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The nature of geothermal resources:  
The heat of the Earth 

The geothermal energy resource is huge !!! 

Geothermal general information 

Heat is constanly produced within the Earth from decay 

of radioactive material.The heat is moved to the 

surface by heat conduction, convection or advection. 

The temperature gradient is typically 30°C/km, but can 

be over 200°C/km 

 

The total amount of heat stored in the crust is of the 

order of 5.4 billion EJ (5.4 x 109 EJ). 

 

The annual use of energy in the world is  400 EJ. 

  

If we could use 0.1% of this, it would satisfy the world 

energy consumption for 13.500 years. 



Geothermal general information 

The temperature gradient is typically 30°C/km, but can be over 200°C/km 

 
→  VOLCANIC AREAS 



World Energy Assessment (2000). World Energy Assessment: energy and the challenge of sustainability. Prepared by 

UNDP, UN-DESA and the World Energy Council. United Nations Development Programme, New York, 508 pp 
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Geothermal general information 



How can we extract this enormous heat? 

Geothermal general information 

 Explore for  the most appropiate subsurface conditions for 

geothermal produciton. 

 

 Drill into this formations by as cheap and effective methods 

as possible. 

 

 Develop efficient methods for use of geothermal heat for 

direct use, electricity produciton and fuel production. 

 



Schematic representation of an ideal geothermal system  

Geothermal general information 



Model of a geothermal system. Curve 1 is the reference curve for the boiling point of pure water. 

Curve 2 shows the temperature profile along a typical circulation route from recharge at point A to 

discharge at point E (From White, 1973) 

Model of a geothermal system  

Geothermal general information 



Classification of conventional geothermal resources (°C) 

Geothermal general information 

Type Temperature range Principal use 

Low enthalpy 

resources 
25º C < T < 90º C Direct uses 

Intermediate enthalpy 

resources 
90º C < T < 150º C 

• Electricity generation 

through Binary Cycle 

Power Plants  

• Combined applications 

High enthalpy 

resources 
T > 150º C Electricity generation 



New resources and geothermal technologies 

Geothermal general information 

Tecnologies 
Geothermal 

Systems 
Temperature ºC Permeability Uses 

Geoexchange 

(heat pumps) 

Very low 

temperature 
< 25º 

Very low 
Direct uses 

Suficient - high 

Conventional 

geothermal 

Low temperature 25º - 90º Suficient - high Direct uses 

Medium 

temperature 
90º - 150º Suficient - high 

Direct uses 

Electricicity 

High temperature > 150º Suficient - high Electricity 

Geothermal new 

technologies 

Hot Dry Rock 

(HDR) 
>150º Null Electricity 

Estimulated 

Geothermal 

Systems (EGS) 

Diversas 

temperaturas 
Low 

Electricity  

Direct uses 

Supercritical 

Geothermal 

Systems 

> 350º Suficient - high 
Electricity  

Hydrogen 



Geothermal general information 

Flash steam power plants use hot water reservoirs. In flash plants, as hot water is released from 

the pressure of the deep reservoir in a flash tank, some if it flashes to steam. 



Geothermal general information 

In a binary cycle power plant (binary means two), the heat from geothermal water is used to vaporize a 

"working fluid" in separate adjacent pipes. The vapor, like steam, powers the turbine generator. 



Geothermal general information 

Natural steam from the production wells power the turbine generator. The steam is condensed by 

evaporation in the cooling tower and pumped down an injection well to sustain production.  



Geothermal general information 

Water Consumpation Factors (m3/GJ) related to  

geothermal and other energy sources 

(Spang E. S. et al, 2014) 



Diagram showing 

the utilization of 

geothermal fluids 

 The Lindal diagram emphasises 

two important aspects of the 

utilization of geothermal resources 

(Gudmundsson, 1988):  

 

(a) with cascading and combined 

uses it is possible to enhance 

the feasibility of geothermal 

projects   

 

(b) the resource temperature may 

limit the possible uses.  

Geothermal general information 



Baneotherapy 

 

Aquaculture 

Greenhouses 

 

 

Space and district heating 

 

Geothermal general information 

Direct Uses 



Geothermal general information 

Cascading use of geothermal energy  



Geothermal general information 

Chemical composition box plots  

(major and minor components) of geothermal fluids (> 90ºC) 



Ruggero Bertani (2015) 

2015 Geothermal Installed Capacity (12,6 MW)  

Geothermal general information 



Total worldwide installed capacity 

from 1950 up to end of 2015 and 

short term forecasting 

Installed capacity from 1950 up to 2015 (Left, MW) 

and produced electricity (Right, GWh). 

The total worldwide installed capacity of geothermal power plants and the 
produced electricity 

Ruggero Bertani (2015) 

Geothermal general information 



Typical uncertainty and expenditure profiles for a geothermal project 

RISK versus COST 

Geothermal general information 

Surface Explo. Drilling Explo. 



Methods for geothermal exploration  

Low cost € 

High cost € 

Geothermal general information 

 

 Geological and structural mapping 

 

 Geochemical surveys 

 

 Geophysical surveys 

 

 Temperature gradient hole drilling 



High enthalpy 

geothermal 

resources in 

Spain are 

only present 

in the Canary 

Islands 

Geothermal potential in Spain 

Map of medium and high temperature 

geothermal resources and possible 

stimulated geothermal systems 

(IDAE 2011) 



Ruggero Bertani (2015) 

Geothermal potential in Spain 



Geothermal general information 

Global levelised cost of electricity from utility-scale renewable power 

generation technologies, 2010-2017(IRENA, 2018) 



 The Canary Islands have great geothermal potential as a consequence of their 
active volcanism responsible for geothermal manifestations existing in their territory 
(fumaroles, temperature anomalies, geochemical anomalies, etc.) 

 

 The Canary Islands were widely studied by the Spanish Geological Survey (IGME) 
between 1970 -1980 with favorable results;  the only region of the national territory 
with high enthalpy geothermal resources. 

 

 Stoppage of research during the last almost 20 years. 

 

 The techniques and methods of geothermal research as well as the efficiency of 
geothermal plants have evolved remarkably in recent years allowing the exploitation 
of previously unviable geothermal resources. 

 

 A renewed interest in geothermal energy is emerging for the generation of electricity 
on a global scale as renewable energy on Earth, but this interest in the Canary 
Islands requires the necessary and sufficient support from public and/or private 
entities so that geothermal energy contributes to strengthen the mix energy in the 
Canary Islands. 

Geothermal potential in the Canary Islands 

Situation of geothermal in the Canary Islands 



 Geothermometry 

Temperature 

200 – 350 (C )  

Geothermal potential in Tenerife 



Geobarometry 

Ptotal = PH20 + PCO2 
 

PH20 ~ 40 (bars) 
 

PCO2 ~ 2 (bars) 
 

Ptotal ~ 42 (bars) 

Geothermal potential in Tenerife 



 

 
Spatial-temporal evolution 

of the diffuse CO2 emission 

from the summit cone of 

Teide volcano (1997-2011) 

 

High values ! 

Geothermal potential in Tenerife 



Diffuse CO2 emission  

~ 198 t d-1 

H2O emission  

~ 1.555 t d-1 

 

 

 

 Thermal energy released  

~ 70 MW 

Geothermal potential in Tenerife 
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Teide, Tenerife (Pérez et al., 1996) 

Hakone, Japón (Sakamoto et al., 1992) 

Ontake, Japón (Sano et al., 1984) 
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Nevado del Ruíz, Colombia (Williams et al., 1987) 

Geothermal potential in Tenerife 

Helium-3 emission from stratovolcanoes 



Study areas 

for 

geothermal 

exploration at 

Tenerife 

Island 

Geothermal Exploration Research in the Canary islands 



 

The objective is to obtain as much information about the 
properties of the geothermal system as possible, prior to 
drilling. 

 

Successful surface exploration will reduce the cost of later 
stages in the development and thus save a lot of money in the 
end 

 

Geothermal surface exploration is a multidisciplinary task 

 

Exploration strategy depends on many factors, including 
geological setting and temperature in the system 

 

Geothermal Exploration Research in the Canary islands 

Surface Geothermal Exploration 



Geothermal Exploration Research in the Canary islands 



Geothermal Exploration Research in the Canary islands 

Islands Gran Canaria

Geothermal mining license Abeque Garehagua Berolo Guayafanta Atidama

Area (km2) 102 100 130 103 104

# Sampling sites 406 557 577 541 600

He mean peak pop. (x background pop.) 1.57 1.70 1.53 - 1.15

Value for Hea 2 1 3 5 4

H2 mean peak pop. (x background pop.) 8.23 18.84 3.25 3.24 3.79

Value for H2
a 2 1 4 5 3

He/Ar ratio (>3 x air value) (%) 0.57 0.18 0.00 0.00 0.00

Value for He/Ara 1 2 5 5 5

He/Ne ratio (>3 x air value) (%) 0.80 0.18 0.00 0.00 0.00

Value for He/Nea 1 2 5 5 5

H2/Ar ratio (>3 x air value) (%) 2.00 19.96 39.64 1.11 41.97

Value for H2/Ara 4 3 2 5 1

Value for N2-Ar-He diagrama 1 2 2 3 3

Value for N2-Ar-H2 diagrama 2 1 2 3 3

Total geochemical values 13 12 23 31 24

Tenerife

a Geochemical values from 1 (best value) to 5 (worst value)

Geochemical and geographical characteristics of the mining licenses 



Geophysical methods for geothermal exploration (magnetotelluric) 

Geothermal Exploration Research in the Canary islands 



Geophysical methods for geothermal exploration 

(Electrical Methods, MT) 

Métodos geofísicos para la 

exploración geotérmica 

(Métodos eléctricos, MT) 

Geothermal Exploration Research in the Canary islands 



Geophysical methods for geothermal exploration (MT) 

Geothermal Exploration Research in the Canary islands 



Geothermal Exploration Research in the Canary islands 



Geothermal Exploration Research in the Canary islands 



Geothermal Exploration Research in the Canary islands 

Spatial distribution of He enrichment (ΔHe = Hesoil gas – Heair ) in the soil gas 

atmosphere  at the Madre del Agua study area 



Assumption Value 

Temperature 240ºC 

Flow Rate 100 l/s 

Net Well output 7.8 MW/well 

Production : Injection Ratio 2:1 

Drilling Cost per well €5 - 6m 

CAPEX Plant and above ground 28 MW €1.23M/MW 

Base Case Capital Requirements 28 MW 

Development 

Total Wells 7 

Drilling Capital €42m 

Above Ground & Plant Capital €38.26m 

Transmission Capital €20m 

Civils and roads  €5m 

2 Make up wells €10m 

Total Capital €115.26m 

Electricity Price IRR 

90€/MWh 15.1% 

125€/MWh 20.4% 

150€/MWh 24.0% 

Tenerife Geothermal Power Project 

Economic model developed by Petratherm-Hispania 



Ribera Grande Geothermal Power Plant, São Miguel, Azores 

Geothermal Development at other oceanic volcanic islands 



Térmica 
62,9% 

Geotérmica 
23,9% 

Hidráulica 
3,7% 

Eólica 
8,6% 

Otras 
1% 2017 

AZORES · Electricity Production 

Potência          

(MW)

Produccion 

(GWh)

Geotérmica 27 190,3

Residuos 3 7,0

Hidráulica 9 29,3

Termica 219 500,4

Eólica 29 68,1

Total 286 795,2

Geothermal Development at other oceanic volcanic islands 
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São Miguel (Azores, Portugal) – Electricity production graph 

April 2, 2017 

36,5% 

5% 

7% 

Fuel - Térmica 

Eólica 

Hidráulica 

Geotérmica 51,5% 

Geothermal Development at other oceanic volcanic islands 



 RESOURCE POTENTIAL: Geothermal is a widely available energy source, since 

underground heat is available everywhere. Is renewable and suistanable. 

  

 STABILITY & AVAILABILITY: Geothermal energy is available around the clock and has a 

predictable output. 

 

 FLEXIBILITY: Geothermal operates continuously to meet the minimum level of power 

demand and may adapt to meet variable levels of energy demand. 

 

 GROWTH: Production from untapped geothermal resources has the potential to become 

a local economic development booster. 

 

 OPTIMISATION: Geothermal is a versatile energy, whose multiple-applications are 

optimised by cascading uses of heat at progressively lower temperatures 

 

 SUSTAINABILITY: The geothermal environmental footprint is much lower than those of 

other energy sources.   

Key Messages about Geothermal  



Conclusions  

 Tenerife has great potential to host  high enthalpy geothermal resources. 

 

 Tenerife also has an important and stable energy demand supported by the 

consumption of the resident  and tourism populations. 

 

 The energy isolation of the islands makes it a very unique market with average 

electricity prices close to 150 €/MWh . Geothermal energy can provide stability to the 

grid, contribute to the reduction of fossil fuels and emissions and reduce the average 

price of energy. 

 

 Tenerife’s future energy goes through the development of high enthalpy geothermal 

energy. 

 

 Tenerife Geothermal Power Project is actually in an advanced phase of surface 

geothermal exploration. 

 

 Investors and technological partners are welcome to join to the Tenerife Geothermal 

Power Project which main purpose is the generation of electricity through geothermal 

resources. 



CoV2 

INVOLCAN Geothermal Exploration Research Program 
Programa de Investigación sobre Exploración Geotérmica del INVOLCAN 

Canary Islands, Ecuador, El Salvador, Ethiopia, Iceland, Kenya, Morrocco, New Zeland & Rwanda 

Canarias, Ecuador, El Salvador, Etiopía, Islandia, Kenia, Marruecos, Nueva Zelanda, y Ruanda  



Potential new uses of geothermal resources  

Vulcanol,  

the fuel that comes directly from the volcanoes 

https://motor.elpais.com/actualidad/vulcanol-combustible-sale-de-volcanes/ 


