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For drinking and irrigation purposes in Jericho
Abstract - Water is one of the world's most valuable natural
resources. It is important for all living organisms, most ecological
systems human health, food production, and economic
development. There is an urgent need to find a way to provide
people in developing countries a new and suitable technology that
can be placed in their households to have clean and safe drinking
water.
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Anion Exchange Membrane
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Cation Exchange Membrane

The traditional water purification methods include boiling,
filtration, sedimentation, solar radiation in addition to Reverse
Osmosis (RO), have many disadvantages including, but not limited
to high brine volumes waste, high cost, and some of them are not
suitable for brackish water, in addition to removal of almost all
ions in RO. So, Capacitive Electro Dialysis (CED) method is used
that overcome all those disadvantages.

Clean water is a limited and stressed as only a small
portion (about 2.5%) of all Earth's water is suitable for direct h
uman use and consumption. [1] [2]
Due to population growth, global warming and the
geography of our world, there has been an increasing demand
for fresh water [3]. The world population has increased
fourfold, while the intake of fresh water has increased ninefold
in the 20th century. Many countries are expected to face
severe water problems by 2025; the issue is acute where water
shortages already occur. [4]. The water shortage problems are
due to both, man-made and natural causes. The problem of
providing ample and healthy drinking water is further
complicated by population growth, industrialization,
freshwater pollution and climate change [5]. Reliable
freshwater access is therefore one of the fundamental
foundations on which a society is built [6].

I.

A CED pilot set up was used for the experimentation. Experiments
included efficiency, performance and durability of the system for
the treatment of brackish water from Jericho.
CED pilot scale system consumes around 0.5 kwh per treated m3,
and this is considerable reduction in comparison with other
desalination methods. Providing solar energy available in Jericho.
The proposed system has a competitive advantage for practical
use.

INTRODUCTION

Keywords-component; CED, Brackish, RO, Mapping, Nitrate

West Bank has two major water resources: groundwater,
including wells and streams, surface water, and some small
portions of rainwater collected in cisterns. [3]. Groundwater is
the primary source of water for the Palestinians in the West Bank
and Gaza Strip, supplying more than 90% of all sources of water.
The major aquifer systems can be classified into four separate
units: the West Aquifer Basin, the West Bank North-East
Aquifer Basin, and the West Bank Eastern Aquifer Basin, and
the Gaza Coastal Aquifer, where the groundwater is much
shallower. [4].

Abbreviations:
GIS

Geographical Information System

PSI

Palestinian Standards Institution

NWIS

National Water Information System

SPSS

Statistical Package for the Social Sciences

WHO

World Health Organization

PCBS

Palestinian Central Bureau of Statistics

PWA

Palestinian Water Authority

oPS

Ocuppied Palestinian Territory

JAIP

Jericho Agro-Industrial Park

PVC

Polyvinyl Chloride

TDS

Total Dissolved Solids

CED

Capacitive Electro Dialysis

ED

Electro Dialysis

EDR

Electro Dialysis Reversal

RO

Reversal Osmosis

The West Bank's mean annual precipitation ranges from
about 700 mm in the west to less than 100 mm in the east; the
annual long-term average is about 450 mm. The average annual
precipitation for the entire West Bank was about 518 mm for the
hydrological year (September 2011-August 2012) as shown in
(Fig.1) [4].
Surface water resources are primarily represented by the
Jordan River and ephemeral wadis flowing in three fundamental
directions: the Mediterranean (Gaza Strip and West Bank), the
Jordan Valley and the Dead Sea. [4].
The Jordan River is one of the region's major rivers and the
only continuous river in the West Bank and throughout the oPS.
[4].
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There are several membrane-based separation processes,
each distinct in the size of particles or solutes that can be
retained, as shown in (Fig.2). Only nanofiltration (NF) and RO
are used to remove dissolved ions from aqueous streams, while
others, such as ultrafiltration and microfiltration, are frequently
used as RO pre-treatment because they remove larger particles.
As described above, RO is the most commonly used
membrane-based desalination technology. The membrane
material and structure play a critical role in the properties of
transport and thus in the efficiency of the membrane [9].

A significant potential source of water is the surface water
that flows into wadis during the rainy season. The wadis of the
West Bank are categorized by stream path into the North (toward
the Jordan Valley and the Dead Sea) and South (toward the
Mediterranean). [4].
The Governorate of Jericho is located on the east side of the
West Bank and shares boundaries with Jordan. It is further
distinguished by large variations in topography and elevation,
dominated by the Jordan Rift Valley topography [7].
The main source of irrigation and drinking water in Jericho is
ground water, which is almost brackish water. Brackish water
is somewhat salty, but not as salty as the ocean. So, there is a
need for suitable desalinating method to come over this
problem.

Figure 2. Spectrum of membrane separation processes.

There are many methods for desalination. However, Membrane
technology desalination of brackish groundwater seems to be a
potential alternative to water scarcity issues. In this project, a
pilot CED system will be used.
Capacitive Electro Dialysis (CED) is combination of three
technology, Electrodialysis (ED) is a desalination technique
that uses electrical current to drive salt transport through a
series of anion and cation exchange membranes (AEM and
CEM, respectively) [1], but there is a problem that there is a
thermal energy loss. To come over this problem, Capacitive
Deionization is applied, carbon electrodes adsorb the cations
and anions according to electrodes’ charge, the effect of either
technique is that the accumulated charged species on the
electrodes are no longer bound by the electrostatic force [10].
The EDR technology is unique among desalination processes
in providing this automatic in process self-cleaning [11]. It uses
periodic reversal of the DC polarity to allow systems to run at
higher recovery rates [12].

Figure 1. Rainfall contour map in West Bank.

Desalination is a water treatment process by which sea or
brackish water is converted into water suitable for human
consumption or irrigation for supplying communities that have
the most difficulty accessing freshwater. Typically,
desalination technologies are classified as either thermal or
membrane technology [6]Membrane technology is widely
accepted as a method of generating water with different
characteristics from surface water, water from wells to brackish
water, as well as marine water. In many cases, one membrane
method is supplemented by another in order to produce water
with improved purity and consistency for different purposes.
[8].

CED is that dissolved solids are removed based on their
electrical charge by transferring the feed water ions through a
charged membrane, the dilute and concentrate components are
reversed until reach the required efficiency [13] .
The objectives of this paper:
 To understand the current water situation in Jericho.
 To assess the performance of CED for its suitability to
treat brackish water in Jericho for drinking and
irrigation purposes.
 To assess CED operated regular from solar energy
under Jericho conditions.
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II.

MATERIALS & METHODS:

A. Water quality in Jericho.
Water quality data were taken from two sources; most of the
wells’ results (35 Agricultural wells) were taken from National
Water Information System (NWIS) at Palestinian Water
Authority PWA, which is a center for water data. The other
source is by using sampling method, Samples were collected
from six wells, on 23/3/2018, samples were taken from four
wells at date farm (Nakheel), which is located in north-east
Jericho beside the Jericho Agro-Industrial Park (JAIP), The total
area of the all farm is 4000 donums, and has around 40,000 datetrees, It received brackish water from different sources; wells
inside the farm, and wells located outside the farm. The four
wells are Al-illiah well, Al-noiamah well, storage pond and Alsultan well. On 24-6-2019, field trip were held by visiting Alhamadoni well and Al-d’aek well in Arab Development Society,
samples were collected from them. Then, samples were stored in
PVC bottles, which have the least potential for affecting the
quality parameters of the samples. Water samples were kept in
the icebox at 40C from collection until reach to the laboratory.
Finally, all of these samples were analyzed in lab of water and
environment institute at An-Najah National University by
conducting physiochemical water quality tests. The locations of
the wells are shown in (Fig.3).

Figure 3. Map of wells’ locations at Jericho.

Chloride, electrical conductivity, TDS, hardness, Nitrates,
Sulfates and pH were analyzed to quantify and characterize
water for salinity and other contaminants.

B.

CED Principle

The main components of the CED system are the pretreatment unit, CED unit, post-treatment unit, pumps, valves
and piping [13].
The working principle of CED is that dissolved solids are
removed based on their electrical charge by transferring the
feed water ions through a charged membrane, the dilute and
concentrate components are reversed until reach the required
efficiency.

After data had been collected, SPSS statistics was used to
calculate Average, Median, Standard deviation in order to
describe the data, the results are shown on Table 3. Then, The
results were compared with the specifications of PSI and World
Health Organization WHO.
Then, data about water quality and rainfall quantity were
produced in maps using Geographical Information System GIS.

Pre-treatment needs to be performed to remove impurities
which can lead to blockage and fouling of the CED-stack. .
Activated carbon adsorption is most efficient for the removal
of pesticides and its combination with microfiltration would
improve the efficiency of pre-treatment to a great extent [13].
CED units consist of Membrane stack, which consist of 48 cell
pairs and 2 capacitive electrodes as shown in (Fig.4). Groups
of cell pairs consist of types of membrane and two types of
spacer. They have number of holes in each side that allow
water to be transported through them. The amount of ions to
be removed depends on number of cell pairs. There are two
types of membranes, Cation transfer membranes which allow
only positively charged ions to pass through and Anion
transfer membranes that allow only negatively charged ions to
pass through [13].
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In post treatment step, Ultraviolet (UV) is used to remove or
inactivate the pathogens present in the water to make the
desalinated water drinkable [13].

D. Applications

1) Scaling up the stack in CED pilot system.
Scaling up from CED Pilot Data:
The data generated during pilot testing (Table.1) can be used
to design the full-scale facility [14].

Table 1. Characteristics of CED pilot System.

Parameter

Units

Values

t cycle

min

30-60

t backwash

min

10

t Cleaning

min

20

%

84

Recovery

cm

A membrane

m

A stack
Figure 4. Schematics of an CED system.

2

400

2

1.92

Q irrigation

l/min

5.5

Q drink

l/min
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C. Experiment in pilot CED
The percent of time that permeate is produced, or online
production factor, is expressed as [14]

To operate the system, Fill the two tanks with same source of
water. The system start working by pumping water through the
membrane stack. When the potential difference applied
causing the current to be transferred by ions across membrane
stack, Anode attracts negative charge ions that pass through
anion exchange membrane (AEM) whereas cathode attracts
positive charge ions that pass through cation exchange
membrane (CEM). As a result of ion exchange half the
channels become dilute, while other half increase in
concentration (concentrated). As this is occurring, the
electrodes get started with ions (charge). So, the polarity of
electrodes is switched (discharge). The dilute and concentrate
components are hence switched .Polarities are switched
continuously until the desired purity is achieved. The number
of switching depends on the source water quality and the
required efficiency.

ƞ=

𝟏𝟒𝟒𝟎 − 𝒕𝒃𝒘 − 𝒕𝒅𝒊𝒕 − 𝒕𝒄𝒊𝒑
𝟏𝟒𝟒𝟎

(𝟏)

Where η is the online production factor, tbw is the time per day
for backwashing, min, tdit is the time per day for direct integrity
testing, min and tcip is the time for cleaning, prorated per day,
min [14].
The water produced is determined from,
𝑽𝒇 = 𝑱𝒂𝒕𝒇

(2)

Where Vf is the volume of water filtered per filter run, L, J is
the volumetric water flux through membrane, L/m2 · h or m/s,
a is the membrane area, m2 and tf is the duration of filter run
(excluding backwash time), min [14].

Two runs were completed with 30 minutes of time cycle, one
of them began with 5790 μs / cm and the other started with
4960 μs / cm after initial EC was observed.

Recovery is the ratio of net water production to gross water
production over a filter run:

The Effective of the time cycle was also studied by setting the
initial EC and changing the cycle time.

𝒓 =

Finally, The effectiveness of output was examined in different
times using the same cycle time and initial EC.

𝑽𝒇 − 𝑽𝒃𝒘
𝑽𝒇

(𝟑)

Where r is recovery, Vf is the volume of water fed to
membrane over filter run, m3 and Vbw is the volume of water
used during backwash, m3 [14].
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𝑸𝒑

𝒂𝒕 = 𝑱𝒓ƞ

(4)
Table 2. Assumptions parameter in solar panel
2

Where at is total membrane area, m , Qp is permeate flow rate,
m3/d and r is recovery, unitless [14].

Parameter
Kilowatt hours per day
Peak sun hours
Mounting option
Shade coverage
Solar panel
Panel area

Assume a palm farm with small house (Fig.5), the area of the
farm is one dunum, it contains 15 palm trees, that consumes
1.6m3/day, and five people, each person consumes 80L/day.
By comparing it with the productivity, suitability of one
device will be determined.
Also, grapefruit was used instead of palm, 40 trees, that
consumes 17.28m³/d.

III.

Value
13.25 KWH
6 hours/day
Roof mounted
No shade/full sun
300 watt
2m2

RESULTS AND DISSCUSSION

A. Water quality in Jericho
Jericho is situated on a total area of approximately 58,701
dunums, of which 31,483 dunums are considered ' arable ' and
4,195 are registered as ' residential ' [7], So Jericho is an
agricultural city and the main source of water is groundwater,
this lead to the over pumping from the wells, which is one of
the main reason for high salinity in the water .
Jericho started to shift from agricultural governorate to
industrial and agricultural governorate, providing that most of
existing or planned industries are agribusinesses.
Table 3. Comparison of physicochemical water quality with
WHO and PSI drinking water guidelines.

Figure 5. Top view of one dunum palm farm.

Another case, Nakheel farm in Jericho, which is 4000 dunums
and 40,000 date trees, It consumes 4260m3/day. By using
previous equations, number of needed devices will be
estimated.

2) Solar energy
Solar energy is one of the most powerful sources for many
sustainable application [15].While water scarcity is expected
to increase further in most countries by 2025, it should also be
noted that there is an abundance of solar energy available
throughout the world in these regions. Therefore, solar-driven
desalination techniques would be a promising alternative
method for local freshwater production to solve global water
crises [16].

The GIS maps are presented in (Fig.6), which proves that
Jericho has brackish and hard water. The salt appears clearly
at the surface of ground in the high salinity palm farm (Fig. 7).
The overall water chloride in the study area showed an
increasing tendency towards the lower part of Jericho
(Fig.6.a). In comparison with the PSI standard, 98% of the
area of study suffer from high chloride levels that give water a
salty taste due to the growth of intensive greenhouse
agriculture, which has already led to water intrusion in rock.

Off-Grid Calculator, from wholesale solar, is used to
calculate the number of solar panel needed to operate the
system. The assumptions for one device are expressed in
Table2.

For Hardness, Only 2 values are within PSI specification
and the rest are not, so they are very hard (Fig.6.b). The degree
of hardness of drinking water is important for aesthetic
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acceptability by consumers and for economic and operational
considerations [17].
For TDS, according to PSI, only one quality (Fig.6.c) is
unfit for human consumption. Lack of rain and dry weather
are the direct causes of high concentration of TDS [17]. In
addition, most palm farms in large areas in Jericho are being
extended; these palm trees absorb a lot of water from the soil
so that the salinity level increases.
For nitrate, which does not occur naturally, just 18% of the
data exceeds the PSI appropriate value. In the North of
Jericho, the total water nitrate of the study area has shown an
increasing tendency (Fig.6.d).
The Sulfate shows increasing tendency in the middle of
Jericho (Fig.6.e) because of water passing through rock or soil
containing gypsum. However, there is not big problems with
the concentration of Sulfate.
Figure 7. Salt at the palm farm.

B.Experiments in the pilot CED
From figure 8, when comparing the efficiency, E 1=85%,
E2= 81%.Efficiency values are nearly the same, noting that its
effectiveness remains high regardless of the EC concentration
at which the treatment system begins. Also, There is an
obvious declinig in EC reading at the beiging of the cycle.

(b)

(a)

Figure 8. Effect of initial EC, 1cycle, 30 min.

(d)

(c)

From figure 9, by comparing the efficiency, E1=85%,
E2= 94%. As noted,when the cycle time is increased, the EC is
decreased. But the duration of the cycle depands on the final
value for EC, 1000 μs/cm in the case of irrigation and 500
μs/cm in the case of drinking.

(e)
Figure 6. Maps of water quality for Jericho.
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The number of solar panels needed to operate the four devices
is 46 for one dunum grapefruit farm, which is unfit to put in
the existing house.
VI.

CONCLUSION

Jericho faces severe water challenges, especially high levels
of salinity. Increasing salinity in agricultural regions was
mainly affected by over pumping.
Desalination word is not about the efficiency, Most of
processes are efficient. It should be cost effective (very cheap)
at the same time energy efficient in addition to be easy to
operate and maintain.

Figure 9. Effect of cycle time, 1cycle, 30&45 min.

From figure 10, Efficiency was calculated before and after
cleaning the membranes with citric acid Ebefore= 82%,
Eafter= 92%. As noted, cleaning repeatedly revives the
membranes, which means that it maintains their durability.

Scaling up for CED device is not effective; it is suitable for
small scale farming and agriculture.
CED-system is for humanitarian purposes and Remote areas
and Bedouins.
The added value of application of the CED-system is
dependent on the quality of the feed water, which needs to be
treated, and as a consequence, also the quality of the output
water.
Both the CED system and the local situation is developing and
changing. Change in water practices is imperative due to the
problem of water scarcity and due to the untenable situation of
poor farmers and current non-sustainable practices in dealing
with water issues.

Figure 10. Result of Regeneration, 1cycle, 40min.

CED system may become feasible economically but
technically and operationally, it may still be less attractive,
because as the quantities of water to be processed become
larger.

C.Applications
1) scaling up the stack in CE pilot system

RO is widely used in Jericho; CED has more advantages than
RO as mentioned in Table 4.

For the one dunum palm farm, one device is needed for
irrigation and drinking because the irrigation of palm trees
consumes 1.6m3/day and 0.4m3/day, the total is lower than the
production from one device.

Table 4. Comparison between CED and RO.

If the farm contains grapefruits, one device is not sufficient.
So scaling up analysis is applied. The number of stack needed
is nearly four.

Salt removal
Pressure
Electricity

In case of 4000donums, the number of stack needed is nearly
870, which is very high.

Suitability for
brackish water
Pretreatment

CED
selective
Low
Low (<1
kWh/m3)
Suitable

RO
All
High
High (>
2kWh/m3)
Less suitable

Less requirements

High
requirements
Restricted water
yield (45 -75%)

2) Solar energy
Water Yield

In case of one dunum palm farm, the number of solar panels
that is needed to operate the one device, for irrigation and
drinking, is twelve. The area of one solar panel is 2 m2 so it
needs nearly 24m2 area. They cost 15120 NIS.

Higher (> 80%)

Solar panel is a good choice for one dunum farm, but not
suitable to all type of trees and plants.
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VII. RECOMMENDATION






[11]

Shifting to salt-bearing agriproducts (Cultivation), for
example barely as fodder.
Develop laws and regulations that control the amount
of water consumption, type and amount of fertilizers.
Make research to determine the allowable pumping.
How the CED system can be produced in larger
quantities and assembled locally.
Make feasibility study for using solar energy panels.

[12]

[13]

[14]

[15]

REFERENCES
[1]

M. Abdelkareem, M.ElHAJAssad and E.T.Soudan,
"Recentprogressintheuse of renewable energy sources to
power water desalination plants," Desalination, vol. 435,
pp. 97-113, 2018.
[2] A. Alkaisi, A. Mosssad and sharifian-Barforoush, "A
review of the water desalinationsystems integrated with
renewable energy," Energy Procedia, pp. 268-247,
2017.
[3]
A. Da'as and K. Walraevens, "Hydrogeochemical
investigation of groundwater in jericho area in the
Jordan valley, West Bank, Palestine," Journal of African
Earth Siences, vol. 82, pp. 15-32, 2013.
[4] PWA, "status report of water resources in the occupied
state of palestine-2012," Palestinian Water Authority
(PWA), Ramallah, Palestine, 2013.
[5] M. Elimelech and W. Phillipt, "The Future of Seawater
Desalination: Energy, Technology, and the
Environment," science, vol. 333, pp. 712-717, 2011.
[6] A. Haidari, B. Blankert, H. Trimmer, S. Heijman and W.
Van der meer, "PURO: A unique RO-design for
brackish groundwater treatment," Desalination, vol.
403, pp. 208-216, 2015.
[7] ARIJ, "Jericho City Profile," Applied Research Center Jerusalem, 2012.
[8] B. Nicolaisen, "Developments in membrane technology
for water treatment," Desalination, no. 153, pp. 355360, 2002.
[9]
F. E. Ahmed, R. Hashaikeh, A. Diabat and N. Hilal,
"Mathematical and optimization modelling in
desalination: State-of-the-art and future direction,"
Desalination, vol. 469, 2019.
[10] C. Bales, p. Kovalsky, j. fletcher and T. Waite, "Low
cost desalination of brackish groundwaters by
Capacitive Deionization (CDI) – Implications for
irrigated agriculture," Desalination, vol. 453, pp. 37-53,
2019.

[16]

[17]

8

W. E. Katz, "The electrodialysis reversal (EDR)
process," Desalination, vol. 28, pp. 31-40, 1979.
Y. Tanaka, "Chapter 2 Electrodialysis Reversal,"
Membrane science and Technology, vol. 12, pp. 383404, 2007.
Delft University of technology , "Small desalination
system design for water treatment putification in
households in rural areas," 2016.
J. C. Crittenden, R. R. Trussell, D. W. Hand, K. J. Howe
and G. Tchobanoglous, MWH’s Water Treatment:
Principles and Design, Third Edition, 2012.
T.Arunkumar, Y. Ao, Z. Luo, J. Li, D.Denkenberger and
J. Wang, "Energy efficient materials for solar water
distillation - A review," Renewable and Sustainable
Energy Reviews, vol. 115, 2019.
R.Santosh, T.Arunkumar, R. Velraj and G. Kumaresan,
"Technological advancements in solar energy driven
humidification-dehumidification desalination systems A review," Journal of Cleaner Production, vol. 207, pp.
826-845, 2019.
WHO, "Guidelines for Drinking-water Quality," World
Health Organization, 2017.

