in theory, could be used as an emergency water supply in 
case of a new drought. 

A similar case to that of Santa Barbara has recently happened in Almería, Spain. The biggest 
seawater desalting plant in Europe is located in southern Spain, in the city of Carboneras 
(Almería) and should be allocated 90% to agricultural supply. The facility was commissioned 
in 2002 and despite having a capacity of 120,000 m3/day, today it only supplies a small 
amount of water to a nearby power plant (Mujeriego, 2005). Real costs turned out to be higher 
than was initially projected and as a consequence, previously interested buyers were no longer 
willing to purchase water from the desalination plant. In order to recover the investment costs, 
Carboneras must look for new customers further away. However, current infrastructures can 
only carry 6,850 m3/day, and therefore, delivering water to distant areas will require 
additional pipelines, consequently increasing the price of water. Also in the region of 
Almeria, the Andarax desalting facility was commissioned in the same year as Carboneras 
plant. When the facility was built, it had an installed capacity of 50,000 m3/day, yet in 2005, 
three years after it was completed, the Andarax plant had not been put into operation due to 
disagreement between the different stokeholds over municipal water rates (Mujeriego 2007).   
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8.7. The Long Beach innovative Dual Stage Nanofiltration method 

As previously mentioned, California and Spain are world leaders of the desalination industry. 
While Spain is exporting its technology all around the globe, California is investing large 
amounts public and private funds in research and development of new technologies. This 
paper will present one of the most cutting-edge projects: the Dual-Staged Nanofiltration pilot 
plant in Long Beach, Southern California.  

As part of a balanced portfolio, the Long Beach Water Department expects to make up to 10% 
of its drinking water supply by 2015. Currently, seawater desalination is not a cost-effective 
option as it is still cheaper to import water from northern California and the Colorado River. 
However, the Long Beach Water Department joined efforts with Los Angeles Department of 
Water & Power and the United States Bureau of Reclamation to build a pilot seawater 
desalination plant using the dual-staged Nanofiltration process (NF2, also know as “Long 
Beach Method”). Two different and independent tests have shown the technology to be 20 to 
30 % more energy efficient than single pass seawater RO.  Moreover NF2 can achieve a 
recovery rate of 40%, while typical SWRO process recovery is 50%. Furthermore, with 
proper pH adjustment, it has been proved that boron can be effectively reduced to less than 
California’s boron Notification Level (1 mg/l).    

The pilot desalination project was first tested at a small lab scale. Once its benefits were 
proven, in 2001 a 40 m3/day research facility was built. The success of the pilot plant in 
achieving 20% to 30% energy savings interested scientists and water-policymakers and, as a 
result, obtained substantial public funds to pursue further research. After years of testing the 
NF2 method at a demonstration scale, Long Beach built the 1200 m3/day Prototype Plant, 
which began operations in September 2005. Since the seawater desalination research project 
was first launched, Long Beach has received over $10 millions in public grants ($4 million 
from DWR and $6.2 million from the Federal Government). In August 2005, LBWD signed 
an agreement with MWD up to $62.5 million over a 20-year period. If the current prototype 
proves the NF2 desalination process to be cost-effective and non-environmentally hazardous, a 
full-scale production plant should be built by 2012. The projected facility would have a 
capacity of 36,000 m3/day and would require $100 millions in capital investment.  

Traditional RO desalination pushes seawater through a single membrane at pressures of 
approximately 5.5 MPa to 7 MPa, whereas the Long Beach Method consists of two NF stages 
at lower pressure, the first one at 3.6 MPa and the second one at 2.1 MPa (Figure 34). The 
comparative looseness of NF membranes means lower hydraulic resistance and thus, 
increased permeability. As a result, both NF stages require less pumping energy than single 
SWRO process. A simplified diagram of the Desalination Prototype is shown in Figure 35. 
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Figure 34. Dual NF train 

 

 
Figure 35. Long Beach Dual-Nanofiltration Desalination Prototype diagram 

The feed for the prototype facility is raw ocean water with a salt concentration of 34,000 
mg/L. Prior to the NF2 process, seawater is passed through 300 �m strainers and then through 
a MF pretreatment system that removes particulates greater than 0.1 �m (Figure 36).  
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Figure 36. Microfiltration Unit 

Filtered seawater is pumped under high pressure (3.6 MPa) through the first stage of 
Nanofiltration process consisting of seven vessels. This process can reduce total dissolved 
solids concentration by 340 mg/L or less when the TDS rejection is at least 90%. 
Approximately, 65% of the feed becomes concentrated brine (50,000 mg/L) and is recycled 
through the energy recovery device (ERD). The ERD consists of an Energy Recovery 
Incorporated (ERI) isobaric chamber pressure exchanger that can potentially transfer up to 
97% of the pressure remaining in the concentrate stream (Figure 37). 

In order to increase the recovery permeate, outlet from Stage 1 is pushed through Stage 2 at 
lower pressure (1.7 MPa to 2 MPa) recovering additional water from the still pressurized 
Stage 1. As a result of Stage 2 NF process, 75 % to 80% of the stream is recovered and turned 
into dirking water with a TDS concentration of 100 to 200 mg/L.  

 

 
Figure 37. Energy Recovery Unit 

Several configurations of the system are being tested in order to find out the economical and 
technical optimal. The seven vessels belonging to the first stage are arranged into two steps, 



 

 

109Comparative water management practices in California and Spain 

giving place to 5/2, 4/3, 3/4 and several other configurations. This flexibility allows us to 
pinpoint whether a seven-element long configuration really makes sense in terms of water 
quality and production. Flow may vary from 7.5 to 15 l/m2/hr, with recoveries ranging from 
35 to 50 percent. Currently, the target TDS level is 400 mg/l or less in all tests (personal 
communicate: Robert Cheng. Deputy General Manager – Operations, Long Beach Water 
Department. August 09, 2007) 

It is worth point out that the NF/NF process is not limited to the dual NF systems, but actually 
benefits from effective and continuous recirculation of the feed increasing final water 
recovery.     

As an experimental alternative to the NF2 train, Long Beach Desalination prototype integrates 
a second line consisting of a conventional one-step SWRO system. The aim of this second 
train is to compare the performance of both process with respect to water quality and overall 
efficiency. Once the initial comparing phase will be completed, the SWRO treatment train 
will be reconfigured as a second NF/NF system for the remainder of testing. 

Along with high-energy use, the environmental impacts of desalination are one of the major 
constraints for its wider implementation. Traditional open ocean intakes may cause severe 
damage to the marine ecosystems, especially when microorganism become entrained or 
impinged in the screens. The proposed Long Beach "Under Ocean Floor Seawater Intake and 
Discharge Demonstration" System reduces the intake’s negative effects by drawing water 
through the beach sand instead of capturing it directly from the ocean. The same concept may 
be applied to brine discharge, which would improve concentrated salts dilution.   

Furthermore, the ocean floor acts as a natural filter reducing organic and suspended soils 
found in seawater that, otherwise, should be removed through a pretreatment system prior to 
RO/NF processes. Minimizing (or eliminating) plant pretreatment would reduce capital 
investment and operational costs, driven by the use of chemicals and energy.    

Despite its significant advantages, the Under Ocean Floor intake has a crucial limitation and 
that is slow sand filtration. Actually, loading rate is as low as 41 liters/day/m2, which means 
that 9 hectares would be required to supply enough feed for the full-scale 36,000 m3/day 
plant.   

8.8. Summary and Conclusions 

Form the comparison between desalination in California and Spain we highlight the following 
conclusions:   

• World desalination capacity has increased dramatically over the past tour decades to 
today’s 54 hm3/day installed capacity.  

• Oil-rich Persian Gulf countries are the largest users of desalted technology due to the 
availability of low-cost power, while the USA and Spain rank second and forth 
respectively. If California was considered a country, its desalination capacity would 
be the world’s seventh largest. 

• Desalination installed capacity in Spain in 2006 was over 2 hm3/day accounting for 
3.2% of total water supply. In contrast, California only meets 0.5% of its demand with 
less than 600,000 m3/day of desalted water. Thus, currently installed capacity in Spain 
is 3.4 times larger than in California and its use is 6.4 times more intensive. 
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• Seawater desalination in Spain accounts for 70% of total installed desalination 
capacity, whereas in California only 2% is currently obtain from the ocean. By 2030, 
California will increase the use of ocean water to almost 40%. In average, seawater 
purification requires twice as much energy as brackish water  

• Although both regions will increase their desalination capacity, Spain’s growth will 
occur six times faster over a shorter period of time. Spain will install additional 1.5 
hm3/day within the next two years, while California expects to achieve a 1.9 hm3/day 
increase by 2030. By 2009 desalination will account for 5.4% of Spain’s water supply, 
while in California it will only cover 2.1% of the State’s portfolio.  

• Increased use of desalination will entail large greenhouse gas emission whose 
environmental cost is estimated at $0.011/m3 in California and �0.033 per cubic meter 
of desalted seawater. 

• All in all, current and future use of desalination in Spain is by far more intensive than 
it is in California  

• DWR awarded over �260 million in grants to desalination projects, mostly 
construction and research and development. No similar funding program has been 
found in Spain, although certain desalination projects have received financial support 
from national and European sources. Surprisingly, this contradicts the EU full cost 
recovery principle.  

• The Long Beach Water Agency dual-staged Nanofiltration process is an outstanding 
example of improvements in desalination technology. Two different test have shown 
the method to be 20-30 percent more efficient than traditional RO methods. 

• In contrast, Santa Barbara and Carboneras are two examples of totally inefficient 
water resources planning. Santa Barbara was built during a drought period but actually 
it has never been used because the city already has enough water to fulfill its needs. It 
cost $34 million to built the plant in 1991 but it would only cost $8 million to built it 
now. Carboneras desalination facility is operated at a hundredth of its capacity. Final 
costs turned out to be higher than initially forecasted and therefore previously 
interested customers refused to purchase desalted water. 

• Both in California and Spain data on desalination capacity and production is generally 
inaccurate and inconsistent among different sources of information. Even current 
desalination capacity and future projections shown by the DWR vary largely between 
two of its reports, 2003 Findings and Recommendations report and the 2005 
California Plan Update. Therefore, with no reliable database it is impossible to 
evaluate the real costs of desalination and future desalination potential. 

Bearing in mind the above points, we make the following suggestions: 

• Give priority for funding to research and development rather than to subsidies for the 
construction of new facilities. Thus public funds would contribute to the development 
of more efficient desalination methods that would eventually bring the costs down. 
Once desalination will become an affordable resource, water agencies will be able to 
build their own plants without the need for public financial support. Hence, the full 
recovery cost could be finally met. Spain should launch a grant program similar to 
Proposition 50. 
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• Use more renewable energies in desalination projects. El Hierro island project should 
serve as example for future desalination facilities. In addition, wave and tide energy 
should be studied to determine potential application as a source for nearby 
desalination plants.  

• Develop partnerships between different research centers (Universities, private 
companies, etc) encourage opportunities to share information on operational data. 

• Instead of focusing so strongly on desalination Spain should diversify its future water 
supply portfolio maximizing conservation and recycling, and increasing other 
practices such as conjunctive use. 

• California and Spain should develop a survey to identify all existing public and 
private desalting facilities. They should create an accurate inventory including 
installed capacity, real production, methods used, source of raw water, use of desalted 
water, energy use and total costs. Real costs of desalination should be calculated 
according to the inventory data.  

• To optimize investment costs, newly constructed plants should be used at their full 
capacity.  

• Design new projects based on realistic long-term planning and avoid mistakes such 
occurred Santa Barbara and Carboneras.  

• Minimize environmental impacts entailed by intake facilities, brine disposal and plant 
location.  

• Environmental costs linked to greenhouse gas emissions should be taken into account 
when evaluating total costs of desalination.  

• Carry out educational campaigns to help the public understand the real concerns and 
benefits of desalination.  

• Use desalted water for purposes that do not require high drinking water quality such as 
landscape irrigation, habitat restoration, groundwater recharge, etc. Producing lower 
quality desalted water requires less advanced treatment and thus less energy and 
generates less brine. 




