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9 March, 2007,  EU Commitment on Climate Change9 March, 2007,  EU Commitment on Climate Change
““Reduce COReduce CO2  2  Emissions by 20% Emissions by 20% 

from 1990 Levels by 2020 !from 1990 Levels by 2020 !””

Air Emissions Carbon Sulfur Nitrogen Particulate
Kg per megawatt hour Dioxide Dioxide Oxides Matter

Coal (average existing facility) 996 4.7 2 1
Oil 760 5.5 1.8 Not available
Natural Gas 551 0.1 1.3 0.06

Average of all U.S. Power Plants 623 2.8 1.3 Not available

Geothermal (Flashed Steam) 27 12.3 0 0
Geothermal (Binary) 0 0 0 0

(Data from Kagel, Bates, and Gawell, 2005)



The World Energy AuthorityThe World Energy Authority’’s Estimate of the Technical s Estimate of the Technical 
Availability of Availability of ““RenewableRenewable”” Energy Resources (WEA, 2004)Energy Resources (WEA, 2004)

Energy Source EJ/a

Hydropower 50

Biomass 276

Solar 1575

Wind 640

Geothermal 5000

Total 7600

(www.iea.org)



DOE Geothermal ResourceDOE Geothermal Resource Estimate for the Estimate for the 
USA, February 2007 USA, February 2007 (NREL/TP(NREL/TP--840840--40665)40665)



Tester, et al., 2006Tester, et al., 2006

Proposes 100,000 MWe is possible from EGS by 2050,

by investing USD $300-400 million by 2015 in Government funding,

followed by USD $800-1000 million by industry



TesterTester’’s EGS Resource Estimates for USAs EGS Resource Estimates for USA



Exploring high temperature reservoirs:Exploring high temperature reservoirs:
new challenges for geothermal energynew challenges for geothermal energy

1. Adequate Enthalpy1. Adequate Enthalpy
2. Adequate Permeability and Porosity2. Adequate Permeability and Porosity
3. Adequate Fluid Saturation3. Adequate Fluid Saturation

In an EGS at least one of the last two must be In an EGS at least one of the last two must be 
Engineered or EnhancedEngineered or Enhanced

Hence the need to emphasize High Enthalpy !Hence the need to emphasize High Enthalpy !

OLD



Availability Diagram for WaterAvailability Diagram for Water
(Tester et al., 2006)(Tester et al., 2006)

“An aqueous geofluid at supercritical  conditions 
with a temperature of 400 oC and a pressure of 
250 bar has more than five times the power 
producing potential than a hydrothermal liquid 
water geofluid at 225 oC.”



Fournier 1999Fournier 1999

Conventional
geothermal systems

Deep 
Unconventional
Geothermal 
Resources



Effect of salt and gas on the critical P-T

Tsuchiya, et al., 2006



Nesjavellir, Iceland  1985
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Temperatures in 
many high-T 
wells in 
ICELAND     
follow the 
BPD-curve with 
increasing 
depth

Examples from:
Krafla (K)
Nesjavellir (NJ)
Reykjanes (RN)

1985



The Icelandic Energy Consortium:

(National Energy Authority)



Advantages of the Industry/Government/Science 
Collaboration

• Sharing costs of drilling and sampling

• Industry technical experience and expertise

• Feasibility study and site selection studies provided by     
Industry

• Huge data base of  geophysical and borehole data 
available 

• Many with alternative choices  possible for siting 
boreholes



““If the wellhead enthalpy is to exceed  that of If the wellhead enthalpy is to exceed  that of 
conventionally produced geothermal steam, the conventionally produced geothermal steam, the 
reservoir temperature must be higher than 450reservoir temperature must be higher than 450ooC.  A 
deep well producing 0.67 m3/s steam (~2400 m3 /h) 
from a reservoir with a temperature significantly above 
450450ooC could, under favorable conditions, yield enough 
high-enthalpy steam to generate 40-50 MWe of electric 
power.”

IDDP Feasibility Study 2003





Simplified model of an Icelandic high-
temperature geothermal system



Earthquake frequency (0 – 5 on Richter scale)



RN-17

The First Drill Site - Reykjanes Peninsula



RN-17 flow test 
in December 2005

Total Blockage after 100 hours

Rework failed in  Feb 2006



Criteria for Decision to Move Site of DrillingCriteria for Decision to Move Site of Drilling

Maintain economic objectives (improving the  Maintain economic objectives (improving the  
economics of geothermal energy by investigating economics of geothermal energy by investigating 
supercritical environments)supercritical environments)
Maintain scientific objectives (supercritical Maintain scientific objectives (supercritical 
hydrothermal environments)hydrothermal environments)
Maintain momentum & fundingMaintain momentum & funding
Optimize chances of  success in site selectionOptimize chances of  success in site selection
Maintain the long term focus (multiMaintain the long term focus (multi--year, multiyear, multi--
well program)  well program)  



Photo: Oddur Sigurðsson

Krafla, Sept. 1977Krafla, Sept. 1977



Krafla central volcano



IDDP-well

Krafla power plant



Krafla Central Volcano



~ 4-5 km





Fridleifsson, 2006



These are the type of drilling targets IDDP seeks
Depth of the production casing in Krafla will be ~3.5 km

Fridleifsson,  2006



Drilling & Science Plan
Drill and take spot cores from 0 Drill and take spot cores from 0 –– 3.5 km  depth3.5 km  depth
Continuous coring from 3.5  to ~ 4.5 km depthContinuous coring from 3.5  to ~ 4.5 km depth
PProduce fluid samples from tests at 3.5 and 4.5 km depths roduce fluid samples from tests at 3.5 and 4.5 km depths 
Pressure, Temperature and flowPressure, Temperature and flow--meter logsmeter logs

The drilling to 5 km is designed to penetrate into supercriticalThe drilling to 5 km is designed to penetrate into supercritical
fluids which must underlie black smoker hydrothermal fluids which must underlie black smoker hydrothermal 
systems, and which play an extremely important role in heat systems, and which play an extremely important role in heat 
transfer, hydrothermal alteration, and ore genesistransfer, hydrothermal alteration, and ore genesis

Supercritical fluids have greatly enhanced rates of mass transfeSupercritical fluids have greatly enhanced rates of mass transfer r 
chemical reactionchemical reaction

These environments have never before been available These environments have never before been available 
for such comprehensive direct study and samplingfor such comprehensive direct study and sampling



Specific Scientific GoalsSpecific Scientific Goals

Do natural supercritical fluids exist at drillable depths and Do natural supercritical fluids exist at drillable depths and 
do they have economic potential? do they have economic potential? 

What are the physical/chemical properties of natural What are the physical/chemical properties of natural 
supercritical fluid?supercritical fluid?

How are supercritical fluids involved in coupling How are supercritical fluids involved in coupling 
hydrothermal systems with magmatic heat sources?hydrothermal systems with magmatic heat sources?

How do they affect chemical and mineral alteration, How do they affect chemical and mineral alteration, 
fracture propagation, permeability, and fluid flow  at the fracture propagation, permeability, and fluid flow  at the 
magma/hydrothermal interface?magma/hydrothermal interface?



Wider Research GoalsWider Research Goals
Mid-ocean rifting and hot spots.

Volcanic & dike complexes.

Natural supercritical phenomena.

Hydrothermal water-rock reaction

Heat transfer from magma.

Fracturing, self-sealing and permeability.

Techniques for drilling, well completion and  
logging at high-temperatures
Industrial, and  economic spin-offs.



Possible DUGRPossible DUGR’’s of interest to the ECs of interest to the EC

ICELAND ICELAND -- Krafla, Reykjanes, Krafla, Reykjanes, HengillHengill--
NesavallirNesavallir, etc., etc.
ITALY ITALY -- Larderello, Monte Larderello, Monte AmiataAmiata, , LateraLatera, , 
Campi Flegrei.Campi Flegrei.
KURIL KURIL -- Northern Northern ParamushirParamushir, , BaranskogoBaranskogo, , 

MendeleevaMendeleeva, , GoryachiGoryachi PlyazhPlyazh
KAMCHATKA KAMCHATKA –– KireunskayaKireunskaya, , ApapelskayaApapelskaya, , 
TolbachinskayaTolbachinskaya -- Geyser Valley, Geyser Valley, KarymskoKarymsko
AcademicheskayaAcademicheskaya, , BolshebannayaBolshebannaya, , MutnovskyaMutnovskya, , 
KhodutkinskayaKhodutkinskaya, , PauzhetskayaPauzhetskaya, , KoshelevskayaKoshelevskaya



TURKEY TURKEY –– NevsehirNevsehir Caldera Caldera -- Menderes Menderes 
Metamorphic Massif Metamorphic Massif -- Quaternary Volcanoes Quaternary Volcanoes of of 

Eastern AnatoliaEastern Anatolia
GREECE GREECE -- Southern Aegean Volcanic Arc Southern Aegean Volcanic Arc ––

MilosMilos –– NisyrosNisyros
CANARY ISLANDS CANARY ISLANDS –– Tenerife, Tenerife, LanzaroteLanzarote, , 

La PalmaLa Palma
GUADALOPE GUADALOPE –– BouillanteBouillante
AZORESAZORES

Possible DUGRPossible DUGR’’s of interest to the ECs of interest to the EC



SuggestionsSuggestions for ENGINEfor ENGINE

Develop and get funding for  MAJOR Develop and get funding for  MAJOR 
initiatives initiatives 
DUGRDUGR’’s should be an important s should be an important 
component component 
Make a EU wide assessment of DUGR Make a EU wide assessment of DUGR 
potentialpotential
Develop specific projectsDevelop specific projects
Develop collaborations with industryDevelop collaborations with industry



Thank You!

htpp://www.iddp.is
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