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Thermal gradient along the Thermal gradient along the 
EarthEarth ’’s radiuss radius

�� As a result of tectonic processes, As a result of tectonic processes, 
the thermal gradient in the crust the thermal gradient in the crust 
varies enormously from one site to varies enormously from one site to 
another.another.

�� A A ““ normalnormal ”” thermal gradient is thermal gradient is 
considered to be about considered to be about 
3030ooC/km(depth). However, in some C/km(depth). However, in some 
sites it could be as high as 800 sites it could be as high as 800 
ooC/km.C/km.
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Geothermal resources classified on Geothermal resources classified on 
the basis of temperatures found at the basis of temperatures found at 

““ reasonablereasonable ”” depths:depths:

�� Low temperature (50 Low temperature (50 ooC C –– 120 120 ooC)C)

�� High temperature (220 oC High temperature (220 oC –– 320 320 
oC)oC)

�� Mid temperature (120 oC Mid temperature (120 oC –– 220 oC)220 oC)
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Geothermal resources classified Geothermal resources classified 
on the basis of geological and on the basis of geological and 

hidrological factors:hidrological factors:

�� HidrothermalHidrothermal

�� Hot, dry rockHot, dry rock

��

Geopressurized Geopressurized 
�� MarineMarine

�� MagmaticMagmatic
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A A hydrothermalhydrothermal reservoirreservoir containscontains allall thethe
elementselements : : hot rockhot rock , , sourcesource ofof waterwater , , 

permeabilitypermeability ..
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Use of Geothermal EnergyUse of Geothermal Energy
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High Temperature High Temperature 
Hydrothermal SystemsHydrothermal Systems

�� Electric power generation by direct Electric power generation by direct 
separation of steamseparation of steam

�� Electric power generation through Electric power generation through 
organic Rankine cycles, utilizing "spent" organic Rankine cycles, utilizing "spent" 
fluidsfluids

�� LargeLarge --area thermal conditioning of living area thermal conditioning of living 
and commercial quartersand commercial quarters

�� Direct uses of heat in "spent" fluids in Direct uses of heat in "spent" fluids in 
industrial or agricultural processesindustrial or agricultural processes
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Medium temperature Medium temperature 
hydrothermal sourceshydrothermal sources

�� Electric power generation Electric power generation 
through organic Rankine cyclesthrough organic Rankine cycles

�� LargeLarge --area thermal area thermal 
conditioning of living and conditioning of living and 

commercial quarterscommercial quarters

�� Direct uses of heat in industrial Direct uses of heat in industrial 
or agricultural processesor agricultural processes
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Geothermal resources classified Geothermal resources classified 
on the basis of geological and on the basis of geological and 

hidrological factors:hidrological factors:

�� HidrothermalHidrothermal

�� Hot, dry rockHot, dry rock

��

Geopressurized Geopressurized 
�� MarineMarine

�� MagmaticMagmatic
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Incipient: Engineered hotIncipient: Engineered hot --dry dry 
rock resourcesrock resources

Electric power Electric power 
generation from heat generation from heat 
delivered to the surface delivered to the surface 
by circulating by circulating 
exogenous water exogenous water 
through the hot rockthrough the hot rock
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188 MWe

40 MWe

(188 MWe)

(40 MWe)
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Virtues of Geothermal EnergyVirtues of Geothermal Energy

�� Reliable and continuousReliable and continuous

�� Flexible; could be used as Flexible; could be used as 
base generation or loadbase generation or load --
following modefollowing mode

�� Low COLow CO 22 emissionsemissions

�� Competitive costsCompetitive costs
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Virtues of Geothermal EnergyVirtues of Geothermal Energy
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CENTRAL 
 

 

COSTO 
(US¢/KwH) 

 

Lugar/ 
Costo  

Ciclo Combinado Gas (560 MW) 3.25 (1) 

 
1 

Carboeléctrica (2 X 310 MW) 4.41 (1) 

 
2 

Térmica Convencional (2 X 380 MW) 4.42 (1) 

 
3 

Geotermoeléctrica (Internacional) 
 

· Cerro Prieto 
· Los Azufres 
· Los Humeros 
· Las Tres Vírgenes 

4 - 8 (2) 

 

3.46 (3) 

3.29 (3) 

3.45 (3) 

4.11 (3) 

4 

Hidroeléctrica (Internacional) 
 

· Chicoasén 
 

5 – 6 (5)  
 

4.87 (1) 

 

5 

 
Microhidroeléctrica 

 
3 – 45 

 

 
Nucleoeléctrica 

 
5.6 - 7.11 (1,5) 

 
6 

 
Eoloeléctrica 

 
7.00 (4) 

 
7 

 
Biomasa  

 
6 - 12 (4) 

 
8 

 
Solar Térmica 

 
11 - 13 (4) 

 
9 

 
Solar Fotovoltaica 

 
15 - 30 (4) 

 
10 
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Disadvantages of Geothermal Disadvantages of Geothermal 
EnergyEnergy

�� A measure of A measure of 
uncertaintyuncertainty

�� CapitalCapital --intensive intensive 
initiallyinitially
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R&DR&D onon GeothermalGeothermal EnergyEnergy
in in MexicoMexico

�� CFECFE--Subgerencia de EstudiosSubgerencia de Estudios
�� CICESECICESE
�� IIEIIE

Geothermal ExplorationGeothermal Exploration

�� CFECFE--Subgerencia de EstudiosSubgerencia de Estudios
�� IIEIIE
�� CIECIE
�� UNAMUNAM--JuriquillaJuriquilla
�� UNAMUNAM--Instituto de GeofInstituto de Geofíísicasica
�� CICESECICESE
�� Universidad AutUniversidad Autóónoma de Baja noma de Baja 

CaliforniaCalifornia
�� Universidad de MichoacUniversidad de Michoacáánn

Sustainability of geothermal Sustainability of geothermal 
reservoirsreservoirs

�� UNAMUNAM--Instituto de IngenierInstituto de Ingenierííaa
�� IIEIIE

Direct uses of geothermal Direct uses of geothermal 
energyenergy
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www.iie.org.mxwww.iie.org.mx


