
Using Desalination in a Sustainable Fashion

Item Type text; thesis; poster

Authors Kilman, Sterling

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the College of Architecture, Planning and
Landscape Architecture, and the University Libraries, University
of Arizona. Further transmission, reproduction or presentation
(such as public display or performance) of protected items is
prohibited except with permission of the author.

Download date 24/05/2023 20:19:54

Link to Item http://hdl.handle.net/10150/641176

http://hdl.handle.net/10150/641176


Using Desalination in a Sustainable Fashion 
Sterling Kilman 

SBE 498 
Spring 2019 

 
  



Abstract:  

As the world’s population grows and climate change continues to affect the planet 

regional water supply has become an important issue for many places. The state of California 

has its own unique issues with water supply given its drought history and massive population. 

This case study aims to look at the feasibility of widescale implementation of desalination to 

supplement and replace California’s supply of Colorado River Water. Using desalination to 

purify ocean saltwater into potable water is a unique form of water production that has its own 

advantages and disadvantages.  
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Introduction 
 

Water scarcity has long been one of the world's preeminent issues ("The Global Water 

Crisis,” n.d.). Population growth and increased settlement of arid regions are straining our 

water supply. In developed and emerging nations, water supply is becoming an increasingly 

important issue. Considering over 70% of the Earth’s surface is covered by water, supplying 

potable water to nearly all populated areas is not out of reach. While the planet’s water supply 

itself is not in question, our water infrastructure and transportations systems are.  

One way to provide potable water is desalination. Desalination is the process of 

removing salt and other impurities from a water source to produce safe drinkable 

water(“Desalination,” n.d.). There are more than a dozen methods to achieve desalination. 

Each method has its own merits and faults and desalination plants across the globe vary in how 

they treat the source water. Despite its capability to sustainably supply water nearly 

indefinitely, desalination has not yet been used to its full potential. 

Detractors have pointed to costs, the area required, and its output efficiency as reasons 

to not invest more in desalination (Public Citizen, n.d.). Desalination plants do require 

significant energy regardless of the method employed. Different methods have different 

outputs of water and energy consumption levels. However, energy efficiency is rising among all 

plants and methods. The increasing popularity of combined desalination and power plants can 

also reduce the total energy need for both facilities. Similarly, plants such as the one in Perth, 

Australia, demonstrate they can be powered by offsite windfarm to create an energy-neutral 

system.   

Desalination is an area that requires more attention and study, especially given our 



increasingly strained global water supply. As a developed nation, the United States has an 

ethical and moral obligation to itself and the world to implement this technology further if it 

will indeed create a more sustainable future. Studying the practicality of desalination will help 

us also understand its role in our water management system. Examining possible benefits and 

drawbacks of its use will help us understand better ways to implement this technology in 

conjuncture with our other water sources. We must begin studying our water infrastructure 

system and look at more sustainable methods of water production not just for our generations 

and the current millions in need but for the future generations who will inherit a more 

populated and resource strained planet. 

 

In the U.S., the Southwest is a region with both a need and capacity to implement 

desalination. Seven southwest states and Mexico share an allotment of the Colorado River, 

which is a key water source for the region and is currently being depleted due to overuse and 

climate change. Expanded desalination in California could alleviate the current demands on the 

river and allow the landlocked states nearby to use more of the water given that they have 

fewer alternative water sources. Reducing stress on water sources and allowing areas with 

limited access to maximize their resources is the most sustainable application of desalination. 

This project aims to look at the feasibility and possible results of using desalination to offset 

California’s reliance on Colorado River water. First, by examining the costs and logistics of using 

desalination to produce the same amount of water allotted to the state through the Colorado 

River Compact. Secondly, considering what possible effects the reallocation of the river’s water 

to nearby states in the region. 

 



Literature review 
 Water in The Southwest 
 

The Southwestern United States is currently in a prolonged drought phase. Climate 

models show rising temperatures, and further arid conditions are projected well into the 

future, especially given the effects seen from climate change. These changes will stress an 

already strained water demand situation (Macdonald & Turner, 2010).  

The Colorado River is the most critical water supply to seven southwestern states and 

Mexico. The watershed is divided into upper and lower basins, each with a set of 7.5 million 

acre-feet. This allocation was set in 1922 at the signing of the Colorado Compact. However, 

there is much debate about the actual average flow of the river, ranging from 13.5 to 18 million 

acre-feet (Unruh and Liverman, 2016). The river was over-allocated from the start, and there is 

not enough water to meet the demands of a rapidly growing region. This fact is compounded by 

climate change, which will further stress water supplies.  

In the last 15 years, the river’s average flow has decreased 19% from its measured 

average in the previous century (Udall & Overpeck, 2017). Based on current trends, this study 

found that rising temperatures and more frequent drought conditions will lead to flow 

decreases of 20% by 2050 and 35% by 2100 conservatively, to potentially 30% by 2050 and 55% 

by 2100 (Udall & Overpeck, 2017). The river faces significant reductions from climate change, 

barring substantial reductions in greenhouse gases and temperature projections (Udall & 

Overpeck, 2017). After years of drought and overuse, the Colorado River is beginning to dry up 

and reduce its flow. Some of this shortage is being offset by groundwater extraction; however, 

this is an unsustainable resource, as shown by Unruh and Liveman (2016): 



Table 1: Groundwater Overdraft in the Lower Colorado Basin 1990 and 2020 

Region 1990 2020 

Arizona 1,000,000 621,000(a) 

Southern Nevada 51,000 NA 

Southern California 97,000 70,000 

Mexico Valley, Mexico 96,000 NA 

Lower Basin Total 1,244,000 691,000 

(a) ADWR estimate for 2025 in Active Management Areas only. 

Source: Arizona Department of Water Resources 1994 

 

Furthermore, while we can slowly adapt our hydropower plants to withstand some loss, it is not 

a permanent nor sustainable solution to the overuse of the Colorado River (Tweed, 2013). 

 

Overview of desalination 
Desalination is the process of purifying seawater into potable drinking water. 

Desalination provides a potentially limitless way of augmenting local water sources (Mcevoy, 

2013). Potable water production through renewable sources is a vital tool that the state can use 

to weather the storm of climate change, resource depletion, and overuse. Coupling renewable 

water generation with clean energy production is an example of the sustainable practices 

needed to help offset the world’s energy and water production issues (Mateo, 2011). 

 

Desalination is not ideal for all locations. Nor should it always be considered the best 

source of water available at all times and places. Locations that have high altitudes are 

problematic because the water must be transported uphill from the desalination plant- 

transportations costs can become prohibitive at a certain point. Areas too far from the plant 

also mean higher transportation costs so deeply inland locations are not desirable destinations 

for desalinated water. Desalination should be used to help wean large coastal cities of 

freshwater sources they currently use and to shift that water to more inland areas that do not 



have other sources available. In the interest of sustainability, desalination is a big step to 

overhauling our water infrastructure. The technology is rapidly advancing, and the need for a 

sustainable and near limitless supply of water is worth the initial investment. Desalination 

would be best coupled with available freshwater sources and used primarily in coastal regions 

to provide more available freshwater too more inland areas reducing the overall burden of 

water supply. 

Desalination in the region 
 

There is a great need for new technologies, practices, and infrastructure to reduce 

water demand and increase water supply sustainably in the region. Using water from existing 

agricultural projects, natural rivers, or man-made dams would all seem to be inefficient and 

have significant drawbacks (Macdonald & Turner, 2010) than a Photovoltaic system. However, 

using reverse osmosis would be the most effective method for a solar-powered plant given its 

low energy use and space-saving design. Coupling renewable water generation with clean 

energy production is an example of the sustainable practices needed to help offset the world’s 

energy and water production issues (Mateo, 2011). Reduced usage, updated water flow 

measurements, possible restructuring of water allotments, and exploration of more sustainable 

water sources will need to be implemented to curb the depletion of water sources in the region 

(Unruh & Liverman, 2016). 

 
 

Methodology 
 

 By looking at what impact California using desalination to replace its allotment of 

Colorado River water would have on the region, this capstone will first examine the feasibility 



and effectiveness of desalination used in this capacity. The feasibility is how viable it is to 

implement desalination on this wide of a scale, and can it be used to scale at which the 

Colorado River Water allotment could be matched by desalination.  To do so, the study will use 

quantitative data to measure possible desalination in California, such as cost, energy use, and 

amount of water used in the process, compared to desalination plants in other parts of the 

world. Analyzing the possible use of desalination in the state to existing desalination plants 

around will show a threshold for California’s ability to use it. Establishing high and low ends of 

building and operating costs, total output, and numerous other factors involved will give a 

window with which to operate. 

A case study cost-benefit analysis will be done using three different size desalination 

plants: Perth, Australia, Riyadh, Saudi Arabia, and Sorek, Israel. By picking three different size 

plants, we can compare the cost and output of the plants to determine which is the best route 

for California.   

 The second part of my research will be to determine what impact California not using its 

allotment of Colorado River water would have on the region. The first step is to determine how 

much water is in the river and how much is slated for use in California based on the Colorado 

Compact and revised agreements since then. Using the information on water flow and 

allotment, I can then estimate how many desalination plants are needed to match the state's 

allocation of Colorado River water. 

 To account for certain discrepancies in the information and to establish a margin of 

error, I will calculate using the low-end and high-end figures for all variables. Costs, overall 

production, and all other figures obtained from desalination plants outside of California can 



vary, so it is important to get baselines and eliminate outliers to have the most fundamentally 

sound numbers to work with. Since I am trying to determine the feasibility of using desalination 

in California based on plants in other parts of the world, the possibility of errors or 

discrepancies is something to consider. Establishing a high and low mark for all figures allows 

room for error to be considered. It acknowledges that single data points alone might not be 

suitable for some calculations needed. 

 

Data and results 
California is allocated approximately 4.4 million acre-feet of water each year, according to the 

U.S. Bureau of Reclamation (2008). This is a large amount of water to offset; however, it is 

possible to do so with numerous plants given how technology has improved in recent years.  

Three desalination plants were selected for this case study. Each ranges in size and scale, with 

Ras al Kahir the largest and Perth the smallest. These plants were selected because they 

represent some of the most cutting edge technology when it comes to desalination and also 

demonstrates how plants can be right-sized based on community or regional needs.  Cost varies 

significantly in these projects as well. The table below summarizes the information on each 

plant.  

 
 Ras al Kahir1 Perth2 Sorek3 

Acre feet per day/year 840/306,600 117/42,750 505/184,325 

% of CAP allotment 6.9% .97% 4.2% 

# of plants needed 15 103 24 

Cost $7.2B / 108B $257.5 M / 26.5B $500M / 12B 

Sources: 
1: Almashabi, D (2014).  
2: Water Tech 
3: Desalination (2013) 
 



Discussion 
 Given that California’s Water allotment from the Colorado River Compact is 4.4 million 

acre-feet a year, a substantial amount of water would need to be desalinated to even have an 

effect on the state’s dependence on the river. An unprecedented scale of desalination would be 

needed to match and be able to replace the total amount of river water used. California would 

need to produce roughly 4 ½ times the total desalinated water of Saudi Arabia each year. It is 

not impossible, but there are several significant hurdles to overcome.  

 The two most restrictive elements to deal with are cost and scale- how many plants and 

at what size? Desalination is already being done in California by facilities such as the Carlsbad 

desalination plant near San Diego. However, the state’s existing infrastructure is not even close 

to providing enough water to match the water from the river. A massive expansion would be 

needed to generate enough water. The question now becomes a cost/benefit analysis. What is 

the optimal balance in cost and total production within feasibility? 

 Looking at the world’s most productive desalination plant in Saudi Arabia, the Ras Al 

Kahir plant produces over 300,000 acre-feet of water a year, and only 15 plants would be 

needed to supply the state enough water to ends it allotment of CAP water. Fifteen plants are a 

reasonable task in terms of construction and time; however, the cost of this plant is enormous. 

7.2 billion dollars starts the conservative figures for its initial cost, excluding operating costs to 

date. Over 100 billion dollars to finance the total project might be too steep a price for this 

project. 

 While it might seem obvious, a smaller plant design would save money, that is not 

necessarily the case. The desalination plant in Perth, Australia, provides less than 1% of the 



water needed for this project, but placing 103 plants could prove to be a challenging task. 

California is known for its beautiful coastline, and it might not be possible to position this large 

number of plants and infrastructure without impacting views, beach access, and wildlife 

habitats. This small-scale plant does, however, offer sustainability by being powered entirely by 

wind energy offsite, reducing operating costs long term. 

 The best strategy would be to build a medium-sized plant design at large scale. A plant 

comparable to the Sorek plant in Israel would require only 24 plants based on their projected 

output. The initial cost could be as low as 12 billion dollars. This represents a much more cost-

effective strategy than either as few plants as possible at maximum output or mass-produced 

small-scale plants. 24 plants also strike a balance between over a hundred small plants and 15 

massive ones. The number is critical to consider when considering the site and placement.  

Advantages 
 Replacing California’s CAP water with desalination production has numerous benefits to 
millions of people: 

• It would create thousands of jobs in the initial construction and then operation and 

maintenance over the life of the plants. 

• It would reduce strain on the river by allowing California’s allotment to go unused or to 

other states. 

• It would offer other CAP states needed relief with the option of California’s water supply 

going to them. 

• It sets an example in sustainability/ water management to show the severity of the 

global situation and the ingenuity and ability to solve such a large project. 

• Possibly increases interest and progress in desalination by showing its viability as a 

widescale water treatment and delivery plan. 

• It gives America a larger foothold in the industry and perhaps establishes it as an 

indisputable leader in desalination. 

• It could prevent or delay irreparable damage to the environment in the future, 

especially the Colorado River itself. 

• It is a proactive measure against climate change and environmental degradation that 

could spark similar endeavors in the future. 

•  It gives California a desperately needed drought-resistant water supply. 



 

Disadvantages 
 While this could be a massive breakthrough in water management and environmental 
stewardship, desalination and, in particular, at this scale is not a cure-all or silver bullet. 

• The cost would be high and given the scale of this project could lead to unforeseen 

costs- both in construction and operation.  

• There would also be a considerable time constraint given the scale of creating such a 

massive infrastructure project. 

•  There are important environmental issues inherent to desalination, such as handling 

the production of salt, that vary among the types used. Any such negatives should be 

addressed beforehand, if possible.  

• While surely a proactive measure, the need for it is subjective as there are cheaper and 

quicker methods of water production, albeit likely without the environmental benefits. 

• Previous development of desalination plants in various regions have been mired by 

delays in the past. 

• California has a notoriously tricky legislative climate; however, it also has been notably 

proactive in environmental protection. 

• Placement of plants could also become a contentious detail for the project. 

Such a large scale project is feasible. The question becomes, is it something worth tackling 

given the costs, long time frame, and potential impacts. A possible compromise might be to 

plan for such a project at the onset, but build the plants incrementally as funding becomes 

available. However, doing so would potentially delay the saving in water seen in other states.  

 

Summary 
 In conclusion, the size of such a project would be an unprecedented course of action for 

California. While well within our physical capabilities, the cost would undoubtedly be in the 

billions of dollars. Financially speaking, this is doable as California has a large tax base, and its 

2019 GDP was over 3 trillion dollars. However, it is unclear if such an outlay would be palatable 

to politicians and the public. The project would be a lengthy undertaking and given all the red 

tape likely to be dealt with, it could be years before any actual construction is underway. 



Despite all the difficulties, such a project entails, the rewards could be well worth it if 

implemented properly. Such a project could provide virtually unlimited, drought-proof water 

supply for millions of people and years of environmental degradation halted or even reversed. 

Limitations 
This study was limited by using secondary resources only as time and availability were 

constraints. Additionally, only quantitative data was used to allow real world comparisons and 

benchmarks as determining the feasibility of such a widescale project was the main goal. As a 

full time, student who works full time as well, time and a rigid schedule were also limitations. 

Lastly it bears mentioning the Coronavirus pandemic certainly affected how I was able to 

conduct research and work on my case study in general. 

 

Recommendations for future work 
Future work in this area could benefit from focusing on policy construction around desalination. 

Additionally, another future step involves contacting residents, politicians, and bureaucrats to 

see how they view the project (favorably or unfavorably). Understanding how desalination is 

viewed, both currently and in a proposed large-scale project, would help policymakers develop 

plans for overcoming concerns with the project.  
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