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In June 2006, the Pacific
Institute (PI) published a
report entitled, Desalina-

tion, With a Grain of Salt—A
California Perspective. Ignoring
several decades of successful track
record of desalination in over 120
countries worldwide and the recent
groundbreaking advances in applied
desalination research in California, the
report presents an opinion that most of
the ongoing seawater desalination initia-
tives in the State of California are pre-
mature. This opinion is not shared by the
people of California, who in the Novem-
ber 2002 state election voted in support
of Proposition 50, which endorses the de-
velopment of an integrated water man-
agement plan for the Golden State in
which desalination finds its rightful
place, along with enhanced water reuse
and conservation.

The report ignores the state
government’s recognition that reliance
on existing fresh water resources, aggres-
sive conservation and water reuse alone
may not be adequate to meet long-term
water demand and that the California
Department of Water Resources (DWR)
has charted a new course of exploration
of seawater and brackish water desali-
nation as an alternative reliable and
drought-proof water supply addition to
the state water portfolio.

The potential barriers associated

with the use of seawater desalination
presented in the report are: the growth
inducement potential of the proposed
desalination projects; the affordability of
the desalinated water; the relatively
higher energy use; the potential environ-
mental impacts from the operation of the
desalination plant intake and discharge;
and public health concerns associated
with the quality of desalinated water.

State of research
Currently the DWR is administering

a (US) $50 million desalination grant pro-
gram created to assist water utilities state-
wide in the implementation of brackish
water and seawater desalination projects.
The first round of this program was car-
ried out in 2005 by awarding $24.75 mil-
lion to 24 different desalination projects.

The second round of
the program awarded
another $21.5 million

of grants to 23 projects
in June 2006. The grand

funding was allocated to
feasibility studies; ap-

plied research, develop-
ment and pilot testing activities;

and to the implementation of demonstra-
tion and full-scale desalination projects.
The funded projects (scheduled to be
completed by 2009) are expected to pro-
vide practical solutions to key environ-
mental, energy and cost challenges that
the use of desalination may face in Cali-
fornia.

Will desalination initiatives
induce unplanned growth?

California’s desalination initiative is
planned to yield over 20 new projects
statewide which would supply up to 450
mgd of high-quality drinking water by
year 2020. Locations of the key ongoing
seawater desalination projects through-
out the state are indicated in Figure 1.

Even if all of the proposed desalina-
tion projects are built at their maximum
planned capacity, they would be ad-
equate to only supply 1.1 percent of the
total current state water demand of
40,000 mgd and approximately 5.6 per-
cent of its urban water demand of 8,000
mgd. The PI report insinuates that this
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volume of ‘new’ water is
somehow going to spur sig-
nificant population growth
and would result in an un-
predictably high burden on
the state’s electrical supply
system and other resources.
A look at the actual facts,
however, reveals a very dif-
ferent story.

According to the 2005
California Water Plan, by
year 2030 the state’s popu-
lation is projected to in-
crease by 31.5 percent (from
36.5 million to 48 million),
which averages approxi-
mately 1.26 percent per
year (prorated to 12.6 per-
cent by year 2015, when all proposed de-
salination projects are to be operational).
It is obvious that even if the entire 5.6
percent increment of state urban water
supply that would result from the imple-
mentation of all of the proposed desali-
nation projects is applied towards the
12.6 percent of population growth
planned to occur by year 2015, this sup-
ply increment would be sufficient to
meet less than half of this planned
growth. Therefore, the PI report’s con-
clusion that the proposed desalination

projects have significant potential to in-
duce unforeseen and unplanned popu-
lation growth in the state is unrealistic
and also lacks common sense.

Review of the environmental impact
reports (EIRs) which have already been
prepared for a number of the proposed
desalination projects clearly indicates
that the main purpose of these projects
is to reduce reliance on future increases
to in-state or out-of-state water transfers
which would be unsustainable in the
long-term; to curtail further over-pump-

ing of already severely de-
teriorated groundwater
aquifers; and to curtail ex-
isting water supply prac-
tices throughout the state
that have significant envi-
ronmental impact on fragile
river ecosystems, rather
than to accommodate new
population growth in the
respective project service
areas.

For example, the EIR
for the 50 mgd Carlsbad sea-
water desalination project,
which was certified in early
2006, clearly states that this
project is planned to replace
the reliance of the City of

Carlsbad and a number of other neigh-
boring utilities on water imported from
the Sacramento-San Joaquin River Delta
and the Colorado River because these
sources are drought sensitive and have
uncertain futures. Due to lack of local
water resources (groundwater aquifers
suitable for water supply and surface
fresh water sources) the City of Carlsbad
currently relies solely upon imported wa-
ter for its water supply. This condition is
shared by the majority of the communi-
ties in San Diego County where imported

Figure 2. Carlsbad Seawater Desalination Project
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water makes up over 80
percent of the county’s
current water portfolio.

Similarly, the EIR for
the 50 mgd Huntington
Beach seawater desalina-
tion project certified in
the spring of 2006, states
that the main purpose of
the project is to provide
relief to the over-pumped
coastal aquifers of Or-
ange County and to re-
duce reliance of the
county’s water supply on
imported water, rather
than to accommodate
new population growth.
The desalinated water
produced from the project
is planned to be introduced in the
county’s regional water distribution sys-
tem and to be delivered to over two
dozen municipalities and utilities.

The ongoing desalination initiatives
in Northern California (see Figure 1) are
also driven by pressing environmental
concerns, water supply aquifer deterio-
ration trends and by the need to secure
long-term water supply reliability and
sustainability.

For example, one of the largest sea-

water desalination projects currently
under development in San Francisco
County is proposed by Marin Municipal
Water District. This project is targeted to
produce between 10 mgd and 15 mgd of
desalinated water and to provide a reli-
able, drought-proof alternative to the
construction of a new pipeline for supple-
mental water supply from the already
over-allocated Russian River.

Marin Municipal Water District has
recently completed a 12-month desalina-

tion pilot test and prepara-
tion is well under way of
an environmental impact
assessment for this project;
a draft EIR was expected to
be circulated for public re-
view by the end of 2006.

Similarly, the main
purpose of the large seawa-
ter desalination project
proposed for the City of
Moss Landing in Monter-
rey County is to alleviate
further over-pumping of
the Monterey Bay coastal
aquifers and to comply
with the state-mandated
curtailment on withdrawal
of fresh water from Carmel
River because of the detri-

mental impact of said withdrawal on the
salmon population in the river.

It is also interesting to note that while
the report emphasizes desalination’s po-
tential to induce population growth, it re-
mains completely silent on the fact that if
additional water is made available
through more aggressive water conserva-
tion or water reclamation, this water has
equal potential to create growth induce-
ment. This subjective double-standard
approach is intertwined in practically
every aspect of the report’s analysis of
desalination viability and is one of the
major flaws of the document. PI’s sub-
jectivity leaves the impression that the
authors are trying to oversell water re-
use and conservation at the expense of
desalination.

The reality is that except for the au-
thors of the report and a few radical sup-
porters, the majority of California’s
population, the state government and the
proponents of the desalination initiatives,
all agree that securing a sustainable wa-
ter future for California demands a bal-
anced portfolio which includes all four
key types of water supply sources: con-
ventional water supplies, reuse, conser-
vation and desalination. None of the
proponents of the ongoing desalination
projects even contemplates replacing
water reuse and conservation with de-
salination. Quite the opposite: most utili-
ties considering the development of large
desalination projects also have in place
comprehensive long-term water reuse
and conservation programs and plan to
enhance such programs simultaneously
with the implementation of their desali-
nation initiatives.

Is desalination affordable for
Californians?

The PI report indicates that one of

Figure 3. Huntington Beach Seawater
Desalination Project
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the major reasons for California
desalination’s ‘immaturity’ is its lack of
affordability. Currently, the cost of desali-
nating seawater in California is relatively
higher than that of traditional low-cost
water sources (groundwater and river
water) and water reclamation and reuse
for irrigation and industrial use. Indeed,
the cost of traditional local groundwater
water supplies in some parts of the state
is as low as $0.5/1,000 gallons ($160/acre
foot [AF]). However, the quantity of such
low-cost sources is very limited (less than
30 percent of water resources statewide).
For example, notwithstanding that over
40 percent of the current Orange County
water supplies are in this category, that
county’s water agencies have embarked
on exploring seawater desalination be-
cause practically all available fresh aqui-
fers currently delivering this low-cost
water are tapped-in and over-drafted.
Most of the utilities in southern Califor-
nia currently purchase imported water
from the Bay Delta and Colorado River
at a rate of $1.5 to 1.8/1,000 gallons ($500
to $600/AF) and the cost of these water
supplies is very likely to increase by 10
to 15 percent in the next five years due to
additional expenditures needed to com-
ply with more stringent drinking water
quality regulatory requirements recently
promulgated by the US EPA.

Based on the 2006 California Water
Charge Survey published in July 2006 by
Black & Veatch (http://www.bvaeservices.
com/news/articles/jul06/ca_ survey_
businesswire.htm), the average residen-
tial monthly charge for 1,500 cubic feet
of drinking water was $36.39 ($3.24/
1,000 gallons or $1,058/AF). The survey
also indicates that the cost of residential
water supply has increased by 16.7 per-
cent since 2003.

Meanwhile, the cost of desalinated
water has been decreasing steadily over
the last 10 years and the majority of the
projects included in the California desali-
nation initiative, declared premature by
the PI report, are projected to produce
water at a cost of $2.6 to $3.7/1,000 gal-
lons ($850 to $1,200/AF). These costs are
estimated based on an asset life of 30
years and unit power costs of $0.08/kWh
to $0.11/kWh. Therefore, if we follow the
gem of advice in the PI report that, “cost
comparison must be made on compa-
rable basis,” then the costs for produc-
tion of desalinated seawater would be
similar to the future total costs for deliv-
ery of new incremental water supplies to
many parts of the state, especially to
municipalities and utilities in southern
California relying on imported water
supplies.

The PI report uses the argument that
desalinating seawater and brackish wa-
ter is generally more expensive than the
production of reclaimed water and the
implementation of water conservation
measures. This argument however, is fa-
tally flawed by the fact that water con-
servation and reuse do not create new
sources of drinking water—they are
merely a rational tool to maximize the
beneficial use of the available water sup-
ply resources. Under conditions of pro-
longed drought when the available water
resources cannot be replenished at the

rate of their use, aggressive reuse and
conservation can help but may not com-
pletely alleviate the need for new water
resources and water rationing. Simply
put, if your backyard well is dry you can-
not resolve your household water sup-
ply challenges by reusing or conserving
more of the well water you do not have.

A real-life example is the period of
prolonged drought in California in the
early ‘90s, which created the need for
emergency fast-track implementation of
a number of water desalination projects,
despite the fact that some municipalities,
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such as the City of Santa Barbara, had
reduced their water use by nearly 40 per-
cent by aggressive conservation mea-
sures. While the relatively high cost of
seawater desalination ($4.6 to $6.1/1,000
gallons or $1,500 to $2,000/AF) and the
available low-cost reclamation and reuse
measures combined with a period of sev-
eral wet years following that long
drought marginalized the benefits of sea-
water desalination at that time, the wa-
ter conditions, costs and challenges
California faces today are very different.

The main differences stem from the
significant reduction of the costs for sea-
water and brackish water desalination
over the last 10 years and the incremen-
tally higher costs associated with achiev-
ing dramatic increase in water reuse and
conservation statewide after the initial set
of low-cost/high-effect water rec-
lamation and conservation mea-
sures are implemented. While in
the early ‘90s extensive conserva-
tion and reuse were uncommon
for the majority of the municipali-
ties in California, the prolonged
drought during this period forced
many utilities to implement low-
cost water reuse and conserva-
tion measures that now constitute
5-15 percent of their water port-
folios. Utilities which already
have comprehensive water reuse
and conservation programs will
not be able to squeeze another 10
or 15 percent of water savings via
the same low-cost reuse and conservation
measures. Implementing the next tier of
more sophisticated equipment and tech-
nology-intensive reuse and conservation
measures to reach water-saving goals of
an additional 20-25 percent comes at a
price which, in some cases, may approach
that of desalination.

In addition, seawater desalination
cost benefits extend beyond the produc-
tion of new water supplies. If desalina-
tion is replacing the use of over-pumped
coastal or inland groundwater aquifers,
or is eliminating further stress on envi-
ronmentally sensitive estuary and river
habitats, then the higher costs of this
water supply alternative would also be
offset by its environmental benefits. Simi-
larly, desalination provides additional
benefits in the time of drought where tra-
ditional water supplies may not be reli-
able and their scarcity may increase their
otherwise relatively low costs.

Will desalination ‘break the
back’ of California’s power
supply system?

Desalination is more power inten-

sive than conventional treatment of fresh
water sources because it requires addi-
tional energy to overcome the naturally
occurring osmotic pressure exerted on
the reverse osmosis (RO) membranes by
the saline water source (ocean or brack-
ish water). Table 1 presents the energy
use associated with various California
water supply alternatives. The table does
not incorporate the costs associated with
raw water treatment of the surface wa-
ter imported from the Colorado River
project and supplied by the State Water
Project and product water delivery costs
for any of the listed alternatives.

It is interesting to note that the PI
report contains a number of factual inac-
curacies which indicate the authors’ su-
perficial understanding of the factors
affecting the energy demand associated

with seawater desalination and the con-
tribution of power expenditures to the
overall cost of water production. Based
on reference to energy use of projects in
Israel, the Middle East and Spain, where
ocean water has approximately 20 per-
cent higher salinity than the Pacific
Ocean along the California coast, the re-
port concludes that even if best available
technologies are used, the power demand
for production seawater desalination will
be 12 kWh/1,000 gallons (3,912 kWh/
AF). In fact, since the Pacific Ocean has
lower salinity than the referenced loca-
tions, the energy needed to produce de-
salinated water ranges between 8.6 and
11 kWh/1,000 gallons (2,800 to 3,600/
kWh/AF).

The PI report remains silent about
the outstanding efforts of the California-
based Affordable Desalination Collabo-
ration (ADC) which recently completed
a study to demonstrate what the cur-
rently available state-of-the art desalina-
tion technology can do to reduce energy
use for seawater desalination. ADC is a
non-profit organization composed of
leading companies and public agencies

involved with seawater desalination. The
expert-reviewed results from over one
year of operation of the ADC seawater
desalination demonstration facility lo-
cated at the US Navy’s Desalination Re-
search Center in Port Hueneme,
California validate the energy consump-
tion values included in Table 1 and also
indicate that in the not-so-distant future
the power use for seawater production
can be reduced even further (see
www.affordabledesal.com).

The PI report contains another inac-
curacy with important implications re-
garding the viability of seawater
desalination in California. Without nor-
malizing data from foreign desalination
plants for the site-specific conditions in
California (labor, construction, equip-
ment costs, etc.) the report stipulates that

electrical energy accounts for 44
percent of the total water pro-
duction costs of a typical mem-
brane seawater desalination
plant and 60 percent of costs for
thermal water desalination. In
fact, due to site-specific differ-
ences, the power costs for sea-
water desalination in California
would contribute only 20-30
percent of the total costs of wa-
ter production. The PI report
draws the erroneous conclusion
that the fluctuations in interna-
tional fuel markets will have a
dramatic effect on the viability
of desalination; it also misses the

point that energy cost increases will also
have the same incremental effect on all
water supply alternatives in California.
According to a report prepared by the
California Energy Commission, the cur-
rent power demand of the water sector
in California (including both water and
wastewater conveyance and treatment)
totals 13,341,000 mWh. Assuming a con-
servative unit energy use for seawater de-
salination of 11 kWh/1,000 gallons, the
total energy needed to produce 450 mgd
of drinking water is 4,950 mWh, which
is only a 0.037 percent increase of the cur-
rent California water sector energy de-
mand. Based on these facts, it is
erroneous to conclude that the current de-
salination initiative would ‘break the
back’ of the California energy supply
system, nor could such be objectively
used as a valid argument for rejection of
the viability of seawater desalination in
California. This assessment also diffuses
the PI report’s claim that, “desalination
facilities exacerbate climate change with
their large use of energy,” and that it,
“can contribute to greater dependence on
fossil fuels”.

Table 1. Energy use of various water supply
alternatives

Water supply alternative Energy use (kWh/AF)

Conventional treatment of surface water 200 to 300

Raw water imported by state water project 3,000 to 3,500
(without treatment)

Raw water imported from Colorado River 2,000 to 2,500
(without treatment)

Water reclamation 500 to 1,300

Brackish water desalination 850 to 1,500

Desalination of Pacific Ocean water 2,800 to 3,600

Note: one kWh/1,000 gallons = 326 kWh/AF
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It should also be pointed out that an
objective analysis of the energy use for
seawater desalination should take into
consideration that while the energy use
for production of desalinated water is
projected to decrease further (by 10-20
percent over the next five years, as a re-
sult of advancements in membrane and
energy recovery technologies), the total
energy demand for conventional water
treatment would increase (by 15 to 20
percent) in the same timeframe because
of the energy demand associated with the
additional treatment (such as micro- or
ultra-filtration, ozonation, UV disinfec-
tion, etc.) which would be needed in or-
der to meet the most recent regulatory
requirements for production of safe
drinking water.

How unique is the impact of
desalination operations on
the environment?

The PI report points out two key ar-
eas of desalination project impact on the
environment: the effect of their high-sa-
linity discharge on aquatic life and the
potential impingement and entrainment
of plant intake facilities. Although the
report claims that safe disposal of plant
concentrate is a challenge, it fails to men-
tion that there are over two decades of

experience of safe concentrate disposal
from both seawater and brackish water
desalination plants in the US and world-
wide. It also ignores that there are no
known cases where desalination dis-
charges have actually caused significant
environmental alterations of the ambient
aquatic environment. In recognition that
desalination plant concentrate can be
managed without any measurable chal-
lenges, after rigorous technical and sci-
entific review and analysis, in the
summer of 2006, the San Diego and Santa
Ana Regional Water Quality Control
Boards granted waste discharge permits
to the 50 mgd Carlsbad and Huntington
Beach desalination plants. These permits
encompass desalination plant concen-
trate and the other side-streams (mem-
brane cleaning solutions and
pretreatment filter backwash) generated
at the desalination plants.

The PI report claims that “impinge-
ment and entrainment of marine organ-
isms are among the most significant
environmental threats associated with
seawater desalination”. This claim, how-
ever, is not supported by any data nor
by any full-scale studies of existing sea-
water desalination intakes; neither is it
substantiated by the observations and/
or monitoring of aquatic life in the vicin-

ity of plants operating along coastal
Spain, Israel or Australia—countries
which have stringent regulations and
elaborate legal and monitoring frame-
works for protecting marine environ-
ments, comparable to that of California.
The report also remains silent on the fact
that existing state water project’s open
intakes along the Sacramento Bay-San
Joaquin Delta collect source water from
aquatic environments that are much
richer in life and more fragile in ecologi-
cal balance than the bare ocean bottom
areas in the vicinity of most of the pro-
posed open-intake seawater desalination
intakes and the fact that these fresh wa-
ter intakes collect an order-of-magnitude
larger volume of water than the proposed
desalination projects. This subjective re-
view of environmental impacts of the
desalination plants underrates the au-
thors’ ‘genuine’ concerns regarding the
impact of various water supply practices
on California’s environment and the fair
comparison of this impact.

How does desalinated water
quality fare against other
alternatives?

The PI report states that use of de-
salinated water can be acause of health
concerns and may result in water distri-
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bution system corrosion. Using outdated
information regarding boron rejection of
seawater membranes, the report claims
that desalinated seawater can contain
boron at levels exceeding the applicable
safe drinking water requirements. The
report states that “RO membranes can
remove only between 50 and 70 percent
(of the 4.5 mg/L of boron contained in
the ocean water) and therefore may ex-
ceed the California Department of Health
Services Action Level for boron of one
mg/L.”

Practitioners of seawater desalina-
tion know well that the quoted boron re-
moval levels refer to membranes that are
two generations old. Currently available
seawater desalination membranes can
reject over 90 percent of the boron con-
tained in the seawater and according to
the September/October 2006 issue of the
International Desalination Association’s
Water News, “research is underway to
achieve 93 to 95 percent boron removal.”

Similarly, using outdated informa-
tion or misinterpreting existing studies
or data, the report raises unfounded con-
cerns regarding other water quality pa-
rameters such as disinfection byproducts
(DPBs), algal toxins and mineral content
of the desalinated water. The report fails
to acknowledge that over two dozen
large, existing brackish water desalina-
tion plants in Florida have been success-
fully supplying drinking water (of
quality and corrosion potential similar to
that of the proposed California desalina-
tion plants) for over 15 years without
health or distribution system related
problems. Similarly, the hundreds of sea-
water desalination plants worldwide
have been providing safe potable water
of reliable and consistent quality for over
two decades without causing problems
such as the 1993 Cryptosporidium out-
break in Milwaukee, Wis. or the recent
corrosion-related lead water quality chal-
lenges in Washington, D.C.

Although desalinated water from
the numerous existing brackish water
desalination plants in California have
been distributed to the public water sup-
ply for decades, the report makes the er-
roneous statement that the, “overall
effects of desalinated water on Califor-
nia water distribution systems are not yet
known.” Obviously, they are—but appar-
ently not to the writers of the PI report.

Summary and conclusions
The recently published Pacific Insti-

tute report offers a subjective opinion of
the viability of desalination in California
that self-servingly renders most of the
ongoing desalination initiatives imma-

ture. What is immature, however, is the
knowledge and understanding of the
report’s authors of the current status of
desalination technology and their under-
standing of the critical importance of the
development of a diversified water port-
folio that includes a well balanced mix
of conventional water supply sources,
water reclamation, conservation and de-
salination for the long-term sustainability
of the California water supply and socio-
economic development of the state.

PI report’s opinion is not shared by
the people of California, who in 2002
voted in support of Proposition 50, open-
ing the opportunity for exploring brack-
ish and seawater desalination as a new
and reliable source of water supply for
the state. Nor it is endorsed by the Cali-
fornia Department of Water Resources,
which incorporated the development of
450 to 500 mgd of new desalination
projects into their 2005 California Water
Plan.

The key fatal flaw of the report is that
it fails to recognize the wealth of interna-
tional and domestic desalination experi-
ence and to understand the applicability
of this experience to the site-specific con-
ditions of California. Rather than point-
ing to proven solutions and state-of-the
art knowledge associated with the use of
desalination technology, the report tries
to paint a picture of a water supply tech-
nology of enigmatic problems and effects
unknowable and “not yet seen” in Cali-
fornia. Proving the century-old Will
Rogers line that “common sense is not
that common”, the Pacific Institute de-
salination report contributes little prac-
tical value or constructive input toward
solving California water challenges and
provides no useful, up-to-date informa-
tion for readers interested in gaining an
accurate and objective understanding of
the challenges and solutions associated
with the use of desalination today.

Recognizing the value and impor-
tance of desalination for the state over the
next five to 10 years, many California
communities plan to make desalination
a permanent part of their water portfo-
lio. Approximately 20 medium and large
desalination plants supplying up to 5.7
percent of California’s total urban water
demand are projected to be built by the
year 2015. Although existing fresh water
sources, conservation and reuse will con-
tinue to play a central role in the state’s
long-term water supply strategy, seawa-
ter desalination has unique appeal to
many coastal communities because it al-
lows access to a reliable and drought-
proof source of drinking water that can
be developed and controlled locally at

costs competitive to incremental ex-
penses associated with the development
of other water supply alternatives.
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