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Abstract

Saudi Arabia is a major oil and gas producing country, but additionally it has good potential for other sources of energy such as solar
and geothermal energy. The potential of geothermal energy in Saudi Arabia is evidenced by vast Harrat fields covering huge areas
along the Red Sea coast. Harrats are volcanic rocks resulted from previous eruptions started with the opening of the Red Sea 30
million years ago. The last documented eruption in the Hijaz Province happened more than 700 years ago. Yet, in 2009, several
earthquakes rocked the towns of UmLuj and Alais. The earthquakes were related to an upward movement of volcanic magma in the
Lunayyir Volcanic Field. The eruption has not occurred yet, but it is expected to happen at any time.

The basic components of a geothermal energy system are heat source, water and a reservoir where heat is exchanged. The heat source
is abundantly available along the Red Sea coast, especially in the Jizan Province. Several hot springs exist in that area where the
measured heat exceeds 50 degrees C at the surface of the Earth.

The petroleum-related activities have proven the existence of sedimentary reservoirs where hydrocarbons are trapped. These reservoirs
and other sedimentary formations can be developed for geothermal energy reservoirs. Those formations are available in Jizan and
Umluj on the Red Sea shoreline.

Water is a serious problem in Saudi Arabia and could be a limiting factor on the utilization of geothermal energy. However, since
most of the promising areas are adjacent to the shoreline of the Red Sea, sea water could be used in the system. Using the sea water
will produce energy and desalinated water as a by-product.
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Saudi Arabia has a good source of clean and sustainable energy if the government decides to utilize it. It exists on the other side of the
country away from the giant oil and gas fields, which substantially reduces the cost of transportation and provides cheaper energy.
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Hottest Known Geothermal Regions in the World

= _—
4 4

\
\

k Red Sca Aroa/

The hottest places exist in arcas of high tectonic and volecanic activities
At or hear plate mangins




The potential of the geothermal energy systems depends on:

=

» The availability of system elements

v" Heat source

v" Reservoir

v' Water

» Energy demand

» O1l/Gas consumption
» Geographic location
» Economic capability
» Technical experience




Energy Sources in Saudi Arabia
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Volcanic Sites (Harrat) in Saudi Arabia
(Geothermal prospects)
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This crater, which is about 200 m deep and 2 km wide, resulted from a
phreatic explosion caused by the near-instantaneous generation of steam
at the contact between rising magma and ground water







May 2009 Earthquakes




‘Geothermal Energy System — Heat Source

Name emperature Flow Rate | Aquifer
(L/min) type

Ain Khulab (Gizan)

Wadi Khulas (Gizan)

Ain Khulab Quwa (Gizan)

Ain al Wagrah (Gizan)
Ain al Wagrah Dam (Gizan)
Ain al Harra (Al Lith)
Ain al Jumah (Al Lith)
Ain Markus (Al Lith)

Ain al Darakah (Al Lith) 20°39N

*TS - Thermal Spring

Thermal Springs in Saudi Arabia




Geothermal Energy System — Reservoir
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‘Geothermal Energy System — Water Source

Potential Geothermal Site 1n Jizan
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Potential Geothermal Site 1n Jizan
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HAEE Growfh Level of Produced Ehergy 2000-2010




Peak Demand Forcast by Region
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Peak Demand Forcast by Sector
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Fuel Consumgtion by R:egion

gridzatens




Saudi Arabia’s historical energy consumption pattern




Saudi Arabia’§ Oil Balance
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Oil consumption

Saudi crude and NGL production
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Summary

ntII for geothermal Energy in Saudi Arabia

* Heat sources are available in several locations along the Red Sea

* Reservoirs are also available:
Oll/gas wells penetrated ~ 15000 ft within the sedimentary section.
Oll/gas found in some of these wells .
e Water resources are short but sea water and/or waste water can be used
> Saudi Arabia has the ability and technical experience in:
e Exploration & Drilling
* Sea water treatment and injection
* Reservoir management
> Utilizing the geothermal resources will reduce the amount of oil & gas burned for
Electricity generation.

> It will make important industrial and economic Impact in Southern and Western regions
T —




Thank you







Energy Sectors (Regions) in Saudi Arabia

Eastern Sector
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