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ABSTRACT

The financial profitability is one of the main factors that play a role in the decision to adopt this tech-
nology. More than 50 brackish water desalination plants have been installed by farmers in the Jor-
dan Valley for irrigation purposes. In all plants, reverse-osmosis technology is applied. The plants’
capacities are 360 to 2400 m3/d. The total water abstracted is about 11.7 MCM, whereas the total
desalinated amount reaches 7.7 MCM while the brine discharge is about 4.1 MCM. Brackish water,
having salinity between 1300 and 7000 ppm with an average of 3150 ppm. Desalinated waters have
a salinity between 50 and 800 ppm, averaging 195 ppm. The facilities are generally in operation 24
h/d in the summer and 12 h/d in the winter. The only energy source used to run these plants is the
electric power grid. Desalinated water is then diluted to a salinity of about 700 ppm (400-1000 ppm).
Irrigation water is applied, in particular, for bananas, strawberries, and dates. Those crops have a
high market value. The average investment cost per cubic meter for the installed capacity of the
desalination plants ranges between $124/(m3/h) for small plants and $63.5/(m3/h) for large plants;
the average is $89/(m3/h). The average desalination cost is $0.38 per cubic meter. The results show
that large desalination plants have a lower desalination cost ($0.33/m% compared with small ones
that have an average desalination cost of $0.48/m?>.
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1. Introduction

Water scarcity in Jordan is a significant and well-docu-
mented problem that continues to worsen with the increas-
ing demand due to high population growth, hosting several
fluxes of refugees, economic-development needs, and cli-
mate change [1]. Jordan’s population has increased from 6.1
million in 2010 to around 9.71 million in the middle of 2016
[2]. The huge increase, despite the lower local growth rate
of 2.2%, is attributed to the influx of refugees from other
countries, mainly from Iraq and Syria. The expanding pop-
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ulation creates enormous pressure for the already scarce
and depleted water resources.

Jordan’s renewable water resources are limited and
insufficient to meet national demand. There are growing
signs of apparent overuse for an increasing number of
watersheds and aquifers. The fresh-water share per capita
per year has fallen from 500 m? to 140 m® in the 1975 and
2010, respectively [3]. In 2016, Jordan’s annual renewable
resources of less than 100 m?®/capita are far below the global
threshold of severe water scarcity (500 m®/capita). Given
the water-security threat to Jordan that is posed by water
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shortages, water security has become a major domestic issue
as the population increases rapidly with refugees entering
the country because of conflict in neighboring countries,
including a new influx from Syria that is estimated to have
2.72 million people. By the end of December 2015, about 1
million refugees from various countries were registered [3].

Irrigation uses just over half the currently available sup-
ply, around 504 MCM, although these figures may under-
estimate both irrigation use and total water use for various
reasons. Domestic use ranks second, around 428 MCM,
while industrial use is currently around 39 MCM, which is
less than 5% of the total supply but is expected to grow. The
Ministry of Water and Irrigation (MWI) updated its strategy
to hold agricultural water use at 700 MCM in the future,
so a strong challenge will be to generate a great deal more
value from utilizing that amount of water (MWI, 2016b).

Based on these factors, Jordan has no choice but to
embrace desalination for four reasons. First, the nation is
facing a rapidly depleting groundwater resource, espe-
cially fossil water, without any form of replenishment [4].
Second, stream flow in the major rivers has declined as a
consequence of drought, reduced rainfall, and draw down
from neighboring countries [5]. Third, the nation is faced
with a rapidly growing population that is accompanied
with refugees coming to the country. Fourth, the nation has
a larger irrigation-reliant agricultural sector than it did in
the past; there are very few options to augment the supply
with existing sources.

Brackish-water desalination is still a costly water-sup-
ply option compared to natural water resources (e.g.,
ground- or surface water). The financial profitability is one
of the main factors that play a role in the decision to adopt
this technology, along with other factors such as feed-water
characteristics, water quality, plant capacity, plant reliabil-
ity, concentrate disposal, space requirements, operation and
maintenance, and energy availability [6].

In Jordan, desalination is receiving considerable atten-
tion from scientists, resource planners, policy-makers, and
other stakeholders [7]. Desalination is not a new technol-
ogy; in fact, studies from centuries ago discussed how Med-
iterranean and Near East civilizations distilled drinking
water from seawater [8]. Desalinating water in Jordan can
be a technically and economically efficient option to pro-
duce additional quality water [9]. Desalination of Red Sea
water with reverse osmosis (RO) and brackish-groundwa-
ter desalination with nano-filtration could be technically
viable as well as economically feasible [10]. Using desali-
nation technologies in Jordan is quite new when compared
to the Gulf States where it has been used since 1957, but
interest is growing as conventional water resources become
fully allocated. Today, desalination is primarily utilized
by the industrial and tourism sectors because of the high
cost of seawater desalination. Using desalination for other
purposes (agriculture and municipal) will depend on tech-
nological improvements that result in reduced overall and
marginal costs.

According to the new water strategy (2016-2025), brack-
ish water, either for direct use or after desalination, appears
to offer the highest-potential non-conventional means of
augmenting the country’s water resources [11]. Adopting
non-conventional sources (desalination) for water-supply
reinforcement is necessary in the near future for Jordan to

sustain its development [12]. Hydropower and solar tech-
nologies are the most-effective non-conventional energy
resources for water desalination. A water shortage occurs
most at places of high solar radiation. The shortage usu-
ally peaks during the hot summer months with maximum
solar radiation. Hence, solar desalination could be one of
the most successful applications of solar energy for most
of the hot-climate countries that have limited fresh-water
resources.

Therefore, analyzing the cost of water desalination is
essential to understand whether the process is feasible to
produce a water resource that could be used as a substitute
for fresh-surface and groundwater resources in areas with
water shortages. Desalination could double or triple the cost
of fresh-water production. A recent report about the cost of
irrigation water in the Jordan Valley indicates that the JVA
needs significant tariff increases to strengthen its financial
sustainability [13]. Water prices are very low, especially rel-
ative to the agricultural water’s value. In the Jordan Valley,
farmers pay a water price of just $0.017/m?; this low price
provides no incentive for efficient water use [14,15].

The main objective is to analyze the costs of brack-
ish-water desalination used for irrigation purposes and to
understand whether the process is feasible to produce a
water resource that could be used as a substitute for surface-
and groundwater resources in areas with water shortages.
This study presents a broader perspective for the cost anal-
ysis of desalinating brackish water that is used for irrigation
purposes at the regional scale (Jordan Valley); the research
addresses problems, both short and long term, related to the
economic feasibility of desalination plants. The results can
be used by water authorities and communities to optimize
desalination processes based on experiences from other
regions and countries.

2. Jordan’s experience with desalination

The most-promising long-term solution for Jordan’s
water problems is desalination [16-19]. The main project
regarding desalination is the Red Sea-Dead Sea Canal proj-
ect. Early in 2015, Jordan Palestinian Authority and Israel
signed an agreement for this project [11]. Jordan’s national
water-strategy projects for 2016-2025 is an additional
amount of 85 MCM in the first stage (2017-2021); then in
the second stage, an additional 135 MCM desalted water
will be realized for the period of 2021-2025 with the Red
Sea-Dead Sea Canal project [11]. According to estimates
by [17, 18], the additional freshwater supply from the Red
Sea-Dead Sea Canal could reduce the domestic and irriga-
tion water deficit in the Jordan Valley to zero, even with
increased water demand and reduced water availability for
the climate-change scenario.

Jordan is not a traditional desalination country. Jordan
already has a number of public desalination plants. There
are two major sources for desalination. The first one is the
brackish water that is available throughout the country, and
the second one is seawater at the Gulf of Aqaba [20]. There
are 20 public desalination plants out of 44 water treatment
plants. About 70 MCM of water is desalinated annually,
and the 6 plants under construction will desalinate about
10 MCM of water annually. All the plants are or will be run
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by WAJ to treat saline water for the drinking-water supply.
The units are all of a small size compared to the plants in
the Gulf Region. Currently, the Abu Ezzeghan desalina-
tion plant produces around 11-12 MCM annually. The
most recent, large, major desalination plant is Zara Ma’in
which was constructed in 200 and produces around 36-50
MCM/y. Additionally, there are several small to mid-size
water-desalination plants operating in Jordan that produce
no more than 10 MCM/y; these desalination plants include
Karamah Dam, with a capacity of 1 MCM/y; Faisal nurs-
ery wells, with a capacity of 2.3 MCM/y; and Bereen wells,
with a capacity of 1.8 MCM/y [21].

In the future and in addition to the Red-Dead sea proj-
ect, there are plans to expand and construct small to mid-
size desalination plants with the potential of increasing the
desalinated quantity of water by around 1 MCM annually
for the next 5 years. Additionally, there are plans to develop
a desalination plant in Aqgaba; the plant has two phases,
each having a capacity of 5 MCM annually, with a total cost
estimated at $50 million [1].

Brackish water is available in the South of Ghor between
Dier Alla and the Dead Sea; this water has a salinity of about
3,000-7,500 ppm and a potential yield of about 60 MCM/y.
Other sources are the saline springs east and west of the
Jordan Valley; they have a capacity of about 10 MCM/y.
The brackish water that is distributed all over the country is
estimated at about 100 MCM [22]. Water resource-manage-
ment studies indicate that there is a maximum of 80 MCM
of water that can be used in the Jordan Valley [23,24]. How-
ever, it is very difficult to exploit these resources due to the
country’s topography; the distance between these scattered
resources; the need for special treatment to remove some
chemicals, such as manganese, sulfates, and iron; as well as
the need to remove gases, such as hydrogen sulfide. Finally,
the main problem is disposing the brine which can cause
environmental problems. These scattered resources can
supply desalinated water for small communities by using
solar energy and/or wind power [17].

2.1. Desalination as a source for irrigation

Water quality can be looked at in several ways. Poor
water quality, for instance, can limit the crops that a farmer
can grow or reduces water-use efficiency. Therefore, water
quality is multi-dimensional because the water includes a
concentration of certain chemicals, a level of salinity, a con-
centration of bacteria and organic matter, as well as tem-
perature [25].

Surface water is used in the Jordan Valley; this water
appears, overall, to be of acceptable quality. The area faces
important problems with salinity and bacteriological con-
tamination of a localized nature which, due to impacts on
human health and agriculture, are of strategic significance
[26]. Regarding groundwater, evidence suggests a simulta-
neous trend of declining water tables and increasing salin-
ity for most aquifers, resulting in higher extraction costs (in
terms of pumping as well as accelerated well replacement).
Due to the increasing problem of water shortages in the Jor-
dan Valley, utilizing brackish water, which was once not an
attractive option, has gained prominence. The cost per unit
of desalinated water has been dropping as advances are
made with desalination technology. Introducing innova-

tions that could allow the use of brackish or saline water for
irrigation, without needing prior treatment, is an attractive
concept for Jordan [15].

In the past, the high cost of desalination and the energy
required for the process were major constraints for the
large-scale production of freshwater from brackish waters
and seawater [16]. Desalinated water is becoming more
competitive for urban uses because desalination costs are
declining while the costs for surface water and ground-
water are increasing. Desalination costs have dropped
significantly during the past decade due to technological
advances. This reduction has increased the attractiveness of
desalination as a means to address water-supply shortages.
In 2004, the World Bank and BNWP reported that, in the Jor-
dan Valley, there is small-scale brackish-water desalination.
Twenty-one stations deliver water that is destined largely
for irrigation use. These stations are located north of the
Dead Sea and are privately owned.

Desalinated brackish waters and seawater are not used
worldwide for irrigated agriculture because of the cost.
In some countries, this water is used for high-value horti-
cultural cash crops. Because irrigated agriculture does not
require the strict standards that apply for drinking water,
opportunities appear to exist for blending high-quality
desalinated water with lower-quality waters. In this way,
the final cost for a cubic meter of irrigation water can be
reduced.

Utilizing desalinized water as a source of irrigation
water for agriculture is on the rise. Because it is estimated
that irrigation is responsible for 87% of the global water
consumption, the current freshwater resources may soon be
insufficient to meet the growing demand for food. Techno-
logical advances have made desalination an economically
feasible solution for high-return agriculture. Replacing
saline irrigation water with desalinated water is anticipated
to increase yields because of reduced salinity stress and to
allow for drastic decreases in the amount of water that is
used to leach salts from the root zone. Therefore, desalina-
tion has, in fact, become a real option for planners, deci-
sion-makers, and growers in many countries.

Reintroducing beneficial nutrients to desalinated
water that is destined for agriculture can be accomplished
in one of three ways: (i) the nutrients can be added at the
desalination plant as part of the post-treatment process-
ing; (ii) they can be added by farmers as fertilizers; or (iii)
they can be added by blending the desalinated water with
saline water.

3. Literature review

As reported by [27], since the late 1990s, desalination
markets have grown significantly, with seawater reverse
osmosis (SWRO) spirally wound membranes becoming
established as the main technology employed for large-
scale industrial and municipal applications [27]. These
high growth rates continue to accelerate. The market has
been driven slightly by the increased water demand, but
more significantly by technological advances and the
reduction in desalination costs over time [28]. Capital
and operational costs are the main factors that determine
the price of the final product (desalinated water), and in
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many cases, the high anticipated costs hinder desalina-
tion investments. Over the past 20 years, technological
advances have significantly reduced the cost to produce
water using desalination [29]. Desalinated-water oper-
ating costs have fallen over the last 20 years, from an
average of $1.25-1.50/m? for treated water in the early to
mid-1990s to less than $0.75/m? today. This ongoing cost
reduction is driven both by technical process improve-
ments that lower operating costs and by improvements
with the manufacturing practices. The latter has sig-
nificantly lowered the initial capital investment that is
required to build a desalination plant.

Water desalination in Jordan can be a technically and
economically efficient option to produce additional qual-
ity water [9]. Desalination of Red Sea water with reverse
osmosis (RO) and brackish groundwater desalination with
nano-filtration could, technically, be viable and economi-
cally feasible [10]. A recently constructed, large-scale plant
in Tampa Bay, Florida, USA, reported costs as low as $0.60/
m?® [30] for medium salinity RO while in Ashkelon, Israel,
and in Singapore, large-scale SWRO plants produced water
for around $0.55/m? [31,32] reported slightly higher costs
for large-scale seawater membrane and distillation plants
with the unit cost of water in a range from $0.80-1.00/m?
[31] used past data to forecast the current costs for brackish
water RO (BWRO) and sea water RO (SWRO), predicting
that, in the near future, the costs will be somewhere in the
range of $0.07-0.08/m? for BWRO and $0.42-0.48/m? for
SWRO.

Many studies have handled the cost aspects of estab-
lishing and operating desalination plants. The economic
aspects of desalination are the major factor that determines
its effectiveness in the short and long term [33-35].

4. Cost of desalination

The desalination cost is a vital aspect to consider. Desali-
nation is still a costly water-supply option compared to nat-
ural water resources (e.g., ground- or surface water), but it
may soon be a competitive alternative, even in non-water-
stressed regions. The desalination cost depends on differ-
ent factors. The most important one is the type and stage of
development where the technology is being used, and the
cost for the energy consumed in the process.

Desalination can become a real solution for Jordan's
growing water-scarcity problem if new technologies are
adapted to reduce the process’ major cost components. The
high cost of traditional desalination is driven by the price of
energy for high-pressure systems as well as the capital cost
of high-pressure pumps and seals. Today, the recovery of
capital and electric power can be as much as 73% of the cost
for desalinated water. The most important issue that hinders
the expansion of desalination from a secondary water-sup-
ply source to a primary water-supply source is the high
cost. Technological advances continue to fine-tune desali-
nation with the goal to make it more cost-effective. Once
a desalination project can solve this problem, desalination
will be poised to become a significant source of drinking
water for Jordan. With desalination in the mix, municipal-
ities and water facilities will be able to reduce their depen-
dence on such finite freshwater sources as groundwater and
spring-fed reservoirs.

The cost of desalination varies greatly from country to
country and from one facility to another one. Several fac-
tors, such as the plant type; the plant size; the influent’s salt
concentration; energy prices; geographical, socioeconomic,
and environmental conditions; regulations about estab-
lishing and operating desalination plants; and the location
where the water is transported, affect the cost. Due to the
lack of detailed data and a common method for cost esti-
mation, it is hard to make a direct comparison about the
desalination costs for different countries and regions or to
compare the costs for different facilities [36].

The major cost elements for desalination plants are cap-
ital cost (CAPEX) and annual operating costs (OPEX). The
capital cost covers the expense of purchasing equipment,
auxiliary equipment, and land as well as the installation
charges [37]. The annual operating cost represents the total
yearly costs of owning and operating a desalination plant,
including the amortization or fixed charges, operating and
maintenance costs, energy costs, and membrane-replace-
ment costs. This cost study is only for isolated plant cases
and does not include distribution. The combined environ-
mental impact of desalination includes on- and off-site
pumping.

The costs of desalinating water and the final water
prices can vary significantly due to changing capital costs
or interest rates. Moreover, operation and maintenance
(O&M) costs can vary during a desalination plant’s lifetime
due to changes for the input costs or the lifetime of major
equipment.

One cost-effective example is an installation in Singa-
pore. During its first year of operation in 2013, the cost of
desalinating water was as low as $0.45/m?. [31] estimated
the costs for brackish water to be in the range of $0.07-0.08/
m? and the costs of seawater to be $0.50-0.70/m?, including
capital and operating costs. The range reflected economies
of scale due to the plant’s size. In 2010, the prices ranged
from $0.2-1.2/m® for desalinated brackish groundwater
and $0.3-3.2/m? for desalinated seawater [38,39].

5. Methods and data

Primary data were the initial investment costs, opera-
tional costs, working hours, plant capacity, inflows, and
outflows. Water salinity was measured during the research-
ers’ field visit from 50 private desalination plants. These 50
desalination plants desalinate brackish water for irrigation
purposes in different locations in Jordan Valley represent-
ing different production systems. Each plant was unique in
terms of the source water type and quality as well as the vol-
ume of water treated and the uses for the treated water. A
structured questionnaire about the detailed cost breakdown
was designed, pre-tested, and administered in the field for
this purpose. Personal interviews were also conducted with
farmers and plant operators. Four questionnaires were
dropped from the analysis due to insufficient data. The
study’s analysis was based on information collected from
for 46 farmers who have innovative desalination plants in
the Jordan Valley. The Literature Review created the back-
ground for a discussion about the economics of desalina-
tion at the local level.

The first private unit to desalinate brackish water for
irrigation purposes started operating in 1996. All plants are
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constructed and run privately by farmers. For all plants,
reverse osmosis technology is applied. Today, more than 50
brackish water desalination plants have been installed by
farmers in the Jordan Valley for irrigation purposes (Fig. 1).
The plants’ capacities are 360 to 2400 m3/d (a total capacity
of almost 14 MCM/y). The total water abstracted is about
11.7 MCM, whereas the total desalinated amount reaches
7.7 MCM while the brine discharged is about 4.1 MCM.

5.1. Cost-Effectiveness Analysis (CEA)

CEA is an analytical method used for assisting deci-
sion-makers to have rational, effective and economi-

cally grounded decision making. This analysis is mainly
designed for judging different projects or measures on the
basis of their economic costs and their effectiveness with
respect to a specific objective [40].

The cost of something in terms of an opportunity fore-
gone (and the benefits that could be received from that
opportunity) or the most valuable foregone alternative is
the value attributable to the cost savings from the next-best
alternative service source (e.g., electricity or transporta-
tion). At-site or at-source valuation of intermediate goods
includes the off-stream (agriculture or industry), in-stream
(hydropower or transportation), and private and collective
consumption of goods by households.
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Fig. 1. Geographical distribution of private desalination plants in the Jordan Valley.
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5.2. Total annualized economic cost (TAEC)

The full-cost present value, or the total annualized eco-
nomic cost, is defined as follows [40]:

rl,(1+7)

TAEC =
1+7) -1

+AOC )

where [ is the total capital cost, AOC is the annual oper-
ational cost, r is the interest rate or opportunity cost for
capital, and t is the project’s life span (20 y). The cost-effec-
tiveness ratio is the average per-unit cost (average equiva-
lent cost), that is, the TAEC divided by the average annual
amount of expected physical benefit (B), e.g., the amount
of water produced or saved by the policy option, action,
demand management, etc.

TAEC
AEC B 2)

q

The final AEC results differ significantly according to
the discount rate and the time horizon used to calculate
the ratios [41]. For the already planned measures, the costs
were estimated based on the initial feasibility studies or the
expected project funding from the lending agencies. For
all other measures, costs should be estimated according to
local experts” knowledge or according to the cost data for
similar measures. A common discount rate of 4-6% could
be taken according to the European Commission and World
Bank recommendations for social projects [42]. With the
same logic, single-lifetime cycles were based on the demand
for similar measures that was found in the local literature.
Given the national water security, cost-effectiveness should
not be the primary determinant in the decision-making pro-
cess for brackish-water desalination [43-45].

6. Results and discussion

The 46 desalination plants are divided into 3 categories
(small, medium, and large) according to plant capacity in
m?/h as shown in Table 1. The Jordan Valley’s desalination
plants are divided by their capacities, sizes, and working
hours. Table 3 shows the mean, the standard deviation for
the capacities, and the working hours. The facilities are gen-
erally in operation 24 h/d in the summer and 12 h/d in
the winter, with an average of 16.5 working h/d (Table 3).

Table 1
Distribution of plant capacity and desalination working hours

Plant size Capacity No. of Capacity/ Working
m3/h plants m°/h hours (h/d)
Mean ¢ Mean ¢*
Small 15-29 11 1973 228 1855 5.66
Medium  30-49 21 3562 653 1519  4.00
Large 50-100 14 7000 1569 1671  6.32
Total 46 4228 21.80 1646 525

Source: Survey data.

The only energy source used to run these plants is the elec-
tric-power grid.

Brackish water, having a salinity between 1300 and 7000
ppm, with an average of 3150 ppm is pumped from wells
at depths between 100 and 150 m. Desalinated waters have
a salinity between 50 and 800 ppm, with an average of 195
ppm. With full-capacity operation, the brine production
reaches about 685 m3/h on an average salinity of 8038 ppm
(3000 to 18,000 ppm). Desalinated water is then diluted to a
salinity of about 700 ppm (400-1000 ppm). Irrigation water is
applied, in particular, for bananas, strawberries, and dates.
Those crops have a high market value (cash crops). The total
annual water abstraction is estimated with 11.7 MCM with
an average of 254,943 cubic meters per plant; as the size of
the desalination plant’s capacity becomes larger, the water
inflows and outflows increase. The analysis of variance does
not show a significant difference between plant in the physi-
cal characteristic of water inflows and outflows (Table 2).

The costs of desalination vary significantly, depend-
ing on the plant’s size and type, the source and quality of
the incoming feed water, the plant’s location, site condi-
tions, qualified labor, energy costs, and the plant’s lifetime.
Lower feed-water salinity requires less power consumption
and dosing of antiscale chemicals. A larger plant capacity
reduces the water’s unit cost due to economies of scale.
Lower energy costs and a longer plant life reduce the cost
for a unit of water.

Table 3 provides information about the initial and oper-
ational costs for each installed desalination unit capacity,
and the estimated cost per cubic meter for installed capacity
(the various sizes) of desalination plants in the Jordan Val-
ley. The average investment cost per cubic meter of installed
capacity for the desalination plants ranges between $124/
(m3/h), with a standard deviation of $25 for small plants,
$89 (m?*/h) for medium RO plants, and $63 (m®/h) with a
standard deviation of $14 for large plants. The weighted
average-investment cost is $89 (m3/h).

The results of desalination costs per plant capacity are
shown in Table 4. The average desalination cost is $0.38/
m°. The results show that the large desalination plants have
lower desalination costs ($0.32/m?®) compared with small
ones that have average desalination costs of $0.48/m?®. The
operational costs represent about 80% of the total desalina-
tion costs. The estimated cost is $0.48/m?®, with a standard
deviation of $0.21/m? for small RO plants (15-19 m?/h),
$0.37/m? for medium RO plants (30-49 m?/h), and $0.32/
m? for large RO plants (50-100 m®/h). The weighted aver-
age is $0.38/m?® with a standard deviation of $0.18/m?.

There is a positive relationship between the total desali-
nation cost and the total dissolved solid (TDS) removed
from water salinity. When more salts have to be removed,
the desalting process is more expensive (Fig. 2). One can
roughly say that each 1,000 ppm of TDS removed from
brackish water will cost about 14 US cent.

Furthermore, there is a negative relationship between
the desalination cost and the plant capacity (Fig. 3). As the
desalination plant’s capacity increases, the desalination cost
decreases, selecting the appropriate plant capacity relies
on other factors, such as cultivated areas, the crop’s water
requirements, and the flow discharge for brackish sources.

The value of the water used to produce many Jordan
Valley crops, including bananas, exceeds the cost of brack-
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Table 2
Physical characteristics of water inflows and outflows as well as the annual water usage
Plant size Unit Small Medium Large Total
Mean o’ Mean o’ Mean o? Mean (g
Inflow-water salinity ppm 2795 1073 3195 1722 3356 1792 3148 1596
Outflow-water salinity ppm 112 79 227 162 214 209 195 167
Brine-water salinity ppm 7284 2859 7508 3987 9426 3599 8038 3673
Irrigation-water salinity ppm 700 185 717 160 691 182 705 169
Annual desalinated water M?3/a 84,240 35,295 132,909 48,866 282,883 148,025 166,915 118,586
Annual brine discharged =~ M?/a 49,091 22,656 64,097 25,975 154,517 71,750 88,028 62,565
Annual water abstraction ~ M?/a 133,331 49,653 197,006 69,338 437400 213,655 254943 177231
Source: Survey data.
Table 3
Average desalination capacity and estimated costs for the various sizes of the desalination plants in the Jordan Valley
Plant size Unit Small Medium Large Total
Mean SD Mean SD Mean SD Mean SD
Initial capital $/plant 52,000 11,138 84,257 24,450 134,015 36,302 91,687 40,523
investment cost
Monthly operational ~ $/month 2,427 576 3,095 537 4,267 433 3,291 867
costs
Annual operation $/year 29,130 6,916 37,143 6,447 51,198 5,192 39,505 10,408
costs
Annual total costs $/year 34,427 7,279 45,725 7904 64,847 5,915 48,842 13,589
Investment cost per $/(m3/h) 124 25 89 14 63 14 89 28
hour capacity
Source: Survey data.
Table 4
Operation and fixed and total costs of desalination ($) per m?
Plant capacity Small Medium Large Total
Indicators Mean Std. D. Mean Std. D. Mean Std. D. Mean Std. D.
Operational costs 0.404 0.186 0.301 0.076 0.263 0.200 0.314 0.158
Total fixed costs 0.073 0.029 0.069 0.021 0.067 0.051 0.070 0.033
Total desalination costs 0.476 0.208 0.370 0.092 0.331 0.245 0.385 0.183

ish-water desalination ($0.33 to $0.476 /m?), making private
investment in the water supply for such crops feasible and
attractive to investors.

The recent results for water values in the Jordan Val-
ley, using the residual imputation approach [15,46], show
that the overall weighted average-water value for irriga-
tion in the southern Jordan Valley was estimated at $0.86
m=. With regard to individual crops, cucumbers had the
highest water values (about $6.18 m~), followed by straw-
berries ($6.05 m~). Bananas have among the highest water
value ($0.90 m~). Dates have an average of $0.507 m™. [47]
show that the weighted average for the farmers’ maxi-
mum ability to pay for irrigation water in the Jordan Val-
ley is estimated at $1.07 m~. The farmer’s ability to pay for

water used in a plastic house is $1.89 m~ compared to $0.87
m™ for an open field. The estimated value of desalinated
brackish water is $0.83 m™ while the average desalination
cost is $0.39 m=. The result shows that the water value
is twice the desalination cost of one cubic meter. There-
fore, the current practice of brackish-water desalination by
banana, date, and strawberry producers in the southern
Jordan Valley is economically rational by installing RO
units to irrigate cash crops (The average desalination cost
is between $0.38 m=.) because the water value is 3—4 fold
the desalination costs for one cubic meter of water. Thus,
the desalination costs are justified by increased agricul-
tural production, leading to higher farmers’ incomes, in
particular, and helping the country’s economy as a whole.
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The widespread of desalination plants appears to be a one-
time investment with substantial long-term benefits, par-
ticularly for the agricultural sector.

7. Conclusion

Water desalination will be the only solutions for Jor-
dan to bridge the gap between water supply and demand
equation. The estimated economic value of desalinated
brackish water is $0.83 m™ while the average desalination
cost is $0.39 m=. This estimated low cost of desalination of
brackish water compared to sea water is due to lower TDS
(3148 ppm) in local brackish water. The result shows that
the economic water value is twice the desalination cost of
one cubic meter. Therefore, the current practice of brack-
ish-water desalination by agricultural producers in the
Jordan Valley is economically rational by installing reverse
osmosis units to irrigate cash crops. The increased use of
brackish-water desalination would reduce the pressures on
the need for surface- and groundwater and would have a
positive impact in the reducing soil salinity because desali-
nated water would slowly dissolve and flush salts from the
surface soils used for agricultural production.
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