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Introduction: 
 
- Geothermal energy (Geo= Earth, Therme=heat) is energy derived from the heat of the 
earth.  
 

-A steady heat flow (that will not deplete) from the earth’s interior reaches the surface  
of the earth 
 

- 99% of the earth’s interior is hotter than 1000 °C 
- 99% of the rest is hotter than 100 °C 
 

 

www.technologystudent.com 

http://en.wikipedia.org/wiki/File:Temperature_schematic_of_inner_Earth.jpg
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Introduction: 

Enhanced geothermal system 1:Reservoir 2:Pump house 
3:Heat exchanger 4:Turbine hall 5:Production well 6:Injection 
well 7:Hot water to district heating 8:Porous sediments 
9:Observation well 10:Crystalline bedrock 

Deep geothermal systems (outside volcanic zones) 
are: 
-Hydrothermal (2-3 km) 
-Enhanced geothermal systems (5 km +), 150 °C +  
Construction of production and re-injection wells 
 

www.beginnersguidetotheapocalypse.wikispaces.com/Geothermal 

http://en.wikipedia.org/wiki/File:EGS_diagram.svg
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Introduction: Geothermal project phases 

 
 

Identification Exploration Drilling Production 

Initial research  
Reconnaissance 
  

-Prospection 
-Geological and 
geophysical experiences  
-Studying data 
- Exploratory drilling 

-Project feasibility  
- Reservoir management   
- Initial drilling Seismic and 
geological risk management 
- Production drilling 

-Financial closure 
-Facility design and 
construction 
-…  
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Introduction: Advantages vs Disadvantages 

+ Sustainable energy source: Heat extraction is small compared to the size 
of heat reservoir  
+ Clean and safe energy: emissions of undesirable substances are 
small 
+ Independent of climate and seasonal variations: geothermal plants 
can work continuously: Base load energy source. 
+ High degree of scalability : modular systems to feed remote areas with 
power and water 
+ Diversity in energy sources/conservation of fossil fuels. 
+Inexpensive in operation ? 
- Constructions can affect land stability in the neighbouring regions 
- Hot water from geothermal sources can contain dangerous parts 
- Scaling problems due to dissolved solid impurities (i.e. on turbines), 
separators, demisters, treatment… 
- Geographic distance between source and use 
- High initial costs 
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Introduction: 
Geothermal Resources can be: 
1- Medium/High-Enthalpy Resources 
 Reservoir temperatures of 150-300+°C 
 Ideal for power generation 
 Low availability (only found in volcanic regions) 
 
 
 
 
 
 
 
 
 
2- Low-Enthalpy Resources 
 Reservoir temperatures of 100-150°C 
Available 
Ideal for direct applications: heating, 
cooling, desalination and steam generation 

1- Flash technology: direct expansion of 
geothermal steam in a turbine 
2- Binary cycle: geothermal heat transmitted 
to a closed power cycle: 
-ORC: with low boiling temperatures 
-Kalina cycle: Binary fluids are used 
(ammonia/water )  
 
 
 
 
 
 
 
 



8 

  
 
 
 
 

Introduction: Single Flash Steam Power Plants 
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Geothermal energy classification 

  Reservoir temperature level (oC) 

Ref 1 Ref 2 Ref 3 Ref 4 Ref 5 

Low enthalpy  < 90 < 125 < 100 < 150 20 – 70 

Medium  
90 -
150 

125 –225 100 – 200 - 70 – 150 

High enthalpy  > 150 > 225 > 200 > 150 > 150 

Classification of geothermal resources by their reservoir temperatures 

-Geothermal fluids can be classified, as fuels by their Calorific Values, by the 
maximum work available. 
- Lee (Geothermics,2001) proposed to use the concept of available energy (exergy) 
as it defines the quality of the energy content of a geothermal fluid.  
- Lee proposed a normalized specific exergy parameter called specific exergy 
index or Specifc exergy rate (SER) defined as: 
-  SER = (h-273.15 s)/1192;  SER is independent of the reference (sink) conditions. 
- Saturated steam at 1 bar has SER of 0.56 while saturated liquid has 0.52 

SER < 0.05 for low quality geothermal resources  
0.05 ≤ SER < 0.5 for medium quality 

       SER  ≥ 0.56 for high quality 
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Geothermal energy classification: Example of Poland 

A. Barbacki / Renewable and Sustainable Energy Reviews 16 (2012) 123– 128 
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Geothermal energy in KSA 
- Several studies identified 10 thermal springs:  
 Six in Jizan (southwest near the Yemen border) and  
 Four in Al- Lith area (west-central on the Red Sea). 
 
-Lund (based on the work of Rehman (2005)) claim that none of these springs are being 
exploited. 
 

-Al Dayel (1988): Temperature levels measured are ranging from 70 to 100 oC.  
 

-Rehman and Shash (2005): varying deep temperatures : 50 to 120 oC. 
-Hanan and Taleb (2009) discussed about the barriers hindering the utilization of geothermal 
resources in Saud Arabia. 

  
 
 
Few studies were concerned with geothermal energy in the Kingdom. 
   
  
 

http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/Turkey
http://en.wikipedia.org/wiki/Thailand
http://en.wikipedia.org/wiki/Russia
http://en.wikipedia.org/wiki/Portugal
http://en.wikipedia.org/wiki/Philippines
http://en.wikipedia.org/wiki/Papua_New_Guinea
http://en.wikipedia.org/wiki/Nicaragua
http://en.wikipedia.org/wiki/New_Zealand
http://en.wikipedia.org/wiki/Mexico
http://en.wikipedia.org/wiki/Kenya
http://en.wikipedia.org/wiki/Japan
http://en.wikipedia.org/wiki/Italy
http://en.wikipedia.org/wiki/Indonesia
http://en.wikipedia.org/wiki/Iceland
http://en.wikipedia.org/wiki/Guatemala
http://en.wikipedia.org/wiki/Germany
http://en.wikipedia.org/wiki/France
http://en.wikipedia.org/wiki/Ethiopia
http://en.wikipedia.org/wiki/El_Salvador
http://en.wikipedia.org/wiki/Costa_Rica
http://en.wikipedia.org/wiki/China
http://en.wikipedia.org/wiki/Austria
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Geothermal energy in KSA 
Recent works:  
-A. Lashin and N. Al Arifi (2014), Renewable and Sustainable Energy Reviews 30, 771 
“Geothermal energy potential of southwestern of Saudi Arabia "exploration and possible 
power generation": A case study at AlKhouba area – Jizan 
The work aimed aims mainly to explore and locate the potentiality of these resources through 
analyzing the available satellite images and performing a geophysical survey, as well as 
estimating the geothermal reserve potential for possible energy production. 
 
* Hussain et al. (2013): Wadi Al-Lith is considered one of the most promising geothermal 
targets with many hot springs with a surface temperature up to 95 oC   
 
•Recent data: Rubu Alkhali: surface temperature = 97 oC; TDS 4127 ppm, Flow rate = 454.2 
m3/h. 
 
•Renewable energy targets for KSA: 50% of electricity from non-hydrocarbon resources by 
2032: 54GW from renewables (of which: 41GW from PV and CSP, 9GW wind, 3GW 
waste-to-energy, 1GW geothermal), 17.6GW from nuclear 
  
D. Chandrasekharam Visiting Prof., KSU, claimed that the Saudi Power Potential can reach 5 
GW.  
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http://en.wikipedia.org/wiki/Nicaragua
http://en.wikipedia.org/wiki/New_Zealand
http://en.wikipedia.org/wiki/Mexico
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Geothermal energy in KSA 

Information and data were supplied by NWC,  
MSc project of Eng Majed Alharbi, KSU.     
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Geothermal energy in KSA 
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Geothermal energy in KSA 
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Geothermal energy in KSA 
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Geothermal energy in KSA 
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Geothermal energy 

These geothermal wells have low available energy.   
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Desalination technology  

Developing Cost 
Effective, 
Energy Efficient 
Water Supply  

Effective Water 
Use 

Water 
Conservation  

Waste/recycling 
water  

Desalination: An Integral Part of 
the Future Water Supply Portfolio  

The amount of energy required to desalinate water has dropped by nearly a factor of 10 since 1970 
Menachem and Elimelech, “The Future of Seawater Desalination”, Science (2011) 

http://blogs.scientificamerican.com/guest-blog/files/2013/04/Naam-Limits-of-Earth-Part2-Figure05-445x308.jpg
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Desalination technology  
www.lennetech.com 

www.sidem-desalination.com 
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Reverse Osmosis 

Example: Energy consumption and Costs in Reverse Osmosis 



Non conventional Desalination technology:  
 
Membrane Distillation  

- Membrane + Evaporation Processes in one unit, 
- Water Vapor passes through a hydrophobic Membrane via the Temperature Gradient 
across the Membrane sides 
- Operation at Patm and low Temp. (30 – 90 C),  
- High salt rejection.  
- Can be used when low grade energy is available: geothermal  
- Under development ? 
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Non conventional desalination processes 

- Membrane distillation: Multiple stages  

He et al.  

(GOR=m3 distillate per heat equivalent of m3 of 
saturated steam) 
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Non conventional desalination processes 

-Humidification – dehumidification: Multiple stages 
-Limited to small capaciy   



25 

Geothermal desalination 

Qout 

Feed 
geothermal 
water 

Purified water 

Concentrated 

Self-powered geothermal desalination plant represented as a control 
volume that includes geothermal energy conversion and desalination 
equipment 

Qou

t 

Heat 
engine 

Feed water 

Concentrate 

Purified water 

ERD 
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Geothermal desalination: various combinations  

Fully self 
powered  

Desalination driven by 
geothermal energy  

- RO-ORC 
- MD 
- Integrated MD- RO (ORC) 
- HDH 
- MED-TVC 
 

- RO (External sourc   
for electricity)  
- MED-TVC 
- MD 
- Integrated MD- RO 
- HDH 
 
 

Heat + Electric 
power 

 Heat 

Part. 
powered  

Electric 
power 

- RO 
- ED 
-  
 
 



27 

Geothermal desalination 

Geothermal water, 
70 C, 
Flow rate: 
 
Salbukh wells  

Cooled water, less 
than 35 C 

Pump 

Waste heat: can be used ?  
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Geothermal desalination 

Geothermal water, 
70 C, 
Flow rate:  

Cooled water, less 
than 35 C 

Pump 
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Desalination technology  

Source:  

RG‐TES and Saad, Mohammad Amin (2012) 

Two proven technologies can be combined:  
Geothermal heat and MED process 
  

Examples:  
1- Milos Island in Greece  
2- a pilot geothermal MED plant producing 80 m³/day was installed in Kimolos Island, 
operating at 61°C with a 2-stage MED unit. Geothermal sources with temperatures of 80–
100°C.  
- Acceptable costs 
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Geothermal desalination 

Geothermal source 

From Banat et al. Desalination, 2007 

Solar PV 
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Conclusion 
•Low enthalpy geothermal resources in KSA are important  
• they could be matched effectively with existing/promising desalination 
processes (RO, MED, MD) 
 
But  
 
•Missing exploration hinders the utilization of this sustainable energy.  
•More investigations: 

• On perfect matching between Geothermal/Desalination Technologies.  
•On treatment Technologies;  

•The economics of geothermal desalination should be undertaken 
 
 
The region could benefit from the use of geothermal energy 
 

 



32 

  
 
 
 
 

Other configurations 
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