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Effects of population growth on Israel’s demand for

desalinated water
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In 2005, Israel began using desalination to augment limited natural water supplies. While desalination has helped Israel overcome
chronic water shortages, high-population growth may test this approach. We examine how three population growth scenarios (low,
medium, high) could affect water demand and supply by 2065. Our projections show that Israel will need to desalinate as much as
3.7 billion m? annually, compared to 0.5 billion m? in 2020. Meeting this demand could require the construction of 30 new
desalination units. The effects of population growth on Israel’s water supply are likely to dwarf those of climate change. Increased
desalination would, however, increase electricity demand, requiring over 11 TWh electricity annually. Population growth is also
likely to challenge Israel’s wastewater management policies, producing more effluent than farmers will have the capacity to
consume. The Israeli experience will provide important lessons for regions facing similar pressures.
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INTRODUCTION

Ensuring sufficient water supply has always been among Israel’s
foremost challenges. During the first several decades of its history,
Israel managed chronic water scarcity through a combination of
technological innovations, conservation efforts, and policy mea-
sures. Israel implemented a large-scale domestic wastewater
recycling program, encouraged efficiency measures such as drip
irrigation, and carried out successful public awareness campaigns
to promote water conservation'. Despite these efforts, water levels
in the Sea of Galilee, Israel’s largest source of natural water,
repeatedly reached dangerously low levels. Facing regular deficits
in supply, in 1999 the Israeli government decided to pursue
desalination as a strategy to address water scarcity. Since then,
Israel has built five major reverse osmosis facilities at Ashkelon
(2005), Palmachim (2007), Hadera (2009), Sorek (2013) and Ashdod
(2015). A sixth desalination plant is scheduled to open by 2025 in
Israel’s north?, and a second plant is being planned at Sorek>. As of
2020, desalination supplies approximately 50% of Israel’'s domestic
water needs*.

While increasing reliance on desalination has largely eliminated
the public perception that Israel faces an impending water crisis,
rising population levels are likely to place unprecedented stress on
Israel’'s water infrastructure. Israel’s population growth rate over
the past 30 years has averaged just over 2.1%°, a singularly high
rate amongst industrialized countries®. Israel’s Central Bureau of
Statistics anticipates an increase in population from approximately
9.5 million in 2022 to between 15-25 million by 2065, depending
on actual growth rates.

In this paper, we compare the effects of three different
population growth rates on Israel’s water system from 2020 to
2065, In the high-growth scenario, Israel’s population continues
to expand by more than 2% annually, in the medium scenario the
growth rate gradually falls to 1.6%, and under the low-growth
scenario it steadily drops to 0.8% annually by 2065 (Methods). As
the basis for our analysis, we rely on historical water production
and consumption data, which show that per capita consumption

rates have remained largely stable over the last two decades,
making projected demand a function of population (“Methods”).

Our work demonstrates that population growth is likely to
necessitate an unprecedented increase in the production of
desalinated water, while the availability of freshwater from natural
sources is likely to decline both in per capita and absolute terms.
We show that the total effects of population growth on Israel’s
water system can be expected to far outweigh those of climate
change. Increased reliance on desalination will require a
correspondingly large investment in infrastructure to ensure that
Israel’s production capacity keeps pace with water demand. The
extent to which Israel is able to ensure adequate water supplies
will provide lessons to other countries and regions facing acute
water scarcity and high-population growth.

RESULTS
Total water consumption

Our forecasts show that Israel’s total water needs are expected to
rise in direct proportion to population growth (Fig. 1a). In 2020,
Israel consumed approximately 2.4 billion m3. Our projections show
that by 2065 total demand will rise to 3.8, 4.9, and 6.2 billion m?
under the low-, medium-, and high-growth scenarios, respectively.
To put this in historical perspective: during the 60 years between
1960 and 2020, Israel's water consumption rose from 1.3 to 2.4
billion m3, an 85% increase over 60 years. By 2065, water demand
would increase by 160% under the high-growth scenario. Increas-
ing water supplies by this amount in just 35 years would constitute
a quadrupling in the rate by which national water demand grew
from 1960 to 2020.

Required desalination capacity

By 2065, desalination will account for the majority of Israel’s water
production, under all population change scenarios (Fig. 1a). Under
the low-growth scenario, Israel will need to increase desalination
production from 0.5 in 2020 to 1.9 billion m3 per year by 2065
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(280% increase). Under the medium-growth scenario, required
desalination will rise to 2.75 billion m> per year (450% increase)
and under the high-growth scenario to 3.75 billion m> per year
(650% increase).

Supplying this quantity of desalinated water will require
massive infrastructure expansion and energy expenditure. As of
2020, the average annual production at each of Israel’s five
desalination facilities was approximately 100 million m3. For the
sake of comparison between present and future infrastructure, we
define 100 million m? as a desalination unit. We use the term unit,
instead of plant, to emphasize the possibility that future
desalination facilities could be more efficient, both in terms of
energy needed to desalinate water and physical footprint.
Meeting future demand would require 37 desalination units
under the high-growth scenario, 27 under the medium-growth
scenario, and 19 under the low-growth scenario. Crucially, the rate
at which Israel will have to add desalination capacity scales with
the expected geometric population growth. That is, under the
high-growth scenario Israel would have to build 7 new desalina-
tion units from 2020 to 2035, while it will be required to add 11
new units between 2055 and 2065 alone. These comparisons are
not intended to infer a specific number of plants that Israel would
need to build, but to illustrate the scale of infrastructure
investment that will be required to keep pace with rising demand.

Treated wastewater production

In the future, treated effluent from Israel’s domestic wastewater is
likely to eclipse the demand from the agriculture sector. Under all
but the low-growth scenario, treated wastewater—already the
primary source of water for agriculture in Israel in 2022—is
projected to comprise the second largest source of water. Even in
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Fig. 1 Expected growth in Israel’'s water demand will require
substantial increase in desalination capacity. a Israel’s water
demand is expected to scale linearly with population growth. Given
constraints on natural water production, most additional demand
will be met through desalination. b Rate at which Israel will have to
increase desalination capacity is strongly affected by population
growth rate. Vertical lines represent points at which desalination
requirements increase by 100 million m3, the average capacity of
one of Israel’s current desalination facilities. By 2065, Israel would
need an additional 1500 to 3500 MCM of water, or between 19-37
total desalination units.
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the low-growth scenario, treated wastewater production is
forecast to rise from just 0.5 in 2020 to 0.9 billion m* in 2065.
Under the medium-growth scenario, we project that treated
wastewater production will increase to 1.2 billion m* per year, and
under high-growth that it will reach 1.5 billion m® per year.
Processing such large quantities of wastewater would of course
require a corresponding investment in the infrastructure used to
collect and treat domestic effluent.

It is already clear, however, that Israel’s agricultural sector,
which has seen improving water efficiency in recent decades, may
not be able to utilize a threefold increase in the treated effluent.
Restrictions on which crops can be irrigated using treated
wastewater, and regulations preventing the use of treated
wastewater within a certain proximity of Israel’'s aquifers, for
instance, are likely to limit the agricultural system’s ability to
absorb increased quantities of treated wastewater. Israel’s
burgeoning population also requires the construction of approxi-
mately 60,000 new housing units and associated infrastructure per
year, leading to the annual loss of roughly 30 km? of open spaces®.
These invariably include fertile lands, previously zoned as
agricultural, further complicating the task of absorbing signifi-
cantly higher quantities of effluent®. Additional environmental and
health concerns raised by the continued use of treated waste-
water are discussed in the section “Sustainability of treated
wastewater for agriculture”.

Supplies of natural water

Our projections show that natural water from precipitation will
become the smallest source of consumed water in all but the
lowest population growth scenario (Fig. 1). Natural water
production per capita, which was above 300 m3 per person per
year prior to 2000, is forecast to fall to less than 40 m* per person
per year by 2065 under the high-population growth scenario.
Under the medium-population growth scenario our projections
show that natural water per capita will be 50 m> per year and
under the low-growth scenario 63 m?> per year (Fig. 2).

These numbers emphasize the extent to which Israel will be
dependent on non-natural water supplies to meet its growing
demand. Historical data show that annual consumption per capita
in Israel has averaged around 100 m? for domestic purposes and
250 m* in total (Methods). Israel would have to significantly lower
its per capita water consumption if it were to attempt to supply a
larger fraction of demand using natural sources. It is worth noting
that it is cheaper and less energy intensive to produce water from
natural sources, as opposed to desalination. Farmers generally
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Fig. 2 Natural water per capita is expected to continue its long-
term decline under all population growth scenarios. As a result,
natural water will be able to supply only a small fraction of Israel’s
total demand.
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prefer freshwater over desalinated and treated wastewater, due to
the effects that the chemical composition of the latter two often
have on plant growth and soil health (section “Sustainability of
treated wastewater for agriculture").

DISCUSSION
Expansion of desalination

While reliance on desalination may allow Israel to meet basic
domestic and agricultural needs, doing so will have considerable
environmental consequences. Foremost, increased production of
desalinated water will lead to a correspondingly steep rise in
energy demand. The world’s most efficient desalination facilities
currently require 3-3.5 kWh to desalinate 1 m* of seawater'®'2,
Assuming the lower end of this bound, under the high-growth
scenario, Israel will need an additional 11 TWh per year, or about
15% of the country’s current electrical generation. For compar-
ison’s sake, this amount of electricity would require the equivalent
of a 1600 MW natural gas power plant operating with an 80%
capacity factor. Of course, technological improvements can be
expected to make the desalination process less energy intensive,
but the rate of reduction is expected to be limited'3. We
emphasize that these numbers include only the electricity
required for the reverse osmosis process. They do not include
the cost or energy associated with pumping water from the
Mediterranean, distribution within Israel, and eventual wastewater
treatment, all of which are energy intensive in their own right'.
While renewable energy generation holds great promise, it could
take decades before Israel has a low-carbon electricity system.
Indeed, Israeli pledges at the Glasgow COP 26 envision only 30%
of electricity coming from renewable sources by 2030'°. Should
Israel pursue a solar PV-based decarbonization strategy, it will
require substantial amounts of open space, in a country that
already suffers from land shortages'. If solar PV is to become a
main source of electricity generation in Israel, then demand will far
exceed what is viable to produce on rooftops. At present, Israel
generates over 90% of its electricity from fossil fuels, mostly
natural gas and in the near-term, desalination will lead to
increased greenhouse gas emissions'”.

The construction of new desalination facilities has the potential
to negatively affect Israel’s coastal landscape and aquatic coastal
ecosystem. At present, Israel's major desalination plants are all
located along the country’s Mediterranean shoreline, with the
future Haifa and Sorek Il plants also planned for the coast.
Significant future construction has the potential to limit public
access to coastal recreation areas. While the construction of future
desalination facilities at inland locations may alleviate the
environmental impact on Israel's coast, the feasibility of such
construction is still being evaluated. An inland approach could
increase the energy requirements for desalination, since it would
require pumping seawater further inland. Moreover, scientists and
environmentalists have voiced concerns that increased reliance on
the pumping of seawater and discharge of brine following
desalination over the long term has the potential to damage
Israel’s coastal ecosystems, including plant and animal life'®~'8, For
almost two decades Israel’'s Oceanic and Limnological Research
Institute has carefully monitored the effects of desalination
facilities in these areas and has yet to detect signs of
consequential ecological damage'®?°. Notwithstanding, this is
an issue that requires continuous observation and analysis.

A transition to desalinated water as the primary source of
drinking water also raises a number of potential health concerns.
Notably, desalinated water is lacking in certain minerals, such as
magnesium, considered essential for human health?'?2, The long-
term consequences of consuming water that does not contain
these elements are unknown?'22,
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Sustainability of treated wastewater for agriculture

Despite the boon that treated wastewater has been to Israeli
farmers—ensuring a steady supply of low-cost water—leading
voices within the scientific community have raised potential
environmental and health concerns that question the sustain-
ability of Israel’s practices®>~2°,

Treated wastewater, including Israel’s relatively high-quality
effluents, remains high in salt content, which can lead to reduced
plant yield and increase the risk of long-term soil degradation?6-28,
In particular, recent research has demonstrated that irrigation
water with a high relative fraction of sodium can cause irreversible
breakdowns in soil structure, such that the affected land can no
longer support agricultural production. Long-term use of saline
water also has the potential to pollute Israel’s aquifers?’.

Treated wastewater is additionally known to contain various
chemical compounds—ranging from pharmaceuticals to heavy
metals—that may present risks to human health. When used for
agriculture, pharmaceuticals and heavy metal compounds can be
taken up by food crops and consumed by people?*=2, Crucially,
the health consequences of long-term exposure to these
compounds are uncertain and further research in this area is
needed?®3,

Should Israel determine that reliance on treated wastewater for
agriculture is too great a liability, this would create a twofold stress
for the country’s water infrastructure. First, additional water
supplies would be required to sustain the country’s farmers, with
the only viable alternative likely being the production of
additional desalinated water. Given current energy prices, how-
ever, the cost of using desalinated water appears to be
prohibitively expensive for most crops®>-“. Israel would then face
a choice between continuing to support local agricultural
production, despite the high costs, or moving to import required
food supplies, which could be expensive and present potential
national security risks. Second, Israel would have to find an
environmentally acceptable method of discharging the large
quantities of wastewater previously allocated to agriculture. If
reusing treated effluent for agriculture is no longer viable, Israel
will need to adjust its water treatment infrastructure.

One plausible scenario for coping with increased quantities of
domestic wastewater is the possibility of treating this water to a
higher level so that it can be re-used as drinking water, as has
been done in potable reuse programs for years in American states
like California, Virginia, and Colorado3’. Expanded potable reuse
could also lead to a decrease in Israel's demand for desalinated
water, lowering energy costs and greenhouse gas emissions while
ameliorating pressure on Israel’'s coastal landscape and ecosys-
tems. Treating wastewater to a higher level could also enable
continued use by farmers, albeit at a higher cost.

Effect of climate change minimal compared to population rise

Our analysis shows that the expected effects of climate change on
Israel’s water supply are likely to be minimal compared to those of
population growth. An assumed 20% decline in production from
natural water resources by 2065 (“Methods™), represents a
decrease of 245 million m? per year in comparison to 2020 levels.
Even if we consider a larger decline in natural sources due to
climate change, the lost capacity pales in comparison to the
increased demand from population growth, which is an order of
magnitude larger. That is, our projections show that Israel’s water
supply will remain precarious even if the worst consequences of
global climate change do not materialize. Of course, even if
climate change’s effects on Israel’s drinking water may be small
compared to that caused by population growth, any change in
precipitation patterns also has the potential to raise the risk of
forest fires, cause increased flooding, and affect the region’s
wildlife.
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Security concerns and regional cooperation

In past military conflicts, Israel’s coastal desalination facilities have
been a target for both rocket and cyber-attacks. Thus far, Israel’s
Iron Dome and other defense systems have withstood these
challenges. Nonetheless, should a desalination plant be forced
offline for a prolonged period of time, it could potentially disrupt
water supply.

It is also important to note Israel’s obligations to provide fixed
quantities of water to the Palestinian Authority and Jordan,
pursuant to the Oslo Il Accords and the 1994 peace treaty with
Jordan. While it is beyond the scope of this analysis, Israel’s
neighbors are themselves under intense pressure to meet the
water demands of growing populations. Unlike Israel, Palestine
and Jordan are already suffering from major deficits in supply,
with access severely limited. Moreover, Israel’s neighbors are less
well positioned to increase desalination capacity. Water scarcity in
Jordan, Palestine, and other countries in the region has the
potential to cause significant unrest, representing a major security
concern for Israel and its neighbors. The possibility of Israel
supplying desalinated water to its neighbors has often been
suggested as a possible component of regional peace building®.
In fact, in 2021 Israel agreed to double its annual water supply to
Jordan to 100 MCM>*’. Any additional steps to the export of water
to Jordan or Palestine would, however, add an additional
component of stress to an Israeli water system that will already
be facing unprecedented demand driven by population growth.

The sustainability of any future plan to address Israeli water
scarcity could be bolstered by steps to increase cooperation
between Israel and its neighbors. At present, for example,
significant quantities of untreated wastewater flow from the West
Bank into Israel*®°, Likewise, sewage discharge from Gaza into
the Mediterranean has in the past caused fouling of membranes at
Israel’s Ashkelon desalination plant, even forcing the plant to go
offline*!. Capture and treatment of wastewater within Palestine
would have the dual benefit of increasing potential irrigation
supplies for Palestinian farmers while reducing pollution of
transboundary water resources*’. Increased water access, of
course, also has the potential to decrease water-driven security
risks in the region.

Ecological concerns

The projections presented here only consider how an increase in
water demand could impact future demand from desalination. We
do not examine how rising population levels might limit access to
water resources for recreational purposes. Nonetheless, we can
expect that a larger population will put increased strain on access to
Israel’s streams, rivers, and lakes*®. Likewise, reduced natural flows
are liable to stress the flora and fauna in the country’s national parks
and nature reserves®. A recent report by Israel’s State Comptroller
revealed that the country’s compliance with the UN Convention on
Biodiversity is woefully inadequate, with the country failing to meet
74% of the convention’s measurable objectives**. Providing nature
with reliable and reasonable water flows will be critical to preserving
the country’s unique ecosystems, but increasingly difficult given the
anticipated growth in anthropogenic demands.

Technological Improvements

The trends discussed here are robust even if dramatic technolo-
gical improvements allow Israel to greatly reduce per capita water
consumption. For instance, if we assume a 30% decline in per
capita consumption, a truly dramatic change considering historical
values and Israel’s already impressive water conservation practices
(Methods), Israel would still need to produce 2.3 billion m3 of
desalinated water in 2065 for the high-growth scenario. This
constitutes a 350% increase in capacity compared to 2020 levels
and would require significant infrastructure investment.
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Global Bellwether

The extent to which Israel is able to meet the water demands of a
growing population in the face of increasingly insufficient natural
supplies could provide valuable insight for regions and govern-
ments facing similar pressures. The population growth rate in the
American Southwest, for instance, has far outpaced that of the U.S.
as a whole, with water resources in the region already extremely
stressed. In contrast to Israel, the American Southwest lacks the
advantages of a centralized water authority. Additionally, many of
the population centers in the American Southwest are far
removed from potential sources of desalinated water, making
the challenge of water delivery even greater and the value of
efficiency and wastewater treatment and reuse higher. Likewise,
middle-income countries facing acute water scarcity (e.g., Brazil,
South Africa) may look to Israel's experience as they seek to
increase water supplies for growing populations.

Hydrological stability is typically considered a prerequisite for
sustainability. In water-scarce regions, projected climate change-
driven precipitation decreases matter. But the anticipated
shortages caused by population growth appear to matter far
more. Desalination offers a possible way-out of such conundrums.
But for the foreseeable future, the absence of low-carbon
electricity to power this energy-intensive process means that
relying on desalination technology will contribute to increased
greenhouse gas emissions. Should Israel struggle in its effort to
meet growing water demand, or be unable to do so without
significantly increasing carbon emissions, it will provide a stark
warning of the challenges ahead.

Water in the context of other constraints on israeli population
growth

While many technologically-optimistic managers perceive desali-
nation as a panacea for providing water supply under conditions
of steady population growth, in other areas of life, solutions are
more elusive. This is particularly true in designing infrastructure
that utilizes land resources, such as housing, agriculture, and the
production of raw materials for construction.

To meet projected demand for residential housing between
2020-2030, Israel will need to add an additional 560,000 housing
units to present stock. Due to the nature of exponential growth
functions, however, demand will grow to over 1.05 million housing
units between 2050-2060. Supplying the corresponding housing
and infrastructure is expected to put further pressure on Israel’s
open spaces, which are already disappearing at a rate of 30 km? a
year®. The depletion of open spaces, including agricultural lands,
could also pose a threat to Israel's food security in the future.
Already, official figures cite current Israeli food imports at around
64% of total calories consumed by the population*® with some
experts calculating even greater dependence on food imports®.
Besides expanding the carbon footprint of Israel’s food supply, such
significant reliance on imported crops increases the country’s
vulnerability and exposure to global shocks in the food markets
during times of international turbulence or military conflict.

METHODS

Modeling expected water production and demand

We simulate future Israeli water demand using a combination of
population projections from 2020 to 2065 and assumptions about
future water consumption based on historical data from
1992-2020*”. In Fig. 3 we show that Israel’s total and domestic
water consumption have remained stable over the past several
decades, enabling us to model future demand uniquely as a
function of expected population levels. The population growth
forecasts that we use were developed by Israel’s Central Bureau of
Statistics”. The different growth scenarios, together with Israel’s
historic population changes are presented in Fig. 4.
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Fig. 3 Israel water consumption and production, 1992-2020.
a Israel water production by source. b Absolute and per capita water
consumption in Israel by sector. Note: In 2015, Israel’s Central Bureau
of Statistics started reporting domestic and industrial consumption
together. For simplicity, data for the period prior to 2015 is
presented using the new practice in the above figure.

Between 2010 and 2020 Israel’s total (i.e., all sectors) water
consumption was steady, averaging 246 m> per capita annually,
with per capita domestic consumption averaging 100 m> annually.
We assume that total and domestic demand will remain at these
levels through 2065, which is consistent with Israel’s Master Plan
for the National Water Sector?’. Expected water demand is thus
taken to be the product of future population and average per
capita consumption values.

Israel’s extraction of natural water from the Sea of Galilee,
aquifers, and other surface water has steadily declined over the
past 15 years, corresponding to a sustained increase in the
production of desalinated water®. In the coming decades, Israel’s
reliance on natural water is expected to decline further®”. In many
cases, extraction from natural sources is either nearing or has
already exceeded its maximum sustainable yield; the level at
which additional consumption would cause irreversible hydro-
logical damage. Overextraction from Israel’'s coastal aquifer, for
instance, has the potential to cause intrusion of seawater to the
aquifer and salination of wells*¢->°,

Likewise, climate change, including the projected shortening of
the winter rainy season and higher average temperatures through-
out the year makes increased availability from natural sources highly
unlikely>'=>°, Moreover, in order to reverse the negative trends in
biodiversity indicators, Israel has defined a strategic goal of returning
more water to nature?”. Given these constraints on natural
production and the aforementioned climatic impacts, Israel's Master
Plan anticipates a steady decrease in consumption from natural
sources’. In our simulations, we assume a decline by 20% from the
long-term mean (1.23 billion m* annually) by 2065, consistent with
the Israel Water Authority’s estimates*’

Between 2010-2020, Israel was able to steadily capture and treat
an average of 60% of its domestically consumed water, with recycled
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Fig. 4 Historical and projected population growth in Israel to
2065. a Projected changes to total population numbers. b Annual
growth rates used to construct population forecasts. High growth
assumes a population growth rate of 2.1% per year through 2045,
2.3% per year from 2046 to 2055, and 2.4% per year from 2056 to
2065. The medium-growth scenario assumes a population growth
rate of 1.9% per year to 2025, 1.8% per year from 2026 to 2035, 1.7%
per year from 2036 to 2055, and 1.6% per year from 2056 to 2065.
The low-growth scenario considers a growth rate of 1.7% per year to
2025, 1.4% per year from 2026 to 2035, 1.3% per year from 2036 to
2045, 1.0% per year from 2046 to 2055, and 0.8% per year from 2056
to 2065.

wastewater comprising the largest source of water for irrigation in
agriculture®™”. Our forecasts assume that Israel will continue to treat
and use 60% of its domestic wastewater for agriculture, notwith-
standing significant environmental challenges, discussed in the
section “Sustainability of treated wastewater for agriculture”.

DATA AVAILABILITY

All the data used in our simulations are publicly available from Israel’s Central Bureau
of Statistics. We've shared this data at https:/github.com/isaackramer/water-
population-Israel®®,

CODE AVAILABILITY

All of our simulation code is available at: https://github.com/isaackramer/water-
population-Israel®®,
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