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Abstract The future economy of the Middle East countries (GDP growth) depends on the
availability of fresh water for domestic and agricultural sectors. Saudi Arabia, for example,
consumes 275 L/day per capita of water that is generated from desalination process using 134
x 106 kWh of electricity. With 6 % population growth rate, demand for fresh water from fossil
fuel based desalination plants will grow at an alarming rate. It has been reported that Saudi
Arabia’s reliance on fossil fuels to generate electricity and generate fresh water through
desalination using the same energy source is economically and politically unsustainable.
This may lead to destabilisation of the global economy. However, Saudi Arabia has large
geothermal resources along the Red Sea coast that can be developed to generate power and
support the generation of fresh water through desalination. The cost of fresh water can be
further lowered from the current US$ 0.03/m3. Among the gulf countries, Saudi Arabia can
become the leader in controlling CO2 emissions and mitigating the impact on climate change
and agricultural production. This will enable the country to meet the growing demand of food
and energy for the future population for several decades and to reduce food imports.
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1 Introduction

Saudi Arabia covers an area of 2.15 million km2 and is the largest country in the Arabian
Peninsula. Major part of the country is arid while a part of the coastal strip along the Red Sea
enjoys semi arid climate. South west monsoon brings 300 mm of rain over the south-eastern
part of the country while rain fall over the rest of the country is scanty with annual rain fall of
about 100 mm/y. The Empty Quarter (south south-eastern part) is absolutely dry and is a rain
shadow region. The population of Saudi Arabia is 28 million with a growth rate of 6 %
(Chandarasekharam et al. 2014a). A large part of the population live in urban areas with access
to water and sanitation. Although the country has energy security, the country is highly
stressed for water due to poor rainfall and lakh of defined river and drainage systems
(Lovelle 2015). In spite of the fact that the country has only 2.4 billion m3 of renewable
water resource, 20 billion m3 of water is withdrawn annually. This large quantity is withdrawn
from non-renewable (fossil) groundwater deep in the sedimentary formation of Mesozoic era.
This water is used for agricultural activity while the industrial and municipal sectors depend
heavily water sourced from desalination ( ESCWA 2001b; FAO 2008; SAMA 2010;
Kajenthira et al. 2012). In spite of this water stressed situation, the country till now placed
significant importance for food production. Agriculture contributes 3 % of GDP. Currently
1.73 million ha area (17,300 km2) is irrigated that supports wheat, barley and dates cultivation.
Wheat is staple food of Saudi Arabia and the percapita consumption of pita (wheat bread) is
241 g per day (88 kg per year). The total wheat consumption by Saudi Arabia population
during MY (Mid Year) 2013–2014 was 3.25 million metric tonnes (Chandrasekharam et al.
2015a, b, c). Due to severe water scarcity, the government adopted a policy not to grow wheat
from 2016. Thus wheat import is expected to reach 3.03 million tonnes in MY 2013–2014
compared to 1.92 million tonnes in 2012–2013 (USDA 2013, Chandrasekharam et al. 2015a,
b, c). Placing the country’s food security with other countries is not a sensible decision. It has
been reported that Saudi Arabia’s reliance on fossil fuels to generate electricity and generate
fresh water through desalination using the same energy source is economically and politically
unsustainable, and if this trend continues Saudi Arabia will become an oil importer in the next
two decades (Ahmad and Ramana 2014), leading to destabilization of the global economy. But
there is a solution to this issue that can provide the country with fresh water for all the future
generations and provide the country with energy and food security. Thus energy and water
issues are a cause of concern not only to Saudi Arabia but to all the Gulf Cooperation
Countries. The strategy these countries adopts to address these issues will have an impact
on the prosperity and quality of future life. This solution lies in the vast geothermal resources
that the country has along the western Arabian shield (Chandrasekharam et al. 2015a, b, c).
This energy source can bring sustainable development in energy and food sectors.

2 Water Resources Status

With scanty rainfall and lack of defined river and drainage systems, annual amount of 2200
MCM water that the surface receives infiltrates completely into the shallow aquifers. Thus the
annual groundwater recharge that occurs in the western margin of Saudi Arabia is only 2200
MCM/y (FAO 2009). The agriculture sector’s demand is larger than the domestic. Information
on the water use between 2000 and 2010 shows that there is large demand in agricultural sector
compared to domestic sector (Table 1).
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Due to decline in the aquifer yield and fall in the water table levels (Fig. 1), there is an
embargo on the water consumption by the agricultural sector. The annual surface water and
groundwater recharge and water consumption are shown in Table 2.

The annual agricultural water demand is 20,800 MCM/y (million cubic meter) that is 10
times larger than the domestic demand (Table 2).

The aquifers that are being targeted to extract groundwater are sandstones of Paleozoic -
Mesozoic -Cenozoic eras and these waters are paleo waters (also known as formation waters)
deposited along with these formations. Since there is no recharge into these aquifers, there is a
drastic decline in water table due to extraction (Fig. 1). These aquifers occur at depths varying
from 1000 to 2000 m below the ground level. The main aquifers that supply water to Saudi
Arabia are shown in Table 3.

All the major aquifers in Saudi Arabia are trans-boundary aquifers providing water to
other neighbouring countries like Jordan, Yemen, Iraq, Bahrain, Oman, Qatar and
Kuwait (Table 3). Thus nearly 394 MCM/y of water flows out of Saudi Arabia into
the neighbouring countries. Nearly 180 MCM/y of water flows in to Jordan from Saudi
Arabia. The Saq-Ram sandstone aquifer is the largest aquifer and the significant shared
aquifer in this region. Since this is one of the largest and significant aquifer with proven
reserves of 103,360 MCM (Table 3), both Saudi Arabia and Jordan extensively with-
draw water from this aquifer. Saudi Arabia has an MoU (memorandum of understand-
ing) with neighbouring countries on water sharing from the aquifers shown in Table 3
(FAO 2009). According to this MoU, Jordan should withdraw only 20 MCM/y water
from Saq Ram aquifer but Jordan withdraws nearly 180 MCM/y of water. Thus, because of

Table 1 Water use in million cubic meters, Saudi Arabia (Abderrahman 2001, FAO 2009)

Year Domestic/Industrial Agriculture Total

2000 2900 11,200 14,100

2004 2740 17,530 20,270

2009 3170 15,090 18,260

2010 3600 14,700 18,300

Fig. 1 Fall in the water table
levels in deeper aquifers during
the last decade (modified after
Lovelle 2015)
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trans-boundary aquifers the countries are on war for water and this will escalate to an ugly
situation in future due to large population growth in all these Gulf countries and severe decline
in piezometric surfaces. It is estimated, at the current level of abstraction, the Saq-Ram aquifer
may yield water only for the next 30 years (UN-ESCAW 2013). From the Table 2 it is
apparent that the withdrawal/consumption rate is much higher than the recharge and hence to
meet the current demand groundwater supply is supplemented by desalinated water. At present
275 L/day per capita of desalinated water is generated using 134 x 106 kWh of electricity from
fossil fuels (Chandarasekharam et al. 2014a, b). Reverse osmosis is commonly used for
desalination process world over. However, Saudi Arabia uses thermal multistage flash distil-
lation process that is energy intensive and requires ~10 to 12 TWh to desalinate 1 m3 sea water
(Ghaffour et al. 2014, Chandrasekharam et al. 2015c). The quantity of electricity generated
during the desalination process is shown in Fig. 2. This is a very insignificant amount
compared to the energy supplied for this process. In addition, the quantity of CO2 emitted
during the desalination process is about 13 Mt. of CO2 (Chandrasekharam et al. 2015c).

Table 2 Annual water recharge and water use (FAO 2009)

Recharge

Surface water (MCM/y) 2200

Groundwater (MC M/y) 2200

Dam (MCM/y) 99

Total per capita (CM) 97

Withdrawal

Agri (MCM/y) 20,800

Domestic MCM/y 2130

Industry 710

Total (MCM/Y) 23,640

percapita (CM) 960

population(million) 24.6

Table 3 Main aquifers supplying water to Saudi Arabia (modified after UN-ESCAW 2013, Powers et al. 1966)

Aquifer Capacity
MCM

Proven
reserves
MCM

Area km2 Avg.
thickness m

Sharing countries

Saq Ram Sst 258,400 103,360 300,000 800 Jordan, Saudi Arabia Cambrian to lower
Ordovician

Wajid Sst 237,500 95,000 170,000 550 Saudi Arabia, Yemen Permian

Tawila (Tabuk) 109,800 43,920 142,000 775 Saudi Arabia, Yemen Devonian

Jawf Lst Sst 74,000 38,480 85,000 400 Devonian

Minjur Sst 171,300 111,340 48,000 400 Triassic

Wasia/Biyadh/
Sakha Sst

66,600 33,300 600 Iraq, Saudi Arabia Cretaceous

Umm er
Raduma Lst

6000 3000 500 Bahrain,Qatar,
Saudi Aabia,
Kuwai, Oman

Eocene
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Currently 33 desalination plants are in operation in Saudi Arabia. With government’s subsidy,
the cost of desalinated water is 0.03 US$/m3 which is far less than the average cost of US$
6/m3 that is being charged by countries across the world (Taleb and Sharples 2011,
Chandrasekharam et al. 2015c). Besides domestic and agricultural irrigation purposes, water
is also required for energy production. The world energy sector consumed about 583 billion
cubic meters of water in 2010 and by 2030 cmption will increase by 85 % (IEA 2012).
Demand is directly linked to population growth and the need to increase economic growth
through industrial activities (IEA 2012). The most significant water consumers in the power
sector are fossil fuel and nuclear powered plants. Water is required to irrigate crops to support
biofuels based power plants. Solar photo voltaic (solar pv) plants need water to clean the
panels to maintain output and efficiency in countries like Saudi Arabia (Segar 2014). Solar pv
desalination plants operate at 20 % efficiency and can generate 5000 cm3 / day of fresh water
(Ahmad and Ramana 2014). The water requirement of geothermal power plants are low and
these power plants can generate fresh water for consumption as well to support industrial and
agricultural activities. For countries like Saudi Arabia the most efficient and cost effective
method to obtain fresh water through desalination process is to adopt technology based on
solar or geothermal energy sources (Ghaffour et al. 2014). As discussed below, solar pv is not
cost effective and needs supporting facilities while geothermal can supply baseload power and
does not require back-up power (like batteries) and the system can work at >90 % efficiency
all the year. The most important support system that water resources can give to the country is
in agricultural sector. The country needs water for agricultural activities, especially for growing
food like wheat and barley. Wheat is an important item in the Saudi food diet, consumed
commonly in the form of pita. Average per-capita consumption is 241 g per day or 88 kg
annually. The total wheat consumption in Saudi Arabia in MY 2013–2014 was 3.25 million
metric tones. Due to the new government policy, wheat imports are expected to reach 3.03
million metric tones in MY 2013–2014 compared to 1.92 million metric tones in 2012–2013
(USDA 2013). Due to water stressed situation the country has adopted a policy to phase out
the production of wheat from 2016. This is an alarming situation that the country has not
realized. Any country’s food security has to be with the country and cannot be outsourced.
However, such water stressed situation can be mitigated through developing its geothermal

Fig. 2 Current and projected
desalination process to get fresh
water using fossil fuels and the
electricity generated during this
process (modified after
Chandrasekharam et al. 2015c)
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resources to support desalination process and to supply fresh water for the domestic as well as
for agricultural sectors.

3 Geothermal Resources Potential of Saudi Arabia

Due environmental issues related to emission of large volume of greenhouse gases (CO2 and
methane) (IPCC 2007), stress on fresh water availability and decline in agricultural produce,
the country has now taken initiative to promote renewable energy resources to reduce
dependency on fossil fuels in domestic sector and to increase its GDP by exporting the
domestic consumption of 3 billion barrels of oil. This initiative is an essential step towards a
healthy and sustained energy and food security development and to cultivate clean develop-
ment mechanism (CDM) and reduce CO2 emission (Chandarasekharam et al. 2014a, b,
2015c). The western Saudi Arabian shield hosts two distinct geothermal systems: the hydro-
thermal systems represented by hot springs and the Enhanced Geothermal Systems (EGS)
represented by radiogenic granites that generate high heat due to the high concentration of
uranium, thorium and potassium (Fig. 3).

Fig. 3 Arabian shield showing the
locations of geothermal provinces,
harrats and granites (modified after
Chandarasekharam et al. 2014a)
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3.1 Evolution of the Hydrothermal Systems

The evolution of hydrothermal systems is related to the Harrats or the volcanic fields that
resulted due to the opening of the Red Sea rift between 30 and 5 Ma. The volcanic activity
continues till today as evident from the recent earthquake swarm below Harrat Lunayyir
(Fig. 3) (Pallister et al. 2010, Al-Shanti and Mitchell 1976, Duncan and Al-Amri 2013,
Koulakov et al. 2015). The Red Sea rift has triggered several regional faults around the Red
Sea as well as around the regions of the Persian gulf (Beyhan and Keskinsezer 2016) The
area occupied by the volcanic flows is 90,000 sq. km2 (Coleman et al. 1983). These harrats
covered a large part of the paleo-channels along the west coast giving rise to hot aquifers
below the harrats. Steam from the host aquifers and steam from the hot lavas resulted in the
occurrence of fumaroles at several places within harrats along the western margin. The
geothermal gradient recorded in the harrats is >90 °C/km (Coleman et al. 1983). Although
bore hole date from oil wells are not available, the subsurface temperatures along the western
Arabian shield can be inferred from the oil wells located on either side of the Gulf of Suez.
The geothermal gradients recorded around the Hammam Faraun thermal province is >50 °C/
km with heat flow value of 95 mW/m2. The bottom hole temperatures recorded from dry
wells varies from 120 to 260 °C (Morgan et al. 1976; Zaher et al. 2011, 2012). Such values
are commonly recorded along the entire western Arabian shield geothermal provinces due to,
besides magmatic and tectonics activities, under plating of oceanic crust below thinned
continental segment and attenuated crust like that observed below Al Lith and Jizan
geothermal provinces (110–209 mW/m2, Gettings et al. 1986, Lashin and Al Arifi 2012,
Chandrasekharam et al. 2015a, b Jizan and EGS). The reservoir temperatures estimated in
selected sites along the western Arabian shield are >200 °C (Lashin et al. 2014,
Chandrasekharam et al. 2015a). Occurrence of such high temperature geothermal systems
are common over the land masses around the Red Sea, like Ethiopia, Eritrea Yemen and
Egypt, (Chandarasekharam et al. 2014a, b). Kenya which is part of the Afar rift system
related to the Red Sea opening, is generating 500 MWe from Olkaria geothermal field.
Similarly, the Tendaho geothermal field in Ethiopia, will soon be generating 5 MWe from its
pilot geothermal power plant. Bodvarsson et al. (1987) based on the field and power
production assessment from the wells drilled in Kenya estimated that the power generation
capacity of 1 km2 of harrats is about 173 x 106 kWh. In the case of Saudi Arabia, assuming
that about 10 % of energy is extractable from the 90,000 km2 of the harrats, an amount of
200 x 106 kWh of electric power can be generated from the hydrothermal systems associated
with the harrats (Chandarasekharam et al. 2014a). Besides the harrats, there are also
hydrothermal systems associated with granites, like those occurring at Al-Lith and Jizan
(Chandrasekharam et al. 2015a, Fig. 3). These granites, hosting the geothermal systems,
contain high concentration of uranium, thorium and potassium and thus generate high heat of
the order of >11 μW/m3 (Mooney et al. 1985, Gettings et al. 1986) and the heat flow values
recorded over such granites is >80 mW/m2 that is greater than twice the global heat flow
value of ~45 mW/m2 (Rybach 1976).

3.2 Enhanced Geothermal Systems

The Arabian shield experienced plutonic events between 900 and 631 Ma, 680 and
630 Ma and 660 to 610 and younger than 610 Ma. During these periods, felsic
plutons were intruded represented by granite, granodiorite, tonalite, diorite, syenite
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and gabbro ( Chandrasekharam et al. 2015c). All these rocks contain high concentra-
tion of uranium, thorium and potassium and are highly radiogenic. These rocks
occupy an area of about 161,467 sq.km (Fig. 3). The heat generation by these granitic
rocks varies from 2 to 134 μW/m3 (Chandrasekharam et al. 2015c). The granites
exposed in and around Midyan registered the highest heat production value of
134 μW/m3. The power that can be generated from such granites using the established
EGS technology is about 120 x 106 terawatt hour (Chandrasekharam et al. 2015c).

4 Application of Geothermal Energy for Desalination

Geothermal heat (low enthalpy sources with temperature of ~60 °C) can be used directly for
membrane distillation process (MD) while other desalination processes like multi effect
distillation (MED), multistage flash (MSF), electro dialysis reversal (EDR) and vapour
compression (VC) can be operated using electricity generated from geothermal energy
(Bundschuh and Hoinkis 2012). In the case of desalination using hot water from geothermal
source, the geothermal water is circulated through a heat exchanger to heat seawater and
decrease pressure to vaporise the water in a multi-stage chamber. In advanced technology, to
generate large volume of desalinated water, the heated hot water is circulated to heat several
chambers containing seawater. This method is known as MED-MSF process of desalination
(Goosen et al. 2012, Rodríguez et al. 1996).

In the case of high temperature geothermal systems, where the temperatures of the
geothermal fluids exceed 150 °C, electricity can be generated using binary technology
that is common in several parts of the world. One of the best examples of desalination of
seawater using electricity generated by geothermal source is described by Karytsas et al.
(2004). The process is expected to generate 80 m3/h of drinking water and 470 kWh of
electricity. The desalination plant has a dual system to utilize hot water to desalinate sea
water using MED-MSF technology and to use electricity generated from the geothermal
source to desalinate seawater using other technologies described above. The cost of
desalinated water is projected to be 1.5 euro/m3 of fresh water (Karytsas et al. 2004).

5 Advantages of Geothermal Energy Sources

ARAMCO, the state owned oil exploration and production company is keen in using
energy source mix for domestic demand and increase the export quantity of oil and gas to
enhance the country’s GDP. This vision can be achieved by harnessing the geothermal
energy resources that are discussed above. Compared to conventional fossil fuel, geo-
thermal energy is environmentally friendly and has relatively minor impacts on the
ecosystem and with careful management such minor impact on the environment can
easily be managed (Baba and Armannsson 2006 ). By harnessing the geothermal
resources the country can generate 200 x 106 kWh from hydrothermal and 120 x 106

terawatt hours (120 x 1015 kWh) from EGS systems of carbon free electricity
(Chandarasekharam et al. 2014b, 2015c). This amount of power is far greater than the
currently used 17 million kWh to generate 275 L/day of fresh water through desalination
process. By utilizing geothermal energy about 517 x 1016 L/day of fresh water can be
generated through desalination. The current consumption of water by domestic and
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agricultural sectors is 23,640 x 109 L/y (Table 2). Thus by using geothermal energy
source , Saudi Arabia can become water surplus country in the near future and support
other Gulf Countries to sustain domestic and agricultural water demand. The geothermal
energy is accessible at any part of the earth (e.g. EGS) and the power plants can work
throughout the year supplying baseload electricity with minimum downtime. The geo-
thermal systems are driven by the heat conducted from the interior of the earth and the
heat generated by the radioactive elements present in acid magmatic rock. Unlike the
total energy of the geomagnetic field that is reported to be declining (Bayanjargal 2015),
propagation of heat from the earth’s interior will continue for several millions of years
from now. All the desalination plants in Saudi Arabia are located along the Red Sea in
the western margin and along the Persian Gulf coast along the eastern margin. The
infrastructure for desalination plants already exists and only the electricity supply to
these plants need to be switched from oil based power plants to geothermal power plants.

6 Discussion

Saudi Arabia’s percapita consumption of fresh water (domestic and agricultural sectors)
is about 960 m3/y. Since the country receives scanty rainfall, the aquifers are not
adequately recharged and the water demand is supported by fresh water generated
through desalination process. Saudi Arabia uses energy intensive conventional desalina-
tion process while the world uses reverse osmosis process. The conventional desalination
methods consume 12 x 109 kWh to generate 1 m3 of fresh water (Ghaffour et al. 2014).
Thus this process emits large amount of CO2. The cost to generate 20,000 m3/day of
fresh water through vacuum membrane technique, is about US$ 0.53/m3 while the cost to
generate similar volume of through using conventional energy source is US$ 1.22/m3

(Sarbatly and Chiam 2013). The CO2 related temperature effect that is currently expe-
rienced in Saudi Arabia (Almazroui et al. 2012 ) has direct impact on the agricultural
production, especially with respect to wheat production. If the CO2 emission trend
continues at the current rate, then the wheat production will drastically be reduced
(Valizadeh et al. 2014). In addition to the climate, water stress condition that forced
the government to change the wheat production policy will increase food security threat
to the country. In addition, trace element concentrations in agricultural soils irrigated
with treated sewage water has increased considerably relative the concentration of such
elements in soils irrigated with normal groundwater and desalinated water. This built up
of trace elements concentration in soils in certain parts of the country is deteriorating the
soil fertility and thereby reducing the crop production (Al Omron et al. 2012). Thus for
domestic and agricultural sectors need, desalinated water can be used and subsidy on the
cost of desalinated water can be removed once the desalination process lines using
geothermal energy source stabilizes. The current cost of desalinated water, processed
through conventional energy source, in Saudi Arabia with subsidy is 0.03 US$/m3 which
is far less than the average cost of US$ 6/m3. This cost is much higher compared to the
cost projected by Karytsas et al. (2004) using geothermal energy source. Once fresh
water is available at affordable cost ( with same cost without subsidy) and with abundant
fossil fuel reserves, the Saudi Arabia can have strong control over energy and food
security and help other gulf countries and countries surrounding the Red Sea to improve
their fresh water demand.
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7 Conclusions

Geothermal energy resources will have a large positive impact on the water availability and
agricultural production. The country will have complete food and energy security if this green
power is developed. Technology is available at affordable cost from geothermal companies
cross the world. The cost of fresh water can be further lowered, without subsidy, from the
current US$ 0.03/m3. Among the gulf countries, Saudi Arabia can become the leader in
controlling CO2 emissions and mitigating the impact on climate change and agricultural
production. This will enable the country to support food and energy for the growing population
for several decades and stop importing food products.
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