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Message from the Chair 
 

 
 
 
 
 
 
 
 
Chris Bromley 
Chairman, IEA-GIA Executive Committee 
 

During 2011, members of the IEA Geothermal Implementing Agreement consolidated 
their 3rd term work program and made considerable progress towards achieving their 
objectives. Again, in regard to these achievements, I want to take this opportunity to 
thank our Executive Secretary, Dr Mike Mongillo, for his enthusiastic, proactive, and 
visionary approach to the role. I thank, also, the members of the Executive Committee, 
and Annex participants, who can justifiably be proud of their input into the IEA-ǝǟǗ́ɿ 
accomplishments, achieved through considerable voluntary effort, enthusiasm, good 
humor and dedication. The enthusiasm displayed during ExCo meetings for better 
collaboration amongst members, sharing of past experiences and learning from past 
mistakes, has always been very satisfying to observe.  The work of the GIA is well 
presented on its Web site, through its publications and presentations by members at key 
conferences, and by its contributions to the IEA which publishes information on 
geothermal technology. 
 
Some of the highlights of the 2011 year included collaboration with the IEA to complete, 
ɭɺɰ ɼʁɮɸɵɯɵʆɱ ʀɴɱ ͂ǝɱɻʀɴɱɾɹɭɸ Ǩɻɭɰɹɭɼ̵̓ Ǫɴɵɿ ɵɹɼɻɾʀɭɺʀ ʂɵɿɵɻɺɭɾʅ ɰɻɯʁɹɱɺʀ ʃɵɸɸ ɴɱɸɼ 
track global geothermal deploymeɺʀ ɵɺʀɻ ʀɴɱ ɲʁʀʁɾɱ̵ Ǘɺɺɱʄ Ǯǟ̲ ̀ǟɺɰʁɯɱɰ ǩɱɵɿɹɵɯɵʀʅ́ ɴɱɸɰ 
ɭ ɶɻɵɺʀ ɹɱɱʀɵɺɳ ʃɵʀɴ ʀɴɱ ̀ǟɺʀɱɾɺɭʀɵɻɺɭɸ Ǧɭɾʀɺɱɾɿɴɵɼ ɻɲ ǝɱɻʀɴɱɾɹɭɸ Ǫɱɯɴɺɻɸɻɳʅ - Induced 
ǩɱɵɿɹɵɯɵʀʅ ǭɻɾɷɵɺɳ ǝɾɻʁɼ̲́ ɱɼɵʀɻɹɵʆɵɺɳ ʀɴɱ ɳɾɻʃɵɺɳ ʀɾɱɺɰ ʀɻʃɭɾɰɿ ɯɻɸɸɭɮɻɾɭʀɵɻɺ ɭɺɰ 
rationalization of research efɲɻɾʀ̵ ǚɵɿɯʁɿɿɵɻɺ ɯɻɹɹɱɺɯɱɰ ɻɺ ɭ ̀Ǧɾɻʀɻɯɻɸ ɲɻɾ Ǜɿʀɵɹɭʀɵɺɳ 
ɭɺɰ ǣɭɼɼɵɺɳ ǝɸɻɮɭɸ Ǜǝǩ ɼɻʀɱɺʀɵɭɸ́ ʃɴɵɯɴ ɿɱʀ ʀɴɱ ɿɯɱɺɱ ɲɻɾ ɭɺɻʀɴɱɾ ɵɹɼɻɾʀɭɺʀ ʀɭɿɷ ɻɲ 
Ǘɺɺɱʄ ǟǟǟ ̀͘Ǜǝǩ̵͙́ ǣɱɹɮɱɾɿ ɭɸɿɻ ʃɱɸɯɻɹɱɰ ɾɱɺɱʃɱɰ ɼɭɾʀɵɯɵɼɭʀɵɻɺ ɲɾɻɹ ʀɴɱ ǫɺɵʀɱɰ 
Kingdom by supporting the First UK EGS Symposium held in London in November in 
tandem with our regular Executive Committee and Annex meetings. Finally, the IPCC 
Special Report on Renewable Energy Sources and Climate Change Mitigation was 
published in May 2011.  Two years of effort had previously been invested in the 
Geothermal Chapter by four GIA ExCo Members and the Secretary. The results of this 
work were also presented at leading geothermal workshops and conferences (e.g., 
Stanford and GRC). 
 
Such activities and other Annex related work undertaken during the 2011 year are presented 
in this comprehensive Annual Report. I highly recommend that you take the time to read 
the Annex, Country and Sponsor chapters, in particular. A wealth of information is 
embedded in these chapters, and they represent an impressive amount of effort by 
participants to collate up-to-date information. This report also provides background 
information for a new annual report series that the IEA-GIA has recently initiated under 
Ǘɺɺɱʄ Ǯ̵ Ǫɴɱ ͂Ǫɾɱɺɰɿ ɵɺ ǝɱɻʀɴɱɾɹɭɸ Ǘɼɼɸɵɯɭʀɵɻɺɿ̓ ɾɱɼɻɾʀ ɿɱɾɵɱɿ ɭɿɿɱɿɿɱɿ ɳɸɻɮɭɸ ʀɾɱɺɰɿ ɵɺ 
deployment of renewable energy technology, by using annual information from GIA 
participating countries. Information is the backbone that supports renewable energy 
deployment projections, and under-pins government policies. Indeed, we believe that these 
Annual and Trend reports are helping to improve recognition of the potential role of 
Geothermal Energy as a significant player in the renewable energy marketplace of the future.  
 
Chris Bromley 
Chairman, IEA-GIA Executive Committee 
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Executive Summary 
 
 

 
 

Te Mihi 166 MWe power station under construction at Wairakei 
(Mt Tauhara and Taupo town in the background). 

 (Photo courtesy of Chris Bromley) 
 

 

Introduction 
 

2011 saw the continued success of the IEA Geothermal Implementing Agreement (GIA) efforts.   
Especially noteworthy was the renewed membership of the United Kingdom, who re-joined the 
GIA in September 2011 after having withdrawn in 2003.  ǟɺ ͂ɯɱɸɱɮɾɭʀɵɻɺ̲̓ ʀɴɱ ͯͻth ExCo Meeting 
was held in London in association with the First UK Geothermal Symposium on Engineered 
Geothermal System Energy in the UK and a Global Perspective.  The post meeting fieldtrip 
visited the Rosemanowes EGS site in Cornwall and the site for a new EGS well to be drilled by 
EGS Energy, the hosts of the London ExCo Meeting.  Mr Greg Barker, Minister for the 
ǚɱɼɭɾʀɹɱɺʀ ɻɲ Ǜɺɱɾɳʅ ̯ Ǚɸɵɹɭʀɱ Ǚɴɭɺɳɱ ͘ǚǛǙǙ͙̲ ɭʀʀɱɺɰɱɰ ɼɭɾʀɸʅ ɵɺ ɾɱɯɻɳɺɵʀɵɻɺ ɻɲ ʀɴɱ ǫǡ́ɿ 
renewed membership, and ɰɵɿɯʁɿɿɱɰ ʀɴɱ ǫǡ ǝɻʂɱɾɺɹɱɺʀ́ɿ ɯɻɹɹɵʀɹɱɺʀ ʀɻ ɾɱɺɱʃɭɮɸɱ ɭɺɰ 
geothermal energy. 
 
Also important in 2011 was the continuation of the GIA proposal funding programme, which 
makes available a portion of the GIA Common Fund to support Annex and other GIA activities 
and which amounted to US$ 46 k in 2011. In 2011, proposal funding was used to support the 
participation of the GIA Chair and Secretary as international experts at the week-long Peer 
Review of the US DOE Geothermal Technologies Program held in Bethesda, Maryland, USA, in 
June 2011. Taking advantage of the associated opportunity, both Chair and Secretary gave 
presentations describing the GIA and its activities (sustainability, research collaboration and 
deployment growth to mitigate climate change).  In addition, financial support was provided for 
special 2011 GIA activities inclʁɰɵɺɳ ʀɴɱ ǩɱɯɾɱʀɭɾʅ́ɿ ɼɾɱɿɱɺʀɭʀɵɻɺ ɻɲ ʀɴɱ ǝǟǗ ǣɵɰ-3rd Term Report 
to the IEA REWP meeting and attendance at the IEA Renewable Energy from Analysis to Action 
ʃɻɾɷɿɴɻɼ ɵɺ Ǧɭɾɵɿ̲ ǜɾɭɺɯɱ̲ ɵɺ ǣɭɾɯɴ ̳ͯͭͮͮ ɭɺɰ ʀɴɱ Ǚɴɭɵɾ́ɿ ɼɭɾʀɵɯɵɼɭʀɵɻɺ ɭʀ ʀɴɱ IEA-GIA~IPGT and 
AGEC 2011 Meetings in Melbourne, Australia.  Such expanded efforts are possible because of the 
ɿʀɭɮɸɱ Ǚɻɹɹɻɺ ǜʁɺɰ ɿʁɼɼɻɾʀ ɼɾɻʂɵɰɱɰ ɮʅ ǝǟǗ́ɿ ɹɱɹɮɱɾɿɴɵɼ ͘20 Members in 2011) and the 
comparatively steady and controlled cost for operating the GIA Secretariat. 
 
Thɱ ǝǟǗ́ɿ information dissemination effort R&D activities were ɲʁɾʀɴɱɾ ɿʁɼɼɻɾʀɱɰ ɮʅ ʀɴɱ ǛʄǙɻ́ɿ 
decision to proceed with the re-design of the GIA website; as well as extended with the initial 
production of the first (2010) GIA Trend Report by Annex X, which endeavours to collect 
geothermal energy statistics on installed capacity, generation, direct heat use, CO2 production 
avoidance, and other information, and publish it in a stand-alone report.   With the data and 
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information procedures and detailed design of the GIA Trend Report completed, the 2010 Trend 
Report is expected to be formally published in 2012. 
 
Ǫɴɱ ǝǟǗ́ɿ ͯͭͮ1 membership remained at 20, with the addition of new Country Member, the 
United Kingdom, and the loss of Industry Member ORME Jeotermal (Turkey).  As of December 
2011, membership comprised 14 Country and 5 Sponsor (industry/industry organization) 
Members, plus the EC.  This membership, from continental Europe, Scandinavia, Asia, the 
Americas and Oceania, provides a broad international base of experience and knowledge for 
collaboration on a whole host of R&D projects and for sharing information in order to overcome 
technical and other challenges to advance the sustainable development of geothermal energy 
worldwide and so contribute to the mitigation of climate change.  
 
The Intergovernmental Panel on Climate Change (IPCC) Special Report on Renewable Energy 
Sources and Climate Change Mitigation was published in May 2011, the successful conclusion to 
a large international project which several GIA ExCo Members and the GIA Secretary 
participated in as Coordinating Lead, Lead and Contributing Authors for Chapter 4 Geothermal 
Energy. 
 
In 2011, the 9 GIA Member Countries with geothermal generation had a combined installed 
capacity of 6,975 MWe and total generation of 41,740 GWh/yr, contributing about 63% of the 
global geothermal installed capacity and 61% of the geothermal power.  For GIA Member 
Countries with non-negligible contributions, the contribution to national geothermal installed 
capacity and power generation ranged from 1.7-24.8% and 2.4-27.3%, respectively; with an average 
generation per installed capacity of 6.0 GWh/MWe, by far the highest of all renewables. 
 
This Executive Summary provides an introduction to, and brief summary of, the 2011 GIA Annual 
Report.  It describes the current world energy situation, discusses the global scene in which the 
IEA-GIA operates, and outlines the extensive worldwide geothermal energy potential and the 
contribution that geothermal made to the global energy supply in 2011.  A description of the 
IEA-ǝǟǗ ɭɺɰ ɭ ɾɱʂɵɱʃ ɻɲ ʀɴɱ ɿɵʄ Ǘɺɺɱʄɱɿ́ ɭɯʀɵʂɵʀɵɱɿ ɭɺɰ ɿʁɹɹɭɾɵɱɿ ɻɲ ʀɴɱɵɾ ɭɯɯɻɹɼɸɵɿɴɹɱɺʀɿ ɭɾɱ 
ɼɾɱɿɱɺʀɱɰ̵  Ǟɵɳɴɸɵɳɴʀɿ ɻɲ ǝǟǗ ǣɱɹɮɱɾɿ́ ͯͭͮ1 activities are provided and the major achievements 
of the GIA as an organization aɾɱ ɰɱɿɯɾɵɮɱɰ̵  ǜɵɺɭɸɸʅ̲ ʀɴɱ ǝǟǗ́ɿ ɼɸɭɺɿ ɲɻɾ ͯͭͮ2 and beyond are 
outlined.  All references to chapters, sections, etc., here refer to those in the 2011 Annual Report. 
 
 

Current World Energy Situation 
 
The global total demand for energy has grown nearly continuously since 1971 (Figure ES1), with 
a slight (~1%) decrease in the 2009 worldwide total primary energy supply to 12,150 Mtoe (508.7 
EJth) compared to 2008 (12,267 Mtoe, 514 EJth) and a ~0.6% decrease in electricity generation to 
20,055 TWh (IEA, 2010; 2011), likely consequences of the global financial crisis.  However, this 
slight drop was followed by an overwhelming ~5% increase in primary energy demand to 12,707 
Mtoe (532 EJth) in 2010, with associated CO2 emissions of 30.4 Gt, an increase of 5.3% over 
2009 (Birol, 2011; IEA, 2012); and indications are for continued increases in 2011, with CO2 
emissions rising to 31.2 Gt (2.6% increase on 2010) (WEO, 2012).  Fossil fuel subsidies in 2011 
rose to US$ 523 B, almost 30% higher than in 2010; while renewables received total financial 
support of US$ 88 B in 2011 (ibid.). 
 
CO2 emissions arising from current energy use trends are consistent with a 6 °C average global 
temperature increase by the end of this century, and associated alarming environmental and 
economic consequences.  The possibility of achieving the global climate change objective of 
limiting the temperature increase this century to 2 °C above the pre-industrial levels is becoming 
more and more problematic, especially with the present preoccupation of policy makers with 
national economic growth over climate change issues.  The timeframe for successful action is 
narrowing with associated required costs escalating (Birol, 2012).  Though a new international 
climate change protocol is expected to be completed by 2015, and implemented by 2020 (COP17, 
2012), IEA analysis indicates that by delaying action on climate change mitigation until 2020 
would avoid US$ 150 B of investment; however, to then achieve the 2 °C goal, would incur extra 
investment costs of US$ 650 B through 2035 (ibid.).  Ǚɻɺɿɱɽʁɱɺʀɸʅ̲ ɵʀ ɵɿ ɵɺ ɱʂɱɾʅɻɺɱ́ɿ ɵɺʀɱɾɱɿʀɿ 
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to adopt policies that encourage the shift to low-carbon energy production and increased energy 
efficiency as early as possible. In addition, reducing the 20% portion ɻɲ ʀɴɱ ʃɻɾɸɰ́ɿ ɼɻɼʁɸɭʀɵɻɺ 
(~1.3 billion) currently without access to electricity is a priority. 
 
 

 
 

Figure ES1  World total primary energy supply by fuel (in Mtoe) for the 
period 1971-2010. Other includes geothermal, solar, wind, heat, etc. (IEA, 2012). 

 
 
Assuming that all new developments and government policy commitments are implemented, 
termed the New Policies Scenario, in the period to 2035, total energy demand will grow by over 
30%, electricity demand by over 70%, and CO2 emissions rise to 37 Gt; emerging economies will 
increasingly determine energy market dynamics, with fossil fuels continuing to be the main 
energy sources.  About 90% of the population and energy demand growth occurs in non-OECD 
countries, with China becoming the largest energy consumer (demand rising by 60%), followed 
by India (demand doubles from 2010) and the Middle East. Energy consumption rates in OECD 
grow by only 3% and the share of oil and coal in its energy mix drop 15% to 42%.  Though the 
demand for all fuels increases, the fossil fuels share decreases from 81% in 2010 to 75% in 2035, 
however, natural gas does increase its share in the global mix, the result of unconventional 
resource development.  The share of nuclear power electricity production decreases to 12% due 
to policy changes in several countries arising from the Fukushima Daiichi accident (11 March 
2011).  Renewable energies, mainly hydro and wind, triple their contribution to electricity 
generation in the period 2010 to 2035, with their proportion of the energy mix increasing from 
20% in 2010 to 31% by 2035.  The outcome of the New Policies Scenario leads to a temperature 
increase of 3.6 °C, compared to the Current Policies Scenario, which results in a temperature 
increase of Ó6 °C.  Consequently, neither of these policies is sufficient, resulting in failure to 
achieve sustainable global energy utilization and provide universal energy access (WEO, 2012). 
 
To achieve the 2 °C limit as formulated in the 450 Scenario (450 ppm CO2-eq greenhouse gas 
concentration), 80% of the total energy related CO2 emissions permissible by 2035 are now 
͂ɸɻɯɷɱɰ-ɵɺ̓ ɮʅ ʀɴɱ ɱʄɵɿʀɵɺɳ ɯɭɼɵʀɭɸ ɿʀɻɯɷ ɻɲ ɼɻʃɱɾ ɼɸɭɺʀɿ̲ ɮʁɵɸɰɵɺɳɿ̲ ɲɭɯʀɻɾɵɱɿ̲ ɱʀɯ̵  ǜʁɾʀɴɱɾɹɻɾɱ̲ ɵɲ 
no new action is taken by 2017, all of the CO2 emissions allowed by the 450 Scenario up to 2035 
will be generated by the energy related infrastructure then in place.  Consequently, only 
ɱʄʀɾɱɹɱɸʅ ɯɻɿʀɸʅ ͂ʆɱɾɻ-ɯɭɾɮɻɺ̓ ɼɻʃɱɾ ɼɸɭɺʀɿ̲ ɲɭɯʀɻɾɵɱɿ ɭɺɰ ɻʀɴɱɾ ɵɺɲɾɭɿʀɾʁɯʀʁɾɱ ɯɻʁɸɰ ɮɱ ɭɰɰɱɰ 
between 2017 and 2035 (Birol, 2011).  Ǟɻʃɱʂɱɾ̲ ǟǛǗ́ɿ Ǜɲɲɵɯɵent World Scenario provides the 
opportunity to realize the potential of energy efficiency, through the rapid deployment of 
energy-efficient technologies, which can postpone to 2022, the complete ͂ɸɻɯɷ-ɵɺ̓ ɻɲ Ǚǥ2 
emissions allowed for in the 2 °C pathway, providing the extra time needed for the global 
climate agreement to be attained (2020). But, achieving the 2 °C goal will still require the use of 
low-carbon technologies. (WEO, 2012). 
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Therefore, urgent and tough action is required to achieve the climate change objective.  Major 
energy efficiency improvements are needed, and can contribute 50% of the required energy 
emissions reductions.  The fossil fuel subsidies must be abolished and disincentives, such as 
sufficient carbon pricing, need to be established to support more low-carbon technologies.  Also 
of great importance is the scale-up and protection of energy sector R&D.  Technologies based on 
renewable and nuclear energies, and carbon capture and storage (CCS) have important and 
large roles to play (Birol, 2011).   
 
Awareness of the current global energy situation and possible dire future climate change 
outcomes are strong incentives for urgent action, particularly for expanding the use of clean, 
renewable energy resources.  Providing affordable, reliable and clean energy to meet future 
needs while mitigating major climate change is an enormous challenge, and geothermal energy 
can make an important contribution. 
 
 

Geothermal Energy- A Global Perspective 
 
The main sources for geothermal energy are the heat ɲɸɻʃ ɲɾɻɹ ʀɴɱ ɱɭɾʀɴ́ɿ ɯɻɾɱ ɭɺɰ ɹɭɺʀɸɱ 
(~50%), and that generated by the gradual decay of radioactive isotopes U238, Th232 and K40, in 
ʀɴɱ ɱɭɾʀɴ́ɿ mantle and continental crust (~50%) (KamLAND, 2011).  Together, these result in an 
average terrestrial heat flow rate of 44 TWth (1,400 EJ/yr), some 2.6 times the 2010 worldwide 
total primary energy supply, 532 EJth/yr, (IEA, 2012), which is about 5% higher than the 2009 
value (509 EJth͎ʅɾ̵͙  Ǫɴɻʁɳɴ ʀɴɱ ʃɻɾɸɰ́ɿ ɳɱɻʀɴɱɾɹɭɸ ɴɱɭʀ ɾɱɿɻʁɾɯɱɿ ɭɾɱ ɱɺɻɾɹɻʁɿ ɭɺɰ 
ubiquitous, it is difficult to accurately determine global potentials due to their generally hidden 
nature (subsurface).  This uncertainty is exacerbated because the technologies used to develop 
geothermal resources are constantly evolving, so continuing to extend capabilities and reduce 
costs, and thereby increase technical and economic potentials.  Therefore, there are considerable 
uncertainties in estimating the global geothermal resource potentials, and revisions are expected 
as more information and new technologies become available. 
 
The most likely worldwide total technical potential for geothermal resources located along 
tectonic plate boundaries and near volcanic hot spots has been estimated to be about 6.5 TWth 
(205 EJth/yr) (Stefansson, 2005), about 40% of the 2009 worldwide total annual supply.  Of this 
total, identified hydrothermal resources capable of development for electricity generation using 
conventional methods (T > 130 °C) amount to some 200 GWe (5.7 EJe/yr, or 57 EJth/yr), assuming 
a 10% electrical conversion efficiency.  The remaining 4.7 TWth (148 EJth/yr), comprise lower 
temperature resources (T Ò 130 °C) considered useful mainly for direct heat applications.  These 
estimates may increase by factors of 5-10 if approximations for as yet hidden/unidentified 
resources are included (ibid.).  Power generation potentials are also increasing as a result of 
technological advances providing conversion efficiencies now ranging up to 20% for high 
temperature (> 180-200 °C) fluids.   
  
In addition to hydrothermal resources, several other potentially significant geothermal sources 
capable of power generation and direct heat use exist: 1) binary generation from the use of the 
hot water discharged from conventional plants (co-generation) and that available from the lower 
temperature geothermal resources (75-130 °C); 2) the cascaded use of hot water discharged from 
geothermal power stations for direct heat applications; 3) the massive geothermal energy 
potential available within drilling depths (3-ͮͭ ɷɹ͙ ɵɺ ʀɴɱ ɴɻʀ ɾɻɯɷ ɻɲ ʀɴɱ ɱɭɾʀɴ́ɿ ɯɾʁɿʀ ʁɿɵɺɳ 
enhanced geothermal systems technology (EGS); 4) the energy resources in the form of super-
critical fluids inferred to exist deep beneath hydrothermal systems (3-5 km); 5) hot water 
produced from oil and gas wells; 6) hot water present in deep sedimentary basins; 7) off-shore 
(under-sea) hydrothermal resources located along the submarine rifts and identified by the 
presence of hydrothermal vents and 8) the ubiquitous shallow geothermal resources utilized by 
geothermal heat pumps for heating and cooling and available almost anywherɱ ɻɺ ʀɴɱ ɱɭɾʀɴ́ɿ 
surface. 
 
Recent estimates indicate that using current technology hydrothermal resources, available at 
some 10-ͮͺΗ ɻɲ ʀɴɱ ɱɭɾʀɴ́ɿ ɿʁɾɲɭɯɱ ɭɺɰ ɴɻɹɱ ʀɻ ΟͮͺΗ ɻɲ ʀɴɱ ʃɻɾɸɰ́ɿ ɼɻɼʁɸɭʀɵɻɺ̲ ɯɻʁɸɰ ɼɾɻʂɵɰɱ 
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70-80 GWe by 2050.  In addition, development of other geothermal resources, including: EGS, 
super-critical fluids, hot water co-produced with oil and gas, hot water from deep sedimentary 
basins, and off-shore (under-ɿɱɭ͙ ͂ɴʅɰɾɻʀɴɱɾɹɭɸ̓ ɾɱɿɻʁɾɯɱɿ ɸɻɯɭʀɱɰ ɭɸɻɺɳ ɿʁɮɹɭɾɵɺɱ ɾɵɲʀɿ̲ ʁɿɵɺɳ 
͂ɭɰʂɭɺɯɱɰ̓ ʀɱɯɴɺologies could deploy another 80 GWe by 2050, resulting in a total global 
geothermal power deployment of some 150 GWe generating 1,182 TWh/yr by 2050.  This would 
provide an estimated 3Η ɻɲ ʃɻɾɸɰ́ɿ ɱɸɱɯʀɾɵɯɭɸ ɼɻʃɱɾ ɭɺɰ ɿɭʂɱ ɭɮɻʁʀ 1 Gt of CO2 emissions if 
displacing coal-fired generation (Goldstein et al., 2011). 
 
Direct use technical potential has recently been assessed at >300 EJ/yr, with a probable 
deployment of 800 GWth and utilization of 7.6 EJ/yr providing about 5% of the heating and 
cooling demand by 2050 and saving a further 0.8 Gt of CO2 emissions (ibid.). 
 
Geothermal is an important global renewable energy resource, with many valuable 
characteristics, including its: extensive global distribution, environmentally friendly character, 
independence of season, immunity from weather effects, indigenous nature, contribution to 
development of diversified power, effectiveness for distributed application, sustainable 
development capabilities and small areal foot-print.  Though geothermal predominantly operates 
as a baseload provider of electricity with availability and load factors typically well above 90%, it 
can also operate in a load-following capacity, although at lesser efficiency. 
 
Geothermal electricity generation and direct use development have experienced high growth 
rates worldwide for the past few years (Figure ES2; Tables ES2 and ES3) and future prospects 
continue to look extremely positive. 
 
Geothermal resources have the potential to make a sizable contribution towards meeting the 
ʃɻɾɸɰ́ɿ ɯʁɾɾɱɺʀ ɭɺɰ future energy needs well into the future, while contributing to the reduction 
of emissions and the mitigation of climate change.  The global geothermal potential is enormous; 
however, attaining maximum deployment will require long-term R&D. 
 
 

Status of Global Geothermal Energy in 2011 
 
Worldwide geothermal data were comprehensively collected for reporting at the World 
Geothermal Congress 2010, held on 25-29 April 2010, in Bali, Indonesia (Bertani, 2010; Lund 
2010). In 2011 and 2012, these 2010 data were carefully assessed, with the global results published 
by Bertani (2012) and Lund et al. (2011). Twenty-four countries were producing electricity from 
geothermal resources, with a total geothermal installed capacity exceeding 11,079.3 MWe, with 
electricity generation of 67,954.3 GWh, based on 2010 data (Bertani, 2012), updated with 2011 
GIA Country Member data (Figure ES2, Table ES1).  In 2011, the 9 GIA Member Countries 
having geothermal generation contributed about 63% of the global installed geothermal capacity, 
and 61% of the total geothermal power generated.  
 
During the period 1950 to 1970 the worldwide geothermal installed capacity growth rate was 
quite small, then began to accelerate following the energy crisis of the early 1970s, increasing by 
a factor of >6.5 between 1970 and 1985.  Between 1985 and 2005, the worldwide geothermal 
installed capacity increased by a factor of about 2.3, at a very uniform rate of ~210 MWe/yr (Figure 
ES2).  However, between 2005 and 2011, the rate of increase grew significantly, with a linear trend 
of about 352 MWe/yr to the end of 2011; more than 1.7 times the rate of the previous 5 year 
period.  The capacity increase in GIA Member Countries was: 2011 (6,975.3 MWe)  ͑2005 (5,449 
MWe) = 1,526.3 MWe, or about 28% (4.7%/yr).  Table ES1 presents the 2011 data for GIA Member 
Countries and 2010 data for the other 15 countries with geothermal power generation (Bertani, 
2012).  Table ES2 illustrates the growth in installed capacity (1950-2011) and generation (1995-2011), 
with 2006, 2007, 2008, 2009 and 2011 representing minimum estimates.  
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Figure ES2 Worldwide geothermal installed capacity for the period 1950-2011.  The 2005-2011 data 
[blue triangles] includes GIA data for 2005-2011 and data for the other countries from Bertani 

(2005; 2007, 2012), and has a trendline slope of 352 MWe/yr.  Data for 1950-2005 is from Bertani 
(2010), with the 1985-2005 data [magenta squares] having a trendline slope of 210 MWe/yr.  Data 

for 1950 to 1980 [green stars] is from Bertani (2010). 
 
 
As shown in Table ES1, geothermal energy provides a major contribution to the national capacity 
and national generation for several countries.  For eight countries (including, Tibet, Lihir [New 
Guinea] and San Miguel Islands [Portugal]), the geothermal installed capacity now exceeds 10% 
of national capacity, and six of these obtain 17-75% of their electricity from geothermal.  In 2011, 
the contribution to national installed capacity for GIA Member Countries with non-negligible 
installation/generation ranged from 1.7-24.8%, with a corresponding range in contribution to 
national generation of 2.4-27.3%. 
 
The total GIA geothermal generation of 41,739.5 GWh/yr is equivalent to a savings of about 10.5 Mtoe 
(using GIA conversion (Mongillo, 2005)) and avoided CO2 emissions of 34.23 Mt.  The 
equivalent savings for the worldwide total generation of 67,954.3 GWh/yr is about 17.2 Mtoe 
and avoided CO2 emissions of some 55.5 Mt (ibid.). 
 
A good indicator of the contribution a renewable energy resource makes is the ratio of the 
power they generate to the installed capacity, which for the GIA Countries in 2011 was 5.98 
GWh/yr/MWe, with the global average being 6.13 GWh/yr/MWe.  This quantity takes into account 
the amount of time that the generator actually produces power, i.e., the availability factor.  For 
geothermal, this incorporates the resource availability (usually sustained by make-up drilling), 
plant availability (affected by repairs and maintenance), and transmission or load-following 
ɯɻɺɿʀɾɭɵɺʀɿ̵  ǝɱɻʀɴɱɾɹɭɸ́ɿ ʂɱɾʅ ɴɵɳɴ ɭʂailability factors make it possible to operate at high 
capacity factors, which for new installations are above 90%, making geothermal valuable for 
baseload generation. 
 



 7 

Table ES1  Geothermal power installed capacity and electricity generation for GIA Member 
Countries for 2011, with 2010 data for the 15 non-GIA countries** (Bertani, 2012). 

 

Country* 
Installed Capacity 

(2011)  
[MW

e
] 

Annual Electricity Generated 
(2011) 

[GWh/yr] 

% of  
National  
Capacity 

% of  
National  
Energy 

Australia* 0.1 1.9 Negligible Negligible 

Austria 1.4 3.8 Negligible Negligible 

China (Tibet) 24 150 30 - 

Costa Rica 166 1,131 8 13 

El Salvador 204 1,422 15 26 

Ethiopia 7.3 10 - - 

France 17.7 
 

56.6 - 

 

0.01 
 

Germany # 7.3 18.7 Negligible Negligible 

Guatemala 52 289 - - 

Iceland 664.6 4,701.0 24.8 27.3 

Indonesia 1,197 9,600 - - 

Italy 882.5 5,315.0 - 1.8 

Japan 540.1 2,652.2 0.2 0.3 

Kenya 202 1,430 14 22 

Mexico 958.0 6,524.0 1.7 2.4 

New Zealand 794.0 5,770.0 7.4## 13.4 

Nicaragua 88 310 11 - 

Papua New Guinea 
(Lihir Island) 

 
56 

 
450 

 
75 

 
75 (Lihir) 

Philippines 1,904 10,311 12 17 

Portugal 
(San Miguel Island) 

 
29 

 
175 

 
25 

 
40 (San Miguel) 

Russia 82 441 Negligible Negligible 

Thailand 0.3 2.0 Negligible Negligible 

Turkey 91 490 Negligible Negligible 

USA 3,111.0 16,700.0 Negligible 0.4 

Total GIA Countries 6,975.3 41,739.5 - - 

Total- Global*** 11,079.3 67,954.3 - - 
 

* GIA Member Country in bold font, data from 2011 Country Reports 
** The Bertani (2012) data is for the period to the end of 2009 
# GIA data from 2011 GIA Trend Report (2013)  
## From NZ Country Report September 2012 Geothermal Update, Bromley, 28th ExCo Meeting, Pisa, Italy 
*** Using 2010 data for non-GIA Member countries 

 
 
In 2011, 78 countries were utilizing geothermal energy for direct heat applications, including: 
geothermal heat pumps (GHPs); space, greenhouse and aquaculture pond heating; 
agricultural drying; industrial uses; bathing and swimming; cooling; and snow melting (Lund 
et al., 2011).  The total worldwide installed capacity to the end of 2009 was about 48,493 
MWth, with a total thermal energy usage of about 423,830 TJ/yr (Table ES3) (ibid.).  In 2011, 
the 13 GIA Member Countries had a total installed thermal power capacity of approximately 
26,869 MWth and utilized about 204,583 TJ/yr (Table ES3).  It is estimated that in 2011, 
some 1.5 million GHP units were installed in GIA Member countries (GIA, 2013), with a total 
of about 2.76 million (12 kW equivalent) installed worldwide in 2010 (Lund et al., 2011.). 
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Table ES2  Worldwide installed geothermal capacity (1950-2011) and electricity generation (1995-2011).  
The generation for 2006-2011 utilizes GIA Member Country data. 

 

Year 1950* 1955* 1960* 1965* 1970* 1975* 1980* 1985* 1990* 1995* 2000* 2005# 2006# 2007# 2008# 2009# 2010 2011 

Geothermal 
Installed 

Generating 
Capacity 
(MWe) 

200 270 386 520 720 1,180 2,110 4,764 5,834 6,833 7,972 8,933 9,452 10,026 10,405 10,565 10,892 11,079.3 

Electricity 
Generation 
(GWh/yr) 

- - - - - - - - - 38,035 49,261 53,649 55,209 56,782 57,957 58,494 66,184 67,954.3 

 

*  Installed capacity data for 15 countries from Bertani (2012) with updates for GIA countries for 2007-2011 
#  Generation data for 1995 and 2000 is from Bertani (2012); 2005 from Bertani (2007) and 2008-2011 from Bertani (2012) 
    with updates for GIA countries 

 
 

Table ES3  Worldwide direct use categories and their development 1995, 2000, 2005 and 2010 (from Lund et al., 2011), 
and incorporating updates for GIA Member countries for 2007, 2008, 2010 and 2011. 

 

Category 
Installed Capacity 

(MWth) 
Utilization 

(TJ/yr) 

 1995 2000 2005 2007 2008 2010# 2011 1995 2000 2005 2007 2008 2010# 2011 

Geothermal heat 
         pumps 

1,854 5,275 15,384 - - 33,134 - 14,617 23,275 87,503 - - 200,149 - 

  Space heating 2,579 3,263 4,366 - - 5,394 - 38,230 42,926 55,256 - - 63,025 - 

  Greenhouse heating 1,085 1,246 1,404 - - 1,544 - 15,742 17,864 20,661 - - 23,264 - 

Aquaculture pond 
         heating 

1,097 605 616 - - 653 - 13,493 11,733 10,976 - - 11,521 - 

  Agricultural drying 67 74 157 - - 125 - 1,124 1,038 2,013 - - 1,635 - 

  Industrial uses 544 474 484 - - 533 - 10,120 10,220 10,868 - - 11,745 - 

  Bathing and swimming 1,085 3,957 5,401 - - 6,700 - 15,742 79,546 83,018 - - 109,410 - 

  Cooling/snow melting 115 114 371 - - 368 - 1,124 1,063 2,032 - - 2,126 - 

  Others 238 137 86 - - 42 - 2,249 3,034 1,045 - - 955 - 

  Worldwide Total (Lund) 8,664 15,145 28,269 - - 48,493 - 112,441 190,699 273,372 329,270 329,880 423,830 - 

Worldwide Total (GIA) - - - - - - 54,200© - - - - - - 459,000© 

GIA Countries** 

Australia - - - - - 132 37 - - - - - 1,314 324 

France - - - - - 2,016 2,016 - - - - - 14,557 12,937 

Germany - - - - -  3,063 3,183 - - - - - 11,449 16,558 

Iceland - - - - - 2,065 2,061  - - - - 24,621 25,200 

Italy - - - - - 1,000 1,000 - - - - - 12,599 12,599 

Japan - - - - - 2,099 2,100 - - - - - 25,698 25,708 

Korea - - - - - 273 462 - - - - - 1,497 2,240 

Mexico - - - - - 156 156 - - - - - 2,558 2,558 

New Zealand - - - - - 385 396 - - - - - 10,156 10,160 

Norway - - - - - 1,000 1,000 - - - - - 10,800 10,800 

Spain - - - - - 92 96 - - - - - 688 703 

Switzerland - - - - - 1,366 1,497 - - - - - 7,152 6,876 

UK - - - - - - 301 - - - - - - 1,801 

USA - - - - - 12,564 12,564 - - - - - 76,119 76,119 

Total GIA Countries - - - 20,547 21,000 26,211 26,869 - - - 154,560 155,170 199,208 204,583 
 

* Data for 2009 excluded due to lack of data for this year from some GIA Member countries 
** GIA data from 2007, 2008, 2010 and 2011 GIA Country Reports and 2011 GIA Trend Report 
# Lund et al. (2011) data is for the period to the end of 2009 
© From 2011 GIA Trend Report   
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Worldwide direct use installed capacity has increased by about 90% between 2005 and 2011 
(Table ES3), with corresponding direct energy use increasing by about 68%.  The total use of 
about 459,000 TJ/yr is equivalent to an annual savings of about 16.2 Mtoe/yr in fuel oil and 52.2 
Mt/yr in avoided CO2 emissions (GIA conversions, Mongillo (2005)).  Direct use in GIA Member 
Countries, 204,583 TJ/yr in 2011, was equivalent to a savings of 7.1 Mtoe/yr and avoided CO2 
emissions of about 23.2 Mt/yr. 
 
 

The IEA-GIA- an Overview 
 
The IEA-GIA was founded in 1997, and was in the 5th year of its 3rd Term of operation at the 
end of 2011.  At the request of the IEA, the GIA agreed in 2010 to extend the 3rd Term by one 
year, taking it to 28 February 2013.  The GIA provides a versatile framework for comprehensive 
international cooperation in geothermal R&D by establishing links between national and industry 
programmes for exploration, development and utilization of geothermal resources, with 
emphasis on enhancing effectiveness through connecting geothermal experts in the participating 
ɯɻʁɺʀɾɵɱɿ ɭɺɰ ɵɺɰʁɿʀɾɵɱɿ̵  Ǫɴɱ ɳɱɺɱɾɭɸ ɿɯɻɼɱ ɻɲ ʀɴɱ ǝǟǗ́ɿ ɭɯʀɵʂɵʀʅ ɯɻɺɿɵɿʀɿ ɻɲ ɵɺʀɱɾɺɭʀɵɻɺɭɸ 
scientific collaborative efforts to: compile and exchange improved information on worldwide 
geothermal energy R&D concerning existing and potential technologies and practices, develop 
improved technologies for geothermal energy utilization, and improve the understanding of the 
environmental benefits of geothermal energy and ways to avoid or minimize its environmental 
impacts.  GIA collaboration provides researchers with opportunities for information exchange via 
meetings, workshops and networking.  Members may also participate in R&D projects and help 
in the development of databases, models and handbooks.  Participants may obtain an 
international perspective on geothermal issues, opportunities and environmentally-appropriate 
development strategies.   New studies and activities are implemented when needs are 
established. 
 
Ǫɴɱ ǝǟǗ́ɿ ʹrd Term Mission is: 
  
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 
ɵɺɲɻɾɹɭʀɵɻɺ ɭɺɰ ɮʅ ʃɵɰɱɸʅ ɯɻɹɹʁɺɵɯɭʀɵɺɳ ɳɱɻʀɴɱɾɹɭɸ ɱɺɱɾɳʅ́ɿ ɿʀɾɭʀɱɳɵɯ̲ ɱɯɻɺɻɹɵɯ ɭɺɰ 

environmental benefits, and thereby contribute to the mitigation of climate change. 
 
To realize this Mission, six Strategic Objectivɱɿ ɲɻɯʁɿ ʀɴɱ ǝǟǗ́ɿ ɭɯʀɵʂɵʀɵɱɿ̴ 

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

ü To collect, improve/develop and disseminate geothermal RD&D policy information 
for IEA Member and non-Member Countries 

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

ü To increase membership in the GIA 

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

ü To broaden and increase the dissemination of information on geothermal energy and 
ʀɴɱ ǝǟǗ́ɿ ɭɯʀɵʂɵʀɵɱɿ ɭɺɰ ɻʁʀɼʁʀɿ ʀɻ ɰɱɯɵɿɵɻɺ ɹɭɷɱɾɿ̲ ɲɵɺɭɺɯɵɱɾɿ̲ ɾɱɿɱɭɾɯɴɱɾɿ ɭɺɰ ʀɴɱ 
general public 

 
Activities, called Tasks, are defined and organized in broad topics termed Annexes.  Participants 
must take part in at least one Annex.  Annex titles, status, leadership and participation are 
provided in Table 1.2, Chapter 1.  An Executive Committee (ExCo), consisting of one voting 
Member from each Member Country and Sponsor (industry/industry organization), supervises 
the GIA and its decisions are binding on all Members. 
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ǩɵɺɯɱ ʀɴɱ ǝǟǗ́ɿ formation, the Annexes have operated under the task-sharing finance mode, 
whereby participants allocate specified resources and personnel to conduct their portion of the 
work at their own expense.   Total Annex efforts conducted under the auspices of the GIA are 
estimated to amount to several man-years time (GIA, 2006). 
 
In March 2003, the ExCo established a GIA Secretariat to provide it with administrative and 
other assistance.  The Secretariat is funded through cost-sharing, with all GIA Members 
ɯɻɺʀɾɵɮʁʀɵɺɳ ʀɻ ɭ Ǚɻɹɹɻɺ ǜʁɺɰ ɭɯɯɻɾɰɵɺɳ ʀɻ ɭ ͂ɿɴɭɾɱ̓ ɭɸɸɻɯɭʀɵɻɺ ɰɱɲɵɺɱɰ ɮʅ ʀɴɱ ǛʄǙɻ̵ 
 
At the end of 2011, there were 20 IEA-GIA Members: the European Commission; 14 countries: 
Australia, France, Germany, Iceland, Italy, Japan, Mexico, New Zealand, Norway, the Republic of Korea, 
Spain, Switzerland, the United Kingdom and the United States; 3 industry Sponsors: Geodynamics, 
Green Rock Energy and ORMAT Technologies; and 2 organization Sponsors: the Canadian 
Geothermal Energy Association (CanGEA) and the Geothermal Group of the Spanish Renewable 
Energy Association (GG-APPA). 
 
 

Collaborative Activities 
 

The Annexes 
 
In 2011, GIA participants worked on five broad research topics, and contributed to ʀɴɱ ǝǟǗ́ɿ 
geothermal data collection and analysis effort, specified in the following Annexes: 

ü Annex I- Environmental Impacts of Geothermal Energy Development 

ü Annex III- Enhanced Geothermal Systems 

ü Annex VII- Advanced Geothermal Drilling Techniques 

ü Annex VIII- Direct Use of Geothermal Energy 

ü Annex X- Data Collection and Information 

ü Annex XI- Induced Seismicity 
 
Annexes I and III have been operating since the original implementing agreement was initiated in 
1997, and have continued programmes into the current term.  In October 2009, Annexes I, III and 
VII were extended by the ExCo for a further 4 years, to 2013.  Annex VIII, which officially started in 
2003, was unanimously continued by the ExCo to 2013.  Annexes X and XI were both opened in 
October 2009, with their activities begun in 2010.  Four other Annexes have been drafted since the 
start of the organization, with II- Shallow Geothermal Resources and IX- Geothermal Market 
Acceleration subsequently closed.  The possibility remains for draft Annexes V- Sustainability of 
Geothermal Energy Utilization and VI- Geothermal Power Generation Cycles to be initiated if 
sufficient interest arises.  The status of the Annexes is presented in Table 1.2, Chapter 1 of the 2011 
Annual Report. 
 
Ǘ ɲɱʃ ɻɲ ʀɴɱ ǝǟǗ́ɿ ɹɭɶɻɾ ɭɯʀɵʂɵʀɵɱɿ ɭɺɰ Ǘɺɺɱʄ ɴɵɳɴɸɵɳɴʀɿ ɲɻɾ ʀɴɱ ͯͭͮ1-Year are presented below.  
Details are available in Chapter 1 and in the Annex Reports included in Chapters 2-7 of the 2011 
Report. 
 

IEA-GIA ExCo and Annex Meetings in 2011 
 
The IEA-GIA held two ExCo Meetings in 2011, and they are briefly described in Chapter 1 of this 
Annual Report.  The 25th ExCo Meeting met at the IEA Headquarters in Paris, France, in early 
May 2011̲  ɭɿ ɼɭɾʀ ɻɲ ʀɴɱ ǝǟǗ́ɿ ɱɲɲɻɾʀɿ ʀɻ ɹɭɵɺʀɭɵɺ its close relationship with the IEA and keep 
them up-to-ɰɭʀɱ ʃɵʀɴ ʀɴɱ ɻɾɳɭɺɵʆɭʀɵɻɺ́ɿ ɭɯʀɵʂɵʀɵɱɿ̵  Participation was relatively high (23), with 
three IEA representatives attending, including Paolo Frankl, IEA Head of the IEA Renewable 
Energy Division.  Annexes I, III, VII and X held technical meetings, each ~2 hours long, and 
Annex XI held a day-long joint meeting with the IPGT Induced Seismicity Group during the two-
day period prior to the ExCo Meeting.  Annex meetings provide the opportunity to discuss and 
assess current and planned activities.  Important issues related to Annex activities that have 
arisen during the year, e.g., induced seismicity and sustainability, are also examined.  The status of 
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Annex operations, including activities, achievements, challenges, etc., is also reported at the ExCo 
meetings. 
 
The 26th ExCo Meeting was held in London, UK, at the end of September 2011, in association 
with the First UK Geothermal Symposium on Engineered Geothermal System Energy in the UK 
and a Global Perspective., in which six ExCo Members also participated.  Twenty-three people 
attended the ExCo Meeting, and Mr Greg Barker, Minister for the Department of Energy & 

Climate Change (DECC), talked about the UK Governmentôs commitment to renewable and 

geothermal energy.  Annexes I, III, VII and X met on the day prior to the ExCo Meeting.   
 

US DOE Geothermal Technologies Program Peer Review, Bethesda, Maryland, USA 
 
Several GIA ExCo Members and the Secretary participated at the week-long US DOE Geothermal 
Technologies Peer Review held in early-June 2011, thus providing international experience and 
perspective to the process̵  Ǫɴɱ ǝǟǗ Ǚɴɭɵɾ ɭɺɰ ǩɱɯɾɱʀɭɾʅ ʃɱɾɱ ɿʁɼɼɻɾʀɱɰ ʀɴɾɻʁɳɴ ʀɴɱ ǝǟǗ́ɿ 
proposal funding mechanism and together reviewed 19 projects.  In addition, both made lunch-
ʀɵɹɱ ɼɾɱɿɱɺʀɭʀɵɻɺɿ ɰɱɿɯɾɵɮɵɺɳ ʀɴɱ ǝǟǗ́ɿ ɭɯʀɵʂɵʀɵɱɿ̵ 
 

EGS Energy in the UK and a Global Perspective Seminar, London, UK 
 
Six GIA ExCo Members and an Annex III participant contributed to this 1-day seminar with 
discussions of EGS development in the USA, Germany, Australia, France and South Korea; as 
well as other pertinent topics, including the global geothermal and EGS potential; and scaling-
up, sustainability, and industrial partnerships.   
 

Stanford Geothermal Reservoir Workshop, Stanford, California, USA 
 
GIA ExCo Members presented two papers at the 36th Stanford Geothermal Reservoir Workshop, 
in early-2011 covering the expectations for geothermal energy to the end of this century and real-
time monitoring at EGS system sites. 
 

Geothermal Resources Council Annual Meeting 2011, San Diego, California, USA 
 
The GIA participated at the 2011 Annual Meeting of the GRC held in San Diego, California, USA, 
in October 2011.  A paper providing a summary of current global geothermal utilization and 
recent estimates of global potential for direct use and power generation was presented.  
 

IPCC Special Report on Renewable Energy Sources and Climate Change Mitigation 
 
Several GIA participants played key roles in the preparation of Chapter 4 Geothermal Energy of 
the IPCC Special Report on Renewable Energy Sources (SRREN) by acting as Coordinating, Lead 
and Contributing Authors.  This extremely important document was published in May 2011. 
 

Continuation of GIA Proposal Initiative for Supplementary Activities 
 
The ǝǟǗ́ɿ ongoing strong financial position has allowed its proposal funding scheme to 
continue, making funds from the GIA Common Fund available for approved supplementary 
activities related to ExCo initiatives or Annex Task activities.  In 2011, a proposal requesting 
support for the Chair and the Secretary to participate at the US DOE Geothermal Technologies 
Program Peer Review was funded. 
 

GIA Participation in IEA Activities 
 
In 2011, the GIA continued its active involvement with the IEA through its participation at 
several events, including the REWP Renewable Energy conference, attendance and 
contributions to two IEA ʃɻɾɷɿɴɻɼɿ̲ ɼɾɱɿɱɺʀɭʀɵɻɺ ɻɲ ʀɴɱ ǝǟǗ́ɿ ǣɵɰ-3rd-Term Report to the 
59th REWP Meeting; and by providing a final review and comments on the IEA Technology 
Roadmap for Geothermal Heat and Power, which was published in June 2011. 
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Geothermal Energy Utilization and the Environment (Annex I) 
 
Geothermal energy is a renewable resource that produces significantly less CO2 emissions than 
fossil fuels, and accordingly, has major potential for reducing global warming effects. Its 
utilization is mostly environmentally benign, though some local environmental problems may 
occur.  To expand the use of geothermal energy, it is important to identify possible adverse and 
beneficial environmental effects, and to devise and adopt measures to avoid or minimize adverse 
impacts, while encouraging the beneficial ones. 
 
Annex I- Environmental Impacts of Geothermal Energy Development activities aim 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 adverse effects. 
 
The sustainable utilization of geothermal resources is an internationally recognized goal, and 
ʀɴɾɱɱ ʅɱɭɾɿ́ ɱɲɲɻɾʀ ɮʅ ɿɱʂɱɾɭɸ Annex I participants, along with other geothermal specialists, 
successfully contributed to it with the completion of the chapter on geothermal energy in the 
Intergovernmental Panel on Climate Change (IPCC) Special Report on Renewable Energy 
Sources and Climate Change Mitigation, which was published in May 2011 (IPCC 2011 
Geothermal Chapter).  Supplementary papers derived from this work were presented at two 
international geothermal meetings in 2011 and other sustainable deployment advice was 
incorporated in the final published IEA Technology Roadmap for Geothermal Heat and Power in 
June 2011. 
 
In addition, Annex participants took part in technical collaborative meetings in association with 
the two 2011 ExCo Meetings (Paris, France and London, UK) and numerous papers were 
presented by Annex I participants on environmental research, improved sustainability strategies 
and monitoring methods at four conferences.  New collaborative efforts were also initiated on 
several topics, including satellite IR monitoring and the protection of hot springs from potential 
development beneath national parks. 
 

Accessing Geothermal Resources Using Enhancement Techniques (Annex III) 
 
Huge heat resources consisting of high temperature, water-poor rock are available within 
current drilling depths (>3 km) almost anywhere on earth.  Annex III- Enhanced Geothermal 
Systems (EGS) has been designed to investigate new and improved technologies (e.g., hydraulic 
fracturing) via international collaboration to develop engineered heat exchangers at depth to enable 
commercial heat extraction for electricity production and, in some cases, co-generation of heat for 
direct use applications.  These technologies can also be used to help sustain and enhance energy 
production at existing conventional hydrothermal developments through increasing permeability 
and via reinjection.  The successful development of EGS is presently one of the major challenges 
facing the international geothermal community.  Reduced funding available to the various 
participants in 2011 ɸɱɰ ʀɻ ɲʁɾʀɴɱɾ ɾɱʂɵɿɵɻɺ ɻɲ ʀɴɱ Ǘɺɺɱʄ́ɿ major efforts and activities. 
 

Reducing Geothermal Drilling and Logging Costs (Annex VII) 
 
Drilling is an essential and expensive part of geothermal exploration, development, and 
utilization. Drilling, logging, and completing geothermal wells are expensive because of the high 
temperatures and hard, fractured formations encountered. The consequences of reducing these 
costs are often impressive, because drilling and well completion can account for more than half 
of the capital cost for a geothermal power project.  Drilling cost reduction can result from faster 
drilling rates, increased bit or tool life, less trouble (twist-offs, stuck pipe, etc.), higher per-well 
production through multi-laterals, and others. 
 
Annex VII- Advanced Drilling and Logging Technology aims to promote ways and means to 
reduce the cost of geothermal drilling through the following activities: 1) developing a detailed 
understanding of worldwide geothermal drilling costs, 2) compiling a directory of geothermal 

http://iea-gia.org/wp-content/uploads/2012/08/IPCC_SRREN_Ch04-Geothermal-29Jun11.pdf
http://iea-gia.org/wp-content/uploads/2012/08/IPCC_SRREN_Ch04-Geothermal-29Jun11.pdf
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drilling practices and how they vary globally and 3) developing improved drilling and logging 
technologies.  Major objectives include: a) gaining a quantitative understanding of global drilling 
costs and identifying ways to reduce them while maintaining or enhancing productivity; b) 
identifying and developing new/improved technologies for significantly reducing geothermal well 
construction costs; c) informing the international geothermal community about these drilling 
technologies; and d) providing a means for international cooperation, field tests, etc. 
 
The most significant Annex activity for 2011 was the initiation of work on the well cost model. 
 

Direct Use of Geothermal Heat (Annex VIII) 
 
Geothermal water has been used for centuries for various applications. Initially, only the hot 
geothermal water present in surface springs was used, mainly for bathing, cooking and for 
therapeutic purposes. In recent decades, direct use of geothermal water has grown, and today, 
geothermal energy is available everywhere and used for many applications that require heat, such 
as: such as heating buildings, individually or for whole towns (district heating); raising plants in 
greenhouses, drying crops, heating water at fish farms, snow melting, bathing and for 
therapeutic purposes and several industrial processes.  Heating and cooling with the help of 
constant temperatures in the shallow subsurface (<300 m depth) through the well-known 
technology of ground-source heat pumps (GSHP) or geothermal heat pumps (GHP) has now 
become the most important form of direct use and rapidly grows in terms of capacity and also 
worldwide deployment. 
 
Though many direct use applications are well developed and economically viable, implementation 
difficulties and unfavourable economics are still major challenges.  Annex VIII- Direct Use of 
Geothermal Resources, was established to promote further direct use of geothermal heat 
through collaborative activities. 
 
The objectives of this Annex are to: define and characterize direct use applications with 
emphasis on defining barriers to their widespread application; identify and promote 
opportunities for new and innovative applications, define and initiate research to remove 
barriers, enhance economics and promote implementation; test and standardize equipment; and 
develop engineering standards. 
 
In 2011, Annex activities and outputs were described at various seminars, barrier identification 
and opportunity for direct use results obtained were used to design and be incorporated into 
the second annual GIA Trend Report (Annex X), engineering standards for design documents 
and references were collected from five countries, and the basic data/information required for 
presenting data on GIS has been identified and that remaining to be obtained determined. 
 

Geothermal Data and Information (Annex X) 
 
The value of collecting, analyzing and publishing geothermal use data and information is well 
recognized, and Annex X Data Collection and Information was initiated to collect essential data 
on geothermal energy uses, trends and developments in GIA countries and to publish these data 
in an annual report. This report shall provide a brief overview of the geothermal energy data, 
such as installed capacities, produced electricity and heat, supplemented by political and 
economic information relevant to the development of geothermal energy in GIA member 
countries. There are plans to extend this data collection to include non-GIA Member Countries, 
if reliable data can be obtained. 
 
In 2011, the required data/information was collected through providers completing a spreadsheet 
questionnaire, and comparison was made with additional worldwide data obtained from sources 
such as the World Geothermal Congress publications.  A draft GIA Report, Trends in 
Geothermal Applications, was completed using 2010 data, and the final report is available on the 
GIA website (GIA, 2012). 
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Induced Seismicity (Annex XI) 
 
A seismic event is an earthquake that is induced by man-made activities such as fluid injection, 
reservoir impoundment, mining, and other activities. In terms of EGS activities, induced events 
can occur during the operations of fracture stimulation, fluid injection and/or fluid withdrawal.  
 
Annex XI encourages international cooperation to determine the steps needed to be taken to 
make EGS/fluid injection a safe and economic technology that is accepted by the public and 
useful to the industry. This includes not only steps to allow acceptance of EGS technology by the 
public, regulators and policy makers, but also allows induced seismicity to become a useful tool 
to optimize EGS applications. 
 
In 2011, the specific objectives of the Annex were aimed at reducing uncertainty associated with 
acceptability issues to facilitate and accelerate geothermal energy development.  Objectives 
included: a) develop accepted approaches for addressing technical and public acceptance issues 
that industry can use as a guide; b) develop a methodology to assess risk; c) identify areas of 
collaboration/cooperation; and d) identify key barriers and areas of technology development and 
research. 
 
The first Annex XI meeting was held at IEA HQ, Paris, in May 2011, as a joint session with the 7th 
IPGT Induced Seismicity Group, with 12 participants from seven countries.  Eight strategic issues 
were defined, including tasks to investigate the establishment of demonstration areas and global 
test sites, to develop frameworks for hazard and risk assessment, and to develop mitigation 
options.  Persons/countries responsible for the tasks were also identified.  The draft new induced 
seismicity protocol developed by USDOE was discussed.  A second joint Annex XI/IPGT meeting 
was held in Melbourne, Australia, in November 2011, and attended by participants from seven 
countries.  Several task-related actions were defined, including decisions to: a) compile a glossary 
of terms; b) define what data should be collected; c) link the various international demonstration 
projects at a website to make data more available; and d) draft an induced seismicity white 
paper on hazard and risk/mitigation. 
 
Plans for 2012 include development of a more detailed task list, completion of a draft white 
paper, and continued pursuit of various forms of communication for public, regulators and 
operators. 
 
 

National Activities 
 
The geothermal programmes of the GIA Country Members provide the basis for the cooperative IEA-
GIA geothermal activities.  These programmes focus on the exploration, development and utilization of 
geothermal resources.  A comprehensive description of the current status of geothermal activities for 
each of the participating countries and the EC is provided in this Annual Report (Chapters 8-22).   
 
In 2011, Contracting Parties from 14 countries and the European Commission (EC) participated 
in the IEA-GIA.  The Member Countries were: Australia, France, Germany, Iceland, Italy, Japan, 
Mexico, New Zealand, Norway, the Republic of Korea, Spain, Switzerland, the United Kingdom 
and the United States. 
 

Contributions of GIA Members to Power Generation and Direct Use 
 
In 2011, the nine GIA Member Countries with geothermal generation had a combined installed 
capacity of about 6,975 MWe, or about 63% of the total global geothermal capacity of 11,079 
MWe; and generated 41,740 GWh/yr, or about 60% of the total geothermal generation of 67,954 
GWh/yr (Tables ES1 and ES4).  The United States was by far the largest producer, generating 
about 16,700 GWh/yr, with Mexico second with 6,524 GWh/yr and New Zealand third with 
5,770 GWh/yr.  The percent of national installed capacity contributed by geothermal in the 5 
IEA-GIA Member Countries with non-negligible power development ranged from 0.2% for Japan 
to 24.8% for Iceland, with an average of about 8.5%.  The contribution of geothermal to national 
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generation in Member Countries ranged from 0.3% for Japan to 27.0% for Iceland, with an average 
of 7.6%. 
 
 
Table ES4 Total geothermal installed capacity, electricity generation and direct use in 

GIA Member Countries in 2011. 
 

Country 

Electrical 
Installed  
Capacity  
(MW) 

Annual Energy 
Generated  
(GWh/yr) 

% of  
National  
Capacity 
(Range) 

% of  
National  
Energy 
(Range) 

Installed 
Thermal 
Power 
(MW

th
) 

Annual Energy Used 
(TJ/yr) 

GIA Member 
Countries 

6,975 41,740 0.2-24.8 0.3-27.3 26,869 204,583 

Worldwide Total** 11,079 67,954 - - 54,200 459,000 

GIA % of Worldwide 
Total 

63 61 - - 55 45 

 

**  For sources of worldwide total data see Tables ES1 and ES3 above. 

 
 
All 13 GIA Member Countries utilized geothermal in direct applications in 2011, with a total 
installed capacity of 26,869 MWth and total thermal energy used amounting to 204,583 TJ/yr 
(Table ES5).  The three largest users of geothermal heat by far were the USA (76,119 TJ/yr), Japan 
(25,708 TJ/yr), and Iceland (25,200 TJ/yr).  However, the non-high enthalpy geothermal countries, 
France (12,937 TJ/yr), Germany (16,558 TJ/yr), Norway (10,800 TJ/yr and Switzerland (6,876 TJ/yr) 
also had very high utilization, mainly due to the large and growing geothermal heat pump usage.  
 
 

Table ES5  Geothermal direct use in GIA Member Countries in 2011.  
 

Country 
Installed Thermal Power 

(MW
th
) 

Annual Energy Used  
(TJ/yr) 

Australia 37 324 

France 2,016 12,937 

Germany 3,183 16,558 

Iceland 2,061 25,200 

Italy 1,000 12,599 

Japan 2,100 25,708 

Mexico 156 2,558 

New Zealand 396 10,160 

Norway 1,000 10,800 

Republic of Korea 462 2,240 

Spain 96 703 

Switzerland 1,497 6,876 

USA 12,564 76,119 

Total for GIA* 26,869 204,583 
 

   * Total excludes the EC  
 

Sponsor Activities 
 
At the end of 2011, the GIA had 5 Sponsor Members, 3 from industry: Geodynamics Limited and 
Green Rock Energy Limited from Australia; and Ormat Technologies, Inc. from the USA; and 2 
industry organizations: the Canadian Geothermal Energy Association (CanGEA) and the 
Geothermal Group of the Spanish Renewable Energy Association (GG-APPA). 
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Industry Sponsors 
 

Geodynamics Limited 
 
ǝɱɻɰʅɺɭɹɵɯɿ Ǣɵɹɵʀɱɰ̲ Ǘʁɿʀɾɭɸɵɭ́ɿ ɹɻɿʀ ɭɰʂɭɺɯɱɰ ɳɱɻʀɴɱɾɹɭɸ ɱɺɱɾɳʅ ɰɱʂɱɸɻɼɱɾ̲ ɵɿ ɭ ɼʁɮɸɵɯ 
company, incorporated and domiciled in Australia, and was listed on the Australian Securities 
Exchange on September 2002.  Geodynamics has a specific focus on the economic extraction of 
heat from hot rocks using enhanced geothermal systems (EGS) technology.  While the Company 
holds geothermal exploration licences in South Australia, New South Wales, Northern Territory and 
Queensland, the majority of efforts are currently focused on extracting heat from its geothermal 
tenements near Innamincka in South Australia, where high-heat-production granite buried 3.6-4 
km beneath the Cooper and Eromanga Basins approaches temperatures of 280 °C at 5 km depth. 
 
The company spent the 2011 year planning for the drilling of a replacement well for well 
Habanero 3. Habanero 3 suffered a catastrophic failure in April 2009 when the three casing 
strings fractured in the top 6m of the well. Habanero 4 was designed to mitigate two possible 
causes of casing failure, (1) hydrogen embrittlement from the native granite formation water, 
with failure related to corrosion at relatively low temperatures, and (2) caustic cracking from 
alkaline fluids likely to have remained in the top of the inner annulus after an inadequate 
cement job, with failure related to corrosion at high temperatures.   
 

The drilling of Habanero 4 is scheduled to commence in early 2012. 
 
  

Green Rock Energy Limited 
 
Green Rock Energy Limited is a public energy company listed on the Australian Securities 
Exchange.  Its geothermal energy focus is on developing two commercial scale power 
projects from geothermal energy recovered from hot sedimentary aquifers.  One project is 
in Hungary and the other in the North Perth Basin in Western Australia. 
 
During the 2011-ʅɱɭɾ ʀɴɱ Ǚɻɹɼɭɺʅ́ɿ ɭɯʀɵʂɵʀɵɱɿ ɲɻɾ ɮɻʀɴ ɼɾɻɶɱɯʀɿ ɴɭʂɱ ɮɱɱɺ ɰɵɾɱɯʀɱɰ ʀɻ ɼɾɻʂɵɺɳ 
there are natural permeable reservoirs with sufficient geothermal fluid flow potential to sustain 
commercial scale power projects.  ǝɾɱɱɺ Ǩɻɯɷ́ɿ ʃɻɾɷ ɵɺ ʀɴɱ Ǥɻɾʀɴ Ǧɱɾʀɴ ǘɭɿɵɺ concentrated on 
locating and mapping permeable fractured reservoirs within areas of highest heat flows near 
existing power transmission lines. 
 
Green Rock Energy is active in Hungary through the Hungarian joint venture company Central 
Ǜʁɾɻɼɱɭɺ ǝɱɻʀɴɱɾɹɭɸ Ǜɺɱɾɳʅ ͘ǙǛǝǛ͙ ʃɴɵɯɴ ʃɭɿ ɱɿʀɭɮɸɵɿɴɱɰ ɵɺ ͯͭͭͽ ʃɵʀɴ ǣǥǢ̲ Ǟʁɺɳɭɾʅ́ɿ 
largest company.  CEGE has been waiting to be awarded the concession and formal approvals to 
enable it to proceed with drilling a production well into the identified naturally permeable 
reservoir.  CEGE formulated plans to carry out a magneto-telluric survey of the area to delineate 
the extent of fluid-saturated, naturally-fractured reservoirs at depth. 
 
 

Ormat Technologies, Inc. 
 
Ormat Technologies, based in the USA, is a leading vertically integrated company engaged 
ɵɺ ʀɴɱ ɳɱɻʀɴɱɾɹɭɸ ɭɺɰ ɾɱɯɻʂɱɾɱɰ ɱɺɱɾɳʅ ͘ɵ̵ɱ̵̲ ɲɾɻɹ ͂ʃɭɿʀɱ ɴɱɭʀ͙̓ ɼɻʃɱɾ ɮʁɿɵɺɱɿɿ̵  ǥɾɹɭʀ 
has over 40 ʅɱɭɾɿ́ ɱʄɼɱɾɵɱɺɯɱ with ORC and 25 years of its applications to geothermal 
development.  Ormat explores, develops, designs, builds, owns and operates clean, 
environmentally friendly geothermal and recovered energy (RE)-based power plants.  In addition, 
the company also designs, manufactures and sells power units and other power generating 
equipment for geothermal and RE-based electricity generation (REG). 
 
As of December 2011, Ormat owned and operated ~503 MWe of geothermal and ~53 MWe 
REG in the United States.  In total, Ormat has built approximately 1,500 MWe of geothermal, 
REG and solar installations worldwide, in 24 countries. Geothermal represents over 90% of the 
total installation.  In the U.S, Ormat has deployed approximately 70% of the geothermal capacity 
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installed since 2000.  Ormat has grown to a team of more than 1,200 employees worldwide, with 
approximately 526 in the United States.   It also has its own in-house drilling company, GeoDrill, 
with nine rigs capable of drilling to 5,500 m and over 100 staff. 
 
In 2010 and 2011, Ormat added approximately 160 MWe of gross geothermal capacity worldwide; 
ɻɲ ʃɴɵɯɴ̲ ʀʃɻ ɼɻʃɱɾ ɼɸɭɺʀɿ ɰɱʂɱɸɻɼɱɰ ɵɺ Ǥɱʂɭɰɭ̲ ɰɱɹɻɺɿʀɾɭʀɱ ǥɾɹɭʀ́ɿ ɭɮɵɸɵʀʅ ʀɻ ɰɱʂɱɸɻɼ 
greenfield projects.  As of September 2012, Ormat owned 586 MW of geothermal and recovered 
energy in the US, Nicaragua, Kenya and Guatemala. 
 
In 2011, Ormat achieved strong results, completing new projects, making considerable progress in 
production, development and exploration activities, and receiving record orders.  Total revenues 
increased by 17% (relative to 2010) to US$ 437 M, with product increases of 39% to US$ 13.2 M.  
Electricity revenues grew to US$ 323.8 M, about 11% per annum growth rate. 
 
Ormat has various leases and concessions for geothermal resources of approximately 675,000 
acres in 42 sites located in Alaska, California, Nevada, Hawaii, Oregon, Idaho and Utah in the 
United States, and in Chile, Guatemala and New Zealand.  
 
ǥɾɹɭʀ ɵɿ ɵɺʂɻɸʂɱɰ ɵɺ ɿɱʂɱɾɭɸ Ǩ̯ǚ ɼɾɻɶɱɯʀɿ̲ ɵɺɯɸʁɰɵɺɳ Ǜǝǩ ͘ʃɵʀɴ ǫǩ ǚɻǛ ɭʀ ǘɾɭɰʅ́ɿ Ǟɻʀ ǩɼɾɵɺɳɿ 
and Desert Peak, Nevada), innovative exploration and drilling technology (with US DoE in 
Hawaii, Oregon and California; and in Alaska), and co-production with oil wells (with US DoE at 
the Rocky Mountain Oil Test Center).  Ormat is also exploring, with Sandia National 
Laboratories, oil & gas/shale/mining drilling technologies and operational methods, in attempts 
to identify commercially available drilling technologies and drilling operations which can fit, with 
proper modifications, to geothermal drilling needs. 
 
 

Organization Sponsors 
 

Canadian Geothermal Energy Association 
 
The Canadian Geothermal Energy Association (CanGEA), an industry organization Sponsor 
Member of the GIA, is a non-profit association that promotes the development and use of 
sustainable geothermal energy in Canada.  Their focus is on moderate to high temperature 
ɾɱɿɻʁɾɯɱɿ ͘Ε ͼͭ ςǙ͙ ɲɻɾ ɼɻʃɱɾ ɳɱɺɱɾɭʀɵɻɺ̵ 
 
CanGEA hosted two successful conferences in September and November 2011 that demonstrated 
strong international representation. These conferences included the Annual Geothermal 
Conference & Investment Forum in Toronto, which commenced with the opening of the TSX by 
CanGEA members, and the Annual Geothermal Power Forum in Calgary. CanGEA also presented 
at the Opening Session of the GRC Annual Meeting in October 2011.  Initial funding has been 
secured for the first steps of the work on the roadmap, while remaining funding is being sought 
with government and corporate sponsors.  
 
The Canadian geothermal energy industry continued to promote investor confidence with its 
Canadian Geothermal Code for Public Reporting.  The Code provides a minimum set of 
requirements for the public reporting of Exploration Results, Geothermal Resources and 
Geothermal Reserves.  CanGEA has also begun work on preparation of data sets for a national 
geothermal database, starting with the province of Alberta. This is based on an international 
protocol for assessing geothermal resource data and the Canadian Geothermal Code for Public 
Reporting. Partial funding from Alberta Innovates- Energy and Environment Solutions and 
through an industry champion has already been secured. 
 
CanGEA has maintained a wide membership consisting of approximately 45 members. These 
members include geothermal developers, equipment manufacturers and utilities, and firms 
specializing in the consulting, engineering, construction, financial, and legal aspects of 
geothermal energy. 
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CanGEA intends to host a Technology Information Session on the Canadian Geothermal Power 
& Direct Use of Heat Technology Roadmap and Implementation Plan in early 2012. 
 
 

Geothermal Department- Spanish Renewable Energy Association 
 
The Geothermal Department of the Spanish Renewable Energy Association (APPA) represents 
ʀɴɱ ɳɱɻʀɴɱɾɹɭɸ ɹɱɹɮɱɾɿ́ ɵɺʀɱɾɱɿʀɿ ɵɺ ɼɻɸɵʀɵɯɿ̲ ɯɵʂɵɸ ɿɻɯɵɱʀʅ ɭɺɰ ʀɴɱ ɹɱɰɵɭ, and participates in the 
development of Spanish energy and environmental policy.  APPA itself represents more than 500 
producers, businesses and other associations in the Spanish renewable energy sector, with the 
Geothermal Department comprising six company members in the high enthalpy geothermal 
section and 30 members in the low enthalpy one. 
 
The most important milestone achieved in 2011 was the inclusion of geothermal energy within 
the Spanish Renewable Energy Plan (PER) 2011-2020. This is the first time geothermal energy 
has been incorporated into the national energy planning and its potential use considered as a 
contributor towards its objectives. The objectives established within the new PER 2011-2020 are 
quite modest compared to the true potential of both high enthalpy geothermal energy for 
electricity production and low enthalpy geothermal energy for heat production. The sector is 
valued very positively Spain, and a number of specific measures have been proposed to promote 
its development in the coming years. 
 
The industrial sector has worked throughout 2011 to promote the progress of geothermal energy 
at all levels, both institutional (national and regional) and in civil society. To do this, in 2011, at 
the policy level, the sector has been involved in the process of revising the RITE (Regulations on 
Thermal Installations in Buildings) and the development of the RITE standard publication 
"Designing Systems Geothermal Heat Pump". It has also been involved in developing the 
standard of AENOR (Spanish Association for Standardization and Certification) for the design, 
implementation, and monitoring of shallow closed loop vertical geothermal installations to be 
extended for all the other geothermal heat exchanger facilities.  Since there are currently no 
specific regulations for such shallow geothermal instillations, it is essential to establish a 
regulatory framework to ensure quality and proper functioning of the facilities. 
 
 

Plans for 2012 and Beyond 
 
The GIA plans to extend its efforts and will continue to pursue new membership in 2012, and 
onwards.  The GIA will maintain its joint efforts with the IPGT Induced Seismicity Group to 
encourage international cooperation to determine the steps required to make EGS/fluid injection 
a safe and economic technology that is accepted by the public and useful to the industry. 
 
Based upon the success of the first (2010) GIA Trend Report produced by Annex X, the GIA will 
continue to strongly support production of this annual document into the future, and use it 
along with the GIA Annual Report to disseminate geothermal data/information and to represent 
the GIA at international meetings, etc. 
 
The GIA will continue its strong support of the IEA by providing current geothermal 
data/information, contributing to IEA publications, and by taking part in REWP meetings.  The 
GIA will also be preparing its End-of-3rd-Term report and its 4th-Term Strategic Plan as part of 
its request for extension for another 5-year term of operation. 
 
Participation at important international scientific meetings will continue to be emphasized.  In 
2012, GIA will hold its spring ExCo Meeting in Oslo, Norway, in association with the Oslo 
Geothermal Week.  The GIA Chair and Secretary will also be participating at the Understanding 
Geological Systems for Geothermal Energy Course at Erice, Sicily, Italy in autumn 2012.  
Continued participation at the annual NZGW, Stanford and GRC workshops is also expected. 
 
The ǝǟǗ́ɿ strong financial position at the end of 2011 will allow continuation of the successful 
proposal funding programme (using a portion of the GIA Common Fund) to support special 
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ǝǟǗ ɱɲɲɻɾʀɿ ɭɺɰ Ǘɺɺɱʄ ɾɱɸɭʀɱɰ ɭɯʀɵʂɵʀɵɱɿ ʀɻ ɵɺɯɾɱɭɿɱ͎ɱɺɴɭɺɯɱ ʀɴɱ ɻɾɳɭɺɵʆɭʀɵɻɺ́ɿ ɻʁʀɼʁʀɿ ɭɺɰ ɵʀɿ 
international status.  Several proposals are already expected. 
 
The global financial crisis that commenced at the end of 2008 continues to be felt throughout 
the international geothermal community, though growth in geothermal development continues 
in several countries, providing some optimism for the future.  Geothermal energy can make a 
considerable contribution to providing sustainable renewable energy for future global energy 
needs, and the GIA sees its activities continuing and growing to make this a reality. 
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The Implementing Agreement 
 
 

 
 

Champagne Pool at Waiotapu Geothermal Field, a protected geothermal system in 
the Waikato Region.  

(Photo courtesy of GNS, New Zealand) 
 

 
1.0 The IEA Geothermal Research and Technology Programme 
 
ǟǛǗ́ɿ ɱɲɲɻɾʀɿ ɵɺ ɳɱɻʀɴɱɾɹɭɸ ɱɺɱɾɳʅ ɮɱɳɭɺ ɵɺ ͮ;ͼͽ̲ ʃɵʀɴ ʀʃɻ ʹ-year long studies that were 
completed in 1981.  Following a 16-year hiatus, the IEA Implementing Agreement for a 
Cooperative Programme on Geothermal Research and Technology, or Geothermal Implementing 
Agreement (GIA), was established on 7 March 1997, with an initial term of five years.  By 2011, 
the GIA was in its 3rd 5-year term of operation, which continues to 28 February 2013. 
 
The GIA provides a flexible framework for international cooperation in geothermal research and 
development by linking 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 ǝǟǗ́ɿ ɭɯʀɵʂɵʀɵɱɿ ɯɻɺɿɵɿʀ ɻɲ ɵɺʀɱɾɺɭʀɵɻɺɭɸ ɯɻɸɸɭɮɻɾɭʀɵʂɱ 
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 avoid or minimize its 
ɱɺʂɵɾɻɺɹɱɺʀɭɸ ɵɹɼɭɯʀɿ̵  Ǫɴɱ ǝǟǗ́ɿ ɭɯʀɵʂɵʀɵɱɿ ɭɾɱ ɯɴɵɱɲɸʅ ɰɵɾɱɯʀɱɰ ʀɻʃɭɾɰɿ ʀɴɱ ɯɻɻɾɰɵɺɭʀɵɻɺ ɻɲ 
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 and 
handbooks; as well as chances for information exchange via meetings, workshops and 
networking; and provide an international perspective on geothermal issues. 
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Ǫɴɱ ǝǟǗ́ɿ ɼɾɱɿɱɺʀ ɱɲɲɻɾʀɿ ɯɻʂɱɾ ɭ ɾɭɺɳɱ ɻɲ ɳɱɻʀɴɱɾɹɭɸ ʀɻɼɵɯɿ ɲɾɻɹ ͂ɯɻɺʂɱɺʀɵɻɺɭɸ̓ ɼɻʃɱɾ 
generation and direct use of heat, to cutting-edge technologies pertinent to enhanced geothermal 
systems (EGS), advanced geothermal drilling and logging techniques, sustainable utilization 
strategies, investigation into the causes and control of induced seismicity, and the collection of 
data and information and its dissemination on the Web.  New studies are encouraged and 
implemented when needs are demonstrated. 
 
As of December 2011, 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 heɸɼɵɺɳ ɭɸɸɱʂɵɭʀɱ ʀɴɱ ʃɻɾɸɰ́ɿ ɱɺɱɾɳʅ-climate dilemma.  Globally, geothermal 
development continues its rapid growth phase, and to maintain this accelerated 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. 
 

Ǫɴɱ ǝǟǗ́ɿ ʹrd 5-year term began in April 2007 with these goals firmly 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 communɵɯɭʀɵɺɳ ɳɱɻʀɴɱɾɹɭɸ ɱɺɱɾɳʅ́ɿ ɿʀɾɭʀɱɳɵɯ̲ ɱɯɻɺɻɹɵɯ 

and 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 information on geothermal energy and 
ʀɴɱ ǝǟǗ́ɿ ɭɯʀɵʂɵʀɵɱɿ ɭɺɰ ɻʁʀɼʁʀɿ ʀɻ ɰɱɯɵɿɵɻɺ ɹɭɷɱɾɿ̲ ɲɵɺɭɺɯɵɱɾɿ̲ ɾɱɿɱɭɾɯɴɱɾɿ ɭɺɰ ʀɴɱ 
general public 
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1.2 Collaborative Activities 
 
Ǫɴɱ ǝǟǗ́ɿ ɼɾɻɳɾɭɹɹɱ ɻɼɱɾɭʀɱɿ ʀɴɾɻʁɳɴ ɼɭɾʀɵɯɵɼɭʀɵɻɺ 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 2011, 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 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 2011; as have Annexes VII (started in 2001) and VIII (begun in 2003).  Annexes X 
and XI were established in 2009.  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. 
 
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 2010 and work planned for 2011 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. 
 
Ǫɻ ɰɭʀɱ̲ ǝǟǗ Ǘɺɺɱʄɱɿ ɴɭʂɱ ɻɼɱɾɭʀɱɰ ʁɺɰɱɾ ʀɴɱ ͂ʀɭɿɷ-ɿɴɭɾɵɺɳ̓ ɹɻɰɱ ɻɲ ɲɵɺɭɺɯɵɺɳ̲ ʃɴɱɾɱɮʅ 
participants allocate specified resources and personnel to conduct their portion of the work at 
ʀɴɱɵɾ ɻʃɺ ɱʄɼɱɺɿɱ̵  Ǫɴɻʁɳɴ ɼɾɱɯɵɿɱ ɲɵɳʁɾɱɿ ɭɾɱ ɺɻʀ ɭʂɭɵɸɭɮɸɱ̲ ʀɴɱ ͂ɯɻɿʀɿ̓ ɭɿɿɻɯɵɭʀɱɰ ʃɵʀɴ ʀɴɱ ʀɻʀɭɸ 
Annex work conducted under the auspices of the GIA during the 2nd Term were estimated to be 
well over US$ 310,000/yr plus several man-years (GIA, 2006b). 
 
The GIA Secretariat was established in March 2003 to provide the ExCo with administrative and 
ɻʀɴɱɾ ɭɿɿɵɿʀɭɺɯɱ̲ ɭɿ ʃɱɸɸ ɭɿ ʀɻ ɭɿɿɵɿʀ ʃɵʀɴ ɱʄɼɭɺɰɵɺɳ ɵʀɿ ɭɯʀɵʂɵʀɵɱɿ̵  ǟʀ ɵɿ ɲʁɺɰɱɰ ʀɴɾɻʁɳɴ ͂ɯɻɿʀ-
ɿɴɭɾɵɺɳ̲̓ ɵ̵ɱ̵̲ ɭɸɸ ǣɱɹɮɱɾɿ ɯɻɺʀɾɵɮʁʀɱ ʀɻ ɭ Ǚɻɹɹɻɺ ǜʁɺɰ ɭɯɯɻɾɰɵɺɳ ʀɻ ʀɴɱ ɺʁɹɮɱɾ ɻɲ ͂ɿɴɭɾɱɿ̓ 
they have been allocated (see 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 8-21 and 22-26, 
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: www.iea-gia.org. 
 
 

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
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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 2011. 

 

Annex I III VII VIII X XI 

Country/Industry Contracting Party/Sponsor 

Environmental 
Impacts of 
Geothermal 
Development 

Enhanced 
Geothermal 

Systems 

Advanced 
Geothermal 

Drilling 
Techniques 

Direct Use of 
Geothermal 

Energy 

Geothermal 
Data and 

Information 

Induced 
Seismicity 

Australia 
Primary Industries & Resources- 

South Australia (PIRSA) 
G G G  G G 

Canadian 
Geothermal 
Energy Association 
(CanGEA) 

CanGEA, Canada  IO IO IO IO  

European 
Commission (EC) 

The Commission of the 
European Communities, Belgium 

 G G  G  

France 
Bureau de recherches 

géologiques et miniéres (BRGM) 
 G  G   

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

GG-APPA, Spain  IO  IO IO  

Germany 
Forschungszentrum Jülich 

GmbH 
 G   OA, G G 

Geodynamics 
Geodynamics Limited, 

Australia 
 

OA (to 
09/11), I 

  I  

Green Rock 
Energy 

Green Rock Energy Limited, 
Australia 

 I   I  

Iceland Orkustofnun G, I  G OA, G G  

Italy ENEL Green Power I I   I  

Japan 
National Institute of Advanced 

Industrial Science and 
Technology (AIST) 

R R  R R  

Mexico 
Instituto de Investigaciones 

Electricas (IIE) 
G  G  G  

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

Norway 
Norwegian Science Research 

Council (NFR) 
 R, I R, I R R  

ORMAT 
Technologies 

ORMAT Technologies, Inc, 
United States 

 I   I  

Republic of Korea 
Korea Institute of Geoscience & 

Mineral Resources (KIGAM) 
 R  R R R 

Spain 
Institute for Diversification and 

Saving Energy (IDAE) 
 G  G G  

Switzerland Swiss Federal Office of Energy G G  G OA, G G 

United Kingdom 
Department of Energy & 

Climate Change 
 R  R   

USA 
United States Department of 

Energy (US DOE) 
N 

OA (from 
09/11), N 

OA, N U N OA, N 

Annex Start Date 1997 1997 2001 2003 2009 2010 

Date Current Term of Annex Continues To 2013 2013 2013 2011 2013 2013 

End Date* Ongoing Ongoing Ongoing Ongoing Ongoing Ongoing 
 

G = Government; I = Industry; R = Research Institute (government funded); N = National Laboratory (government funded); 
U= University; IO=Industry Organization; OA = Operating Agent; * Ongoing means no fixed end date yet determined 
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Table 1.2  Annex Title, Operating Agent and Status of GIA Annexes at December 2011. 
 

Annex 
Number 

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 

Active since 1997, 
Continuing 

through 2013 

II Shallow Geothermal Resources Closed 

III 

Enhanced Geothermal Systems 
OA:  Geodynamics Limited, Australia, to September 2011; then 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, Germany, GG-APPA, Green 
Rock Energy, Italy, Japan, Norway, ORMAT, Republic of Korea, Spain, Switzerland, UK, USA 

Active since 1997, 
Continuing 

through 2013 

IV Deep Geothermal Resources 
Closed 

September 2006 

V Sustainability of Geothermal Energy Utilization Draft 

VI Geothermal Power Generation Cycles Draft 

VII 

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

Active since 2001, 
Continuing 

through 2013 

VIII 

Direct Use of Geothermal Energy 
OA:  The Federation of Icelandic Energy and Waterworks, Iceland 
AL: Einar Gunnlaugsson; The Federation of Icelandic Energy and Waterworks, Iceland; 
einar.gunnlaugsson@or.is  
Participants: CanGEA, France, GG-APPA, Iceland, Japan, New Zealand, Norway, Republic of 
Korea, Spain, Switzerland, UK, USA 

Active since 2003, 
Continuing 

through 2013 

IX Geothermal Market Acceleration Closed 

X 

Geothermal Data and Information 
OA: Projekttraeger Juelich, PTJ EEN Germany; Geothermal Energy Research Program; 
Federal Office of Energy (BFE) 
AL: Britta Ganz, Leibniz Institute for Applied Geophysics, Germany; britta.ganz@liag-hannover.de   
Participants: Australia, CanGEA, EC, France, Geodynamics, France, Germany, Iceland, Italy, 
Japan, Mexico, New Zealand, Norway, Republic of Korea, Spain, Switzerland, UK, USA 

Opened 2009, 
Continuing 

through 2013 

XI 

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

Opened 2009, 
Continuing 

through 2013 

 
 
  

mailto:c.bromley@gns.cri.nz
file:///C:/Geo-Imaging/GeoImaging%202013/IEA-GIA%202013/Annual%20Report%202011/Report/jay.nathwani@ee.doe.gov
mailto:Doone.Wyborn@geodynamics.com
mailto:sjbauer@sandia.gov
mailto:einar.gunnlaugsson@or.is
mailto:britta.ganz@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 2011. 

 

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. 
 
Ǫɴɱ ɵɿɿʁɱ ɻɲ ͂ɿʁɿʀɭɵɺɭɮɸɱ̓ ɱɺɱɾɳʅ ɼɾɻɰʁɯʀɵɻɺ ɴɭɿ ɳɾɻʃɺ ɵɺ ɾɱɯognition 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. 
 
ǟɺ ǥɯʀɻɮɱɾ ͯͭͭ͵̲ ɲɻɸɸɻʃɵɺɳ ʀɴɱ ǟǛǗ́ɿ ɰɱɯɵɿɵɻɺ ʀɻ ɵɺɵʀɵɭʀɱ ɵʀɿ ɻʃɺ ɹɭɾɷɱʀ 
acceleration type of IA, the ExCo made the unanimous decision to close this 
Annex. 

Closed 
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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 journals, conference prɻɯɱɱɰɵɺɳɿ ɭɺɰ ɵɺ ʀɴɱ ǝǟǗ́ɿ Ǘɺɺʁɭɸ Ǩɱɼɻɾʀɿ ɭɺɰ 
Ǜʄɱɯʁʀɵʂɱ ǩʁɹɹɭɾɵɱɿ̵  ǟɺ ɭɰɰɵʀɵɻɺ̲ ɵɺɲɻɾɹɭʀɵɻɺ ɵɿ ɹɭɰɱ ʃɵɰɱɸʅ ɭʂɭɵɸɭɮɸɱ ɻɺ ʀɴɱ ǝǟǗ́ɿ ɼʁɮɸɵɯ 
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 2011, 14 countries, the EC, two international organizations and three industries formally 
participated in this programme (Table 1.1).  Oɺɱ ɻɲ ǝǟǗ́ɿ ɲɵʂɱ ǩɼɻɺɿɻɾ ǣɱɹɮɱɾɿ̲ ǥǨǣǛ 
Jeotermal, was withdrawn. 
 
 

1.4 The Executive Committee 
 

Officers 
 
In 2011, Chris Bromley (New Zealand) was re-elected Chairman; Barry Goldstein (Australia) was 
elected to serve as Vice-Chair for Policy, and Jonas Ketilsson (Iceland) was elected as Vice-Chair 
for Administration.  The ExCo also decided to initiate a third Vice-Chair position, and Yoonho 
Song (Republic of Korea) was elected to it. 
 

Membership 
 
There were significant changes in the composition of the GIA ExCo in 2011: Tae Jong Lee 
replaced Hyoung Chan Kim as Alternate Member for the Republic of Korea; Alexander Richter 
was appointed as Alternate Member for CanGEA; Delton Chen resigned as Alternate Member for 
Geodynamics leaving the position vacant; Ruggero Bertani replaced Paolo Romagnoli as Alternate 
Member for Italy, Paolo Romagnoli replaced Guido Cappetti as ExCo Member for Italy; Naoki 
Kumazaki replaced Akihiro Takaki as Alternate Member for Japan; Jane Nilsen Aalhus replaced 
Pål Edvard Andersen as Alternate for Norway; and Alexandra Pressman resigned as USA 
Alternate Member leaving a vacancy for the position.   
 
The list of ExCo Members and Alternates as at December 2011 is provided in Appendix C. 
 

ExCo Meetings 
 
The ExCo held two Meetings in 2011 tɻ ɰɵɿɯʁɿɿ ɭɺɰ ɾɱʂɵɱʃ ʀɴɱ ǝǟǗ́ɿ ɱɲɲɻɾʀɿ ɭɺɰ ɼɸɭɺ ɲʁʀʁɾɱ ɭɯʀɵʂɵʀɵɱɿ̵ 
 
25th ExCo Meeting, 5-6 May 2011, Paris, France 
 
The 25th ExCo Meeting was held on 5-6 May 2011, at the IEA Headquarters, Paris, France.  There 
were 23 attendees in total, including nine ExCo Members, three Alternate Members and 11 
Observers, including three representatives from the IEA and the GIA Secretary (see photo in 
Appendix A).  Since only nine voting Members attended the meeting, the quorum of 10 voting 

http://www.iea-gia.org/
http://www.iea.org/
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Members was not met; consequently, business decisions had to be confirmed by e-mail vote 
following the meeting. 
 
Paolo Frankl, Head of the IEA Renewable Energy Division, welcomed GIA participants and stated 
ʀɴɭʀ ʀɴɱ ǨǛ ǚɵʂɵɿɵɻɺ ʂɭɸʁɱɰ ʀɴɱ ǝǟǗ́ɿ ɭɯʀɵʂɵʀɵɱɿ̲ ɭɺɰ ɭɼɼɾɱɯɵɭʀɱɰ ɵʀɿ ɾɱɯɱɺʀ ɭɿsistance with 
preparation of the IEA Essentials Geothermal brochure and the Geothermal Roadmap, and thanked 
the GIA for its financial contribution toward production of the Roadmap.  He was keen on 
expanding GIA collaboration, and was especially happy with ǝǟǗ́ɿ ɵɹɼɾɻʂɱɰ ɭɮɵɸɵʀʅ ʀɻ ɼɾɻʂɵɰɱ ʁɼ-
to-date geothermal data through Annex X. 
 
Ǫɴɱ ɸɭɾɳɱ ɿɵʆɱ ɻɲ ʀɴɱ ǝǟǗ́ɿ ɭɺɺʁɭɸ ɾɱɼɻɾʀɿ ʃɭɿ ɰɵɿɯʁɿɿɱɰ̲ ɭɺɰ ʀɴɱ ɵɰɱɭ ɻɲ ɾɱɰʁɯɵɺɳ ɵʀ ɮʅ ɿɴɵɲʀɵɺɳ 
much of the production and use data to the new annual Annex X GIA Trend Report was 
debated. 
 
Annexes I, III, VII and X held meetings on 4 May 2011; with Annex XI (Induced Seismicity) 
meeting jointly with the IPGT Induced Seismicity Group for an all-day session on 3 May 2011.  
Progress reports from all six Annexes: I, III, VII, VIII, X and XI, and 9 Countries were presented 
and discussed.  The Annex X questionnaire for collecting data/information to be used to prepare 
the first (2010) GIA Trend Report was discussed.  The current form of the GIA website, first 
created in 2005, was considered with the ExCo decision made to support its re-development.  
The ExCo also discussed the EGS Protocol as presented in the May 2011 paper: A Protocol for 
Estimating and Mapping Global EGS Potential (Beardsmore, Rybach, Blackwell and Baron) and 
decided to call an e-mail vote on its GIA endorsement, thus allowing its consideration by all 
ExCo Members.  The Protocol was accepted on 9 September 2011.   
  
The Secretary reported on the Secretariat operation, including the work accomplished and status 
of budgets, for the entire 2010-year and the 2011-year to 20 April 2011.  A work plan and revised 
budget for the remainder of 2011 was presented and an update on the Common Fund given, all 
ʁɺɭɺɵɹɻʁɿɸʅ ɭɯɯɱɼʀɱɰ ɮʅ ʀɴɱ ǛʄǙɻ̵ Ǜɿʀɵɹɭʀɱɿ ɵɺɰɵɯɭʀɱɰ ʀɴɭʀ ǝǟǗ́ɿ ɱʄɯɱɸɸɱɺʀ financial position 
would continue and allow a carry-ɻʂɱɾ ɻɲ ʀɴɱ ɭɳɾɱɱɰ ͮͯͺΗ ɻɲ ʀɴɱ ɯʁɾɾɱɺʀ ʅɱɭɾ́ɿ ɱɿʀɵɹɭʀɱɰ ǝǟǗ 
Secretariat operations cost to the next financial (calendar) year, as well as make up to US$ 50 k 
available to fund proposals for work that supports supplementary organization and Annex 
activities.  The Secretary informed that the GIA Mid-term Report presented to the REWP 
meeting in Paris, in March 2011, had been accepted with no comments.  He also reported that 
the revised GIA Implementing Agreement document had been unanimously accepted by the 
ExCo in February 2011. 
 
Ǫɭɷɭʀɿʁɺɱ ǟʀɻ ɼɾɱɿɱɺʀɱɰ ʀɴɱ ǟǛǗ ǩɱɯɾɱʀɭɾɵɭʀ ɾɱɼɻɾʀ ʃɴɵɯɴ ɾɱʂɵɱʃɱɰ ǟǛǗ́ɿ ɾɱɯɱɺʀ ɭɯʀɵʂɵʀɵɱɿ ɭɺɰ 
ɼʁɮɸɵɯɭʀɵɻɺɿ̵  Ǫɴɱ ǟǛǗ́ɿ ɾɱɯɱɺʀ ɼɾɻɯɱɰʁɾɭɸ ɯɴɭɺɳɱɿ ɭɺɰ ɿʁɮɹɵɿɿɵɻɺ ɰɭʀɱɿ ɲɻɾ ǟǗ ɾɱɽʁɱɿʀɿ for 
ɱʄʀɱɺɿɵɻɺ ʃɱɾɱ ɰɱɿɯɾɵɮɱɰ̲ ɺɻʀɵɺɳ ʀɴɭʀ ʀɴɱ ǝǟǗ́ɿ Ǜɺɰ-of-Term Report and new Strategic Plan would 
be due in early-July 2012, with presentation to REWP meeting in October 2012.  The new 
publications: Deploying Renewables: Worldwide Prospects and Challenges and Harnessing Variable 
Renewables ʃɱɾɱ ɰɱɿɯɾɵɮɱɰ̲ ɭɺɰ ʀɴɱ ǟǛǗ́ɿ Ǩɱɺɱʃɭɮɸɱ Ǜɺɱɾɳʅ Ǩɻɭɰɹɭɼɿ ɭɺɰ Ǩɱɺɱʃɭɮɸɱ Ǜɺɱɾɳʅ 
Ǜɿɿɱɺʀɵɭɸɿ ɮɾɻɯɴʁɾɱɿ̲ ɵɺɯɸʁɰɵɺɳ ʀɴɱ ǝǟǗ́ɿ Geothermal Essentials, were reviewed.  The value of the 
IEA OPEN Bulletin was described, noting that it had >15,000 subscribers in 127 countries.  In 
addition, Milou Beerepoot, IEA analyst, gave a Guest presentation, in which she described the IEA 
Geothermal Roadmap to the meeting and informed that it would be launched by the IEA Executive 
Director, Mr Tanaka, at the Eurelectric Conference, Stockholm, on 13 June 2011. 
 
The ExCo was invited to hold its Annex and 26th ExCo Meetings in London, United Kingdom, on 
28-30 September 2011, in association with the First UK Geothermal Symposium (27 September 
2011), with a fieldtrip (1 October 2011) to EGS sites and the Eden Project in Cornwall.  EGS 
Energy will host the meetings, Symposium and fieldtrip. 
 
26th ExCo Meeting London, 29-30 September 2011, United Kingdom 
 
The 26th ExCo Meeting was hosted by EGS Energy, and held at the Royal Institution of Great 
Britain, London, UK, on 29-30 September 2011, in association with the First UK Geothermal 
Symposium on Engineered Geothermal System Energy in the UK and a Global Perspective.  



 29 

Twenty-three people attended the ExCo Meeting, including: 11 ExCo Members, five Alternate 
Members, the GIA Secretary and six Observers.  Included amongst the latter was the Minister for 

the Department of Energy & Climate Change (DECC), Mr Greg Barker, who attended partly in 

recognition of the United Kingdomôs very recent membership in the GIA, and who discussed the 

UK Governmentôs commitment to renewable and geothermal energy.  EGS Energy also hosted a 
ɲɵɱɸɰʀɾɵɼ ʀɻ Ǚɻɾɺʃɭɸɸ̲ ʃɴɱɾɱ Ǜǝǩ Ǜɺɱɾɳʅ́ɿ ɰɱɱɼ ʃɱɸɸ ɿɵʀɱ̲ ʀɴɱ ɴɵɿʀɻɾɵɯ Ǩɻɿɱɹɭɺɻʃɱɿ Ǜǝǩ ɿɵʀɱ ɭnd 
the Eden Project were visited.  The United Kingdom participated for the first time since re-joining 
the GIA in September 2011 (having withdrawn from the GIA in 2003). 
 
Six GIA ExCo Members also participated in the Engineered Geothermal System Energy in the UK 
and a Global Perspective seminar covering global geothermal potential, and EGS development in 
the UK, USA, Germany, Australia, France and South Korea. 
 
Annexes I, III, VII and X held meetings on 28 September 2011.  The US DOE replaced 
Geodynamics as the Operating Agent of Annex III. 
 
Progress reports from Annexes I, III, VII and X, and 12 Country reports and one Sponsor report 
were presented and discussed.  The ExCo agreed to fund the GIA website update; and options for 
encouraging new GIA membership such as holding workshops/seminars in countries of interest 
and GIA Member sponsorship of the Common Fund contribution of less financially capable 
countries were considered.   
 
The Secretary reviewed Secretariat activities since the 25th ExCo Meeting and submitted work plans 
and budgets for the remainder of 2011, a Common Fund report, and draft Work Plan and associated 
budget for 2012; all were unanimously accepted by the ExCo.  The Secretary participated with the 
Chair as international members of the US DOE Geothermal Technologies Program Peer Review in 
June 2011, with financial support obtained through a GIA proposal. 
 
Ǫɴɱ ǝǟǗ́ɿ ɲɵɺɭɺɯɵɭɸ ɼɻɿɵʀɵɻɺ ɾɱɹɭɵɺɿ ʂɱɾʅ ɿʀɾɻɺɳ̲ ɭɺɰ ɭɺ ɱɿʀɵɹɭʀɱɰ ǫǩΦ ͵ͻ ɷ ɲʁɺɰɵɺɳ ɾɱɹɭɵɺɱɰ 
available in the GIA Common Fund for new proposals supporting GIA/Annex-related activities.  A 
proposal for funding GIA participation at the US DOE Peer Review (mentioned above) was the only 
2011 proposal funded to date. 
 
The ExCo voted unanimously to hold annual ExCo Officer Elections at the autumn ExCo meetings, 
with those elected taking office the following calendar year.  It was also decided that individuals could 
only hold office for three consecutive terms, beginning with autumn 2012 elections. 
 
The ExCo Chair presented the IEA Secretariat report, describing several IEA activities and projects.  
The 59th REWP Meeting was held in March 2011, where the GIA Secretary presented the GIA Mid-
Ǫɱɾɹ Ǩɱɼɻɾʀ̳ ɭɺɰ ʀɴɱ ǟǛǗ́ɿ ɼɾɻɯɱɰʁɾɱ ɭɺɰ ɿɯɴɱɰʁɸɱ ɲɻɾ ǝǟǗ́ɿ ɾɱɽʁɱɿʀ ɲɻɾ ɱʄʀɱɺɿɵɻɺ ɲɻɾ ɭ ͵th Term 
were discussed.  It was reported that data on global RE policies and measures are collected by the 
IEA and made available in their website; and the IEA OPEN Bulletin web-based newsletter was 
discussed. 
 
The ExCo had earlier agreed to hold the 27th ExCo and Annex Meetings, and associated events in 
Oslo, Norway, during the Oslo Geothermal Week period 21-26 May 2012, hosted by Statoil and IFE. 
 

 

1.5 GIA Participation in IEA Activities in 2011 
 
The GIA continued an active involvement with the IEA in 2011.  The GIA Secretary attended the 
REWP Renewable Energy from Analysis to Action conference, held in Paris, France, on 15-16 
ǣɭɾɯɴ ̳ͯͭͮͮ ɭɺɰ ɼɾɱɿɱɺʀɱɰ ʀɴɱ ǝǟǗ́ɿ ǣɵɰ-3rd-Term Report to the 59th REWP Meeting on 17 
March 2011 (Mongillo and Bromley, 2011a).  The GIA also participated at the IEA Energy 
Technology Network Communication and the REWP Renewables Policy and Market Design 
Challenges Workshops.  Subsequent to providing significant direct input in 2010, the GIA 
contributed final comments on the IEA Technology Roadmap for Geothermal Heat and Power, 
which was published in June 2011, and a summary presented by the Chair, on behalf of the IEA-
GIA, in Melbourne, Australia (Bromley and Beerepoot, 2011).
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1.6 Other GIA Activities 
 
The GIA Secretary and Chair participated as international experts for the week-long US DOE 
Peer Review Meeting in early-June 2011, with 19 geothermal projects reviewed between them.  In 
addition, the Chair gave a lunch-time presentation during the Peer Review: (Bromley, 2011a) and 
the Secretary a lunch-time presentation at the IPGT Meeting (Mongillo and Bromley, 2011b). 
 
The GIA took part in several international meetings and workshops in 2011, including: 

¶ The EGS Energy in the UK and a Global Perspective Seminar, London, UK, in September 
2011, with presentations by six GIA ExCo Members and an Annex III participant on EGS 
development in the USA (Jay Nathwani), Germany (Lothar Wissing), Australia (Barry 
Goldstein), France (Romain Vernier) and South Korea (Yoonho Song); Geothermal and EGS 
Potential Worldwide (Chris Bromley); and Scaling-up, Sustainability and Industrial 
Partnership (Roy Baria, Annex III) 

¶ The 36th Stanford Geothermal Reservoir Workshop, held in early-February 2011 in 
Stanford, California, USA, covering great expectations for geothermal energy to the end 
of this century (Goldstein et al., 2011a) and real-time monitoring at EGS system sites 
(Nathwani et al., 2011) 

¶ The Geothermal Resources Council (GRC) 2011 Annual Meeting, San Diego, California, 
USA, describing the contribution that sustainable geothermal energy development could 
make to the global energy demand for heat and power (Goldstein et al., 2011c) 

¶ The IEA-GIA~IPGT Induced Seismicity Workshop, Paris, France (Bromley, 2011b; Muraoka 
and Takaki, 2011); the IEA-GIA~IPGT Meeting, Melbourne, Australia (Majer, 2011). 

 
The IPCC Special Report on Renewable Energy Sources and Climate Change Mitigation was 
published in May 2011, having had input to Chapter 4 Geothermal Energy from four GIA ExCo 
Members and the Secretary who contributed as Lead Authors, Contributing Authors, Reviewers 
and Coordinating Lead Author (Goldstein et al., 2011b). 
 
The continued excellent financial position of the GIA has allowed the organization to continue 
expanding its efforts through its proposal funding mechanism, which in 2011 supported GIA 
participation at the US DOE Geothermal Program Peer Review in June 2011. 
 
Ǫɴɱ ǝǟǗ́ɿ ɼʁɮɸɵɯ ʃɱɮɿɵʀɱ ͘www.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. 
 
Ǫɴɱ ɱʄɼɱɺɿɱɿ ɲɻɾ ɻɼɱɾɭʀɵɺɳ ʀɴɱ ǝǟǗ ǩɱɯɾɱʀɭɾɵɭʀ̲ ɵɺɯɸʁɰɵɺɳ ʀɴɱ ǩɱɯɾɱʀɭɾʅ́ɿ ɿɭɸɭɾʅ ɭɺɰ ʀɾɭʂɱɸ̲ 
website hosting and maintenance, and other common costs of the ExCo, are met from a GIA 
Common Fund.  In 2011, these costs amounted to a total of about US$ 108,000.  In addition, the 
GIA funded several projects and proposals: 

¶ GIA Projects (total: ~US$ 9,000): contributed to costs associated ʃɵʀɴ ǩɱɯɾɱʀɭɾʅ́ɿ 
ɼɾɱɿɱɺʀɭʀɵɻɺ ɻɲ ǝǟǗ́ɿ ǣɵɰ-ʹ ɾɰ Ǫɱɾɹ Ǩɱɼɻɾʀ ʀɻ ʀɴɱ ǨǛǭǦ̲ Ǧɭɾɵɿ̲ ǜɾɭɺɯɱ̳ Ǚɴɭɵɾ́ɿ 
presentation of the IEA Geothermal Roadmap at the AGC Meeting, Melbourne, Australia; 
and purchase of Geothermics Special Issue on Sustainable Utilization of Geothermal 
Energy (Guest editors M.A. Mongillo and G. Axelsson, December 2010) for ExCo Members. 

http://www.iea-gia.org/
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¶ Proposal Funding (total: US$ 20,000): funded proposal contributions for the Chairs and 
Secretary to participate as international experts at the US DOE Geothermal 
Technologies Program Peer Review, and paid 2010 proposal for the GIA contribution to 
the Induced Seismicity Workshop held in Reykjavik, Iceland, in 2010.  

 
Consequently, the total costs of GIA operations in 2011 amounted to about US$ 137,000.  
 

Table 1.4   Common fund share apportionment among the GIA 
Members as of December 2011. 

 

Australia 2 Republic of Korea 2 

European Commission 4 Spain 2 

France 4 Switzerland 2 

Germany 4 United States 4 

Iceland 1 CanGEA 1 

Italy 2 Geodynamics 1 

Japan 4 GG-APPA 1 

Mexico 1 Green Rock Energy 1 

New Zealand 1 ORMAT 2 

Norway 2 - - 

Total = 41 shares 

 
 
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 2011, 
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 2011.  
Contributions are made annually on a calendar year basis. 
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IEA Geothermal R & D Programme 
 

Chapter 2 
 

Annex I- Environmental Impacts of Geothermal 
Energy Development 

 
 

 
 

  Figure 2.1  Ǟɵɿʀɻɾɵɯ ǝɾɱɭʀ ǭɭɵɾɭɷɱɵ ǝɱʅɿɱɾ ͘ɰɻɾɹɭɺʀ ɿɵɺɯɱ ͮ;ͻͭ́ɿ͙̲ ǭɭɵɾɭɷɱɵ Ǫɴɱɾɹɭɸ 
Valley, Taupo, New Zealand. 

(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 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, Switzerland 
and the United States. 
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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 2011, Annex I activities consisted of five Tasks, described below. 
 

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. They should be monitored 
and changes documented. Techniques are devised to separate natural from induced changes. 
Where such changes are caused by geothermal developments, methods are devised to avoid or 
mitigate the adverse impacts. Beneficial changes are 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 the effects on air 
quality of gas emissions from geothermal power plants; the effects of toxic chemicals in waste 
fluid that may be discharged into the ground or into rivers; and the effects of ground subsidence 
resulting from pressure decline. Projects examine 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), along with mechanisms and mitigation options. Examples are the use of injection to 
mitigate ground subsidence, and chemical treatment, removal or re-injection of gas emissions 
and waste fluids. 
 
 

 
 

Figure 2.2  Exposed reinjection pipelines,  Philippines. 
(Photo courtesy of GNS Science) 

 
 

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, New Zealand, Switzerland, USA) 
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An effective environmental analysis process reduces the risks of adverse effects from 
development, by early identification and mitigation of environmental issues.  Reducing the costs 
of environmental compliance, and stream-lining the process for project consenting, also help 
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 E - Sustainable Utilization Strategies  
(Task Leader:  Guðni Axelsson, Iceland Geological Survey (ISOR), Iceland) 
(Participants: Australia, USA, Iceland, Italy, Japan, Switzerland, New Zealand) 

 
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. 
 

2.2  Progress in 2011 
 
Several participants in Annex 1 (Chris Bromley, New Zealand; Barry Goldstein, Australia; 
Hirofumi Muraoka, Japan; and Ruggero Bertani, Italy), along with other geothermal specialists 
from the IEA-GIA participating countries (Mexico, USA, Iceland, and Germany) completed the 
geothermal energy chapter of the Intergovernmental Panel on Climate Change (IPCC) Special 
Report on Renewable Sources (SRREN) which involved a voluntary contribution over 3 years by 
all the participants. The final version of the report was published in 2011 (IPCC 2011 Geothermal 
Chapter). Supplementary publications derived from this work were also presented at geothermal 
meetings at Stanford (Stanford Workshop on Geothermal Reservoir Engineering) and San Diego 
(Geothermal Resources Council [GRC]). Further work in the area of global sustainable 
geothermal deployment potential led to provision of advice regarding the completion of the IEA 
Geothermal Road Map, and its subsequent promotion. 
 

2.2.1 Task A- Impacts on Natural Features 
 
Meetings of task participants were held in Paris, (6 May 2011) and London (26 September 2011). 
Presentations covered aspects of on-going work on changes observed at thermal features caused 
by geothermal developments. Strategies to mitigate, recover or enhance thermal features using 
targeted injection and strategic production were further discussed, along with policies to help 
monitor and manage effects on thermal features in a practical manner. Results of work focussed 
on improved monitoring techniques for surface thermal features were presented in papers and 
presentations at two international conferences in San Francisco. These described ways of 
identifying and monitoring surface feature changes, heat flux changes and thermally tolerant 
vegetation. 
Discussions also addressed the issues faced by Japan with its significant geothermal resource 
potential located within protected National Parks and near iconic hot spring resorts. The focus 
of future collaborative work is expected to be on how to undertake development in such settings 
with negligible environmental risks to thermal habitats, thermal features and landscape values.  

http://iea-gia.org/wp-content/uploads/2012/08/IPCC_SRREN_Ch04-Geothermal-29Jun11.pdf
http://iea-gia.org/wp-content/uploads/2012/08/IPCC_SRREN_Ch04-Geothermal-29Jun11.pdf
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Figure 2.3  a) Hot spring & thermal algae (with forest fire) at Yellowstone (USA);  
b) Steaming ground at Reykjanes, Iceland. 

(Photos courtesy of Chris Bromley) 
 
 

2.2.2 Task B- Discharge and Reinjection Problems 
 
At the Annex 1 meetings in Paris and London environmental issues related to discharge and 
injection were discussed. These included improved water management. Best practice injection 
strategies, including scaling treatment and avoidance, methods of reduction of CO2 emissions by 
injection, and arsenic reduction through silica precipitation were further discussed. 
Injection/production management tools using an adaptive approach to reverse or avoid adverse 
effects on surface features and on reservoir sustainability were also addressed. The importance 
of improved understanding of reservoir permeability, through tracer test interpretation, and the 
consequences of subsurface boiling and condensation processes was stressed. Research into the 
transient behaviour of fluid-rock-gas interactions was further advanced to better explain scaling, 
dissolution, deposition and acid alteration processes. 
 
Discussions also addressed the mechanisms for subsidence and ground inflation in geothermal 
fields.  Methods to better detect anomalies and predictive modelling tools using coupled 
reservoir and subsidence models are advancing. Collaboration between research organisations 
who work into these and related topics (particularly improvement of coupled simulation 
models), is becoming better established through joint workshops. 
 
A strong focus of the Task B work in 2011 was on the mechanisms of geothermal subsidence 
using New Zealand case histories. Research results from this work, were published at 
international geothermal workshops in New Zealand and USA. 
 
 


