Chapter 4
Desalination Costs

DESALINATION COST TRENDS (IN 1985 DOLLARS)

Cost is a primary factor in selecting a particular
desalination technique for water treatment. Desali-
nation costs have decreased markedly in the last
few decades (figure 9). For example, typical distil-
lation costs in the 1940s and 1950s ranged from $15
to $20 per 1,000 gallons. By the early 1960s distil-
lation costs had dropped to about $5.50 to $9 per
1,000 gallons (39).1

Recent cost analyses®indicate that distillation and
seawater reverse osmosis (RO) now have compara-
ble costs of approximately $4 to $6 per 1,000 gal-
lons (88) under near-optimum operating conditions.
If the desalination equipment is not operated effi-
ciently, these latter costs can increase to as much
as $10 per 1,000 gallons. Some marginal reductions

1All costs are given in 1985 dollars.

‘Based on cost analyses performed by Wade, Heaton, and Boulter

of Ewbank Preece in 1985, and Leitner in 1987 and reported in the
Water Desalination Report.

Figure 9.—Approximate Desalination Costs
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Desalination costs (including capital and operating costs) for
distillation and RO over the last 40 years for plants produc-
ing 1 mgd to 5 mgd of “polished” water ready to drink. Costs
may be higher than the cumes indicate when desalination
equipment is not operated efficiently. The increasing distil-
lation costs during the 1970s primarily reflect rising capital
and energy costs.

SOURCE: Lamb, 19S2; U.S. Off Ice of Saline Water, 1971; Koalzer, 1972; U.S. Bureau
of Reclamation, 1972; Robinson et al., 19S3; Schroeder, 1978; U.S.
General Accounting Office, 1979; TouPs, 19S2; Reed, 1982; Bechtel
Group, 19S3; United Natlona, 1985; Leitner, 19S7 (IVDR), and discus-
sions with desalination experts. (See Bibliography.)
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in distillation costs may be realized from improve-
ments in plant designs, fabrication techniques, heat
exchange materials, scale control techniques, and
plant automation. Cost reductions are most likely
to occur for multiple effect and vapor compression
units. Distillation costs will fluctuate more than RO
with changing energy costs. Cost variability is dis-
cussed in box B.

Box B.—Variability of Costs

Itis important to recognize that desalination
costs vary significantly depending on:

« the size and type of the desalination plant (fig-
ure 10),
« the plant location,
« the source and quality of incoming feed
water,
« labor costs,
« availability of construction and maintenance
materials,
. Waste concentrate disposal costs,
« energy costs,
financing costs and options,
the reliability of the plant, etc.

Desalination costs in developing countries can
be higher than they are in the United States, be-
cause of transporation costs, the need for spare
parts in more remote regions of the world, more
extensive site development, and added manage-
ment costs (77). All cost estimates in this chapter
are approximate and given in terms of 1985
dollars.

Detailed evaluations are required to determine
the cost effectiveness of particular processes for a
specific location. A particular desalination proc-
ess should neither be selected nor rejected based
on the costs provided in this report. Also, when
comparing costs of desalination with costs of con-
ventional treatment plants it is important to rec-
ognize that desalination plants typically have an
operating lifetime of 15 to 20 years. Conventional
water treatment plants often last 30 to 40 years,
and sometimes longer.
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Figure 10.—Desaiination Costs v. Plant Size
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This graph shows how the cost of “polished” product water
decreases with size of plant for all desalination processes.
Although it is also clear that the costs of desalinating sea-
water are about 5 times comparable costs for brackish water,
this graph should not be used as evidence that one desali-
nation technique is more cost effective than another for sea-
water and brackish water.
SOURCE: S.A. Reed, “Deealting Seawater and Brackish Water 1981 Cost Update,”
DE82020482, ORNU TM-8191, Office of Water Resaarch and Technol-
ogy, Washington, DC, August 1982; and United Nations, “Progress

Report on the International Drinking Water Supply and Sanitation Dec-
ade,” 1985.

The costs of desalinating brackish water using
RO have dropped from about $5 per 1,000 gallons
in 1963 (62) to about $1.50 to $2.50 per 1,000 gal-
lons today. Costs for brackish water electrodialy-
sis (ED) are generally comparable to those for RO.
When low pressure RO membranes are used to re-
move dissolved solids and trihalomethane precur-
sors (via nanofdtration), treatment costs are reduced
by about $0.50 per 1,000 gallons.’According to
industry experts, the costs of membrane processes
should continue decreasing in line with improved
membrane plant performance (e. g., decreased
water pressure requirements, increased rejection
of salt, longer operating lifetimes, improved energy
recovery, and plant automation), and improved
economics associated with larger scale production
of membranes.

There do not seem to be any newly developing
desalination technologies that will produce major
reductions in overall water treatment costs, which
are described in box C.

SThese costs include capital and operating costs for plants produc-
ing from 1 to 5 mgd of ‘polished’ water, ready to drink. All desali-
nation costs in this section include plant construction (typically amor-
tized over 20 years), pretreatment, desalination, waste brine disposal,
and maintenance. They do not include costs associated with planning,
land acquisition, well drilling or reservoir construction, water storage,
or distribution. Because costs depend so much on site-specific condi-
tions, the costs in this report should not be used to determine which
desalination or traditional water treatment process is most economi-
cal for a specific application.

BRACKISH WATER RO AND ED

RO and ED are generally the most economical
processes for desalinating brackish water with sa-
linities of less than 10,000 ppm. ED tends to be
more economical than RO at-salinities of less than
3,000 ppm, and less economical than RO at salin-
ities greater than 5,000 ppm. Overall costs depend
to a large extent on pre- and post-treatment require-
ments. Both capital and operating costs for brack-
ish water plants tend to be very high for sma.ll-
capacity plants (e. g., several hundred thousand

gpd); however, costs decrease significantly as plant
capacities increase to 3 mgd. Beyond 3 mgd over-
all costs decrease only slightly with increasing plant
size (12).4 For example, projected water produc-
tion costs (per gallon) of a 100-mgd RO plant are

‘There are significant economies of scale for operating costs and

some economies of scale for capital costs associated with RO plants
as their capacity increases up to about 3 mgd. For larger plants there
are modest economies of scale for operating costs and almost no econ-
omies of scale for capital costs (12).



Box C.—Freshwater Costs

As the demand for freshwater increases, so will its cost. However, water in the United States is inexpen-
sive relative to its cost in many other parts of the World. For example, costs for publicly supplied water in
metropolitan areas of the United States average about $1.25 per 1,000 gallons for water treatment and deliv-
ery. Typical rates for municipal water (delivered to the home) range from $0.50 to $2.00 per 1,000 gallons
(14), with a low of $0.10 per 1,000 gallons to a high of $22 per 1,000 gallons (71).

In Washington, D. C., potable water costs approximately $1.35 per 1,000 gallons; about half of this cost
is for treatment, and half for delivery. Collection and treatment of sewage cost about $2.50 per 1,000 gallons.
A family of four, each using 150 gallons of water per day, has a monthly water/sewer bill of about $70/month
(at $3.85 per 1,000 gallons).

According to some estimates 3 to 6 percent of the U.S. population consistently buys bottled water. In
southern California, one of every three families has bottled water in their home (85). Sales of bottled water
in this country have grown from $100 million in 1975 to almost $1.3 billion in 1986. Assuming a cost of about
$0.85 for a gallon of bottled water, a family of four each using about gallon of water per day for drinking
and cooking would spend about $50/month on bottled water.

In the west irrigation water supplied by federally sponsored water diversions generally costs farmers
between $0.01 and about $0.18 per 1,000 gallons (10,58), and groundwater costs between $0.05 and $0.08
per 1,000 gallons. The costs paid by farmers for water from Federal water projects may be heavily subsidized
by the government. Capital costs are typically repaid over a 50-year period without interest. Yearly payments
are often further reduced by selling electricity generated from multipurpose dams, and/or by using such low-
cost electricity for pumping operations. Western farmers pay only about 17 percent of the actual cost of water
supplied by Bureau of Reclamation projects (58).

Costs for developing new supplies of surface water in the west vary significantly from region to region.
For example, in California the estimated cost of water from proposed projects averages almost $5 per 1,000
gallons (10). In 1987 the Army Corps of Engineers estimated that water from the proposed Two Forks Project
south of Denver would cost about $10 per 1,000 gallons. In many areas of the west it is now cheaper to use
desalination technologies to treat either brackish water or irrigation drainage water than to develop new sup-
plies of surface water.

Rising water costs reflect:

1. increasing costs associated with developing new surface supplies,

2. an increasing need to remove pollutants from exisiting supplies of surface water and groundwater in
response to Federal and State drinking water and wastewater discharge standards,

3. an increasing need to minimize environmental impacts associated with water development projects, and

4. increasing legal costs that may be associated with obtaining the “water rights” to surface supplies.

The cost of groundwater also increases as the water levels in aquifers are drawn down.

only 10 percent less than water costs of a 10-mgd This could significantly increase desalination costs.
plant (91). It is therefore important to determine the sustained
yield and long-term quality of brackish water
aquifers. Financing community drinking water sys-
tems is discussed in box D.

In some coastal areas the salinity of brackish
groundwater may increase over time if continued
pumping increases the level of saltwater intrusion.
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Box D.—Financing Community Drinking
Water Systems (14)

There are an estimated 59,000 water supply sys-
terns in the United States (table 3). The relatively
few systems that serve metropolitan areas are quite
large; most systems are small. For example, the
largest 1 percent of ail systems serve over 40 per-
cent of the population, whereas the smallest 65
percent serve less than 3 percent of the population.

Table 3.—MunicipaL Water SuppLy Systems

Number of Population
systems served
(thousands) in percent
Publicly owned systems ... ... 26 71
privately owned systems . . . .. 16 13
Ancillary systems. . . . ... ... .. 17 1
Privatewells . ............... NIA 15
No piped water . ............. NIA 1

N/A - Not applicable.

SOURCE: EPA Office of Drinking Water, “Survey of Operating and Fi-
nancial Characteristics of Community Water Systems,” pre-
pared by Temple, Baker, 6 Sloan, Inc., 1982.

Traditionally local governments have assumed
primary responsibility for financing and operat-
ing water supply systems through tax-exempt mu-
nicipal bonds, retained earnings from the sale of

water, one-time fees, and the sale of stock and/or
taxable bonds. For example, public, non-Federal
expenditures to build, operate, and maintain water
supply systems amount to about $4 to $5 billion.

Federal assistance for water supply systems
came from several sources in 1986: $290 million
through the Farmer's Home Administration (ex-
clusively for rural communities); $225 million
through the Department of Housing and Urban
Development, the Economic Development Ad-
ministration, and the Appalachian Regional Com-
mission; and $190 million for water supply
projects through the Corps of Engineers and the
Bureau of Reclamation. Also, Federal tax reve-
nues are lowered due to the tax-exempt status of
state and local bonds. State aid of about $500 mil-
lion (in 1984) is available in the form of direct
state spending, support from State-chartered fi-
nancial institutions and State bonds, and finan-
cial Mmanagement assistance.

Most utilities and private water systems can fi-
nance their own operations, which may include
the use of desalination technologies. However,
very small systems, particularly those in rural
areas, may have to rely on creative financing or
available State/Federal assistance.

SEAWATER DESALINATION

Desalinating seawater—using either distillation
or RO—can be from three to as much as seven
times more expensive than brackish water RO or
ED. Distillation costs are high, regardless of the
salt content, due to the large amounts of energy
required to vaporize water; RO (and ED) costs are
higher for seawater because more salt must be ex-
tracted.

By the early 1980s the costs of desalinating sea-
water using RO or distillation (for plants larger than
about 5 mgd range) had become roughly compar-
able—about $4 to $6 per 1,000 gallons (7,57,67).
So, the selection of a desalination process must be
based on other considerations. For example, the
capital costs associated with distillation are gener-
ally higher, that.ime required for plant construction
typically longer, and the operational costs closely
tied to energy costs, On the other hand, the level
of solids removal is somewhat higher for distilla-
tion. Also, up until very recently there had been

much more operational experience with large dis-
tillation plants than RO plants.

Dual-purpose plants (for power production and
desalination) can lead to distillation cost reductions
of 20 to 30 percent compared to the overall cost of
separate power and desalination plants. In these
plants the exhaust steam from the power plant is
reused to provide the energy for desalination, thus
reducing fuel consumption. To minimize potential
shutdowns of the desalination plant during power
outages, dual plants should be provided with aux-
iliary standby equipment, and ample spare parts,
and constructed in the form of independently oper-
ating, multiple units. Saudi Arabia has three large
desalination complexes that use dual purpose plants
77).

‘Many of the low cost estimates for distillation made in the 1960s
assumed that very large, dual purpose (i. e., power/water) nuclear
plants (some using breeder reactors) would be constructed with low,

long-term rates of financing. These assumption have proved to be quite
optimistic by today’s standards.
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MUNICIPAL WASTEWATER TREATMENT

Over the last two decades the reuse of treated
water from sewage treatment plants has increased
significantly, especially in water-limited areas of the
United States. In addition to using RO to deminer-
alize wastewater, the effluent from the secondary
treatment process has to be subjected to several
other treatment processes to remove suspended ma-
terial and dissolved contaminants, and to kill patho-
genic microorganisms prior to reusing the treated
water for potable purposes. The total cost of RO
and other required conventional treatment proc-

esses probably falls between the costs of desalinat-
ing brackish and seawater—in the range of $2 to
$4 per 1,000 gallons depending on the size of the
treatment plant. For example, Denver's I-mgd test
plant for treating wastewater from its sewage treat-
ment plant costs about $2.50 per 1,000 gallons to
operate. Treating the effluent from secondary treat-
ment plants for non-potable uses (e. g., agricultural
and landscape irrigation) tends to be much less
costly.

HIDDEN COSTS ASSOCIATED WITH USING SALTY WATER

In any evaluation of desalination costs it is im-
portant to consider the “hidden” costs associated
with using water with a high salt or mineral con-
tent. For example, it is estimated that every ppm
of salt in Colorado River water at the Imperial Dam
causes about $39,000 of agricultural damage (i. e.,
in terms of decreased yield) in the lower Colorado
Basin. About 85 percent of this damage occurs in
the Imperial Valley of Southern California. Col-
lective damage to industrial and municipal users
is estimated to be about $280,000/ppm (80).

Using highly mineralized and/or salty water can
also generate substantial costs to homeowners for
corrosion or scaling of pipes and plumbing fixtures,
for softening water, and for buying bottled drink-
ing water. For example, surveys in the 1960s of
communities using highly mineralized water indi-
cated that household costs (excluding bottled water
costs) were increased by about $135 to $430 per
year (5,29,54).



