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Geothermal general information

The nature of geothermal resources
The heat of the Earth

Heat is constanly produced within the Earth from d
of radioactive material.The heat is moved to the

>1000°C : : .
surface by heat conduction, convection or advectio

> 3000 The temperature gradient is tyBigaikm but can

>5009C LI he oveROOIC/km

The total amount of heat stored in the crust is of the
order 05.4 billion EJ (5.4 X &O).

The annual use of energy in the wodldd<=J.

If we could use 0.1% of this, it would satisfy the wo
energy consumption for 13.500 years.

The geothermal energy resource is huge !!!
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The temperature gradient is typicalRC3Km, but can be over 90kmZ  VOLCANIC AREAS
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Geothermal general information

Worldwide technical potential of renewable energy so
(EJ per year)
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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



Geothermal general information

How can we extract this enormous heat?

U EXxplore for the most appropiate subsurface conditi
geothermal produciton.

U Drill into this formations by as cheap and effective n
as possible.

U Develop efficient methods for use of geothermal he
direct use, electricity produciton and fuel product
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Schematic representation of an ideal geothermal sys
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Model of a geothermal system
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Model of a geothermal system. Curve 1 is the reference curve for the boiling point of pul
Curve 2 shows the temperature profile along a typical circulation route from recharge at |
discharge at point E (From White, 1973)
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Classification of conventional geothermal resouf€ys

Low enthalpy
resources

25°C<T<90°C Directuses

A Electricity generation

Intermediatesnthalpy 90° C < T < 150° C throughBinary Cycle
resources PowerPlants

A Combinedapplications

High enthalpy

T>150°C Electricity generation
resources
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New resources and geothermal technologies

Tecnologies SrEiEmnIE TemperaturéC Permeability Uses
Systems
Very low
Geoexchange Very low < 950 = Yy . T
(heatpump$ temperature Suficient- high
Low temperature 25°- 90° Suficient- high Directuses
Conventional Medium 90°- 150° Suficient- high Directuses
geothermal temperature Electricicity
High temperature > 150° Suficient- high Electricity
Hot Dry Rock & 4
(HDR) >150 Null Electricity
SAbIIENE Diversas Electricit
Geothermahew Geothermal Par R A ras Low Directusgs
technologies SystemqEGS) P
Supercritical M
Geothermal > 350° Suficient- high EECPIO]
Hydrogen
Systems




Geothermal general information

Low pressure

High pressure turbine
turbine
High pressure Generator Grid
steam
Throttle Valve
+ Medium
pressure steam Condenser
Separator Air and water vapour
Throttle Valve T
Separator
Water L
" -
Brine
v
Production Well Injection Well

Source: IRENA, 201/¢c
Flash steam power plants use hot water reservoirs. In flash plants, as hot water
the pressure of the deep reservoir in a flash tank, some if it flashes to ste
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Turbine

Generator _
Grid

Air and water vapour

A Working Fluid Condenser

Heat Exchanger

Brine+ :
|

Production Well Injection Well

Cooling Tower

<

Source: IRENA, 201/c

In a binary cycle power plant (binary means two), the heat from geothermal water is use
"working fluid" in separate adjacent pipes. The vapor, like steam, powers the turbine
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Production Well Injection Well

Natural steam from the production wells power the turbine generator. The steam is cc
evaporation in the cooling tower and pumped down an injection well to sustain pro
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Water Consumpation Factors/(®d) related to
geothermal and other energy sources
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Temperature ('C) 0 20 40 &0 80 100 120 140 200

B Spa freatment
I Swimming pools
B Snow me lfing
Fancoils ] [ Radiators
I Radiant panels/siabs
Domestic hot water il I A ir conditioning

I ieat pump
I Cereal fodder
I Stable and breeding grounds
Greenhouse s N I Vegetable de
B Food processing
I Soil warming and fish fanming

I Sivdge digestion
Il Concrefe blocks curing
I Oil recovery
Bl Cloth drying
I Wool washing
Il Chemical exiraction
I Toppenes
I Pulp and paper mill
Binary power piants NG
Conventional power planis

Copper processing i I Heap leaching (goid]

350

Diagram showing
the utilization of
geothermal fluids

TheLindatiagranemphasises

two important aspects of the
utilization of geothermal resourc
(Gudmundssph988).

(a) with cascading and combine

uses it is possible to enhanc

the feasibility of geotherma
projects

(b) the resource temperature m
limit the possible uses.
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Space and district heating
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Cascading use of geothermal energy
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Chemical composition box plots
(major and minor components) of geothermal fluids (>

cl |
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Geothermal general information

2015 Geothermal Installed Capacity (12,6 MW)

| 2015 Geothermal Installed Capacity (MW) I

<100 MW Installed

100-500 MW Installed

. =500 MW Installed

North America:-
3.45 GW

USA: 3,450 MW —

Mexico: 1,017 MW ——

Guatemala: 52 MW -

El Salvador: 204 MW - -
Nicaragua: 159 MW -~
Costa Rica: 207 MW

Latin America:
1.64 GW

Europe:
2.13 GW

Germany: 27 MW
i Austria: 1 MW
Iceland: 665 MW |
E i

France: 16 MW .

Italy: 916 MW .. %

Portugal: 29 MW Turkey: 397 MW

~ Russia: 82 MW

Asia Pacific:
4.81 GW

'br — Japan: 519 MW

-———— . China: 27 MW

-—Ethiopia: 7 MW

@ kenya: 59amMw

Indonesia: 1,340 MW

Africa:
0.6 GW

Ruggero Bertani (2015)

s

N g

Australia: 1 MW"

.*;:‘Philippines: 1,870 MW

Papua Nuova Guinea: 50 MW

!

,#'
New Zeland: 1,005 MW
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The total worldwide installed capacity of geothermal power plants ¢
produced electricity

Installed Produced o
Year Capacity Energy World Geothermal Electricity
MWe GWh 25.000 T - 80.000
.
195(_] 200 : . & 70.000
1955 270 20.000 ¢ « Installed Capacity |
1960 3 86 B Produced Energy m i_ 60.000
1965 520 I
I m + 50.000
1970 720 ! - -
1975 1180 g - ¢ 140000 2
L . i
1980 2,110 10.000 1 . 1 20.000
1985 4,764 * |
1990 5.834 - o * T 20.000
~ — ——— 5.000 T . |
1995 6.832 38.035 i 1 10.000
2000 7.972 49.261 i « ! .
2005 8,933 23,709 019‘50 1;5[] * 19?70 19|=30 19|90 20'00 20|10 2020D
2010 10.897 67.246
Years
2015 12.635 73.549
2020 21.443

Installed capacity from 1950 up to 2015 (Left, MW)
Total worldwide installed capacity and produced electricity (Right, GWh).
from 1950 up to end of 2015 and

short term forecasting
Ruggero Bertan2Q15)
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Typical uncertainty and expenditure profiles for a geothermal prc
RISKversusCOST

....... 100%

High

Project Risk

Moderate

Cumulative Cost

Low

Drilling
Start-up |

Pre-Survey
Exploration
Test drilling
F/S planning
Construction
Operation &
Maintenance

Surface Explo.  Drilling Explo.

E 00 T

High Project Failure Risk Low
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Methods for geothermal exploration

Low costl . .
U Geologicandstructurahapping

U Geochemicsalirveys
U Geophysicalrveys

U Temperatuggadientoledrilling
High cost



Geothermal potential in Spain

High enthalpy
geothermal
resources In

Spain are
only present

In the Canary

Islands

Map of medium and high temperatu

geothermal resources and possible

stimulated geothermal systems
(IDAE 2011)
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Geothermal potential in Spain

Installed Energy Installed Energy Forecast Increase since 2010
in 2010 in 2010 in 2015 in 2015 for 2020
COUNTRY
MWe GWh MWe GWh Mwe | Mwe | cwn | ©® 1;1‘"-" £ “;:g-‘-’
PHILIPPINES 1,904 10,311 1.870 9.646 2,500 -34 -665 -2% -6%
POLAND 1
PORTUGAL 29 175 29 196 60 21 12%
ROMANIA 0.1 0.4 5 0.1 0.4
RUSSIA 82 441 82 441 190
SLOVAKIA 5
SPAIN 40
SWITZERLAND 3
TATWAN 0.1 1 0.1
THAILAND 0.3 2.0 0.3 1.2 1
TURKEY 91 490 397 3.127 600 306 2.637 336% 539%
UK 15
USA 3,098 16,603 3.450 16,600 5,600 352 11%
TOTAL 10,897 | 67,246 | 12,635 | 73,549 | 21,443

Ruggero Bertani (2015)
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Global levelised cost of electricity from wsldgle renewable power
generation technologies, 2@ [IRENA, 2018)
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Geothermal potential in the Canary Islands

Situation of geothermal in the Canary Islands

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

0 The Canary Islands were widely studied by the Spanish Geological Survey
between 1970980 with favorable results; the only region of the national tel
with high enthalpy geothermal resources

0 Stoppage of research during the last almost 20 years.

U The techniques and methods of geothermal research as well as the efficie
geothermal plants have evolved remarkably in recent years allowing the e;
of previously unviable geothermal resources.

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



Geothermal potential in Tenerife

Temperature
2000350 (C)

3log(CO/CO,)+log(CO/CH,)

35 -30 -25 -20 -15 -10 -05
log(H,0/H,)+log(COICO,)



Geothermal potential in Tenerife

Pt = Rizot Feoo



Geothermal potential in Tenerife

Diffuse CO, efflux
(gm*d")
800 1600 2400 3200 4000 4800

|

Spatiattemporal evolution

of the diffuse C{&mission
from the summit cone of
Teide volcano (192011)

High values !




Geothermal potential in Tenerife

Diffuse C@emission
~198td
H,O emission
= 1555 124

ZONA DE CONDENSACION
T=83°C
P..; = 0.53 bar
Peo, = 1.87x107 bar

ZONA DE EQUILIBRIO
T=234°C
P2 = 30 bar

Pec, = 1.56 bar



Geothermal potential in Tenerife

Helium3 emission from stratovolcanoes

Teide, Tenerife (Pérez et al., 1996) Ontake, Japdn (Sano et al., 1984)
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Geothermal Exploration Research in the Canary islan

Study areas
for
geothermal
exploration a
Tenerife
Island

5 T




Geothermal Exploration Research in the Canary islan

Surface Geothermal Exploration

U The objectivas to obtainas muchinformatiomboutthe
propertieof the geothermadystemas possible priorto
drilling

U Successfuurfaceexploratiomwill reducethe costof later
stagesnthedevelopmeandthussavea lotof moneynthe
end

U Geothermalrfacexploratiols a multidisciplinagsk

U Exploratiorstrategydependson many factors,including
geologicaettingandtemperatunathesystem



Geothermal Exploration Research in the Canary islan

Surv Geophys
DOI 10.1007/510712-015-9320-8

Diffuse Helium and Hydrogen Degassing to Reveal
Hidden Geothermal Resources in Oceanic Volcanic
Islands: The Canarian Archipelago Case Study

Fitima Rodriguez - Nemesio M. Pérez - Eleazar Padrén -
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Abstract We report herein the results of soil gas geochemistry studies, focused mainly
on nonreactive andfor highly mobile gases such as He and Hs, in five mining licenses at
Tenerife and Gran Canaria, Canary Islands, Spain, during 2011-2014. The primary ob-
jective was to sort the possible geothermal potential of these five mining licenses, thus
reducing the uncertainty inherent to the selection of the areas with highest geothermal
potential for future exploration works. By combining the overall information obtained by
the statistical-graphical analysis of the soil He and H, data, the spatial distribution of soil
gas concentrations and the analysis of selected chemical ratios of the soil gas to evaluate
the influence of deep-seating degassing, two of the five mining licenses (Garehagua and
Abeque, both located in Tenerife Island) seemed to show the highest geothermal potential.
These results will be useful for future implementation and development of geothermal
energy in the Canaries, the only Spanish territory with potential high-enthalpy geothermal
resources, thus the most promising area for high-enthalpy geothermal installations.
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Abeque <« “T™- Cadadas Caldera rim
[ | Sedimentary deposits

Historic basaltic lava flows

1 |

Teide-Pico viejo complex:
basalts, trachybasalts and
phonolites

Cafadas Edifice phonolites
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Recent volcanism: Phonolite
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basanitic pyroclasts and lava
flows

Roque Nublo breccias
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Tejeda Caldera

Basaltic lava flows
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0 10 20 km

<
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Fig. 1 Geographic location of the Canary Islands and simplified geological maps (modified from IGME,
2011) of a Tenerife, with the location of the four mining licenses (Garehagua, Berolo, Guayanta and
Abeque) studied for geothermal exploration purposes and b Gran Canaria with the location of Aridama., the
mining license studied for geothermal exploration purposes on that island
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Geochemical and geographical characteristics of the mining li

Islands Tenerife Gran Canaria
Geothermal mining license Abeque Garehagua Berolo Guayafanta Atidame
Area (ki) 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 He 2 1 3 5 4
H, mean peak pop. (x background pop.) 8.23 18.84 3.25 3.24 3.7¢
Value for K} 2 1 4 5 3
He/Ar ratio (>3 x air value) (%) 0.57 0.18 0.00 0.00 0.0C
Value for He/Ar 1 2 5 5 5
He/Ne ratio (>3 x air value) (%) 0.80 0.18 0.00 0.00 0.0C
Value for He/Re 1 2 5 5 5
H,/Ar ratio (>3 x air value) (%) 2.00 19.96 39.64 1.11 41.97
Value for HAP 4 3 2 5 1
Value for NMAr-He diagrain 1 2 2 3 3
Value for MAr-H diagrarfi 2 1 2 3 3
Total geochemical values 13 12 23 31 24

# Geochemical values from 1 (best value) to 5 (worst value)
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Geophysical methods for geothermal exploration (magnetotelluric)
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Geophysical methods for geothermal exploration
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Resistivity (Q.m)
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DOI 10.1007/s10712-014-9280-4

28°14'50"N
3-D Magnetotelluric Exploration of Tenerife Geothermal
System (Canary Islands, Spain)

28°06'29"N

16049'07"W P. Pi!'ia-Varas A Ledt.) * P. Queralt * A. Marcuello * F. Bellmunt *
R. Hidalgo + M. Messeiller

27°58'07"N

Received: 11 August 2013/ Accepted: 22 January 2014
© Springer Science+Business Media Dordrecht 2014

Abstract The resistivity structure of the Tenerife geothermal system has been deter-
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Legend
Fig.9. (A) AHe map showing the location of the N-S resistivity cross-section corresponding to three N-S profiles. (B), (C) and (D) depict values of soil AHe and results of the
*  Geochemical sampling sites MT sites final 3-D resistivity model along A, B and C vertical N-S cross-sections respectively. Blue and red dashed arrows indicate observed positive and negative correlation between
(s} MT_Southern Rift highest values of AHe and clay cap discontinuities and lowest values of AHe and the thicker clay cap, respectively. Inverse black triangles show the location of MT sites

:l Garehagua minig grid within each profile. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of the article.)

[*] MT_Pifia-Varas et al. (2014)
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