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Abstract. currently, for the Israeli society there exist three These problems include requirements of the growing
closely connected challenges whose solution will be able to have water demands supply, clean energy production, and
a great influence on the future prosperity, social and economic environmental preservation. One of the most difficult

aspects of life and to ensure its continuation as an independent environmental problems is a continuous decrease in the
and well-developed country. These challenges are the Dead Sea level achieving closely to one meter per year.

requirements of a sufficient water supply, energy production and  gych sjtuation could cause its disappearance during the
environmental protection. Environmental protection refers to the next 40-50 years. As well as the irreversible and very

most difficult global problems among which are a rapid decrease
in the Dead Sea level, as well as the irreversible and very
dangerous increase in salination of Mediterranean Sea water in
the offshore zone. The solution includes the construction of a
large amount of PV facilities in the Negev area, a channel from
the Mediterranean Sea to the Judean Heights area with
installation of desalination plants. Finally, the cascade of
hydropower electrical stations in the descent from the Judean
heights to the Dead Sea. The turbines of hydropower stations will
apply the brine from the collecting pools for electricity
production and will direct it after use to the Dead Sea.

This article represents preliminary analysis of such a project
and provides estimation of its probable contribution on energy
and water production as well as of its environmental impact.

Key words

dangerous increase in salination of Mediterranean Sea
water in the offshore zone because of intensive

desalination of extracted seawater. Although the above-
mentioned problems seem independent, they are closely
connected, and a comprehensive solution is desired.

Let us begin the analysis with growing energy
demands. The most promising technologies in Israel for
energy production are based on renewable sources,
among which solar PV may provide the cheapest
electricity considering Israel's annual irradiation.
However, PV electricity is difficult to stabilize, may have
rapid power fluctuations and is unavailable at night.
Furthermore, if a surplus amount of PV electricity is
being produced during daytime, its storage may only
increase the cost of energy. According to published

Renewable energies, water supply, channel Mediterranean investigations, the maximum profitable share of PV

-Dead Sea.
1. Introduction

The present and future progress in Israeli economy are

production would not be more than 11-12% of overall
energy production [1].

A promising solution for overcoming this limitation
is massive low cost electrical storage. Currently, storage
technologies (except pumping hydro-storage) are

determined by three closely related problems whose somewhat expensive and this is not likely to change in
successful solution will have a great influence on the the foreseeable future [2]. Moreover, the exploitation of
country development, and to ensure its continuation as an existing electrochemical, mechanical or special material
independent and well-developed country. solutions (superconductivity, for example) are not

https://doi.org/10.24084/repqj17.243 133 RE&PQJ, Volume No.17, July 2019



2

scalable to the required amounts [3-5]. However, the
answer to these difficulties may be hybrid conjunction of
solar PV production with pumped storage [6-9]. Pumped
hydro-storage represents a promising solution yet for
massive energy producing providing relatively cheap and
reasonable electricity. The practical cost 2-3 c/kWh is
pointed out as an achievable price of the electricity storage
in hydro-pumped plants with 100 MW and more of
installed power. Owing to these advantages multiple
application of hydro-pumped appliances for renewables
applications were developed during the last 10-15 years.
Despite the benefits of hydro-storage remain numerous
queries regarding their effective use in real energy
systems. Therefore, different techno-economical aspects of
optimal cooperation between solar or others renewable
electricity productions with hydro-pumped storage are
analysed in [10-12]. Results of these investigations show
promising possibilities for hydro-pumped storage in
conjunction with renewable sources. However, the precise
selection of storage characteristics and parameters shoul
be carried out for effective application of such solutions.

The second of mentioned above problems is growing
water requirements. Even without considering climate
deterioration causing an increase in aridity in the Middle
East, the need for water generation will grow rapidly. The
promising solution may be sea water desalination [13-15].
It is emphasized the preferable use of reverse osmosis
membranes among existing desalination technologies.
Continuous improvement of this technology during the
time caused to low water prices and high reliability of
desalination plants. Fortunately, Israel has an inexhaustible
source in the Mediterranean and Red seas. Therefore,
desalination can be increased in Israel to nearly required
level now and in the future. However, for the desalination
process to be economical, it requires cheap electrical
power which can be produced by solar or others renewable
sources [16-18]. Moreover, brine as a by-product of the
desalination having a high concentration of sea salts
should be removed from the coastal area. However, for
economic reasons, brine is preferably dumped close to
shore. Significant amounts of brine in the eastern border of
the Mediterranean offshore zone, which has very little
mixing currents, will produce a permanent strongly saline
area damaging flora and fauna of a sea. Considering
mentioned above the production of a fresh water can be
accompanied with a pumped hydro-storage that represents
a promising solution for levelling energy demands [19].
For remind, turbines able to operate in sea and
concentrated (brine) water already exist [20] and may be
exploited in electric systems.

The third of the mentioned problems
disappearance of the Dead Sea.
between water inflow and evaporation causes a permanent
decrease in its level and an eventual disappearance, whic
will represent a catastrophic environmental change. The
Dead Sea area produces unigue climate and balneological
conditions. Intensively evaporating water masses rise
upwards and exert a positive influence on the entire
climate of the adjacent area. It is impossible or extremely
difficult to predict all the negative results if the Dead Sea
will be lost. It should remain, and we must save it.

is the
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Mediterranean Sea

2. Principle of the proposed solution.

The solution includes the construction of a large amount
of PV facilities in the Negev area as a majority coupled
with other renewable power plants (wind, for example, or
thermo-solar). A channel from the Mediterranean Sea to
the Judean Heights area should be constructed with
installation of desalination plants near the end of the
channel and collecting pools for brine accumulation.
Finally, cascaded hydropower electrical stations in the
descent from the Judean heights to the Dead Sea for
activating electrical turbines. The turbines of hydropower
stations will apply the brine from the collecting pools for
electricity production and will direct it after use to the
Dead Sea. The principle scheme of the project is shown
in Fig.1.

Desalination plants
and collecting pools

Cascade of
hydropower stations
-

Pumping -
stations
+600 m

Sluice-way,/4 Senlevel
4 ea Leve

" DeadSea
Area

—

Fig.1. Principle scheme of the project frame
A. Functioning of the project

The PV plants will provide electricity to the Israeli main
(together with others conventional power stations) and a
surplus of a power to use for the pumping Mediterranean
Sea water to the desalinating faciliies and water
purification. The fresh water will be used for the water
supply and brine that will flow to the collecting pools and
to the hydropower stations. Towards evening, the solar
irradiation slows and eventually stops. This moment
arrives close to the evening maximum of electricity
demand when conventional plants are not able to supply
all power needs; at this point the hydropower stations
begin to work. They produce electricity to cover all
power requirements together with conventional energy
plants. Later, at night, hydropower stations will stop
since electricity demand is much lower and the base
capability of conventional electrical stations is enough to
provide all energy needs.

A qualitative power-time diagram is represented in
Fig.2. The diagram shows changing electricity demands
(averaged for different seasons), baselines (maximum
and minimum allowable levels of conventional electric

The negative balanceP!ant power), PV facilities production (averaged for

different seasons), hydropower functionality for shaving

hevening peak of power requirements, water pumping and

desalination process.
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Fig.2. Principle power-time diagram of Israel energy
system combining conventional power plants, PV
generating facilities and hydropower stations.

The following is designated in Fig.2:

1,3 — the process of water pumping and desalination due to
surplus energy production;

2 — electricity supply from conventional power plant and
PV facilities, without power surplus;

4 hydropower stations functioning together with
conventional stations.

B. Major advantages of the project

1. A solution to the fresh water supply for the future.
Increased production of fresh water can be used to
augment the Kinneret Sea and other national uses;

2. Possibility to establish new tourist areas surrounding

pool zones of recreation and entertainment with parks

and hotels, transforming significant areas of Judean

Desert to green spaces;

3. Providing 20-25% and even more of total energy

needs from renewable (mainly PV) sources;

4. Lower cost of electricity;

5. Total energy independence since the transformation to

electrical transportation is imminent.

3. Global estimations of potential project
properties

Firstly, the potential production of fresh water.
The amount of brine (. that could flow is equal to the
evaporation of water from Dead Sea level (assuming
constant sea level):
V.. = Alh=65kn? Om= 650110 m° ear
The volume of Mediterranean Sea water should be pumped
to the desalination plants (if Dead Sea level will be kept
constant-):

V. _ 650010

~ (928~ 929 (16 ',“7
(l_ KFW) (l_ 0'3 ( 9 year
Where: Kyw-the coefficient of fresh water outcome from a

V,

water —
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sea water in desalination process, typically equal to 30-
40% at most.

The volume of fresh water and brine:

3
Vew =Viue [0.3= (278 279010 r,'%/ear
3
Vbrine :Vwater [0.7= (650— 65)-D1© ranear

Considering total fresh water demands [21] 2348-10
m® per year that this project may provide (in constant
Dead Sea level) ~12% of total needs.

Estimation of daily water production:
3

VO ;254010
day

3

Vo ;07600 1
day

3

Vo ;178016
day

The amount of electricity which can be obtained from
the net brine discharge to the Dead Sea:

E,.= Oy H = (1.2ELO‘N)[@ 400n) =
=4.810FJ = 0.66- 0.67Wh

Eé0.66+ o.a%j @, =
((650+ 653)516m3)[ﬁ 0.66 0.65m%3j[q 07 08
=(300+ 349 G\/\%ear

Where:

Eim — amount on energy from 1°mof brine flowing to
Dead Sea from the Mediterranean Sea level to the Dead
Sea, kWh;

H-the net height of the water discharge, equal to 400m;
Porine — SPecific brine weight, N/fn

nt — total efficiency of a water (brine) turbines, 0.7-0.8 at
minimum.

Annual (2016) amount of Israeli produced electricity
was 67210 GWh [22]. That is in a scenario when Dead
Sea level remains constant, so from hydropower stations
can be obtained ~0.5% of the total needs. If the level of
Dead Sea can be assumed rising 1 m/year, the amount of
electricity production may achieve ~1% of the entire
requirements. An increase in the level of 1 m per year is
quite acceptable. With such an increase, the level of the
dead sea in 50 years will return to that which was before
intensive use of sea minerals and decrease of water
income from Jordan river in the middle of the previous
century.

A significantly bigger profit in electricity production
can be obtained from the pumping energy storage, which
ensures levelling of PV and power from other renewable
plants. This scenario can provide much more electricity:

E=V,

brine
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Eyear :Vvlm |N/brine/yeaj dH - DPT =
00
—(0.66+ 0.67( 656 630 AP H 07 o8
( 7 50 19 400[@ 9
GWh
488, Aear
_488_. 2aGWh
By =502 =133

Where: HH - are a positive height of a sea water
pumping and a brine water fall down, m.

Since evening maximum of electricity supply ~ 12GW
and its duration of ~0.9-1-hour, hydropower stations can
shave up to 11-12% of this peak, which is very significant.
However, this will require the total hydropower station to
provide 1.3-1.4 GW of power.

Total average power and installation capacitance of PV
plant (only for the pumping requirements):

(2.54D1(5m3)E€ 1.05]1@%][@ 600)
0.8

E

pump

,7pump

=200016° J = 5.563Wh/day

Considering that 1 W of nominal PV power produces 4.5
Wh per day [23], installed power of PV plants (only for
pumping needs):

( Ppump)av = 4.5

In addition, PV power may be used for the daytime
electricity supply. The estimation can be carried out
assuming some flexibility factor (FF) value of a
conventional electrical system that is equal to the
economically reasonable ratio of minimum-maximum

5'56=1.24,GW

powers. FF can be assessed as a ratio of daytime to

evening peaks which is equal tgg - 9W _, 5 for
12GW

Israel electrical system. Considering that evening peak can
be reduced by 11-12% due to the use of hydropower
stations the additional PV plants power may be equal to:

(P ), =9-1200.8970.75 1.GW

And totally it will ensure ~2.3 GW of allowable PV plant
power. Virtual FF of Israel electric system may achieve
lower values, say 0.65-0.7. In this case additional PV
stations may have more economically proved power.

In this estimation, future energy needs for electrical
transportation were not considered. Obviously, the
electricity supply of electrical transportation can increase
the need for PV station power. More comprehensive
analysis and a deeper project of real possibilities to create
PV and other renewable plants can be evaluated in future
research.
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Conclusions

Calculated results show a significant synergistic
efficiency of the entire project that will include
Mediterranean-Dead Sea channel, desalination
plants, brine collecting pools and a cascade of
hydropower stations on the descent from Judea
Heights to the Dead Sea.

The project may provide minimum 12% of water
requirements (if Dead Sea level will remain constant)
and up to 24-25% if it will be allowed to rise by
~1mlyear.

Electricity production from hydropower station may
cover ~ 1% of total needs only. However, much more
important are the levelling of evening power demands
comprising ~11-12% at a minimum. If sea level will
rise ~ lm/year, peaks levelling would be more in
accordance.

. Considering the results of the given estimation of
total installed PV plants power may achieve 2.3-2.5
GW at a minimum. Allowing the rise of the Dead Sea
level and gradual introduction of electrified
transportation will permit much more PV power.

The estimation should be improved to more
significant values of water and electricity permitted
amounts since during the Dead Sea level rising its
area will increase and an evaporation process, as a
result, will be intensified.

6. All assessments should be corrected if the Dead Sea
level will rise gradually. In this scenario, the obtained
results need to be multiplied accordingly.

The continuation of the proposed research is being
planned in the present time. It should include the
detailed analysis of techno-economical aspects of a
channel route, locations and sizing evaluations of
desalination plants, hydro-power station and PV
plants.

A significant improvement in the overall economic
situation and the decrease of political tension in the
region can be expected with the implementation of
this project owing to enlarged water and energy
production.

8.
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