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Message from the Chair 
 

 
In my opinion, the principle highlight of the 2012 year, for the 
IEA Geothermal Implementing Agreement, was the near-
completion of its 3rd term, and the IEA Renewable Energy 
²ƻǊƪƛƴƎ tŀǊǘȅΩǎ ǎǳǇǇƻǊǘ ƻŦ DL!Ωǎ ŀǇǇƭƛŎŀǘƛƻƴ ŦƻǊ ŀ пth 5-year 
extension.  We are a strong group of 20 members from 14 
countries, the EC and five industry/organization groups working 
with passion and enthusiasm on a broad suite of topics 
(Annexes) to help promote global geothermal research and 
information sharing.  I thank the members of the Executive 
Committee, and Annex participants, for this dedication. They 
can justifiably be proud of their input into the implementing 
ŀƎǊŜŜƳŜƴǘΩǎ ŀŎŎƻƳǇƭƛǎƘƳŜƴǘǎΣ ŀŎƘƛŜǾŜŘ ǘƘǊƻǳƎƘ ŎƻƴǎƛŘŜǊŀōƭŜ 
voluntary effort and good humour. Establishing personal 

connections to facilitate sharing of past experiences, and learning from past successes and 
mistakes, has, to me, always been a highlight of our meetings and joint work.  
 
Other highlights of the 2012-year included the realization, under Annex X, of the annual 
ά¢ǊŜƴŘǎ ƛƴ DŜƻǘƘŜǊƳŀƭ !ǇǇƭƛŎŀǘƛƻƴǎέ ǊŜǇƻǊǘ ǎŜǊƛŜǎΣ ǿƘƛŎƘ ƛǎ ƎŀƛƴƛƴƎ ǘǊŀŎǘƛƻƴ ŀƴŘ ǇƻǇǳƭŀǊƛǘȅΦ Lǘ 
can be seen as a sister publication to this Annual Report. Outstanding events undertaken by 
the other Annexes (I, III, VII , VIII and XI) included organization of workshops, for example, 
ΨaƛǘƛƎŀǘƛƻƴ ƻŦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 9ŦŦŜŎǘǎΩ ƛƴ ¢ŀǳǇƻΣ bŜǿ ½ŜŀƭŀƴŘΣ Ψ{ǳǎǘŀƛƴŀōƛƭƛǘȅ aƻŘŜƭƭƛƴƎΩ ƛƴ 
wŜȅƪƧŀǾƛƪΣ LŎŜƭŀƴŘΣ  ŀƴŘ  Ψ5ǊƛƭƭƛƴƎ ¢ŜŎƘƴƻƭƻƎƛŜǎ 9ȄǇƻΩ ƛƴ hǎƭƻΣ bƻǊǿŀȅΦ hǘƘŜǊ ƴƻǘŀōƭŜ ƻǳǘŎƻƳŜǎ 
ƘŀǾŜ ƛƴŎƭǳŘŜŘ ǿƻǊƪ ƻƴ Ψ.Ŝǎǘ tǊŀŎǘƛŎŜǎ ƛƴ LƴŘǳŎŜŘ {ŜƛǎƳƛŎƛǘȅΩ ŀƴŘ ΨDƭƻōŀƭ wŜǾƛŜǿ ƻƴ DŜƻǘƘŜǊƳŀƭ 
wŜǇƻǊǘƛƴƎ ¢ŜǊƳƛƴƻƭƻƎȅΩΦ !ƴƻǘƘŜǊ ƘƛƎƘƭƛƎƘǘ ǿŀǎ ǘƘŜ DL!Ωǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ŀǘ ǘƘŜ Ψ39th Course of the 
LƴǘŜǊƴŀǘƛƻƴŀƭ {ŎƘƻƻƭ ƻŦ DŜƻǇƘȅǎƛŎǎΩΣ ŀǘ 9ǊƛŎŜΣ {ƛŎƛƭȅΣ LǘŀƭȅΣ ǿƘŜǊŜ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ƳŀƴŀƎƛƴƎ 
geothermal resources to optimize sustainability and incentives for global deployment through 
ǘƘŜ άL9! DŜƻǘƘŜǊƳŀƭ IŜŀǘ ŀƴŘ tƻǿŜǊ wƻŀŘƳŀǇέ ǿŜǊŜ ŘƛǎŎǳǎǎŜŘ. 
 
Such activities and other Annex related work undertaken during the 2012-year are presented 
in this comprehensive Annual Report. Please take the time to read the Annex, Country and 
Sponsor chapters. The material embedded in these chapters represents an impressive amount 
of effort by participants to collate up-to-date information. My personal favourites include: the 
outstanding growth in heat pumps in Korea and Switzerland; the geothermal renaissance in 
Japan; the stunning contribution of Ormat to geothermal deployment, especially in the USA; 
ǘƘŜ ƛƴƴƻǾŀǘƛǾŜ ǊŜǎŜŀǊŎƘ ƛƴǘƻ ŀŘǾŀƴŎŜŘ ǘŜŎƘƴƻƭƻƎȅ ƛƴ !ǳǎǘǊŀƭƛŀ όŜǎǇŜŎƛŀƭƭȅ DŜƻŘȅƴŀƳƛŎΩǎ 
Habanero project), Korea (Pohang), Switzerland (St Gallen), Germany (20 CHP plants) and the 
USA (DOE funded projects at several sites); and numerous examples of deployment initiative 
and innovation occurring in all the other participating countries.    
 
Our Executive Secretary, Dr Mike Mongillo, has maintained his enthusiastic, proactive, and 
thorough approach to the planned work program, for which we are all very grateful. Due to the 
strong financial position of the ExCo operating fund, five proposals for collaborative activities 
were able to be seed-funded in 2012. The work of the GIA is also well presented on its website, 
through its publications and presentations by members at key conferences, and by its 
geothermal contributions to the IEA which regularly publishes information on renewable 
energy technology. We have also undertaken several outreach activities, such as presenting 
invited lectures and providing workshop and meeting invitations, to encourage participation of 
non-member countries, including China, the Philippines, the Netherlands and Indonesia. 
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Executive Summary 
 
 

 
 

Landau geothermal power station (281010KraftwerkLandau07), Reingraben, Germany.  
(Photo courtesy of Bestec, Landau, Germany) 

 
 
 

Introduction 
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IEA Geothermal R & D Programme 
 

Chapter 1 
 

The Implementing Agreement 
 
 

 
 

Calientes geothermal field, altitude of 4,409 m, southern Peru, on 30 November 2008. 
(Photo courtesy of H. Muraoka) 

 
 

1.0 The IEA Geothermal Research and 
Technology Programme 
 
L9!Ωǎ ƎŜƻǘƘŜǊƳŀƭ ŜƴŜǊƎȅ efforts began in 1978, with two 3-
year long studies that were completed in 1981.  Following 
a 16-year gap, the IEA Implementing Agreement for a 
Cooperative Programme on Geothermal Research and 
Technology, or Geothermal Implementing Agreement 
(GIA), was created on 7 March 1997, with an initial term of 
five years.  By 2012, the GIA was nearing the end of its 3rd 
Term of operation, which expires on 28 February 2013. 
 
The GIA provides a versatile framework for wide-ranging 
international cooperation in geothermal research and 
technology by connecting national and industry 
programmes for exploration, development and utilization 
of geothermal resources.  Emphasis is on increasing 
effectiveness through establishing direct cooperative links 
among geothermal experts in the participating countries, 
industries and organizations.  The general scope of the 
DL!Ωǎ ŀŎǘƛǾƛǘƛŜǎ Ŏonsist of international collaborative efforts 

to compile and exchange current and accurate 
information on global geothermal energy R&D, develop 
improved technologies for geothermal energy use, and 
improve the understanding of the environmental 
benefits of geothermal energy utilization and ways to 
ŀǾƻƛŘ ƻǊ ƳƛƴƛƳƛȊŜ ƛǘǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΦ  ¢ƘŜ DL!Ωǎ 
activities are chiefly directed towards the coordination 
of national and industry geothermal programmes; with 
the provision of opportunities for members to 
participate in joint R&D projects and assist with the 
development of databases, models, handbooks and best 
practices; as well as providing scope for information 
exchange via meetings, workshops and networking; and 
offering an international perspective on geothermal 
issues. 
 
¢ƘŜ DL!Ωǎ ǇǊŜǎŜƴǘ ŜŦŦƻǊǘǎ ŎƻǾŜǊ ŀ ǊŀƴƎŜ ƻŦ ƎŜƻǘƘŜǊƳŀƭ 
ǘƻǇƛŎǎ ŦǊƻƳ άŎƻƴǾŜƴǘƛƻƴŀƭέ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ŘƛǊŜŎǘ 
use of heat, to cutting-edge technologies pertinent to 
enhanced geothermal systems (EGS), advanced 
geothermal drilling and logging techniques, sustainable 
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utilization strategies, investigation into the causes and 
control of induced seismicity, and the collection of 
unbiased, authoritative data and information and its 
dissemination.  New studies are encouraged and 
implemented when needs are demonstrated. 
 
As of December 2012, the IEA-GIA had 20 Members: 15 
Contracting Parties from 14 countries: Australia, France, 
Germany, Iceland, Italy, Japan, Mexico, New Zealand, 
Norway, the Republic of Korea, Spain, Switzerland, the 
United Kingdom, the United States, and the European 
Commission (EC); and five industry Sponsor Members: 
the Canadian Geothermal Energy Association, 
Geodynamics Limited, the Geothermal Group- Spanish 
Renewable Energy Association, Green Rock Energy 
Limited and ORMAT Technologies, Inc.  See Table 1.1 for 
details. 
 
 

1.1 Strategy and Objectives 
 
Geothermal energy has huge global potential and its 
development can contribute significantly towards meeting 
the growing global renewable energy demand in both 
developed and developing countries, while helping 
ŀƭƭŜǾƛŀǘŜ ǘƘŜ ǿƻǊƭŘΩǎ ŜƴŜǊƎȅ-climate change dilemma.  
Globally, geothermal development continues to grow, and 
to maintain this increased development, it is essential to 
improve and develop new technologies, reduce 
development costs, promote the benefits of sustainable 
geothermal utilization, and better educate the public, 
financial, and policy sectors. 
 
¢ƘŜ DL!Ωǎ оrd Term began in April 2007 with these goals in 
mind, aiming to use its extensive international cooperation 
to focus particularly on disseminating authoritative 
information; improving environmental outcomes; 
enhancing EGS prospects, including developing means to 
properly deal with induced seismicity; reducing drilling 
costs; promoting direct use applications; and encouraging 
long-term sustainable development strategies that will 
also contribute to the mitigation of climate change.  To 
these ends, the IEA-GIA set its 3rd Term (2007-2013) 
Mission (GIA, 2006a; 2011): 
 
To promote the sustainable utilization of geothermal 
energy throughout the world by improving existing and 
developing new technologies to render exploitable the 
vast and widespread global geothermal resources, by 
facilitating the transfer of know-how, by providing high 
quality information and by widely communicating 
ƎŜƻǘƘŜǊƳŀƭ ŜƴŜǊƎȅΩǎ ǎǘǊŀǘŜƎƛŎΣ ŜŎƻƴƻƳƛŎ ŀƴŘ 
environmental benefits, and thereby contribute to the 
mitigation of climate change. 
 

To accomplish this mission, the GIA developed six Strategic 
Objectives: 

¶ To actively promote effective cooperation on 
geothermal RD&D through collaborative work 
programmes, workshops and seminars 

¶ To collect, improve/develop and disseminate 
geothermal energy RD&D policy information for IEA 
Member and non-Member countries 

¶ To identify geothermal energy RD&D issues and 
opportunities and improve conventional and develop 
new geothermal energy technologies and methods to 
deal with them 

¶ To increase membership in the GIA 

¶ To encourage collaboration with other international 
organizations and appropriate implementing 
agreements 

¶ To broaden and increase the dissemination of 
ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ƎŜƻǘƘŜǊƳŀƭ ŜƴŜǊƎȅ ŀƴŘ ǘƘŜ DL!Ωǎ 
activities and outputs to decision makers, financiers, 
researchers and the general public 

 
 

1.2 Collaborative Activities 
 
¢ƘŜ DL!Ωs programme operates through participation in 
collaborative activities called Tasks, which are specific 
studies included within broader topic areas, called Annexes.  
After approval by the ExCo, detailed descriptions of new 
Tasks, or of new Annexes, are appended to the IA (see 
Chapters 2-7).  Each Annex, referred to by its annex 
number, is managed by an Operating Agent organization 
from one of the Member Countries or 
industry/organization Sponsor Members. 
 
In 2012, participants worked in five broad research areas, 
specified in Annexes: I- Environmental Impacts of 
Geothermal Energy Development; III- Enhanced 
Geothermal Systems; VII- Advanced Geothermal Drilling 
and Logging Techniques; Annex VIII- Direct Use of 
Geothermal Energy; and Annex XI- Induced Seismicity.  In 
addition, a sixth annex, Annex X- Data Collection and 
Information, collects, compiles and analyzes Member 
country geothermal data and information. 
 
Annexes I and III, initiated at the start of the GIA in 1997, 
have continued their activities throughout 2012; as have 
Annexes VII (started in 2001) and VIII (begun in 2003).  
Annexes X and XI were established in 2009 and 2010, 
respectively.  Annex V- Sustainability of Geothermal 
Energy Utilization has remained in draft form; however, 
a Sustainable Utilization Strategies Task E operates 
within Annex I.   Annex VI- Geothermal Power 
Generation Cycles also remains in draft form. 
 



 5 

A list of Annexes, Operating Agents, Annex Leaders, 
participants, and an indication of Annex status as of 
December 2010 are provided in Table 1.2.  Complete 
descriptions of objectives, results for 2012 and work 
planned for 2013 for the active Annexes are presented in 
the Annex Reports included in Chapters 2-7.  Brief 
summaries of the current draft and the closed Annexes are 
given in Table 1.3. 
 
GIA Participants must take part in at least one Annex, with 
their involvement determined by their current interests, 
and research and development programmes.  Not all 
Participants are necessarily active in all Tasks in those 
Annexes in which they participate.  However, all GIA 
Country Members participate in Annex X since this annex 
deals with the collection and analysis of Member Country 
geothermal data.  GIA Member Annex involvement is 
shown in Table 1.1. 
 
To date, GIA Annexes have operatŜŘ ǳƴŘŜǊ ǘƘŜ άǘŀǎƪ-
ǎƘŀǊƛƴƎέ ƳƻŘŜ ƻŦ ŦƛƴŀƴŎƛƴƎΣ ǿƘŜǊŜōȅ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀƭƭƻŎŀǘŜ 
specified resources and personnel to conduct their portion 
of the work at their own expense.  Though precise figures 
ŀǊŜ ƴƻǘ ŀǾŀƛƭŀōƭŜΣ ǘƘŜ άŎƻǎǘǎέ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǘƻǘŀƭ 
Annex work conducted under the auspices of the GIA are 
estimated to be over US$ 500,000/yr plus several man-
years. 
 
The GIA Secretariat was established in March 2003 to 
provide the ExCo with administrative and other 
assistance, as well as to assist with expanding its 
ŀŎǘƛǾƛǘƛŜǎΦ  Lǘ ƛǎ ŦǳƴŘŜŘ ǘƘǊƻǳƎƘ άŎƻǎǘ-ǎƘŀǊƛƴƎέΣ ƛΦŜΦΣ ŀƭƭ 
Members contribute to a Common Fund according to 
ǘƘŜ ƴǳƳōŜǊ ƻŦ άǎƘŀǊŜǎέ ǘƘŜȅ ƘŀǾŜ ōŜŜƴ ŀƭƭƻŎŀǘŜŘ όǎŜŜ 
Section 1.4 for details). 
 
The geothermal status, activities and achievements of each 
Member Country and a company and organization profile 
and description of activities for each Sponsor 
(industry/organization) Member are provided in the 
Country and Sponsor Reports in Chapters 8-22 and 23-27, 
respectively. 

Further information about the GIA and its activities may be 
obtained by contacting the GIA Secretary at: 
mongillom@reap.org.nz or by visiting the GIA website at: 
www.iea-gia.org. 
 
 

1.3 Structure of the GIA 
 
The GIA is managed by an Executive Committee (ExCo), 
which consists of one Member and one Alternate Member 
designated by each Contracting Party and each Sponsor.  
There is currently one Contracting Party for each GIA country 
member, which is a government department or agency, or 
independent company (industry).  The ExCo meets twice 
each year, in spring and autumn, to exchange information, 
discuss activities and review progress of the organization as 
a whole, and in each of the Annexes, participating countries, 
industries and organizations; and to plan future activities of 
the organization.  Non-financial decisions are made by 
majority vote (unless otherwise specified in the 
Implementing Agreement), with financial decisions requiring 
a unanimous vote; with each Contracting Party and each 
Sponsor allowed one vote.  In 2002, the GIA ExCo decided to 
increase its scope of activities, and as a result, created a 
dedicated Secretariat, which began operations in March 
2003, and is funded by a cost-shared Common Fund. 
 
GIA research and activity results are extensively 
disseminated through participation at international 
geothermal and renewable energy conferences and 
workshops, and publication in scientific and technical 
ƧƻǳǊƴŀƭǎΣ ŎƻƴŦŜǊŜƴŎŜ ǇǊƻŎŜŜŘƛƴƎǎ ŀƴŘ ƛƴ ǘƘŜ DL!Ωǎ Annual 
Reports and Executive Summaries.  In addition, 
ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ƳŀŘŜ ǿƛŘŜƭȅ ŀǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ DL!Ωǎ ǇǳōƭƛŎ 
website (www.iea-gia.org), through promotional material 
produced by the GIA Secretariat, and via IEA publications 
and workshops, and the IEA website (www.iea.org). 
 
In 2012, 14 countries, the EC, two international 
organizations and three industries formally participated in 
this programme (Table 1.1). 
 
 

 
 

file:///C:/Geo-Imaging/GeoImaging%202013/GeoImaging%202008/GeoImaging%202006/IEA%20GIA%202006/Annual%20Report%202005/Report/mongillom@reap.org.nz
file:///C:/Geo-Imaging/GeoImaging%202013/GeoImaging%202008/GeoImaging%202006/IEA%20GIA%202006/Annual%20Report%202005/Report/www.iea-gia.org
http://www.iea-gia.org/
http://www.iea.org/
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Table 1.1  Contracting Parties, Sponsors, funding sources and periods of operation for the Annexes active to the end of December 2012. 
 

  Annex I III VII VIII X XI 

Country/Industry 
Year 
Joine

d 
Contracting Party/Sponsor 

Environmental Impacts 
of Geothermal 
Development 

Enhanced 
Geothermal 

Systems 

Advanced 
Geothermal 

Drilling 
Techniques 

Direct Use of 
Geothermal 

Energy 

Data 
Collection 

and 
Information 

Induced 
Seismicity 

Australia 1997 
Department Manufacturing Innovation Trade Resource and 

Energy (DMITRE), State Government of South Australia 
G G G  G G 

Canadian Geothermal 
Energy Association 
(CanGEA) 

2008 Canadian Geothermal Energy Association (CanGEA)   IO IO IO IO  

European Union (EU) 1997 DG Research and DG-Energy, Belgium  G G  G  

France 2007 Bureau de recherches géologiques et miniéres (BRGM)  G  G  G 

Geothermal Group of 
Spanish Renewable 
Energy Association 
(GG-APPA) 

2008 Spanish Renewable Energy Association (APPA)  IO  IO IO  

Germany 2000 Forschungszentrum Jülich GmbH  G   OA, G G 

Geodynamics 2006 Geodynamics Limited, Australia  I   I  

Green Rock Energy 2006 Green Rock Energy Limited, Australia  I   I  

Iceland 2000 Orkustofnun G, I  G OA, G G G 

Italy 2000 ENEL Green Power I I   I  

Japan 1997 
New Energy and Industrial Technology Development 

Organization (NEDO) 
R R  R R  

Mexico 1997 Instituto de Investigaciones Electricas (IIE) G  G  G  

New Zealand 1997 GNS Science OA, R, I  I R R R 

Norway 2010 Norwegian Science Research Council (NFR)  R, I R, I R R  

ORMAT Technologies 2006 ORMAT Technologies, Inc, United States  I   I  

Republic of Korea 2005 Korea Institute of Geoscience & Mineral Resources (KIGAM)  R  R R R 

Spain 2008 Institute for Diversification and Saving Energy (IDAE)  G  G G  

Switzerland 1997 Swiss Federal Office of Energy (BFE) G G  G OA, G G 

United Kingdom* 
1997; 
2011 

Department of Energy & Climate Change (DECC)  R  R R  

USA 1997 United States Department of Energy (US DOE) N OA, N OA, N U N OA, N 
 

* Withdrew in 2003; re-joined in 2011. 
G = Government; I = Industry; R = Research Institute (government funded); N = National Laboratory (government funded); 

U= University; IO=Industry Organization; OA = Operating Agent 
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Table 1.2  GIA Annex management, participation and operational period information. 
 

Annex 
Number 

Annex Title 
Operating Agent (OA) 
Annex Leader (AL); Affiliation; Contact E-mail 
Participants 

Status 

I 

Environmental Impacts of Geothermal Development 
OA:  GNS Science (GNS), New Zealand 
AL: Chris Bromley; GNS, New Zealand; c.bromley@gns.cri.nz  
Participants: Australia, EC, France, Iceland, Italy, Japan, Mexico, New Zealand, 
Switzerland, USA 

Initiated: 1997, 
Extensions:  2005-2009; 

2009-2013* 
(Ongoing) 

II Shallow Geothermal Resources Closed 

III 

Enhanced Geothermal Systems 
OA:  US Department of Energy (DOE)  
ALs: Jay Nathwani; jay.nathwani@ee.doe.gov  and Doone Wyborn; 
Doone.Wyborn@geodynamics.com  
Participants: Australia, CanGEA, EC, France, Geodynamics, GG-APPA, Germany, Green 
Rock Energy, Italy, Japan, Norway, ORMAT, Republic of Korea, Spain, Switzerland, UK, 
USA 

Initiated: 1997, 
Extensions:  2005-2009; 

2009-2013* 
(Ongoing) 

IV Deep Geothermal Resources Closed 2006 

V Sustainability of Geothermal Energy Utilization Draft 

VI Geothermal Power Generation Cycles Draft 

VII 

Advanced Geothermal Drilling and Logging Technologies 
OA: Sandia National Laboratories, for US DOE, United States 
AL: Stephen Bauer; Sandia National Laboratories, USA; sjbauer@sandia.gov  
Participants: Australia, CanGEA, EC, Iceland, Mexico, New Zealand, Norway, USA 

Initiated: 2001, 
Extensions:  2005-2009; 

2009-2013* 
(Ongoing) 

VIII 

Direct Use of Geothermal Energy 
OA:  Swiss Geothermal Association, Switzerland (from 20 September 2012) 
         Federation of Icelandic Energy and Waterworks, Iceland (to 19 September 2012) 
AL:   Katharina Link, Dr Roland Wyss GmbH, Switzerland (from 20 September 2012) 
         link@rwgeo.ch   
         Einar Gunnlaugsson, Reykjavik Energy, Iceland; einar.gunnlaugsson@or.is 
         (to 19 September 2012) 
Participants: CanGEA, France, GG-APPA, Iceland, Japan, New Zealand, Norway,  
Republic of Korea, Spain, Switzerland, UK, USA 

Initiated: 2003, 
Extensions:  2007-2011; 

2011-2013* 
(Ongoing) 

IX Geothermal Market Acceleration Closed 

X 

Data Collection and Information  
OAs:  Leibniz Institute for Applied Geophysics, Germany, and Federal Office of Energy, 
Switzerland 
AL: Britta Ganz, Leibniz Institute for Applied Geophysics, Germany; britta.ganz@liag-
hannover.de 
Participants: Mandatory country membership; Australia, CanGEA, EC, France, 
Germany, Iceland, Italy, Japan, Mexico, New Zealand, Norway, Republic of Korea, 
Spain, Switzerland, UK, and USA 

Initiated: 2009, 
Continuing through 

2013* 
(Ongoing) 

XI 

Induced Seismicity 
OA: Lawrence Berkeley Laboratory, for US DOE, United States 
AL: Ernie Majer, Lawrence Berkeley Laboratory, USA; ELMajer@lbl.gov  
Participants: Australia, France, Germany, Iceland, New Zealand, Republic of Korea, 
Switzerland, USA 

Initiated: 2010, 
Continuing through 

2013* 
(Ongoing) 

 
  

mailto:c.bromley@gns.cri.nz
file:///C:/Geo-Imaging/Geoimaging%202014/IEA-GIA%202014/Annual%20Report%202012/Report/jay.nathwani@ee.doe.gov
mailto:Doone.Wyborn@geodynamics.com
mailto:sjbauer@sandia.gov
mailto:link@rwgeo.ch
mailto:einar.gunnlaugsson@or.is
mailto:JoernMarcus.Brunken@liag-hannover.de
mailto:JoernMarcus.Brunken@liag-hannover.de
mailto:ELMajer@lbl.gov
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Table 1.3  Annex number, name, description and status for draft and completed Annexes as of 
December 2012. 

 

Annex 
Number 

Title 
Description 

Status 

II 

Shallow Geothermal Resources 
 

The GIA ExCo made the decision in October 2000 to close this Annex after 
it reached the draft stage.  Its major topic, which was associated with the 
application of geothermal heat pumps, is now included in Annex VIII- Direct 
Use of Geothermal Energy, which was initiated in September 2003. 

Closed 

IV 

Deep Geothermal Resources 
 

The GIA ExCo decided to close this Annex in September 2006 after the 
successful completion of much of its work, and because of the overlap of 
the remaining activities with those in Annexes III and VII.  The unfinished 
studies were transferred to Annexes III and VII. 

Closed 
September 2006 

V 

Sustainability of Geothermal Energy Utilization 
 

This proposed Annex would investigate alternative scenarios for energy 
production from representative geothermal resources with the goals of (1) 
defining methods and requirements for sustaining production from these 
resources, and (2) of estimating the long-term economic sustainability of 
such production not only for representative resources but for the 
worldwide geothermal resource as a whole. 
 

¢ƘŜ ƛǎǎǳŜ ƻŦ άǎǳǎǘŀƛƴŀōƭŜέ ŜƴŜǊƎȅ ǇǊƻŘǳŎtion has grown in recognition and 
importance over the past few years.  Consequently, during 2006, the GIA 
ExCo made a preliminary decision to initiate a sustainability Task in Annex 
I.  However, if activities expand in the future, it is possible that this Annex 
would be activated. 

Draft 

VI 

Geothermal Power Generation Cycles 
 

This proposed Annex would develop scenarios as a basis for comparison of 
cycles, plant performance and availability, economics and environmental 
impact and mitigation.  The output would be a database and guidelines of 
best practice. 
 

A draft of this Annex was prepared in 2001, and may be revised if interest 
in the topic grows. 

Draft 

IX 

Geothermal Market Acceleration 
 

Geothermal electricity production and direct heat use are well developed 
and economically viable in many parts of the world, however, there are 
large untapped resources in many countries.  The ExCo explored ways to 
hasten geothermal energy development, or market acceleration, in these 
countries during the last few years, and decided that a more pro-active 
approach was needed, possibly including: identifying a few regions with 
high geothermal potential, collating resource assessments on a few sites 
and discussing with key players (government, utilities, developers, 
financiers, etc.) the barriers to progress in their regions.  Consequently, this 
market acceleration Annex was drafted. 
 

Lƴ hŎǘƻōŜǊ нллпΣ ŦƻƭƭƻǿƛƴƎ ǘƘŜ L9!Ωǎ ŘŜŎƛǎƛƻƴ ǘƻ ƛƴƛǘƛŀǘŜ ƛǘǎ ƻǿƴ ƳŀǊƪŜǘ 
acceleration type of IA, the ExCo made the unanimous decision to close this 
Annex. 

Closed 
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1.4 The Executive Committee 
 
Officers 
 
In 2012, Chris Bromley (New Zealand) was re-elected 
Chairman; Barry Goldstein (Australia) was elected to serve 
as Vice-Chair for Policy; Jonas Ketilsson (Iceland) was 
elected as Vice-Chair for Administration; and Yoonho Song 
(Republic of Korea) was elected as the third Vice-Chair, a 
new position created to give younger ExCo Members 
experience in the operation of the GIA. 
 
Membership 
 
There were several changes in the composition of the GIA 
ExCo in 2012: Kirsty Crocket replaced Erich Naegele as ExCo 
Member for the EC; Manuela Richter replaced Andrea 
Ballouk as Alternate Member for Germany; Astrid Lervik 
Mejdell replaced Stein Trygve Briskeby as Alternate 
Member for Norway; the Alternate Member for Japan was 
changed twice, from Naoki Kumazaki to Hiroki Yoshii, then 
to Asahiko Tokuoka; Carmen Roa Tortosa, Alternate 
Member for Spain, left the position, with no replacement 
appointed; and finally, EC Alternate Member Sylvain de 
Royer, retired at the end of October 2012, leaving the 
position vacant. 
 
The list of ExCo Members and Alternates as at December 
2012 is provided in Appendix C. 
 
ExCo Meetings 
 
The ExCo held two Meetings in 2012 to discuss and review the 
DL!Ωǎ ŜŦŦƻǊǘǎ ŀƴŘ Ǉƭŀƴ ŦǳǘǳǊŜ ŀŎǘƛǾƛǘƛŜǎΦ 
 
27th ExCo Meeting, 24-25 May 2012, Oslo, Norway 
(see photo Appendix A) 
 
The 27th ExCo Meeting was held on 24-25 May 2012, at the 
Statoil Office, Vækerø, Oslo, Norway, as part of the Oslo 
Geothermal Week (21-26 May 2012). There were 28 
attendees in total, including 13 ExCo Members, five 
Alternate Members and ten Observers, including the GIA 
Secretary.  There were 14 voting Members in attendance, 
meeting the quorum of 10 voting Members, and so allowing 
business decisions to be made.  GIA participants attended 
the Norwegian National Geothermal Conference at the 
Statoil Office on 21 May, a workshop/tutorial on Corrosion, 
Scaling, Tracer Technology at IFE on 22 May, and an 
excursion and city tour on 26 May. 
 
The most appropriate method for allocating Common Fund 
shares to potential GIA Members was debated.  The 
standard procedure has been to use the OECD ranking, 
unless the potential Member was not an OECD Country, in 
which case, the ExCo decided on a case-by-case basis after 
discussion. 

All six Annexes: I, III, VII, VIII, X and XI held meetings on 21 
May 2012, in parallel sessions.  There was some concern 
noted that the άǇŀǊŀƭƭŜƭ ǎŜǎǎƛƻƴǎέ caused some participants 
involved in more than one Annex to miss participation in 
all of tƘŜƛǊ !ƴƴŜȄ ƳŜŜǘƛƴƎǎΦ !ƴƴŜȄ ±LLΣ ǿƛǘƘ bƻǊǿŀȅΩǎ 
assistance, held the Norwegian Drilling Technologies Expo 
during their meeting.  Progress reports were made to the 
ExCo from all six Annexes: I, III, VII, VIII, X and XI, Task E 
(Annex I) Sustainable Utilizations Strategies, six Countries 
and two industry Sponsors. Annex VIII announced that a 
new Operating Agent and Annex Leader would be required. 
!ƴƴŜȄ ·Ωǎ ŦƛǊǎǘ ¢ǊŜƴŘ wŜǇort (2010) was discussed and 
accepted for publication. Large-scale Annex restructuring 
was debated, with further consideration needed. The 
ǎǘŀǘǳǎ ƻŦ DL!Ωǎ ǇǊŜǇŀǊŀǘƛƻƴ ŦƻǊ ǊŜǉǳŜǎǘ ƻŦ ŜȄǘŜƴǎƛƻƴ ŦƻǊ ŀ 
4th 5-year term was discussed. Guest Report was also 
presented by an invited representative from Canada.  The 
status of the re-developed GIA website was described and 
expected to go on-line in about mid-2012. 
 
The Secretary reported on the Secretariat operation, 
including the work accomplished and status of budgets, 
for the entire 2011-Year and the 2012-Year to 20 April 
2011.  A work plan and revised budget for the remainder 
of 2012 was presented and an update on the Common 
Fund given, all unanimously accepted by the ExCo. 
Estimates indicated the continued excellent financial 
position of the GIA and ability to carry-over the agreed 
мнр҈ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ȅŜŀǊΩǎ ŜǎǘƛƳŀǘŜŘ DL! {ŜŎǊŜǘŀǊƛŀǘ 
operations cost to the next financial (calendar) year, as 
well as make up to US$ 70 k available to fund proposals 
for work that supports supplementary organization and 
Annex activities. 
 
Yoshiki Endo presented the IEA Secretariat report, which 
ǊŜǾƛŜǿŜŘ L9!Ωǎ ǊŜŎŜƴǘ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ǇǳōƭƛŎŀǘƛƻƴǎΦ  ¢ƘŜ IEA 
Renewable Industry Advisory Board (IRAB), which comprises 
34 Board Members, was officially launched on 27 March 
2012; and included a geothermal representative from a GIA 
industry Sponsor.  The IEA and International Renewable 
Energy Agency (IRENA) have agreed to cooperate on a Policy 
and Measures Database, which is available at: 
http://www.iea.org/policiesandmeasures/renewableener
gy/. New publications: Deploying Renewables 2011: Best 
and Future Policy Practice, Harnessing Variable 
Renewables: Guide to the Balancing Challenge, World 
Energy Outlook 2011, World Energy Outlook 2012 (see 
http://www.worldenergyoutlook.org/ ), and the Energy 
Technology Perspectives 2012 were described.  The value of 
the IEA OPEN Bulletin was also mentioned. In addition, the 
steps for the GIA to request extension were outlined, 
including: the need for the ExCo to unanimously vote to 
extend the organization, production of the EoT and Strategic 
Plan (SP), completion of the CERT Criteria form, and 
submission of all these documents by mid-July 2012. 
 

http://www.iea.org/policiesandmeasures/renewableenergy/
http://www.iea.org/policiesandmeasures/renewableenergy/
http://www.worldenergyoutlook.org/
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The ExCo was invited by ENEL to hold its Annex and 28th 
ExCo Meetings in Pisa, Italy, on 19-21 September 2012, 
with a fieldtrip (23 September 2012) to Larderello, Tuscany. 
 
28th ExCo Meeting, 20-21 September 2012, Pisa, Italy (see 
photo Appendix B) 
 
The 28th ExCo Meeting was hosted by Enel Green Power, 
and held at their office in Pisa, Italy, on 20-21 September 
2012. The meeting was opened with a welcome from Enel 
by Paolo Romagnoli, Head of the Center of Excellence, 
Enel, who gave a brief presentation about geothermal 
development and its challenges.  Twenty-four people 
attended the ExCo Meeting, including: ten ExCo Members, 
five Alternate Members, and nine Observers, including 
the GIA Secretary.  ENEL also hosted a fieldtrip to 
geothermal sites in near-by Tuscany, including a visit to 
the Geothermal Museum in Larderello and to a cheese 
manufacturer that uses heat from a nearby geothermal 
power station.   
 
Annexes I, III, VII, VIII and X held meetings on 18 and 19 
September 2012.  The Swiss Geothermal Association 
replaced the Federation of Icelandic Energy and 
Waterworks as the Operating Agent of Annex VIII, and the 
new Annex Leader led the Annex VIII meeting. 
 
Progress reports from Annexes I, III, VII, VIII and X, and six 
Country reports and one Sponsor report were presented 
and discussed.  ¢ƘŜ DL!Ωǎ 9ƴŘ-of-3rd Term report, 2013-
2018 Strategic Plan, self-evaluation, and request for 
extension submissions to the IEA were well-received by 
IEA REWP, who would be sending their recommendations 
to the IEA CERT, who will make the final decision in 
February 2013.  ¢ƘŜ ƴŜǿ DL! ǿŜōǎƛǘŜ ǿŜƴǘ άƭƛǾŜέ on 23 
August 2012 and was operating well.  There was 
considerable discussion regarding the re-structuring of 
ǘƘŜ DL!Ωǎ !ƴƴŜȄŜǎΣ ŎƻƴŎƭǳŘƛƴƎ ǘƘŀǘ ŦǳǊǘƘŜǊ ǎǘǳŘȅ ǿŀǎ 
required before the ExCo could make a decision.  A guest 
report on Geothermal Energy and Guarantee Scheme in 
the Netherlands was presented. 
 
The GNS Science proposal to operate the IEA-GIA Secretariat 
for the 4th Term was reviewed, and would be finalized and 
voted on before the end of 2012. 
 
The ExCo discussed the lack of agreement between 
geothermal data collected annually by the GIA and that 
which the IEA obtains from country providers, and agreed 
that attempts be made to synchronize them.   
 
The Secretary reviewed Secretariat activities since the 27th 
ExCo Meeting and submitted work plans and budgets for the 
remainder  of  2012,  a  Common Fund report, and draft work 

plan and associated budget for 2013; all were unanimously 
accepted by the ExCo.  The Secretary noted that preparation 
of the GIA 3rd Term EoT, 2013-2018 Strategic Plan and CERT 
Self Evaluation Report were major activities completed during 
this period. 
 
The DL!Ωǎ ŦƛƴŀƴŎƛŀƭ Ǉƻǎƛǘƛƻƴ ǊŜƳŀƛƴŜŘ very strong; five 
proposals amounting to US$ 60 k were currently being funded, 
and considering a Common Fund carry-over to 2013 of 
US$ 140 k, there was still US$ 10 k available for new proposals 
supporting GIA/Annex-related activities. 
 
The annual ExCo Officer elections were held, with Chris 
Bromley re-elected as Chair, Jonas Ketilsson and Barry 
Goldstein re-elected as Vice-Chairs and Yoonho Song elected 
as the 3rd Vice-Chair. 
 
The ExCo Chair presented the IEA Secretariat report, 
describing several IEA activities and projects.  The DL!Ωǎ 
request for extension of a 4th Term is scheduled for 
presentation at the 62nd REWP Meeting being held in Rome, 
Lǘŀƭȅ ƛƴ ŜŀǊƭȅ hŎǘƻōŜǊ нлмнΦ  ¢ƘŜ L9!Ωǎ ¢echnology Roadmaps 
effort was highlighted, noting that the GIA had contributed 
significantly to the IEA Geothermal Heat and Power Roadmap, 
which was published in 2011.  The World Energy Outlook 
(WEO) 2012 was mentioned and it was reported that the GIA 
had contributed to the IEA Energy Technology Initiatives 2012 
report.  The value of the IEA OPEN Energy Technology 
Bulletin was noted. 
 
The ExCo ǳƴŀƴƛƳƻǳǎƭȅ ŀƎǊŜŜŘ ǘƻ ŀŎŎŜǇǘ aŜȄƛŎƻΩǎ ƻŦŦŜǊ to 
hold the 29th ExCo and Annex Meetings at the IIE office in 
Cuernavaca, Mexico, in the spring of 2013. 
 
 

1.5 GIA Participation in IEA Activities in 
2012 
 
The GIA maintained its involvement with the IEA in 2012. 
Most significantly, the GIA prepared its End-of-3rdςTerm 
(2007-2013) Report, the 2013-2018 Strategic Plan and 
CERT Self Evaluation; and the GIA Chair presented the 
ƻǊƎŀƴƛȊŀǘƛƻƴΩǎ End-of-Term (EoT) Report 2007-2013 and 
Request for Extension 2013-2018 (4th Term) (Bromley and 
Mongillo, 2012) at the 62nd REWP Meeting held in Rome, 
Italy, on 4-5 October 2012.  The GIA also participated in the 
Joint IRENA and IEA-RETD Workshop on Levelised Costs of 
Renewable Energy held in Bonn, Germany in October 2012 
and contributed to the IEA Energy Technologies Initiatives 
2012 report.  
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1.6 Other GIA Activities 
 
The GIA Chair participated as an international expert for 
the US DOE Peer Review Meeting held in Denver, Colorado, 
USA, on 7-9 May 2012, where he reviewed US EGS projects. 
 
The GIA took part in several international meetings and 
workshops in 2012, including: 

¶ The 39th Course International School of Geophysics, 
Erice, Sicily, Italy (28 Sept-1 Oct 2012), where the 
Chair discussed monitoring and managing 
geothermal resources to optimize sustainability, the 
Secretary described the regulatory framework for 
managing resources in NZ and incentives for global 
deployment through the IEA Geothermal Heat and 
Power Roadmap; and they both participated in 
round-table discussions of geothermal development. 

¶ Hosted the Mitigating Environment Impacts of 
Geothermal Development IEA-GIA Annex I 
Workshop, Taupo, New Zealand, on 15-16 June 
2012. 

 
The continued excellent financial position of the GIA has 
allowed the organization to continue expanding its efforts 
through its proposal funding mechanism, which in 2012 
supported six proposals. 
 
¢ƘŜ DL!Ωǎ ǇǳōƭƛŎ ǿŜōǎƛǘŜ όwww.iea-gia.org) remains an 
important source for information dissemination and 
discussion. 
 
 

1.7 Costs of the Agreement 
 
The IEA-GIA Secretariat is currently situated in New 
Zealand.  It is operated by a part-time Secretary, who 
handles the administration, assists with the management 
of the organization and provides a major part of the 
information dissemination, including the preparation of 
GIA documents and publications, the GIA annual reports 
and maintenance of the GIA website. 
 
The expenses for operating the GIA Secretariat, including 
ǘƘŜ {ŜŎǊŜǘŀǊȅΩǎ ǎŀƭŀǊȅ ŀƴŘ ǘǊŀǾŜƭΣ ǿŜōǎƛǘŜ ƘƻǎǘƛƴƎ ŀƴŘ 
maintenance, and other common costs of the ExCo, are 
met from a GIA Common Fund.  In 2012, these costs 
amounted to a total of about US$ 105,500.  In addition, the 
GIA funded several projects and proposals: 

¶ GIA Projects (total: ~US$ 11,000): contributed to 
costs associated with /ƘŀƛǊΩǎ ǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ DL!Ωǎ 
Request for 4th Term extension report to the 62nd 
REWP, Rome, Italy; development of the new GIA 
website, and printing and dissemination of the 
2010 GIA Annual Report Executive Summary. 

¶ Proposal Funding (total dispersed: ~US$ 16,000): 
funded proposal contributions for 1) Annex I 
Workshop on Mitigation of Environmental 
Impacts held in Taupo, NZ, 2)  Annex I Task E 
Sustainability Session Reservoir Modelling (53rd 
SIMS) held in Reykjavik, Iceland, and 3) Annex III 
Task A Global Review of Geothermal Reporting 
Terminology and report.  

 
Consequently, the total costs of GIA operations in 2012 
amounted to about US$ 132,000. 
 
The Common Fund is supported through cost-sharing, with 
each GIA Member paying an annual contribution based 
upon a fair apportionment in the form of an allocated 
number of shares. 
 
The number of shares assigned to each new Member is 
determined by the unanimous agreement of the ExCo.  
The apportionment for the current GIA Membership is 
shown in Table 1.4.   In 2012, the Common Fund was 
administered by a Custodian, the National Renewable 
Energy Laboratory (NREL), based in Golden, Colorado, 
USA, who also conducted an annual review of its 
financial operations. 
 
The cost per Common Fund share, set by unanimous ExCo 
decision, was US$ 3,500/yr in 2012.  Contributions are made 
annually on a calendar year basis. 
 
 
Table 1.4   Common fund share apportionment among the 

GIA Members as of December 2012. 
 

Australia 2 Republic of Korea 2 

European Commission 4 Spain 2 

France 4 Switzerland 2 

Germany 4 United Kingdom 2 

Iceland 1 United States 4 

Italy 2 CanGEA 1 

Japan 4 Geodynamics 1 

Mexico 1 GG-APPA 1 

New Zealand 1 Green Rock Energy 1 

Norway 2 ORMAT 2 

Total = 43 shares 

 

http://www.iea-gia.org/
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IEA Geothermal R & D Programme 
 

Chapter 2 
 

Annex I- Environmental Impacts of Geothermal 
Energy Development 

 
  

 
 

  Figure 2.1  Natural hot spring, sinter and microbial ecosystem at Yellowstone National Park. 
 (Photo courtesy of Chris Bromley) 

 
 

2.0 Introduction 
 
Geothermal is, in general, an environmentally-benign 
renewable energy source, with some significant benefits 
relative to fossil fuels regarding global carbon-dioxide 
emissions. There are, however, some local environmental 
problems sometimes associated with geothermal 
utilization.  To facilitate increased use of geothermal 
energy, it is important to identify possible adverse and 
beneficial environmental effects, and devise and adopt 
measures to avoid or minimize adverse impacts, while 
reinforcing those effects that are beneficial. 
 
The goals of Annex 1 (Environmental Effects) of the IEA-GIA 
are: to encourage the sustainable development of 
geothermal energy resources in an economic and 
environmentally responsible manner; to quantify and 

balance any adverse and beneficial impacts that 
geothermal energy development may have on the 
environment, and to identify ways of avoiding, remedying 
or mitigating any adverse effects. 
 
Participating countries in Annex 1 are: Australia, Iceland, 
Italy, Japan, New Zealand, Norway, Switzerland and the 
United States. 
 
GNS Science, Wairakei Research Centre, New Zealand, is 
the Operating Agent.  Chris Bromley, of GNS Science, is the 
Annex Leader. 
 

2.1 Tasks of Annex I 
 
In 2012, Annex I activities consisted of four Tasks, 
described below. 
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2.1.1 Task A - Impacts on Natural Features   
 

(Task Leader: Chris Bromley, GNS Science, New Zealand) 
(Participants: Iceland, USA, Japan, Italy, New Zealand) 
 
Natural geothermal features such as geysers, hot springs 
and fumaroles, often have significant economic value for 
tourism and cultural value for indigenous peoples. For this 
reason, they should be monitored and changes 
documented. To separate natural from induced changes, 
various methods have been developed. Where changes are 
caused by geothermal developments, techniques are 
devised to avoid or mitigate the adverse impacts. 
Beneficial changes are also identified and promoted. 
 

2.1.2 Task B - Discharge and Reinjection 
 Problems  
 

(Task Leader: Robert Reeves, GNS Science, New Zealand) 
(Participants: Iceland, USA, Japan, Italy, New Zealand) 
 
Adverse impacts of geothermal developments on the 
environment include : i) the effects on air quality of gas 
emissions from geothermal power plants; ii) the effects of 
toxic chemicals in waste fluid that may be discharged into 
the ground or into rivers; and iii) the effects of ground 
subsidence resulting from pressure decline. Various 
projects investigate the problems associated with disposal 
of waste geothermal fluids (e.g., Arsenic and Boron), and 
the effects of gas emissions, (e.g., CO2, Hg and H2S). 
Mechanisms and mitigation options are studied. Examples 
are the use of injection to mitigate ground subsidence, and 
chemical treatment, removal or re-injection of gas 
emissions and waste fluids. 
 

2.1.3 Task C - Methods of Impact Mitigation and 
Environmental Procedures 

 

(Task Leader:  Chris Bromley, GNS Science, New Zealand) 
(Participants: Australia, Iceland, Italy, Japan, Mexico, New 
Zealand, Switzerland, USA) 
 
To reduce the risks of adverse effects from development, 
an effective environmental analysis process provides early 
identification and mitigation of environmental issues.  
Reducing the costs of environmental compliance, and 
stream-lining the process for project consenting, also helps 
contribute to the responsible and timely deployment of 
future geothermal energy projects. The objective is to 
identify and publicize strategies that result in improved 
environmental outcomes from field management. 
Successful mitigation schemes are also identified, 
documented and publicized. Such strategies provide 
developers and regulators with options for the 
compensation of unavoidable effects. Comparison of 
policies and compliance procedures helps identify those 
that are efficient and effective. 

2.1.4 Task D - Sustainable Utilization Strategies  
 (formerly referred to as Task E) 
 

(Task Leader:  Guðni Axelsson, Iceland Geological Survey 
(ISOR), Iceland) 
(Participants: Australia, USA, Italy, Japan, Mexico, 
Switzerland, New Zealand, Norway) 
 
Case histories of reservoir models of geothermal 
developments are studied to see what strategies have 
been successful. Additional modelling of long term 
reservoir behaviour is undertaken to select optimum 
future strategies given different recharge and resource size 
scenarios.  Different sustainable development scenarios 
are compared to determine relative environmental and 
economic benefits. Different conceptual and hypothetical 
reservoir model predictions are compared using long-term 
scenarios. Long-term reservoir behaviour, recharge 
factors, recovery times, and optimised (cyclic or staged) 
operation strategies are investigated. Studies also include 
the following : i) indicators for a sustainability protocol; ii) 
aspects of improved monitoring of reservoir performance 
using fluid tracers; and iii) access to deeper, high-
ǘŜƳǇŜǊŀǘǳǊŜ ǊŜǎŜǊǾƻƛǊ ΨǊƻƻǘǎΩΣ ŦƻǊ ƭƻƴƎ-term sustainable 
utilisation. 
 
 

2.2 Progress in 2012 
 
Annex 1 participants (Goldstein, Bertani, Bromley, Mongillo, 
Muraoka) joined other geothermal specialists from the IEA-
GIA participating countries (Mexico, USA, Iceland, Germany, 
and Italy) to continue their voluntary collaboration under 
the auspices of the Intergovernmental Panel on Climate 
Change (IPCC), Special Report on Renewable Sources 
(SRREN), for a fourth year. The SRREN geothermal chapter, 
completed in 2011, was used as a basis for several 
subsequent publications, including, during 2012, work on a 
ƎŜƻǘƘŜǊƳŀƭ ŎƘŀǇǘŜǊ ŦƻǊ ǘƘŜ Ψ9ƴŎȅŎƭƻǇŀŜŘƛŀ ƻŦ {ǳǎǘŀƛƴŀōƛƭƛǘȅ 
{ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΩΣ ώάDŜƻǘƘŜǊmal Energy, Nature, Use, 
ŀƴŘ 9ȄǇŜŎǘŀǘƛƻƴǎέΣ ƛƴ ΨwŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ {ȅǎǘŜƳǎΩϐΦ  ¢Ƙƛǎ 
publication includes a section on environmental issues, and 
projections of technical and sustainable deployment 
potential for geothermal energy out to 2050 and beyond. 
The effort highlighted the important future role of 
geothermal energy in the mitigation of climate change 
effects by substituting for fossil fuels. 
 

2.2.1 Task A- Impacts on Natural Features 
 
At a session during the 2-day IEA-GIA sponsored 
ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǿƻǊƪǎƘƻǇ ǘƛǘƭŜŘ άaƛǘƛƎŀǘƛƴƎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 
LƳǇŀŎǘǎ ƻŦ DŜƻǘƘŜǊƳŀƭ 5ŜǾŜƭƻǇƳŜƴǘέΣ ǿƘƛŎƘ ǿŀǎ ƘŜƭŘ ƻƴ 
15-16 June 2012, at Taupo, New Zealand, several speakers 
addressed issues concerning effects on surface thermal 
features (Figure 2.2). The presentations are listed in 
Section 2.4.2, and are published on the GIA website. 
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Figure 2.2 Discussion by participants at Annex I 
ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǿƻǊƪǎƘƻǇ ǘƛǘƭŜŘ άaƛǘƛƎŀǘƛƴƎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 
Impacts of Geothermal DeveƭƻǇƳŜƴǘέΣ ǎǇƻƴǎƻǊŜŘ ōȅ L9!-
GIA, and held on 15-16 June 2012, at Taupo, New Zealand 

(see IEA-GIA website for presentations). 
 
Meetings of task participants were held in Oslo and Pisa. 
Discussion covered aspects of on-going work on changes 
observed at thermal features caused by geothermal 
developments, and strategies to mitigate, recover or 
enhance thermal features using targeted injection and 
strategic production. Policy development includes work in 
collaboration with regulators to help identify criteria and 
indicators of relative merit for surface thermal features, in 
order to assist decision makers assess geothermal 
development proposals. Work on assessing the bio-
diversity of extremophile bacteria and aquatic ecosystems 
associated with these features was presented in papers at 
the 34th New Zealand Geothermal Workshop (see Section 
2.4.4).  
 
Discussions further addressed the issues faced by countries 
such as Japan that have significant geothermal resource 
potential located within protected National Parks and near 
iconic hot spring resorts. The task is to identify how to 
undertake development in such settings with negligible 
environmental risks to thermal habitats, thermal features 
and landscape values.  
 
Collaboration between Japan and New Zealand has led to 
several joint publications (listed in Section 2.4.4, by Mia et 
al, 2012) on the use of repeat satellite infrared imagery to 
monitor changes (both natural and induced) in steam-
heated thermal ground, and the associated thermally 
tolerant vegetation.  
 

2.2.2 Task B- Discharge and Reinjection 
 Problems 
 
!ǘ ǘƘŜ ¢ŀǳǇƻ ά9ƴǾƛǊƻƴƳŜƴǘŀƭ aƛǘƛƎŀǘƛƻƴ WorkshopέΣ ǘǿƻ 
speakers (from the USA and New Zealand) discussed 
subsidence issues related to production of geothermal 
fluids (see Section 2.4.2). Discussions addressed 
mechanisms for subsidence and ground inflation, methods 

to improve detection of anomalies and predictive tools 
using coupled reservoir and subsidence models.  
 
At the Annex 1 meetings environmental issues were 
discussed in relation to water management, noise, hazards 
and visual impact. Improved injection strategies, including 
scaling treatment and avoidance, methods of reduction of 
CO2 and H2S emissions by injection or abatement, and 
arsenic reduction through silica precipitation were also 
discussed. An adaptive approach to injection/production 
management, using tools to reverse or avoid adverse 
effects on surface features and on reservoir sustainability, 
was discussed. This included understanding reservoir 
permeability, tracer test interpretation, and the effects of 
subsurface boiling and condensation. Research into the 
transient behaviour of fluid-rock-gas interactions helps 
explain scaling, dissolution, deposition and acid alteration 
processes. An assessment of alternative H2S abatement 
options was conducted in Iceland, and construction of a 
bio-reactor for reducing dissolved H2S emissions to river 
discharge was completed at Wairakei, New Zealand.   A 
review of life cycle CO2 emissions and fresh water demand 
for different geothermal resource types and settings was 
undertaken by Argonne Labs in the USA. Research results 
of this work were published at GRC and Stanford 
international geothermal conferences (see Section 2.4.5).  
 

2.2.3 Task C- Methods of Impact mitigation and 
 Environmental Procedures 
 
Further feedback on draft geothermal policy and best-
practice planning guidelines, in the form of tables of effects 
and avoidance strategies, was provided. Examples of 
successful mitigation strategies were collated and 
discussed at the Annex I meetings. Barriers to accelerated 
development, such as lobbying by hot spring associations, 
land access constraints imposed by National Park status in 
remote volcanic settings, and water allocation in arid areas, 
were further debated. Annex discussion also covered the 
ǇƻǎǎƛōƭŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ǎƻŎƛŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ Ψ{ǳǎǘŀƛƴŀōƛƭƛǘȅ 
!ǎǎŜǎǎƳŜƴǘ tǊƻǘƻŎƻƭΩ ƛǎǎǳŜǎ ǿƛǘƘ Ψ9ƴǾƛǊƻƴƳŜƴǘŀƭ LƳǇŀŎǘ 
!ǎǎŜǎǎƳŜƴǘΩ Ǌƛǎƪ ƛǎǎǳŜǎ όƛƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ¢ŀǎƪ 5ύΦ 
 
Several lectures given at a seminar in Erice, Sicily, covered 
the topics of monitoring methods, adaptive management 
and regulatory framework (see Section 2.4.1). Various 
papers (see Section 2.4.6) addressed policy issues of feature 
and system ranking, and an assessment that provided an 
international comparison of regulatory frameworks.  
 

2.2.4 Task D- Sustainable Utilization Strategies 
 (formerly referred to as Task E) 
 
A conference on reservoir modelling (53rd SIMS), held in 
Reykjavik on 4-с hŎǘƻōŜǊΣ нлмнΣ ƛƴŎƭǳŘŜŘ ŀ ΨDŜƻǘƘŜǊƳŀƭ 
{ǳǎǘŀƛƴŀōƛƭƛǘȅ {ŜǎǎƛƻƴΩ ǿƘƛŎƘ ǿŀǎ ŎƻƴǾŜƴŜŘ ōȅ ¢ŀǎƪ 5 
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leader, Gudni Axelsson. Participation from representatives 
of three other countries (USA, France and El Salvador) was 
supported through the IEA-GIA proposal fund. The titles of 
the relevant papers presented are listed in Section 5.3. 
Topics of discussion included: i) sustainability analysis and 
indicators, ii) long-term management of deep sedimentary 
basin aquifers, iii) assessing the potential and boundary 
ŎƻƴŘƛǘƛƻƴǎ ƻŦ ŘŜŜǇ Ƙƻǘ ǊŜǎŜǊǾƻƛǊ ΨǊƻƻǘǎΩΣ ƛǾύ ƴŜǿ ǘŜŎƘƴƛǉǳŜǎ 
in multi-physical, multi-phase, simulation modelling, and v) 
improved modelling of fluid flow and heat transfer.  
 
A discussion of issues of long-term reservoir performance 
took place during the 2012 Annex 1 meetings. These 
included : i) recovery of pressure and temperature after 
resource depletion; ii) recharge parameters; iii) improved 
resource assessments; iv) staged development strategy; 
and v) strategic make-up drilling.  
 
Aspects of geothermal resource sustainability, particularly 
in the Asia-Pacific region, were further discussed in papers 
and presentations by participants at meetings in Korea, 
New Zealand and China (listed in Section 2.4.7).  
 
 

 
 

Figure 2.3 Growing sinter formation with thermophyllic 
bacteria, from the outlet of a geothermal heat exchanger 

at Wairakei Prawn Farm, where hot brine enters the 
adjacent Wairakei Stream. 

(Photo courtesy of Chris Bromley) 
 
 

2.3 Highlights and Achievements of Annex I 
 for 2012 
 
The highlights for the 2012 year were as follows : 

¶ Annex participants gave 13 presentations at a two-day 
ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǿƻǊƪǎƘƻǇ ǘƛǘƭŜŘ άaƛǘƛƎŀǘƛƴƎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 
LƳǇŀŎǘǎ ƻŦ DŜƻǘƘŜǊƳŀƭ 5ŜǾŜƭƻǇƳŜƴǘέΣ ƘŜƭŘ ƻƴ мр-16 
June 2012, in Taupo, New Zealand. This workshop was 
convened by the Annex leader, and partially supported 
by the IEA-GIA proposal fund.  

¶ ¢ƘŜ άDŜƻǘƘŜǊƳŀƭ {ǳǎǘŀƛƴŀōƛƭƛǘȅ {Ŝǎǎƛƻƴέ ƻŦ ŀ ŎƻƴŦŜǊŜƴŎŜ 
on reservoir modelling (53rd SIMS), held in Reykjavik on 
4-6 October, 2012, was convened by Task D leader, 
Gudni Axelsson. Participation from representatives of 
three other countries was supported, in part, through the 
IEA-GIA proposal fund.   

¶ Papers were presented by Annex participants and their 
work colleagues on environmental research, improved 
environmental sustainability strategies and monitoring 
methods. These were held at: the 2012 New Zealand 
DŜƻǘƘŜǊƳŀƭ ²ƻǊƪǎƘƻǇ ƛƴ !ǳŎƪƭŀƴŘΣ ΨCǊƻƳ {ǘŀǊǘ ǘƻ {ǘŜŀƳΩ 
International NZGA/IGA Geothermal Workshop in Taupo, 
the 2012 Stanford Geothermal Reservoir Workshop in 
California, and the 2012 Geothermal Resources Council 
Conference in Nevada. 

¶ Participants conducted outreach activities to non-
member countries through : i) a presentation in China 
covering geothermal environmental and sustainability 
issues, ii) attracting seminar participants from Indonesia 
and Ecuador, and iii) sponsoring a paper on sustainable 
utilisation from El Salvador. 

¶ Five participants took part in preparing, revising and 
improving a geothermal chapter for an encyclopaedia 
ώάDŜƻǘƘŜǊƳŀƭ 9ƴŜǊƎȅΣ bŀǘǳǊŜΣ ¦ǎŜΣ ŀƴŘ 9ȄǇŜŎǘŀǘƛƻƴǎέΣ ƛƴ 
ΨwŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ {ȅǎǘŜƳǎΩΣ in Encyclopaedia of 
Sustainability Science and Technology] which followed 
on from the IPCC SRREN report for mitigation of climate 
change, by advocating increased deployment and 
utilisation of renewable geothermal energy resources.  

¶ Annex participants took part in technical collaborative 
meetings at Oslo, Norway (May, 2012) and Pisa, Italy 
(September, 2012), where improved methods of 
monitoring, avoiding or mitigating environmental effects, 
such as subsidence and gas emissions, and appropriate 
policy development, were further discussed. 

¶ Participants presented invited lectures on geothermal 
environmental topics (sustainability, monitoring and 
ǊŜƎǳƭŀǘƻǊȅ ŦǊŀƳŜǿƻǊƪύ ŀǘ Ψ¦ƴŘŜǊǎǘŀƴŘƛƴƎ DŜƻƭƻƎƛŎŀƭ 
{ȅǎǘŜƳǎ ŦƻǊ DŜƻǘƘŜǊƳŀƭ 9ƴŜǊƎȅΩΣ ǘƘŜ офǘƘ /ƻǳǊǎŜ ƻŦ ǘƘŜ 
International School of Geophysics, in Erice, Sicily, Italy, 
on 25-30th September 2012.  

 
 

2.4  Outputs for 2012 
 

Publications, meetings, conferences, workshops, etc.  
 

2.4.1 Presentations by IEA-GIA participants with 
 general aspects of environmentally sound 
 and sustainable development 
 

.ǊƻƳƭŜȅΣ /ΦWΦΣ нлмнΣ ά!ƴƴŜȄ м aŜŜǘƛƴƎ Υ Geothermal 
Environmental Issues: Mitigation and avoidance strategies, 
Protection ranking, Sustainability protocol, Tracersέ 
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Presentation at IEA-GIA Executive Committee meeting, 
Oslo, Norway, 24 May 2012 
 
.ǊƻƳƭŜȅΣ /ΦWΦΣ нлмнΣ ά.ŀǎŜƭƛƴŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻƴƛǘƻǊƛƴƎέ 
tǊŜǎŜƴǘŀǘƛƻƴ ŀǘ ΨCǊƻƳ {ǘŀǊǘ ǘƻ {ǘŜŀƳΩΣ ŀƴ LƴǘŜǊƴŀǘƛƻƴŀƭ 
Geothermal Workshop  hosted by NZGA, WPRB of IGA, and 
GNS Science, Taupo, 11-13 June, 2012. 
  
Bromley, C.J., Mongillo, M.A., 2012, άL9! DŜƻǘƘŜǊƳŀƭ 
Implementing Agreement End-of-Term Report 2007-2013 
& Request for Extension 2013-нлмуέΣ ƛƴǾƛǘŜŘ ǇǊŜǎŜƴǘŀǘƛƻƴ 
at 62nd IEA Renewable Energy Working Party (REWP) 
Meeting, Rome, Italy, 4-5 October 2012. 
 
Mongillo, M.A., Bromley, C.J., BeerepooǘΣ aΦΣ нлмнΣ άbŜǿ 
Zealand Regulatory Framework for Managing Geothermal 
Resources and Global Deployment through the IEA 
DŜƻǘƘŜǊƳŀƭ wƻŀŘƳŀǇέ офǘƘ LƴǘŜǊƴŀǘƛƻƴŀƭ {ŎƘƻƻƭ ƻŦ 
DŜƻǇƘȅǎƛŎǎ όL{Dύ ά¦ƴŘŜǊǎǘŀƴŘƛƴƎ DŜƻƭƻƎƛŎŀƭ {ȅǎǘŜƳǎ ŦƻǊ 
DŜƻǘƘŜǊƳŀƭ 9ƴŜǊƎȅέ нр {ŜǇǘ-1 Oct 2012, Erice, Sicily, Italy, 
ftp://ftp.ingv.it/pro/web_ingv/39th%20Course/Mongillo.
pdf 
 
aƻƴƎƛƭƭƻΣ aΦ!ΦΣ .ǊƻƳƭŜȅΣ /ΦWΦΣ нлмнΣ άLƴǘŜǊƴŀǘƛƻƴŀƭ 9ƴŜǊƎȅ 
Agency (IEA) and The Geothermal Implementing 
Agreement~ International Cooperation for Geothermal 
Promotion and {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘέΣ tǊŜǎŜƴǘŀǘƛƻƴ ŀǘ 
39th International School of Geophysics (ISG) 
ά¦ƴŘŜǊǎǘŀƴŘƛƴƎ DŜƻƭƻƎƛŎŀƭ {ȅǎǘŜƳǎ ŦƻǊ DŜƻǘƘŜǊƳŀƭ 9ƴŜǊƎȅέ 
25 Sept-1 Oct 2012, Erice, Sicily, Italy. 
 
.ǊƻƳƭŜȅΣ /ΦWΦ όнлмнύ άApplied techniques for monitoring 
and adaptively managing geothermal resources in order to 
ƻǇǘƛƳƛȊŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦέ  Understanding Geological 
Systems for Geothermal Energy, 39th Course of the 
International School of Geophysics, Erice, Sicily, Italy, 25 
September- 1 October 2012. 
 

2.4.2 Annex I Mitigating Environmental Impacts 
 of Geothermal Development Workshop, 
 15-16 June 2012, Taupo, New Zealand (13 
 presentations, available on GIA website) 
 
!ȄŜƭǎǎƻƴΣ DΦ нлмнΣ άL9!-GIA Annex 1 Task 5 Sustainable 
Utilisation : Modelling, Sustainability protocols, Deep 
wƻƻǘǎΣ ¢ƻƻƭǎ όǊŜƛƴƧŜŎǘƛƻƴΣ ǘǊŀŎŜǊǎύέ L9!-GIA Environmental 
Mitigation Workshop, Taupo, 15-16th June 2012. www.iea-
gia.org. 
 
.ǊƻƳƭŜȅΣ /ΦWΦΣ нлмнΣ άaƛǘƛƎŀǘƛƴƎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ LƳǇŀŎǘǎ ƻŦ 
Geothermal Development ς ŀƴ LƴǘǊƻŘǳŎǘƛƻƴέ L9!-GIA 
Environmental Mitigation Workshop, Taupo, 15-16th June 
2012, www.iea-gia.org. 
 

.ǊƻƳƭŜȅΣ /ΦWΦΣ нлмнΣ άDŜƻǘƘŜǊƳŀƭ {ǳǎǘŀƛƴŀōƛƭƛǘȅ aƻŘŜƭƭƛƴƎ Υ 
sharing some issues faced, and lessons learnt from 
previous IEA-DL! ²ƻǊƪǎƘƻǇǎέΣ L9!-GIA Environmental 
Mitigation Workshop, Taupo, 15-16th June 2012. www.iea-
gia.org. 
 
Bromley, CΦWΦΣ нлмнΣ ά/ǊƛǘŜǊƛŀ ŦƻǊ DŜƻǘƘŜǊƳŀƭ CŜŀǘǳǊŜ 
Ranking and Geothermal System Classification : using some 
bŜǿ ½ŜŀƭŀƴŘ ŜȄŀƳǇƭŜǎέΣ L9!-GIA Environmental Mitigation 
Workshop, Taupo, 15-16th June 2012. www.iea-gia.org. 
 
.ǊƻƳƭŜȅΣ /ΦWΦΣ нлмнΣ άDŜƻǘƘŜǊƳŀƭ ǎǳōǎƛŘŜƴŎŜέΣ L9!-GIA 
Environmental Mitigation Workshop, Taupo, 15-16th June 
2012. www.iea-gia.org. 
 
.ǊƻƳƭŜȅΣ /ΦWΦΣ нлмнΣ άDŜƻǘƘŜǊƳŀƭ ƛƴŘǳŎŜŘ ǎŜƛǎƳƛŎƛǘȅ Υ 
ǎǳƳƳŀǊȅ ƻŦ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŜȄǇŜǊƛŜƴŎŜέΣ L9!-GIA 
Environmental Mitigation Workshop, Taupo, 15-16th June 
2012. www.iea-gia.org. 
 
.ǊǳƴƻΣ aΦ{ΦΣ нлмнΣ ά{ǳōǎǳǊŦŀŎŜ ŀƴŘ ǎǳǊŦŀŎŜ ŘŜŦƻǊƳŀǘƛƻƴ 
modelling ǿƛǘƘ ŎŀƭƛōǊŀǘƛƻƴ ŀƎŀƛƴǎǘ ŦƛŜƭŘ ƻōǎŜǊǾŀǘƛƻƴǎέ L9!-
GIA Environmental Mitigation Workshop, Taupo, 15-16th 
June 2012. www.iea-gia.org. 
 
/ƘǊƛǎǇΣ aΦΣ нлмнΣ ά¢ƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ƎŜƻǘƘŜǊƳŀƭ 
ǎȅǎǘŜƳǎ ŀƴŘ ƎŜƻǘƘŜǊƳŀƭ ŦŜŀǘǳǊŜǎέΦ L9!-GIA Environmental 
Mitigation Workshop, Taupo, 15-16th June 2012. www.iea-
gia.org. 
 
aŀƧŜǊΣ 9ΦΣ bŀǘƘǿŀƴƛΣ WΦΣ нлмн ά¦{ 5h9 tǊƻǘƻŎƻƭκ.Ŝǎǘ 
ǇǊŀŎǘƛŎŜǎ ŦƻǊ ƛƴŘǳŎŜŘ ǎŜƛǎƳƛŎƛǘȅΦέ L9!-GIA Environmental 
Mitigation Workshop, Taupo, 15-16th June 2012. www.iea-
gia.org. 
 
{ŀƪŀƎǳŎƘƛΣ YΦΣ ¢ƻǎƘŀΣ ¢Φ όнлмнύ άwŜ-regulation of 
ƎŜƻǘƘŜǊƳŀƭ ŜƴŜǊƎȅ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ WŀǇŀƴέ L9!-GIA 
Environmental Mitigation Workshop, Taupo, 15-16th June 
2012. www.iea-gia.org. 
 
{ŎƻǘǘΣ .ΦΣ нлмнΣ ά{ǳǊŦŀŎŜ ƎŜƻǘƘŜǊƳŀƭ ŦŜŀǘǳǊŜǎέ L9!-GIA 
Environmental Mitigation Workshop, Taupo, 15-16th June 
2012. www.iea-gia.org. 
 
{ƘŜǊōǳǊƴΣ {Φ όнлмнύ ά DŜƻǘƘŜǊƳŀƭ ƛƴŘǳŎŜŘ seismicity: New 
½ŜŀƭŀƴŘ ŜȄŀƳǇƭŜǎΦέ L9!-GIA Environmental Mitigation 
Workshop, Taupo, 15-16th June 2012. www.iea-gia.org. 
hΩ{ǳƭƭƛǾŀƴ aΦ нлмнΣ άDŜƻǘƘŜǊƳŀƭ ǊŜǎŜǊǾƻƛǊ ƳƻŘŜƭƭƛƴƎΥ 
ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ ǊŜƴŜǿŀōƛƭƛǘȅέ IEA-GIA Environmental 
Mitigation Workshop, Taupo, 15-16th June 2012. www.iea-
gia.org.   
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file:///C:/Geo-Imaging/GeoImaging%202013/IEA-GIA%202013/Annual%20Report%202012/Report/www.iea-gia.org
http://www.iea-gia.org/
http://www.iea-gia.org/
http://www.iea-gia.org/
http://www.iea-gia.org/
http://www.iea-gia.org/
http://www.iea-gia.org/
http://www.iea-gia.org/
http://www.iea-gia.org/
file:///C:/Geo-Imaging/GeoImaging%202013/IEA-GIA%202013/Annual%20Report%202012/Report/www.iea-gia.org
file:///C:/Geo-Imaging/GeoImaging%202013/IEA-GIA%202013/Annual%20Report%202012/Report/www.iea-gia.org
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2.4.3 Annex I, Task D, Sustainability and 
 Reservoir Modelling Sessions at SIMS 
 2012 , The 53rd Scandinavian Conference 
 on Simulation and Modelling at Reykjavik, 
 Iceland, 4-6 October, 2012 
 (http://os.is/gogn/Skyrslur/OS-2012/OS-2012-06.pdf) 
 
Gudni Axelsson (2012): Modelling sustainable geothermal 
utilization, (ÍSOR, Iceland), SIMS 2012. 
 
Robert Podgorney, Hai Huang, Chuan Lu and Derek Gaston 
(2012): A Globally-Implicit Computational Framework for 
Physics-Based Simulation of Coupled Thermal-Hydro-
Mechanical Problems: Application to Geothermal 
Reservoirs,  (INL, USA), SIMS 2012. 
 
Simon Lopez, Hamm Virginie and Olivier Goyeneche (2012): 
Optimal and sustainable use of the Dogger aquifer 
geothermal resource: long-term management and new 
technologies, (BRGM, France), SIMS 2012. 
 
Manuel Monterrosa (2012): Sustainability analysis of the 
Berlin geothermal field, El Salvador (LaGeo, El Salvador), 
SIMS 2012. 
 
Gudni Axelsson, Thorsteinn Egilson and Sigrídur S. 
Gylfadóttir (2012)  : Temperature Condition Modelling for 
well IDDP-1 in Krafla, N-Iceland (ÍSOR, Iceland), SIMS 2012. 
 
Thorvaldsson and Pálsson (2012): Modelling Fluid and 
Energy Flow in Liquid Dominated Hydrothermal Systems. 
SIMS 2012.  
 
Gunnarsson and Aradóttir (2012): The deep roots of 
geothermal systems in volcanic areas ς boundary 
conditions and heat sources in reservoir modelling. SIMS 
2012. 
 

2.4.4 Additional environmental publications 
 relevant to Task A 
 
.ƻƻǘƘǊƻȅŘΣ LΦΣ нлмнΣ ά{ǳǎǘŀƛƴƛƴƎ geothermal ecosystems: 
ǘƘǊŜǎƘƻƭŘǎ ƻŦ ŎƘŀƴƎŜ ƛƴ ƎŜƻǘƘŜǊƳŀƭ ŜŎƻǎȅǎǘŜƳǎέΦ tǊƻŎΦ опth 
New Zealand Geothermal Workshop, University of 
Auckland, paper #93, 4p. 
 
Mia, M.B., Bromley, C.J., Fujimitsu, Y., (2012), Monitoring 
heat flux using Landsat TM/ETM+ thermal infrared data ς 
! ŎŀǎŜ ǎǘǳŘȅ ŀǘ YŀǊŀǇƛǘƛ όΨ/ǊŀǘŜǊǎ ƻŦ ǘƘŜ aƻƻƴΩύ ǘƘŜǊƳŀƭ 
area, New Zealand. Journal of Volcanology and Geothermal 
Research, 235-236 (2012), 1-10. 
  
Mia, M.B., Bromley, C.J., Fujimitsu, Y., (2012), Heat Flux 
Monitoring Using Satellite Based Imagery at Karapiti 
(Craters of the Moon) Fumarole Area, Taupo, New Zealand. 

Proc. 37th Workshop on Geothermal Reservoir Engineering, 
Stanford University, Jan 30-Feb1 2012, SGP-TR-194, 7p 
Mia, M.B., CǳƧƛƳƛǘǎǳΣ ¸ΦΣ .ǊƻƳƭŜȅΣ /ΦWΦΣ нлмнΣ ά9ǎǘƛƳŀǘƛƻƴ 
and monitoring heat discharge rates using Landsat ETM+ 
thermal infrared data: case study in Unzen geothermal 
ŦƛŜƭŘΣ YȅǳǎƘǳΣ WŀǇŀƴΦέΣ tǊƻŎΦ {tL9Σ ±ƻƭΦ урнп όbƻǾΦΣнмΣ нлмнύΣ 
Land Surface Remote Sensing, Kyoto, Japan, October 29, 
2012, 85240J, doi: 10.1117/12.974475; 9p 
 
{ǘƻǘǘΣ aΦΣ /ƭƛƳƻΣ aΦΣ /ŀǊȅΣ /ΦΣ нлмн ά¢ƘŜ мллл ǇǊƻƧŜŎǘΥ ŀ 
ǿƻǊƭŘ ŦƛǊǎǘ ƳƛŎǊƻōƛŀƭ ōƛƻƛƴǾŜƴǘƻǊȅ ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ 
ƎŜƻǘƘŜǊƳŀƭ ŜŎƻǎȅǎǘŜƳǎέ  tǊƻŎΦ опth New Zealand 
Geothermal Workshop, University of Auckland, paper #121, 
8p. 
 

2.4.5 Additional environmental publications 
 relevant to Task B 

 
/ƭŀǊƪΣ /ΦΣ {ǳƭƭƛǾŀƴΣ WΦΣ IŀǊǘƻΣ /ΦΣ IŀƴΣ WΦ ²ŀƴƎΣ aΦΣ нлмн ά[ƛŦŜ-
ŎȅŎƭŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ƻŦ ƎŜƻǘƘŜǊƳŀƭ ǎȅǎǘŜƳǎέ ¦{-
DOE funded research output of Argonne National Lab, Proc. 
37th Workshop on Geothermal Reservoir Engineering, 
Stanford University, Jan 30-Feb1 2012, SGP-TR-194. 
 
IŀǊǘƻΣ /Φ /ƭŀǊƪΣ /ΦΣ нлмн άwŜƎƛƻƴŀƭ ƎŜƻǘƘŜǊƳŀƭ ǿŀǘŜǊ 
ǊŜǎƻǳǊŎŜ ŀǎǎŜǎǎƳŜƴǘέ ¦{-DOE funded research output of 
Argonne National lab, Trans. Geothermal Resources 
Council, Reno, Nevada, 30 Sept-3 October 2012, Vol 36. 
p1203-1208, ISBN: 978-1-62276-434-1 
 
Mamrosh, D., McIntush, K., Beitler,C., Markusson, S., 
9ƛƴŀǊǎǎƻƴΣ YΦΣ нлмн ά{ŎǊŜŜƴƛƴƎ ƻŦ Iн{ ŀōŀǘŜƳŜƴǘ ƻǇǘƛƻƴǎ 
for geothermal power non-condensable gaǎ ŀǘ .ƧŀǊƴŀǊŦƭŀƎέΦ 
Trans. Geothermal Resources Council, Reno, Nevada, 30 
Sept-3 October 2012, Vol 36. P1217-1226, ISBN: 978-1-
62276-434-1 
 

2.4.6 Additional publications relevant to Task C 

 
Bromley, C.J., 2012, Public Statement of Evidence before 
the Waikato Regional Council, in the matter of a hearing of 
submissions on the proposed Regional Policy Statement 
(Geothermal) for the Waikato Region. Topics of Statement: 
geothermal feature significance, research systems and 
interconnections between systems. Presented on 23/3/12 
at Taupo, 8p. GNS Science report  
 
Goldstein, B., B. Bendall, M. Webb, and M. Malavazos, 
нлмнΣ ά[Ŝǎǎƻƴǎ [ŜŀǊƴŜŘ ƻƴ ǘƘŜ wƻŀŘ ǘƻ wŜƎǳƭŀǘƻǊȅ bƛǊǾŀƴŀ 
ŦƻǊ DŜƻǘƘŜǊƳŀƭ wŜǎƻǳǊŎŜ 5ŜǾŜƭƻǇƳŜƴǘέΣ ¢ǊŀƴǎΦ 
Geothermal Resources Council, Reno, Nevada 30 Sept-3 
October 2012, Vol 36. p1191-1202, ISBN: 978-1-62276-
434-1 
 
{ŎƻǘǘΣ .ΦΣ wƻōǎƻƴΣ .ΦΣ нлмнΣ ά5ŜǾŜƭƻǇƛƴƎ ŀ ƎǳƛŘŜƭƛƴŜ ǘƻ ƳŀǇΣ 
describe and catalogue surface geothermal features. Proc. 

http://os.is/gogn/Skyrslur/OS-2012/OS-2012-06.pdf
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34th New Zealand Geothermal Workshop, University of 
Auckland, paper #119, 3p. 
{ŀƴŘŜǊΣ aΦ нлмнΣ ά[Ŝǎǎƻƴǎ ƭŜŀǊƴǘ ŦǊƻƳ ƎŜƻǘƘŜǊƳŀl-friendly 
regulatory frameworks in Iceland, Kenya, New Zealand, 
tƘƛƭƛǇǇƛƴŜǎ ŀƴŘ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƻŦ !ƳŜǊƛŎŀέ ¢ǊŀƴǎΦ 
Geothermal Resources Council, Reno, Nevada 30 Sept-3 
October 2012, Vol 36. 1239-1248, ISBN: 978-1-62276-434-1. 
 

2.4.7 Additional publications relevant to Task D 

 
.ǊƻƳƭŜȅΣ /ΦWΦΣ aƻƴƎƛƭƭƻΣ aΦ!ΦΣ {ƻƴƎΣ ¸ΦΣ нлмнΣ άDŜƻǘƘŜǊƳŀƭ 
Energy Deployment Potential for Asia-tŀŎƛŦƛŎ wŜƎƛƻƴέΣ 
invited presentation and extended abstract in Proc. of 
AFORE2012, 2nd Asia-Pacific Forum on Renewable Energy, 
www.afore2012.org, 26-29 November 2012, Jeju Island, 
Republic of South Korea. 
 
.ǊƻƳƭŜȅΣ /ΦWΦΣ нлмнΣ άDŜƻǘƘŜǊƳŀƭ 5ŜǾŜƭƻǇƳŜƴǘ ƛƴ ǘƘŜ 
¢ŀǳǇƻ ±ƻƭŎŀƴƛŎ ½ƻƴŜέΣ LƴǾƛǘŜŘ ǇƭŜƴŀǊȅ ŀŘŘǊŜǎǎ ŀǘ !¦{Laa 
New Zealand Branch Annual Conference 26-29th August 
2012, Rotorua. 
 
.ǊƻƳƭŜȅΣ /ΦWΦΣ aƻƴƎƛƭƭƻΣ aΦ!Φ нлмнΣ ά{ǳǎǘŀƛƴŀōƭŜΣ ŀǾŀƛƭŀōƭŜ 
base-ƭƻŀŘ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ƘŜŀǘ Υ ƎŜƻǘƘŜǊƳŀƭ ŜƴŜǊƎȅέΣ 
invited presentation at IEA Network of Expert Energy 
Technology (NEET) Integrated Approaches to Energy 
Technologies, 27 November 2012, Workshop hosted by 
Ministry for Science and Technology, Beijing, China. 
Published at 
http://www.iea.org/media/workshops/2012/neetbeijing/
04Dr.ChrisBromley.pdf 
 
 

 
 

Figure 5.4 Natural thermal features, and hot brine, at 
Reykjanes, Iceland. 

(Courtesy of Chris Bromley) 
 
 

2.5 Plans for 2013 and Beyond 
 
Work will to continue on the four existing Tasks with new 
efforts as described below (and listed in the 2013-2018 IEA-
GIA strategic plan). Collaborative tasks that would benefit 
from supportive funding include: preparation of an 

international geothermal environmental code-of-practice, 
sustainability modelling workshops, field trials using 
targeted shallow reinjection of hot fluids to remedy 
adverse effects, gas sequestration by injection, water 
treatment and PhD scholarships. 
 

2.5.1 Task A- Impacts on Natural Features 

¶ Establish protocols and methods of 
drilling/producing/injecting deep beneath protected 
areas with negligible surface impact; 

¶ Establish lower-risk methods of deep resource use 
from protected areas; 

¶ Distinguish natural from induced variations in thermal 
discharges; 

¶ Model groundwater changes arising from deep 
pressure changes; 

¶ Rank thermal features, habitats, & geothermal 
systems for protection; 

¶ Classify vulnerability of thermal features to reservoir 
pressure changes. 

 

2.5.2 Task B- Discharge and Reinjection 
 Problems 

¶ Mitigate corrosion;  

¶ Document results of subsidence mitigation by 
targeted injection;  

¶ Investigate biochemical remediation/ treatment of 
condensates;  

¶ Monitor casing integrity to protect groundwater; 

¶ Geothermal CO2 capture/purification for horticulture 
and bottling; 

¶ CO2 sequestration by injection or biological/chemical 
fixing; 

¶ Arsenic/boron removal from waste water by bio- or 
chemical- processing; 

¶ Protection of potable water aquifers from out-field 
reinjection effects; 

¶ Improved prediction of subsidence and effects 
avoidance or mitigation. 

 

2.5.3 Task C - Methods and Costs of Adverse 
 Impact Mitigation 

¶ Rank geothermal systems for protection status using 
appropriate categories & criteria;  

¶ Streamline EIA timeframes by standardising common 
issues and good practice procedures through 
programmatic approach;  

http://www.iea.org/media/workshops/2012/neetbeijing/04Dr.ChrisBromley.pdf
http://www.iea.org/media/workshops/2012/neetbeijing/04Dr.ChrisBromley.pdf
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¶ Itemize experience and best practice options for 
cooling, stimulation and make-up water resource 
issues for EGS projects; 

¶ Test the use of targeted injection to rejuvenate failed 
geysers/springs or halt subsidence 

¶ Review international geothermal environmental 
policies and procedures 

¶ Review costs of mitigation options for environmental 
effects 

¶ Produce global environmental code of practice for 
geothermal utilisation 

 

2.5.4 Task D- Sustainability 

¶ Investigate permeability changes with time & 
interference between neighbouring systems; 

¶ Publish more case studies; 

¶ Design & test a geothermal sustainability protocol 
using monitoring policies and reservoir performance 
indicators, and addressing the economic and social 
aspects of sustainability;  

¶ Plan make-up production from deep roots; 

¶ Improve the use of tracers for predictive modelling of 
long-term reservoir performance; 

¶ Convene further workshops or sustainability sessions 
at conferences 

¶ Collect  additional long-term (>30 yrs.) case histories 
to improve modelling confidence and better 
understand long-term reservoir behaviour; 

¶ Improve models, focussing on boundary conditions, 
recharge, dynamic recovery factors, long-term 
injection effects, thermal energy management, and 
EGS sustainability; 

¶ Establish funded PhD work in the area of modelling to 
optimise >100 yr. and periodic utilisation strategies; 

¶ Address long-term production pressure drawdown 
and injection cooling effects; 

¶ Address potential interference between adjacent 
(interconnected) geothermal areas; 

¶ Reduce uncertainties in long-term resource 
sustainability assessments by identifying key 
requirements for pre-exploitation and early 
development information.  

 
 

Figure 2.5 Thermal infrared image of Pohutu Geyser, Rotorua. 
(Courtesy of B. Scott, GNS Science) 

 

2.6 Websites Related to Annex I Work 
 

¶ IEA Geothermal Implementing Agreement website 
hosting protocols, sustainability reference list, etc.:   
http://www.iea-gia.org 

¶ IPCC report, Chapter 4, Geothermal: www.ipcc-

wg3.de/publications/ 

¶ {ŜƳƛƴŀǊ ǎŜǊƛŜǎ ƛƴ LŎŜƭŀƴŘ ƻƴ ΨD9hwDΩ  ǊŜǎŜŀǊŎƘ 
methods into sustainable production from deep high 
ǘŜƳǇŜǊŀǘǳǊŜ ΨǊƻƻǘǎΩ ƻŦ ǎȅǎǘŜƳǎ  Υ 
http://georg.hi.is/node/136 
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IEA Geothermal R & D Programme 
 

Chapter 3 
 

Annex III- Enhanced Geothermal Systems 
(EGS) 

 
 
 

 
 

The Raft River EGS Demonstration Project in Idaho is testing 
techniques to sustain EGS reservoirs.. 

(Photo: 2013 Annual Report, US DOE GTO, p. 11) 
 

 

3.0 Introduction 
 
Enhanced (or Engineered) Geothermal Systems (EGS) are 
being recognised as having a great potential for future 
global energy supply. This is clearly highlighted in the 
recent road map document published by the International 
Energy Association (IEA) in 2011: Technology Roadmap: 
Geothermal Heat and Power. The road map suggests that 
by 2050, more than half of the projected global geothermal 
increase comes from exploitation of ubiquitously available 
hot rock resources, mainly via enhanced geothermal 
systems (EGS).  Substantially greater research, 
development and demonstration (RD&D) resources are  

required in the next decades to ensure EGS becomes 
commercially viable by 2030. 

 
Additionally, the road map indicates that policy makers, 
local authorities and utilities need to be more aware of the 
full range of geothermal resources available and of their 
possible applications in order to develop consistent 
policies accordingly. This is particularly true for geothermal 
heat, which can be used at various temperatures for a wide 
variety of tasks. Important R&D priorities for geothermal 
energy include accelerating resource assessment, 
development of more competitive drilling technologies 
and improving EGS technology as well as managing health, 
safety and environmental (HSE) concerns.  
 

http://www.iea.org/publications/freepublications/publication/name,3988,en.html
http://www.iea.org/publications/freepublications/publication/name,3988,en.html
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The realisation that the combination of heat and power is 
more attractive in an industrialised world due to the 
increasing cost of hydrocarbon energy sources for both 
applications is taking place somewhat slower than expected. 
This may be due to expected lower cost of abundant shale 
gas and oil. The relatively low visual and carbon dioxide 
impacts are also helping EGS to be recognised as one of the 
attractive energy resources of the future. 
 
The IEA has clearly recognized that one of the most 
important greenhouse gas mitigation opportunities lies in 
the increasing use of renewable energy. Owing to the 
recent accelerated annual growth in installed capacity for 
geothermal power generation and the significant 
progress achieved in EGS development in Europe, 
Australia and North America, the IEA envisions 
geothermal energy to make a significant contribution to 
the growth of the renewable portfolio. However, a 
significant number of technology development and 
demonstration, legal and regulatory, and public policy 
issues must be addressed if the potential of geothermal 
energy is to be unlocked. 
 
Once the technology is demonstrated and accepted, it will 
bring into play a significant worldwide geothermal 
resource to generate base load power, supply heat for 
industrial applications and district heating schemes, and 
reduce environmental pollution.  It will also help sustain 
and expand hydrothermal systems through the use of 
stimulation techniques and reinjection. 
 
The goals of Annex III are to address new and improved 
technologies to access the huge heat resources present at 
depth in continental land masses, by engineering heat 
exchangers in order to allow the extraction of geothermal 
energy at commercially viable rates.  The objective is to 
generate base load power, supply heat for industrial and 
domestic applications, and provide environmental 
benefits.  Techniques developed should also help sustain 
and expand hydrothermal systems through the use of 
stimulation. 
 
The countries and organizations that participated in Annex 
III in 2012 were:  Australia, the European Commission (EC), 
France, Germany, Italy, Japan, Norway, Republic of Korea, 
Spain, Switzerland, United Kingdom, USA, Canadian 
Geothermal Energy Association (CanGEA), Geodynamics 
Limited, Geothermal Group-Spanish Renewable Energy 
Association (GG-APPA), Green Rock Energy Ltd., and 
ORMAT Technologies Inc. 
 
The Operating Agent for Annex III is US Department of 
Energy (US DOE), Washington, DC, USA. The Co-Annex 
Leaders are Jay Nathwani (US DOE, USA) and Doone 
Wyborn (Geodynamics Limited, Australia). 
 

3.1 Tasks of Annex III 
 
The work in this Annex was extensively restructured in 
2012, with efforts concentrating on three of the initial five 
Tasks, as described below. 
 

3.1.1 Task A- Geothermal Energy Resource, 
 Reserve & Depletion Estimates  
 

(Task Leader: Barry Goldstein, DMITRE, Australia) 
 
Task A investigates the quantification and definition of EGS 
resources in a form that can be internationally accepted, 
i.e., foster international consistency (through standards) 
for assessing and reporting geothermal resources and 
reserves to promote transparency, and confidence.  
Current EGS reporting codes have been developed for 
Australia, Canada, USA and Europe.  The path forward 
would include a comparison of the Beardsmore et al. (2011) 
protocol: Estimating and Mapping Global EGS Potential 
(May 2011), which the GIA commented upon, with the UN 
code and identify the gaps. 
 
This effort required financial support, which was provided 
through the IEA-GIA proposal funding mechanism (see 
section 3.2 Highlights). 
 

3.1.2 Task B- Technology Crossover between 
 Hydrothermal and EGS 
 

(Task Leader: Ezra Zemach, Ormat Technologies, Inc. and Ann 
Robertson-Tait, GeothermEx, USA) 
 
Task B investigates cross fertilisation of the established 
technology from hydrothermal systems and the new 
developments from EGS to encourage both technologies 
ǘƻ ōŜƴŜŦƛǘ ŦǊƻƳ ŜŀŎƘ ƻǘƘŜǊΩǎ ƪƴƻǿƘƻǿΦ DŜƻǘƘŜǊƳŀƭ 
resources exhibit a continuum from high permeability 
hydrothermal to relatively low permeability EGS. This 
task will examine the modification of conventional 
hydrothermal development technologies, such as 
horizontal drilling, fracture detecting and mapping, and 
pumping, for application to EGS energy development, 
and vice versa. The objective is to enhance energy 
recovery from both high and low permeability 
systems.  Desert Peak EGS project (USA) is used as a case 
study. Objectives include defining common technology 
terms, testing and assessment procedures, applicable 
drilling and high temperature logging tools. 
 
This cross fertilisation of technologies is being tested at the 
existing Desert Peak hydrothermal field (ORMAT) in 
Nevada, USA. It is anticipated this effort may significantly 
help the sustainability of existing hydrothermal fields, 
increase the power output and expand the hydrothermal 
resource. 
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Task B will examine current US demonstration projects and 
ŘŜǾŜƭƻǇ ŀ άƭŜǎǎƻƴǎ-ƭŜŀǊƴŜŘέ ŘƻŎǳƳŜƴǘ ƻǳǘƭƛƴƛƴƎ ǿƘŀǘ 
worked and what did not. 
 
This effort required financial support, which was provided 
through the IEA-GIA proposal funding mechanism (see 
section 3.2 Highlights). 
 

3.1.3 Task C- Data Acquisition and Processing 
 

(Task Leader: To be appointed) 
 
Task C was designed to collect information necessary for 
the realization of a commercial EGS energy producing plant 
at each stage of reservoir characterization, design and 
development, and of construction and operation.  
 
Access to past data and reports from various projects has 
always been difficult.  Though the US DOE developed the 
ά[ŜƎŀŎȅ tǊƻƧŜŎǘέΣ ǿƘƛŎƘ ǇǊƻǾƛŘŜǎ ŀŎŎŜǎǎ ǘƻ ǎƻƳŜ ƻŦ ǘƘŜ 
reports from previous EGS projects, access to the 
remaining large quantities of information and missing 
reports, and a better search engine to locate them are 
required. 
 
The continuing lack of funding to pursue this Task resulted in 
the decision, in 2012, to discontinue it as an independent Task, 
and merge it with Task D and request that each country deal 
with its own data in the way they believe best. 
 

3.1.4 Task D- Reservoir Evaluation 
 

(Task Leader: Doone Wyborn, Geodynamics Limited, Australia) 
 
The overall objective of Task D is to devise standard 
procedures to characterize EGS reservoirs. Characteristics 
such as heat transfer area, size of the stimulated volume, 
total flow impedance, and likely thermal draw down, are 
necessary for robust commercial valuation. Procedures 
relate to: well testing models, borehole measurements, 
water management, numerical methods, micro-seismic 
data acquisition, and tracer studies.  As noted above, Task 
C- Data Acquisition and Processing is to be merged with 
this Task; and Task E- Field Study of EGS Reservoir 
Performance (section 3.1.5) will be closed, with results to 
be included here. 
 
The path forward will be to develop a document that 
identifies lessons learned from current stimulation efforts. 
 
The work has progressed slowly but additional support is 
being considered and investigated. 
 
 

3.1.5 Task E- Field Studies of EGS 
 

(Task Leader:  J. Muller, IFE, Norway)   
 
The objective of Task E was to conduct research and 
development on working EGS projects with an emphasis on 
reservoir management and reservoir enhancement 
technologies.  This topic covered a broad area, including 
fracture and stress analyses, hydraulic and chemical 
stimulation, and fluid-flow modelling of hydraulic and 
chemical stimulation processes, tracer technologies and 
geophysical methods. 
 
The effort was re-designed in 2012, with the new aim to 
obtain Soultz-sous-Forêts (France) EGS project tracer 
results and analyse them at IFE.  The results will be 
incorporated into a Task D report after which Task E will be 
closed. 
 
 

3.2 Highlights for 2012 
 
The highlights for the 2012 year were: 

¶ A successful Task A proposal received US$ 10 k of GIA 
funding (with further support from DMITRE, South 
Australia) to help prepare ά! Global Review of 
Geothermal Reporting ¢ŜǊƳƛƴƻƭƻƎȅέ.  The draft report 
was submitted for review at the end of 2012, with the 
final version to be completed by early 2013. 

¶ A successful proposal from Task B obtained US$ 10 k 
from GIA (with further support from Ormat 
Technologies, Inc., USA) to prepare ŀ άƭŜǎǎƻƴǎ ƭŜŀǊƴŜŘέ 
document that would include: a) natural conditions 
and critical parameters, b) methodology and 
technology to improve reservoir performance, c) 
evaluation of how stimulation affected performance, 
and d) lessons learned to facilitate successful 
deployment and to drive future lines of research. 

¶ A Task B cross fertilisation of the technology project at 
hǊƳŀǘΩǎ 5ŜǎŜǊǘ tŜŀƪΣ ŦǳƴŘŜŘ Ƨƻƛƴǘƭȅ ōȅ ¦{ 5h9 ŀƴŘ 
Ormat Technologies, successfully demonstrated that 
power output from the high-temperature, low 
permeability margins of a conventional hydrothermal 
system can be increased by using fracture stimulation 
techniques developed for EGS technology. This 
improved our understanding of fluid flow processes 
and showed the importance of knowledge about in-
situ stress regime. 

¶ Contributed to Chapter 4 Geothermal Energy of the 
IPCC SRREN report, which included an assessment of 
the potential for global EGS deployment by 2050. 
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3.3 Plans for 2013 and Beyond 
 
As described above, Annex III activities are being reviewed 
and revised, with changes in direction planned beginning 
2013. 
 
 

3.4  References 
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3.5  Websites Related to Annex III Work 
 

¶ Habanero project, Australia: 
http://www.geodynamics.com.au/search.aspx?searc
htext=habanero&searchmode=anyword  

¶ GeneSys-Project, Germany: 

http://www.genesys-
hannover.de/Genesys/EN/English/english_node.html;
jsessionid=5E181ADA21237B3BAEAEA7BDF9648AFF.
1_cid284  

¶ US DOE Geothermal Technologies Program (2012) 
2012 Peer Review of the US DOE GTP: 
http://www1.eere.energy.gov/geothermal/pdfs/gto_
peer_review_report_2012.pdf  

¶ DOE technical projects:  
www.eere.energy.gov/geothermal   
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IEA Geothermal R & D Programme 
 

Chapter 4 
 

Annex VII- Advanced Geothermal Drilling and 
Logging Technologies 

 
 

 
 

Bit 1 before drilling. 
 

 
 

Bit 1 after removal at 630 m. 
 

Figure 4.1  PDC Bits Outperform Conventional Bit 
in Geothermal Drilling Project (Raymond, et al.). 

(For further information contact David Raymond at: dwraymo@sandia.gov) 
(Photo courtesy of Sandia National Laboratories, USA) 

 
 

 

4.0 Introduction 
 
The objective of advanced drilling and logging technologies 
is to promote ways and means to reduce the cost of 
geothermal drilling through an integrated effort which 
involves developing an understanding of geothermal 
drilling and logging needs, elucidating best practices, and 
fostering an environment and mechanisms to share 
methods and means to advance the state of the art. Drilling 
is an essential and expensive part of geothermal 
exploration, development, and utilization. Drilling, logging, 

and completing geothermal wells are expensive because of 
high temperatures and hard, fractured formations. The 
consequences of reducing cost are often impressive, 
because drilling and well completion can account for more 
than half of the capital cost for a geothermal power project. 
 
Geothermal drilling cost reduction can take many forms, 
e.g., faster drilling rates, increased bit or tool life, less 
trouble (twist-offs, stuck pipe, etc.), higher per-well 
production through multi-laterals, and others. Activities in 
the Advanced Geothermal Drilling and Logging 

mailto:slindbl@sandia.gov

