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Message from the Chair

2010 was a remarkably successful and memorable year for the
IEA Geothermal Implementing Agreement. As an organization,
we havieeen operating i@ yearand haveassed the half

way mark of our third term, and consige@piess has

been made towards achieving many of our objectives. For this,
| want to thank our Executive Secretary, Dr Mike Mongillo,

for his enthusiastic, proactive, and visionary approach to the
role. | thank, also, the members of the ExecutiveeCommitte
past and present, who can justifiably be proud of their input
intothe IEAGI A6s many accomplishment s,
considerable voluntary effort, enthusiasm, good humor and
dedication. Indeed, geothermal has been well served.

Some of the higlhlig of the 201@ear included the impressive amount of effort that

went into the World Geothermal Congress held in Bali, Indonesia, invgddog about 2
participants. This included manning &@lAAxhibition booth, siteetings,

numerous researcheptaions, a keynote address, and a subsequent article for the June
issue of the IEA OPEN Bulleti®, 0o t h e r ma / 6 .sIn &dditien, Ex@o For t unes
members assisted IEA staff with preparatiodcdf ®enewable Energy Essentials
Geothermial, a rative fouf page trochure, and preparatidso&Geothermal
Roadmamith its three associated workshops. This important visionary document will
track global geothermal deployment into the future. ExCo members also assisted with
completion of a chaptergeothermal energy potential in an influential document
produced by the IPCC, which dealt with renewable energy options for mitigation of
climate change. The publication on #@lIMWebsite of the proceedings of a joint
IEA-GIA~IGA workshop held inG20in Madrid on global geothermal development
potential, was instrumental in achieving this challenging task. Another highlight was the
production cd special issue of the international Baataermigsonsisting of eleven
collected articles on sesality of geothermal resources, the outcome of a task that was
initiated back in 2008. The &K ExCo also supported an outreach program that
included, for example, presentation of the results of its collaborative work at the 2010
Geothermal Resoufgesncil Meeting in USA, and support for expert participation at

an Induced Seismicity workshop in Iceland.

Details of these activities and other Annex related work carried out during the 2010 year
are presented in this comprehensive Annual Repantghifiichcommend you read.

The individual member Country and Sponsor reports, in particular, are worth a mention,
because they represent an impressive amount of effort by participants to collate and
present ufp-date information. These documents obadis for numerous other

assessments of regional and global trends in deployment of renewable energy technology.
They are the information backbone that supports the deployment projections, that are in
turn crucial in setting governmental policies jraedifational promotion of

geothermal as a significant player in the competitipiaotadieenewable energy

deployment.

Chris Bromley
Chairman, IEGIA Executive Committee



Executive Summary

-
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Introduction

2010 was aothewerysuccessfyar for the IEA Geothermal Implementing Agreement (GIA).
Particularly noteworthy wasaheAd s parti ci pation at the Worl d (
(WGC2@0), held in Bali, Indonesia. The WGCs are premier international geothermal events,

held every 5 yearse GIA had a significant and very successful presence, with the presentation at
technical sessions of 6 papers describing Annex activitienemaingirstainable utilization,

direct use and advanced drilling and logging topics; and a gener@é&liqrapéonal

Energy Agency Geothermal Implementing Aghetemmertional Efforts to Promote Global

Sustainable Geothermal Developmeétajianditigate Climate Chahgéwas a keynote

address given as part of a Panel Discussion (see References). In addition, the GIA sponsored an
exhibition booth where 20 posters illustrated
activities. Ove00 visitors stopped by for discussions, and hundreds of GIA and IEA documents,
reports and CRoms were distributed.

Al so significant in 2010 was the continued ex
GI A Secretar i gtr oyietchh stéh ed eppurredu ivtal wwfabd e f or t h
continuation of the GIA proposal programme, which makes available a portion of the GIA

Common Fund to support Annex and other GIA activities, US$ 75 k for 2010. These expanded

efforts aretheconsaqguee of t he GI Ads relatively high memt
the relatively stable cost for operating the GIA Secretariat. Two proposals, both for US$ 10 k

each, were funded in 2010: one to shppoduced Seismicity Workshop in Reykjéauikl, Ice

held in Oct 2010, and the second, a contribution to support the preparation of the IEA



Geothermal Roadmap. &eethermics Special IssGeistainable Utilization of Geothermal

Energwas completed and published in December 2010 with prappgabiutell to the

Secretary for the 2009/2010 period to act as a Guest Editor with Gudni Axelsson, Leader of

Annex | Task-EBSustainable Utilization Strategies (Geothermics, 2010). The Special Issue

contains 11 international articles that examinsthitieghde utilization of high and low

temperature resources for electricity generation and direct heat use for such applications as district
heating, industrial processing, geothermal heat pumps, etc. The 2010 funded projects included:
sponsorship of GC2010 exhibition booth and funding for official GIA representation by the
Secretary at the IEA Geothermal Roadmap Workshop held in Bandung, Indonesia, who made a
presentation re. Gl Ads activities and support
201@®) and participated in the comprehensive discussions.

The GI Ads R&D activities were -égntused extended w
Seismicity, in recognition of the growing importance of seismicity generated in association with the
credbn and operation of enhanced geothermal systems (EGS). This annual report also includes

the first contribution from AnneXoAta Collection and Information, which was opened in late

20009.

The GI Ads 2010 me, with¢he additiopodwr Gountryi Mereber, Norivay,l 9

and the unfortunate loss of ORME Jeotermal (Turkey), who withdrew for financial reasons. As of
December 2010, membership comprised 13 Country and 5 Sponsor (industry/industry
organization) Members, and thélBi€ broad basswmbership, fraontinentdurope,

Scandinaviasia, the Americas and Ocealigorates) a whole host of R&D projects, and
shagsexperience and information in order to overcome technical and other challenges to advance
the sustainable developoig@tothermal energy worldwidsoandtribute to the mitigation of

climate change.

The GI Ads participation with the I ntergovernm
production of the IPCC Special Report on Renewable Energy Source€laaig€limate

Mitigation continued, with ExCo Members and Secretary participating as Coordinating Lead, Lead
and Contributing Authors. The final report is expected to be publigtgdd.in mid

In 2010, thed GIA Member Countrigigh geothermal generdtashacombined installed
capacitgf 6833MW.eandgenerate®369GWh/yr, contributingbout 8% of theglobal
geothermal installed capaeity§% of the geothermal generaonGIA Member Countries
with nomnegligibleontributions, the contributionational geothermal installed capacity and
power generation ranged fre@2%0and 1:27%, respectively; with an average generation per
installed capacity of 5.8 GWh/MWy far the highest of all renewables

This Summanputlineshe global scene hich the IEASIA operates. descriptioof the

current world energy situatibrsiprovided, tinetheextensive worldwide geothermal energy

potential is discussed and the contribution that geothermal made to the global energy supply in
2010is desdsed. A synopsis of the-(HA and a reviewtoh e s i activhiesiarelx e s &

summaries of their accomplishments are presentéd gh |l i ght s of GI A Member
are provided and the major achievements obtharGlfganization are detcifitneally, the

Gl Ad s plland beyondare olided.

Current World Energy Situation

Though the global total demand for energy has grown nearly every year between 1971 and 2008
(Figure ES1), there was a slight (~1%) decrease in the 2@Otatatlgwimary energy

supply to 12,150 Mtoe (508.#) Edmpared to 2008 (12,267 Mtoe, 5i4aBd a ~0.6%

decrease in electripitygeration to 20,055 T\WBA,2010;2011), probable consequences of



the global financial crisis. However, thikibligas overwhelmed by the extraordinary ~5%

increase in primary energy demand in 2010, with assoemiszid®® of 30.4 Gt, an increase

of 5.3% over 2009 (Birol, 2011). This exceptional annual growth is now raising some concern
about the possilyilaf achieving the global climate change objective of limiting the temperature
increases this century to 2 °C aboveitiduptgal levels (ibid.). In addition, an unacceptable

20% of the worl dds popul ati odectricky. 1. 3 bil |l i on
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FiguréES1 World total primary energy supply by fuel (in Mtoe) for
the period 1974009 (IEA, 2011).

Further challenges arose in 2010, including: the increase in fossil fuel subsidies that promote
wasteful consumption increasedubla®$ 409 billion; the global energy intensity again

worsened as it did in 2009, despite the great efforts many countries are making to increase energy
efficiency; and turmoil in the Middle East and North Africa cast doubts about the reliability of
glob&energy supplies. Compounding these issues is the shift of government focus away from
energy policy caused by the problems of financial integrity of several countries.

Assuming that recent government policy commitments are implemented in @gautious mann
termed the New Paolicies Scenario, energy demand grows by 30% between 2010 and 2035 as a
consequence of a global population increase of 1.7 billion people and global economy growth of
3.5%l/yr. About 90% of the population and energy demand growtimoeO&EED

countries, with China becoming the largest energy consumer and India, Indonesia, Brazil and the
Middle East energy consumption rates growing even faster than in China. Though the demand for
all fuels increases, the fossil fuels shars fteoneik¥ in 2010 to 75% in 2035, however,

natural gas does increase its share in the global mix. Renewable energies, mainly hydro and wind,
provide about 50% of the new installed power capacity. The outcome of the New Policies
Scenario leads to a testyoe increase of >3.5 °C, compared to the Current Policies Scenario,
which results in a temperature increase of 06

To achieve the 2 °C limit as formulated in the 450 SEshppm(CO2ggreenhouse gas

concentration), 80% of the total energy relatmi€sons permissible by 2035 are now

Ol ot khédby the existing capital stock of power
no new action is taken by 2017, all of thea@3ions allaiay the 450 Scenario up to 2035

will be generated by the energy related infrastructure then in place. Consequently, only extremely
cost l-cyarolzeemr power plants, factories and other
and 2035 (Birol, 2011).



Therefore, urgent and tough action is required to attain the climate change objective, with global
emissions per unit of output needing to be reduced by 65% by 2035 (ibid.). Major energy

efficiency improvements are needed, and can contributer&qéired theergy emissions

reductions. The fossil fuel subsidies must be abolished and disincentives, such as sufficient carbon
pricing, need to be established to support rearbdoviechnologies. Also of great importance

is the scalgp and protectiof energy sector R&I&chnologies based on renewable and

nuclear enégg and carbon capture and storage (CCS) have important and large roles to play,
providing 60% of the global electricity production in 288@50 Scenario. If nothing is

donefossil fuels will still provide 6&%he generation (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 theersenafldeanergy

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 EnergyGlobal Peesgtive

The main sources for geot her mal energy are th
(~40%), and that generated by the gradual dec
crust (~60%). Together, these result in an averaige heat8ow rate of 44 F\L,400

EJ/yr), nearl®.8times the 2@Gvorldwide total primary energy sSO8IENyr, (IEA,

2011), which is about 1% less than the 2008 valbé/5)4 Though the worl dés
heat resources are enormibubiguitoust, is difficult to accurately determine potentials on a

global basitie taheir generallyddematurequbsurfage This uncertaintyeisacerbate

because the technologies used to develop geothermal resources are evolsipigifiiextending cap

and reducing costs, and thereby increasing technical and economic potentials. Therefore, there are

considerable uncertainties in estimating the global geothermal resource potentials, and revisions are
expecteals more information and new tegie®become available.

Themost likely worldwide total technical potential for geothermal resources located along tectonic
plate boundaries and near volcanic hbaspmen estimatebde about 6.5 TW205

Ed/yr) (Stefansson, 200&pout 40% diie 209 worldwide total annual supply. Of this total,
identifiechydrothermal resources capable of development for electricity generation using
conventional methods (T > 130&@punt to sor@60 GWk: (5.7 Edyr, or 57 Ed/yr),

assuming a 10% elesltdonversion efficiency. The remaihiiny 4 (148 Ed/yr), comprise

| ower temperature resources (T O 130 AC) cons
These estimates may increase by fael@r#f approximations for as yet hidden/unidentified
resourcese includgibid.). Power genematipotentials are also increasing as a result of
technological advances procaiinvgrsion efficiencies now ranging up to 20% (for high

temperature [> 1800 °C] fluids).

In addition to hydrothermal resources, several other potentiallyesitireficehtsgurces

capable of power generation and direct éeat Lisbinary generation fronmutieef the hot

water discharged from conventional plajesdcation) and that available from the lower

temperature geothermal resour@s3F8C) 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 depthB0(&m) in théot rock ofthe ar t hds crust using er
geothermaystems technology (EGS); 4) the energy resources in the foriticaf #u ks

inferred to exist deefb(8m) beneath hydrothermal systems; 5) hot water produced from oil and

gas wells; 6) hot water present inatbe@ntary basins; 7¥lodf€undetsea) 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 almashaeyr e on t he eart hds surface.

Recent estimates indicate that using current technology hydrothermal resources, available at some
1015% of the earthds surface and hord® to ~15%
GWe.by 2050. In addition, depaient of other geothermal resources, including: EGS, super

critical fluids, hot watesproduced with oil and gas, hot water from deep sedimentary basins, and
off-shore (undesrea) oOhydr ot hermal 6 resources | ocated a
technologies could deploy another 82050, resulting in a total global geothermal power

deployment of some 160@®&nerating 1,260 TWh/yr by 2050. This would provide an
estimated 8% of worl dds el ect rabounllGtggower to s
CQ: emissions (Mongillo and Bromley, 2010Db).

Direct use technical potential has recently been assessed at >320 EJ/yr, with a probable
deployment of 815 G\&Nnd utilization of 8.35 EJ/yr by 2050 (ibid.).

Geothermal development for elgctyeneration and direct s®exparienced a high growth
rate worldwide for the past few years (Figure ES2 and Table ES3) and future prospects continue
to look very positive.

Geothermal isignificanglobal renewable energy resourceamgthl@ble 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 didtaipplieation, sustainable development capabilities and
small areal feptint. Though geotherm@dominantlyperates 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 resoulttage the potentialmake a considerable contribution towards meeting the
worl dés current and future enethgregduciceefds wel |
emissions éithe mitigation of climate change. The global geothermal potential is enormous;
howeveattaining their maximum deployment requires continued R&D

Status of Global Geothermal Energiin 20

In 2010, worldwide geothermal data was comprehensigdljoupeporting at the World
Geothermal Congress 2010, heldzsh/&aril 2010, in Bali, Indonesia (Bertani, 2010).
Twentyfourcountries were producing electricity from geothermal resources, with a total
geothermal installed capacity excee®Ba@/WWe, with electricity generatiof@184.1
GWh,based on 20data (Bertani, A1), updated with 208)A Country Member data
(Figure E5S Table ES1). In20, the $51A Member Countrigsving geothermal generation
contributed aboud% of the globaldtalled geothermal capacity Céthafthe 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 thir@adying HYsa

factor of >6.5 between 1970 and 1985. Betweand@®, the worldwide geothermal

installed capacity increased by a factor of about 2.3, at a very unifadrétéyof(FRure

ES). HowevebhetweeR005and 2010, the ratérafrease grew significamitly,a linear trend

of abouB885MWdyr to the end &010; nearly double that of the previous 5 yearTeriod

capacity increase in GIA Member Countrie§\&83ZMW ) d 2005 (5,449 MY ~

1284MWe, or about@%b (4%l/yr). Table ES1 presents tH®2ata for GIA Member

Countries and the otiecduntriewith geothermal power gene(Beotani, 20). Table ES2



illustrates the growth in installed cap@biy2(10) and generation (198.0), with 2006,
2007, P08 and 2009 representing minimum estimates.

Worldwide Geothermal Installed Capacity 19
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Figure ESP/orldwide geothermal installed capacity for the per@l095the 2068010
data [blue triangles] includes GIA data fe?@OBDEnd data for the other countries from Bertani
(2005, 2010knd has a trendline slope okB86)yr. Data for 1959005 is from Bertani
(2010), with the 1985005 data [magenta squares] having a trendline siopd/afy£10
Data for 1950 to 1980 [green stars] is from Bertani (2010)

As shown in Table ESbtlggrmal energy provides a major contribution to the national capacity
and national generation for several cobotsesenountries (including Lihir and San Miguel
Islands), the geothermal installed capacity now exceeds 10% of nationéiveap#uitye and
obtain 15/5% of their electricity from geothedm&010, he contribution to national

installed capacity for GIA Member Countriemmitbg/igibimstallation/generaticanged

from 1.722.3%, witha corresponding rangmitribubn to national generatd@.727%.

The total GIA geothermal generation of 39,969.3 GWixakent to a savings of about 10.1
Mtoe(using GIA conversion (Mongillo, 2005)) and avoidemi€ons of 32.78 Mt. The
equivalersiavings for the waovlde total generation of 66,184.1 GWh/yr is about 16.8 Mtoe
and avoided G@missions of some 54.1/bit).

A goodndicatoof the contributioa renewable energy resoafass the ratio of the power

theygenerate to timstalled capacitshichfor the GIA Countries inl@Dwas 5.85

GWh/yr/MW e, with the global average being 6.03 GWh/ya/NWs quantityakes into

account the amount of time that the generator actually produceh@ewaiabéty factor

For geothermal, timsorpeoates theesource availability (usually sustained-bp arélkeg)

plant availability (affected by regrainsaintenangandtransmissiar loadfollowing
constraints. Ge ot h esmmakd po8sible to epergteighitagdeity av ai | abi
factors, which for new installations are above 90%, making\.gdodiderfeal baseload

generation.



Table ESILzeothermal power installed capacity and electricity generation for GIA Member
Countries and the 15814 countries (Bert&d10).

Installed Capacity] Annual Electricity Generat % of % of
Country (2010) (2010) National National
[MW{ [GWhlyr] Capacity Energy
Australia* 012 0.7 Negligible Negligible
Austria 11 3.8 Negligible Negligible
China (Tibet) 24 150 - -
Cosa Rica 166 1,131 - 13
El Salvador 204 1,422 - 25
Ethiopia 7.3 10 - -
France*
(Guadeloupe l.s:/and,’ 15.8 14.9 - 8 (Guadeloupe)*
(SoultzsousForéts) 2.5
(Tolal: 18.3)

Germany* 7.5 27.7 Negligible Negligible
Guatemala 52 289 - -
Iceland* 575 4,465 22.3 27.0
Indonesia 1,197 9,600 - -
ltaly* 842.5 5376 1.0 (25% f01;67"u scan)
Japan* 537.71 2,908 0z 1.1
Kenya 167 1,430 - -
Mexico* 958 6,618 1.7 27
New Zealand* 792 5,550 8.0 13.0
Nicaragua 88 310 - -
Papua New Guinea
(Lihir Island) 56 450 - 75% (Lihir)
Philippines 1,904 10,311 12 17
Portugal
(San Miguel Island) 29 175 - 40 (San Miguel)
Russia 82 441 Negligible Negligible
Thailand 0.3 2 Negligible Negligible
Turkey 82 490 Negligible Negligible
USA* 3,101.6 15,009 Negligible 0.38
Total GIA Countries 6,832.73 39,969.3 - -
Total Global*** 10,892.4 66,184.1 - -

* GIA Member Country, data from 2010 Country Reports

** Average values exclude negligible contributions, but include Guadeloupe, Lihir and Sarc#tbiselsislands sin
Theprocedure for World Geothermal Congresses

*** Data for ne@IA countries from Bertani (2010)

In 2010, 78 countries were utilizing geothermal energy for direct heat applications, including:
geothermal heat pumps (GHPSs); spatkogseeand aquaculture pond heating; agricultural
drying; industrial uses; bathing and swimming; cooling; and snow meltayg2(Lond

The totalvorldwidénstalled capacity 2010was abot®0,583MWm, with atotal thermal
energysage atbwt 438,071TJ/yr (TableESJ (ibid). In 2QL0, the B GIA Member

Countries had a total installed thermal power capacity of ap@éxyiGiateiim and

utilizedabout 183,312J/yr (TableES3. It is estimated that2010some @ million

GHP unitsveeinstalledvorldwide (ibid.).



Table ES2Vorldwidenstalled geothermal capacity-gras and electricity generation{1995
2010) The generation for 2&08 0 include GIA Member Country data.

Year

1950*

1955*

1960*

1965*

1970*

1975

1980

1985

1990

1995

2000

2005

2006

2007

2008

2009

201CE

Geotherma
Installed
Generating
Capacity

(MW

200

270

386

520

720

1,180

2,110

4,764

5,831

6833

7,92

8,933

9,452

10,026

10,408

10,56%

10,892

Electricity
Generatior
(GWhlyr)

38,035

49,261

53,649

55,209

56,782

57,957

58,494

66,184

T Includes 2007 installed capacity data for 15 countries from Bertani (2007) with updates forZRIgvc@008iesid 2009
# Generation data2005from Bertarf2005); other from Bertani (20&ih updatefor GIA countries for 2006, 2007,
2008,200 and 2010 (from this 2010 annual report)

Table ES3Vorldwide direct use categories and their developr@éao]@etn Lund et al., 201dh 2007
updates from Antics and Sanner (200Q@&h@a208, 2009 and 2010 updates for GIA Country Members.

Installed Capacity Utilization
Category (MWs) (TJlyr)
1995| 2000 | 2005 | 2007 | 2008 (2009* 2010 1995 2000 2005 2007 2008 (2009* 2010
Gemzﬁg]"pﬂ heat |, g54l 5975/ 15,384 10,010, - - | 3586 | 14,617 | 23275 | 87,503| 105,000 - - |214,782
Space heating 2,579| 3,263 | 4,366 - - - 5,391 38,230 42,926 | 55,256 - - - 62,984
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 - - - 127 1,124 1,038 | 2,013 - - - 1,662
Industrial uses 544 | 474 484 - - - 533 10,120 | 10,220 | 10,868 - - - 11,746
Bathing and swimmir| 1,085| 3,957 | 5,401 - - - 6,689 15,742 | 79,546 | 83,018 - - - 109,032
Cooling/snow melting 115 | 114 371 - - - 368 1,124 1,063 | 2,032 - - - 2,126
Others 238 | 137 86 - - - 41 2,249 3,034 1,045 - - - 956
Total GIA Countries - - - 20,547, 21,000| >21,927| 24,10 - - - 154,560| 155,170>173,745|183312*
Worldwide Total 8,664| 15,145 28,269| 35,570| 36,023|>36,950 | 50,583 | 112,441 | 190,699| 273,372 329,270| 329,880>348,455|438,071
*Esti mates indicating ogreater thandé result from | ack

** GIA data from 2010A5Country Reports
¥ Data from Lund et al., 2010

Worldwide direct use installed capasitgcreased by about®@sry 5 yedrstween 1995
and 201@TableES3, with a compound growth rate of about 12%/yr between 2005 and 2010.
Direct energy useéased by ab6086 since 2006r a compound rate of about 10%/yr
(Lundet a/ 2010) The total use of abd@8,071 TJ/yis equivalent to an annual savings of

aboutl5.4Mtodyr in fuel oil and9.8Mt/yr in avoided G@missions (Gk®dnversions
Mongillo(2005)). Direct use in GIA Member Countries, 183,312 TJ/yr in 2010, was equivalent

to a savings of 6.4 Mtoe/yr and av@i@edmissioraf about 20.8 Mt/yr.

The IEAGIA- an Overview

The IEAGIAwas founded 1997 andwas in thé" year of it8“ Termof operation at the end
of 2010 At the request of the IEA, the GIA agreed in 2010 to extererthieydne year,
taking it to 28 February 20TBe GIA providesvarsatilramework for wigdanging



international cooperation in geothe&mabyconnectingational and industry programmes for
exploration, development and utilization of geothermal res@amgssithenhancing

effectiveness through establishing direct cooperative links among geothermal experts in the
participatingountries and industries. The general $cbpe ofdstivity Gomsists of

international scientific collaborative efforts to: compile and exchange improved information on
worldwide geothermal energy R&D concerning existing and potential tecpraaltigiss an

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 restaogmdunities for information

exchange via meetings, workshops and networking. Members can also participate in R&D projects
and develop databases, models and handbooks. Policy and decision makers can obtain an
international perspective on geotisswes| opportunities and environrrepadpriate

development strategies. New studies and activities are implemented when needs are established.

The GITHD Klissdn is:

To promote the sustainable utilization of geothermal enerqgy theaxghauty improving
existing and developing new technologies to render exploitable the vast and widespread global
geothermal resources, by facilitating the transtehowkbgvproviding high quality
information and by widely communicating geothermn er gy 6 s strategi c, e
environmental benefitsd thereby contribute to the mitigation of climate change

To realiz¢his Mission, six Strategic Objefumesth&|l Ads acti vities:

U To actively promote effective cooperation on geoib&brar®ugh collaborative
work programmes, workshops and seminars

U To collect, improve/develop and disseminate geothermal RD&D policy information
for IEA Member and Abtember Countries

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

U To increase membership in the GIA

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

U To broaden and increbsadissemination of information on geothermal energy and
the GI Ads activities and outputs to deci s
general public

Activities, callech3ks, are defined and organized in broad topics termed Annexes. Participants
must take part in at least one Annex. Annex titles, status, leadership and paotigiigation are

in Table 1.2, Chapter 1. An Executive Committee (ExCo) supervises the GIA and its decisions are
binding on all Members. The ExCo consists of oiderobagfrom each Member Country

and Spons¢industry/industry organization)

Since the GIAG&6s initiat i o-sharingfihamce hoda,e xes have
whereby participants allocate specified resources and personnel to cdnduaftttieeir port

work at their own expense. Total Afioggconductednder the auspices of the GI& ha

been estimated tarbexcess BfS$ 0,000/yr, plus several rgaarime(GIA, 2006).

In March 2003, the ExCo established a GIA Secretvidetit yith administrative and other

assistance. The Secretariat is funded thralngtiisgstvith all GIA Members contributing to

a Common Fund accordinggolmar eé al |l ocation defined by the
At the end of 20, there were 19 HEAA Memberthe European Commissi®oplintries:

Australia, France, Germany, Iceland, Italy, Japan, Mexico, Nkowizglan&epublic of



Korea, Spain, Switzerland and the Unite@ itiustry Sponsors: Geodynamics, GreenRock
EnergandORMAT Technologs; and 2 organization Sponsors: the Canadian Geothermal Energy
Association (CanGEA) and the Geothermal Group of the Spanish Renewable Energy Association
(GGAPPA).

Collaborative Activities
The Annexes

In 2010, GIA participants workedivabroad resrch topicand contributed to a geothermal
data collection and analysis gffedified in the following Annexes:

U Annex-4Environmental Impacts of Geothermal Energy Development
U Annex IHEnhanced Geothermal Systems

U Annex VH Advanced Geothermallibgi Techniques

U Annex VIH Direct Use of Geothermal Energy

U Annex XData Collection and Information

0 Annex XlInduced Seismicity

Annexes | and Il have been operating since the original implementing agreement was initiated in
1997, and have continuedrammes into the current term. In October 2009, Annexes |, Il and

VIl were extended by the ExCo for a further 4 years, to 2013. Annex VIII, which officially started
in 2003, completed its first term of operation in 2007, and was unanimousyytbertixQed b

for another 4 years to 2011. AsKend XI were both opeime@ctober 20Q9vith their

activities begun in 20Edur other Annexes have been drafted since the start of the organization,
with IF Shallow Geothermal Resources-dbeldikenal Market Acceleration subsequently

closed. The possibility remains for draft AnmexstaMability of Geothermal Energy

Utilization and VIGeothermal Power Generation Cycles to be initiated if sufficient interest arises.
The status of the Annéxesesented in Table 1.2, Chaptéhis annual report

Afewoft h e rnajoAdivities anshnexighlight$or the2010-Year arpresented below.
Details are available in Chapter 1 and in the Annex Reports included-inb€lmpters 2

IEA-GIA ExCo andnnex Meetings2010

The IEAGIA ExCo held its"28xCo Meeting in Bali, Indonesia, in late April 2010 in

association with the World Geothermal Congress 2010, the premier international geothermal event
held every 5 years, and at whiGih&Head significant presence. THexZb Meeting was

held in Reykjavik, Iceland, in early October 2010 as part of the Reykjavik Geothermal Week,

which allowed participation at the international workshop on induced seismicity. Attendance was

at its usally high level (27) for the Reykjavik meeting; however, the Bali Meeting participation

was lower than expected (21), due to European flight cancellations caused by a volcanic eruption in
Iceland. These meetings are briefly dbstwiiadChapter 1.

The four fully operational GlAnexeks I, VII and VIllheld technical meetings in association
with the23?and 24 ExCo MeetisgEachAnnex meetiigtypically-2 hours long and
providethe oppdunity to discuss and assesmt and planredivities. Important issues
related to annex activities that have arisen during thimgeeedesgismicity, sustainability,
etc,are also examin&tle status of Annex operations, including activities, achievements,
challenges, etc., araegisoted oat the ExCo meetings.
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Participation at the World Geothermal Congress 2010, Bali, Indonesia

World Geothermal Congresses (WGCs) are premiere events for the international geothermal
community, and are held every 5 years. The GIA haahaaighificy successful presence at

the WGC 2010, held in Bali, Indonesia, in April 2010. Several technical papers produced from
Annex efforisere presentmad a keynote addbgsslongillo, Bromley and Rybaka:/EA

Geothermal Implementing Agreeimentational Efforts to Promote Global Sustainable

Geothermal Development and Help Mitigate Climate&haragke as an introduction to a

major panel discussiampe)s In additiorg very saessful exhibition booth was sponsored

which attracted over 100 visitors for discussions and dissemination of a multitude of GIA and IEA
documents and informagsme photo at beginning of this document)

Geothermal Resources Council Annual MeetiSg@@hdento, California, USA

The GIA participated at the 2010 Annual Meeting of the GRC held in Sacramento, California,

USA, in October 2010. A paper describing the
sustainable geothermal development amtigagépclimate change was presentedhaiGlA

Chris Bromley. A brief review of the GIA and its activities, achievements, future directions and
prospects was presented in light of the current global energy situation and estimated global
geothermabgential.

Publication of Proceedings of JoiRGIBAIGA Workshop

The Proceedings of the Joint@A~IGA Workshogeothermal Enerlfg Global
Development Potential and Contribution to Mitigation of ClimateaGhangehed in

March 2010 as aeefnce source for the expert presentations made and to document the
associated panel and general discussions at the Workshop held in MadBdyi8pain, on 5
2009(Proceedings

GIA Patrticipation on IPCC Renewable Energy Report

Several GIA participants played key roles in the preparation of the geothermal chapter of the IPCC
Special Report on Renewable Energy Sources (SRREN) by acting as Coacadithating, Lead
Contributing Authors. This extremely important document will be published in 2011.

Continuation of GIA Proposal Initiftiv&upplementary Activities

Themechanism for funding proposals from the GIA Common Fund for approved supplementary
activites related to ExCo initiatives or Annex Task activities continued in 2010. A proposal for

US$ 10 k supporting participation at the Induced Seismicity Workshop held in Reykjavik, Iceland,
was funded; and one for US$ 10 k to suppgA tBeergy Techngldgoadmap for

Geothermal Eneygr s pai d. I n a dAhnex Bffartas,a Guebt&dit@8| A Secr et
(with Gudni Axelsson) supported from a US$ 5 k proposal funded dRahg, 2069

concluded with the publication oGe@thermicpecial Isswn Sustainable Utilization of

Geothermal Enemgppecember 2010.

GIA Participation in IEA Activities

In 2010, the GIA continued a high level of participation with the IEA, through its participation at
several workshops, including three IEA Ge&badmep Workshops; by contributing

information and comment on IEA reports suclEzsRenewable Energies in,Gitiesgy

Technology InitiatieesdEnergy Technologies Perspeepivess; and by working closely to

complete thieA Renewable Endeggentials: Geothebmahure. The articdke ot her mal 0 s
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http://www.iea-gia.org/publications.asp
http://www.iea-gia.org/documents/ProcGIA_IGAWorkshopMadridFinalprepress22Mar10.pdf

Rising Fortun@siongillo and Bromley, 201@b} also provided for the IEA OPEN Bulletin
(June 2010).

Use of Geothermal Energy and the Envir@xmest|)

Geothermal is a renewable engngg, dawajotbenefits relative to fossil fuels with respect to

global carbon dioxide emissions, and accordingly has significant potential for reducing global
warming effects. Its use is mostly environmentally benign. However, there are some local
enviramental problems associated with geothermal utilization. To further the 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 impactarabiley the benefits.

Annexd Environmental Impacts of Geothermal Energy Development actietsieageto

the sustainable development of geothermal energy resources in an economic and environmentally
responsible manner; to quantify and balaadeerse 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 use of geothermal resources is recognized interniapmntaiyt amakh and

Annex | achieved significant success in its promotion in 2010 with the completion of a
Geothermics Special Issue on the Sustainable Utilization of GeothemhahErasrgio. 4,
December 2010) as well as through the seveasidopressntations its participants made on
improved environmental sustainability strategies and monitoring methods at the World
Geothermal Congress 2010 (Bali, Indonesia) and several other workshops and conferences.

In addition, several Annex | partisipantinued their efforts in the preparation of the

geothermal chapter for the IPCC Special Report on Renewable Energy for the mitigation of
climate change, which is to be published in 2011; conducted outreach activities with presentations
on environmexttissues in GIA amrember countries Chile and Indonesia; contributed to an
international twaay geothermal induced seismicity workshop held in Reykjavik, Iceland; and

took part in collaborative technical meetings at Bali and Reykjavik, on th@developmen

improved methods for monitoring, avoiding and mitigating environmental effects, including
subsidence, induced seismicity and gas and heat emissions.

Accessing Geothermal Resources Using EnhancemeniAenbritj)es

Huge heat resources cmusdt high temperature, wager rock are available within current

drilling depths (>3 km) almost anywhere on earth. ABnbanided 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 sogenesaaésnoaf heat for

direct use applications. These technologies can alstdlp gssthin 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 geotlemommunityReduced funding from various participants in
2010resulted imajor effostin theAnneXbeinglirected at revising its activities.

Reducing Geothermal Drillind LoggingostgAnnex VII)

Drilling is an essential and expensive pattefrgal exploration, development, and utilization.

Drilling, logging, and completing geothermal wells are expensive because of high temperatures and
hard, fractured formations. The consequences of reducing cost are often impressive, because
drilling andvell completion can account for more than half of the capital cost for a geothermal

power projecConsequently, Annex ¥dvanced Drilling and Logging Technology aims to
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promote ways and means to reduce the cost of geothermal drilling thrategheffiorintegr

which involves developing an understanding of geothermal drilling and logging needs, elucidating
best practices, and fostering an environment and mechanisms to share methods and means to
advance the state of theviote specifically, Anndkis developing a detailed understanding

of worldwide geothermal drilling costs, 2) compiling a directory of geothermal drilling practices
and how they vary globally and 3) developing improved drilling and logging technologies.

Data and information eotlon for the geothermal well drilling cost and performance database
continued and a basic version of the well cost calculator based on this information was developed,
with verification and further development conthuinga per de s c ctivitks ng t he An
and status (Bauer et al., 2010) was presented at the WGC 2010, Bali, Indonesia.

Most significant of the Annex outputs for 2010 was the completion and publication of the
Handbook of Best Practices for Geothermal (rifigry and Blankens2030, available on
the GIA websiteléndbook

Direct Use of Geothermal K&ahex VIil)

Geothermal water has been used for centuries for variouslapgaitiatidinses, only the hot
geothermal water present in surface springsmaislygedbathing, cooking and for therapeutic
purposes. In the most recent decades, direct use of geothermal watantidsdagyredissrt

use of geothermadrgy is possible everyvhieve.geothermal water is usathfpppplications

that require heat, sucheaging buildings individuatlyvhole towns via district heating schemes;
raising plants in greenhouses; drying crops; heating wates; arfish faelting; bathing and for
therapeutic purposes; and for several industrial pemtbesesl @rect use has grown significantly

for the past 15 yealmost doubling every 5 years since 1995, and its scope for continued expansion
remains great

Many direct use applications are now well developed and econgimivedlyeriable
implementation difficulties and unfavourable economics still provide majéreiedlenges.
VIII - Direct Use of Geothermal Resoadtiesses all facets of disedtechnology, with
emphasis on improving implementation, reducing costs and expanding use.

ThreeAnnex Vllipapers were presented at the WGC 2010, Bali, Indonesia, covering the general
efforts and status of the Annex (Gunnlaugsson, 2010), theidivabtongl database of
hydrothermal chemistry (Muraoka et al., 2010) and barrier and opportunity identification in
geothermal direct use (Song et al., 2010).

In addition, work has begun on equipment performance validation and information collection on
standardized designs for various applications and development of engineering standards for designs,
equipment and controls. Efforts are advancing in the presentation of direct use data on the web
using Goggle Earth, with minimum required data defined.

Geothermddata and Information (Annex X)

The value of collecting, analyzing and publishing geothermal use data and information is well
recognized. Atthe end of 2010, new AnGertkermal Data and Information, initiated its
activities. It aimsdolect essential data on geothermal energy uses, trends and developments in
GIA countries and to publish these dafteairty@port. This report shall provide a brief

overview of the geothermal energy data, such as installed capacities, pycalutdaiectrici
supplemented by political and economic informatiotortievdatelopment 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.


http://www.iea-gia.org/documents/DrillinghandbooksjbPubVerBauer20Jan11.pdf

In 2010, the organization and operation of Annex X were defined, with the structure, objectives,
programme of work and desired form of results defined. The first compilation and analyses of
data and information, and annual trend report is plannédtitbdukip@2011.

Induced Seismicity (Annex XI)

A seismic event, e.g., is an earthquake that is induced by manmade activities such as fluid injection,
reservoir impoundment, mining, and other activities. In terras ofdaG&l event would
occur duropthe EGS operations of either fluid injection and/or withdrawal.

Although induced seismicity had been a Task pursued in Annex | for the past several years, the
growth in its global importance, especially for EGS development, led the GIA ExCo to shift th
Task activity to néwmnexXl- Induced Seismicity. AnnesanXburageternational

cooperation to determine the steps needed to be taken tbfimakiejEGiSn a safe and

economic technology that is accepted by the public and usefulrio Thésiatistdes 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 2010, the objectives of the Annex were deslgaredto develop accepted approaches for
addressing technical and public acceptance issues that industry can use as a guide, develop a
methodology to assess risk, identify areas of collaboration/cooperation and identify key
roadblocks and areas oftdotpy development and research in order to reduce uncertainty
associated with acceptability issues to facilitate and accelerate geothermal energy development.

Pl ans for 2011 include sorting out the integr
seistigity efforts with those of the International Partnership on Geothermal Technology (IPGT)
and defining and distributing the activities among the participants of the two organizations.

National Activities

The geothermal programmes of the GIA Countys\eonitle the basis for the cooperative IEA

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 iGih& 28nual Report (ChapBezq).

In 2010, Contracting Parties fr@weduntries and the European Commission (EC) participated
in the IEAGIA. The Member Countries were: Australia, FelamaayQceland, Italy, Japan,
Mexico, New Zealahhrwaythe Republic of Korea, Spain, Switzerland and the United States.

Contributions of GIA Members to Power Generation and Direct Use

In 2010, thed GIA Member Countries with geothermal genedaginrinstalled capacity of

about 834MW., or about®s of the total global geothermal capacit§agNIBy ¢ and
generatedD,969GWh/yr, or about®s of the total geothermal generaténil@AGWh/yr

(Tables ES1 aB&4. The United States wasrhéalargest producer, generating about

15,000 GWhl/yrwith Mexico second with 6,618 GWh/yr and Italy third with 5,376 GWh/yr.

The percent of national installed capacity provided by geothermal-@ifM8rtb&r

Countries with naregligible powesatlopment ranged from 0.2% for Japan to 22.3% for

Iceland, with an average of about 6.6%. The contribution of geothermal to national generation in
Member Countries ranged from 0.38% for the USA to 27.0% for Iceland, with an average of
7.7%.
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Table ES4otal geothermal installed capacity, electricity generation and direct use in
GIA Member Countries in 2010.

Electrical % of % of Instdled
Count Installed Arg::égTee(;gy National | National | Thermal | Annual Energy Us
4 Capacity (GWhiyr) Capacity | Energy Power (TJlyr)
(MW) y (Range) | (Range) | (MWmw)
GIA Member 6,834 39,969 02223 | 1.127 24,107 183,312
Countries
Worldwide Total** 10892 66,184 - - 50,583 438,071
GIA % of Worldwide
Total 63 60 - - 48 42

** For sources of worldwida tiita seTables ES 1 and BB8ve.

All 13 GIA Member Countries utilized geothermal in direct applicatignsith 2@otal

installed capacity2df10™MWwn and total thermal energy 182@12TJ/yr (TableESY. In a

few cases, the data presentedrdrnanider a(2010). The three largest users of geothermal heat
by far were the USA,@BTJ/yr), Japan (25,698 TJ/yr), and Icelan@28J/yr). However,

the norhigh enthalpy geothermal countries, E4aB6&8T(0/yr), Germanyl§,026T J/yr),

Norway (10,800 TJ/and Switzerland1(B2TJ/yr) also had very high utilization, mainly due to
the large and growing geothermal heat pump usage.

Sponsor Activities

At the end of 20, the GIA hall Sponsor Membe3gtom industry: Geodynamics Liraitdd
Green Rock Energy Limited, from Austral@xmat Technologies, Inc. from the USA; and 2
industry organizations: the Canadian Geothermal Energy Association (CanGEA) and the
Geothermal Group of the Spanish Renewable Energy Asse&RB&). (GG

Table ES%5eothermal direct use in GIA Member Countries in 2010.

Country Installe(dM'wi)rmal Powe Annur(sl_ll_ JE/;:;;gy Used
Australia 129.0 1,314.3
France 1,598.5 14,557.5
Germany 1,897.4 16,025.9
Iceland 2,002.9 24,621.4
Italy 1,000 12,599.6
Japan 2,099.5 25,697.9
Mexico 156 2,558.2
New Zealand 385.0 10,155.6
Norway* 1,000 10,800.0
Republic of Korea 268.1 1,496.8
Spain 52.5 687.6
Switzerland 954.6 7151.8
USA 12,563.8 55,645.1
Total for GIA 24,107 183,312

* Data from Lund at., 2011
! Total excludes the EC



Industry Sponsors

Geodynamics Limited

GeodynamitsmitedA u s t mest advanggelothermahergy developer,pgalaic company

limited by shares, incorporated and domiciled in, Anstralsted on thaustralian

Securities Exchange on Septembe6G2odfnamispecifically focuses on the economic

extraction of heat from hot rocks using enhanced geothermal systems (EG8hilechnology.

the Company holds geothermal exploration licences inr&batiNéwsSouth Wales and
Queensland, the majority of efforts are currently focused on extracting heat from its geothermal
tenements near Innamincka in South Australia, wiesprbidjinction granite buried43.6

km beneath the Cooper and Eromaingadpproaches temperatures of 280 °C at 5 km depth.

During 2010, Geodynamics carried out a major stimulatidolaifia Jocated about 10 km

west of its Habang@moject The stimulation followed an exhaustigsiga of the Jolokia 1
completin following the Habanero 3 casing failure in 2009. Although temperature and stress
conditions were as expected, the stimulation was less successful thent@rdgistedply

dipping fracturbgingctivated. It was concluded that optimaligdyréallowly dipping

fractures were not available #/H3R84,911 (TD) ndepth interval stimulated

The current plan is to return to Habanero and drill new well Habanero 4 near Habanero 3 and
commission a 1 Mbwer station using the Habardedshero 1 loop.

Green Rock Energy Limited

Green Rock Enelgynited is a public company listed on the Australian Securities Exchange
whose focus is on developing geothermal energy in AustEalimpad

The Company plans to develop two commaieipbwer projeasinggeothermélid

obtainedrom hot sedimentary aquifers. One project is in Hungary and the other in the north

Perth Basin in Western AustrBliare is evidence from previous petrole@nbeiils

projectshat suitable temaieires can be obtained at reasonable targ&utenit01he

Companyds activities for both projects have b
geothermal fluid flow potential to sustain commercial scale power projects.

In 2010 difficulties with obtaining funding for direct use projects in Australia, led Green Rock to
shift focus to electricity production from deep sedimentaiy tHopiferthern Perth Basin

where high heat flows are known toGneish Rock holds sé&emits (known as the -Mid

West Geothermal Project) occupying 2,0@vthkennorth Perth Basin where there is good
geological resource potential for power gerératmard9 petroleum wells in the Permits

where the temperature in sedimenisateestv be over I&Dat depths less than 3600

sufficient tgenerate electricity commerpralyded that sufficient geothermal water recovery

flow rates can be achieved

Joint venture comp@BGE (Central European Geothermal Emengyg) bGreen Rock
(50%)andMOL (50%) the latter withraarket capitalisation of over105$illionainsto

generate electricity for distribution andisafegary. In 2010, after obtaining very positive

results from evaluatioa tdrmer MOL petroleum|gt intersected hot geothermal water,

CEGE purchased the well and is now pursuing rights and approvals to proceed with drilling a
second well in 2012.

Green Rock is al so sdenar cbhreifrog ef art fbuergd inmsg dwiea

stimulation and flow testing for its Olympic Dam EGS project in South Australia. Participation in
an R&D development of a surface heat probe continued with field testing.
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Ormat Technologies, Inc.

Ormat Technologies, based in the USA, is a leadingivMemicatdy company engaged in

the geot her mal and recovered energy (i.e. froi
40 years experience with ORC and 25 years of its applications to geothermal development.

Ormat exploredevelops, designs, buldss and operates clean, environmentally friendly

geothermal and recovered dyaesgy power plants. In addition, the company also designs,

manufactures and sells power units and other power generating equipment for geothermal and
recovered energy (B&Sed electricity generation for third parties.

As of December 2000mat owsand operate$00 MW . of geothermal arb3 MW.

RE generation the United States, Nicaragua, Kenya and Guiatetal®©rmathas built
approximately 1,370 MV geotbrmal, REG and solar installations worldwide, in 24 countries.
Geothermal represents over 90% of the total instalthigod.S, Ormat has deployed
approximately 70% of the geothermal capacity installed siDoa&dt#s grown to a team

of 1,15Cmployees worldwide, with approximately 500 in the UnitdtleBtatbas its own
in-house drilling company, GeoDrill, with six rigs capable of drilling to 5,500 m and over 100
staff.

In 2009 and 2010rmat added approximately 110 M\¢foss gdwrmal capacity and 45

MW_. of gross REG capacity worldvind2010, Ormat acquired the remaining 50% of the

Mammoth complex, in California, where the company plans to repower, optimize and expand the
facility. As of mieR011, Ormat has 1665MW.unde construction and anothe8Vein

various phases of development.

Ormat is engaged in the largest effort undertaken by a single company, within the last 20 years, to
caegorize, map, sample and drildg8figld prospeadBrmat has various leagks an

concessions for geothermal resources of approximately 355,000 atoeatied3n sitaska,

California, Nevada, Hawaii, Oregon, Idaho and Utah in the United States, and in Chile, Guatemala
and New Zealand.

Ormat is involved in several R&Dprejec i ncl udi ng EGS (with US DoE
and Desert Peak, Nevada), innovative exploration and drilling technology (with US DoE in

Hawaii, Oregon and California; and State of Alaskay@hattion with oil wells (with US

DoE athe Rocky Mmtain QilTest Centgr

I n 2010, Ormatds total revenues were US$ 373
electricity segment (total = US$ 292 M); total generation increased about 14% to 3.8 M MWh.

Organization Sponsors
CanadiaGeothermal Energgséciation

The Canadian Geothermal Energy Association (Gan@laAdorganization Sponsor

Member of the Gl&a norprofit association that promotes the development and use of
sustainable geothermal energy in Canada. Their focus is anhigbderafeetature
resources (> 70 éC) for power generation.

CanGEA hagtown to 4thembers at the end d02ihcluding geothermal developers, equipment
manufacturetilities, and firms specializing in consulting, engineering, constructiod, financial

legal aspects of geothermal energy. @anGlEAe ot her ma l producers repres:s
market capitalization on the Toronto and Venture Stock Exchange and ma/\thah 2,000
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installed geothermal capacity worldwide. CanGEAcureenkieepresent active projects in all

parts of the world, with more than M¥00under development.

Though Canada currently has no domestic geothermal power production, CanGEA was proactive
in instituting the Geothermal Code for Public Reporting tonnestarseonfidence and

provide requirements for reporting exploration results, and geothermal resources and reserves in a
transparent and consistent manner.

With the vast experience of CanGEA members and the right incentives, investment in the
developmet of Canadab6s | arge geother matermr esour ces
potential of 5,00@W.of conventional resources) can be achieved.

In direct use applications, heat pumps are being steadily embraced, with about 50,000 residential
and5,000 commercial systems currently installed. Federal and local subsidies are encouraging this
growth, which is about 13%/yr, with recent rates as high as 50%/yr.

Recently, three geothermal projects have received government funding for pifot demonstrati
projects and research initiatives: 1) the Ft. Liard, NWT, cdrasednityothermal

demonstration project to demonstrate use of geothermal to generate electricity and heat, and
thereby reduce the entire cotsnfedaralGsd s demand
M); 2) the Yellowknife, NWT, Con Mine project to provide heat from the abandoned Con Gold
Mine to the city &fellowknife (Federal: C$200M), and 3) the Swan Hills, Alberta, project to
investigate the use of geothermal energggroiiratiel gas wells in the Canadian Foothills to

produce electricity (Provincial: C$ 2.6 M). In addition, there is also an initiative to examine the
potential for providing power and/or heat from the surrounding natural hot springs and reservoirs
for thecommunity of Whitehorse, Yukon Territory; testing of remote sensing to locate geothermal
resource sites forms part of this effort.

GeothermélepartmenSpanisRenewable Energy Association

The Geothermakpartmendf the Spanish Renewable Energiafiasd®-APPA

representseg e ot her mall membersd® interests in politic
in the development of Spanish energy and environmeABPgoliself represents more than

500 producers, businesses and stlca&t@ss in the Spanish renewable energy sector, with the
Geothermal Department comprising 9 company iméimebiyls enthalpy geothermal

departmentnd1l8 members in tloev enthalpy one.

Though there are significant geothermal resourcethar&Spesra number of barriers that

hinder bottowand high enthalpy geothezneagimplementatiorStudies show several

favourable areas with potential for high temperature volcanic convective hydrothermal, conductive
sedimentary and EGS systentectdcigy generation. A significant number of medium/low
temperature resources have also been identified across Spain and will be useful for direct heat
applications, including district heating (Barcelona and Madrid); and geothermal heat pumps are
appliable everywhe@urrently, there is about 150«\¥\nstalled capacity for geothermal

heat pumps, small compared to the estimated geothermal resource potential for Spain.

In 2010, the Spanish geothermal industry made significant achievemeetstiregetin

energy included as an alternative among other renewables: the inclusion of geothermal energy in the
National Action Plan for Renewable Energy (NREARDP20:1the addition, for the first time

ever, of a geothermal chapter in the newR&pavistble Energy Plan (PER) 2P,

establishment of a series of measures in the PBR21oost geothermal as an emerging

technology; probable inclusion of geothermal in the Law on Energy Efficiency and Renewable
Energy to achieve objectivhe &uropean Directive on promotion of the use of renewable
sources; and geothermal s probable inclusion
efficiency in buildings. In addition, major efforts are being made by Government and other
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agencies to traind inform professionals in the heating/cooling field; and grants that help reduce
the cost of this technology are encouraging its integration into buildings.

In 2010, the Institute for Diversification and Saving of Energy (IDEA) initiated the GEOTCASA
program for financing geothermal projects through energy companies, thus promoting the design
of quality offers adapted to the needs of potential users. Also, as the result of geothermal power
generation being identified as 100% dispatchable, mguerthia 0 investigating

geothermal electricity generation have been obtained by entrepreneurs.

In 2010, design and environmental investigations were conducted as part of the first geothermal drilling
on Tenerife, Canary Islands; with drilling expstetedt2012. The Madrid geothermal district
heating network project is also now ready to proceed, waiting only for the necessary funding.

TheSpanish Geothermal Technology Platform (GB@Bh#iues to play an important role
in both Spain and irtBuropean geothermal scene.

Plans for 2011 and Beyond

TheGIA expects to extend its efforts and will continue to pursue new membership in 2011, and
onwards. The GIA has committed to work with the IPGT to coordinate induced seismicity
activities andgpis to participate in the US DoE Geothermal Technologies Program peer review.
The GIA will continue its strong support of the HsAisyntne IEA Geothermal Roadmap

project through review of draft veesongarticipation in workshppsviding crent

geothermal data/information, contributing to their publications, and by taking part in the
REWP/REDT meeting and™SREWP meeting to present the GlAtdid report. The

strong financial position of the GIA at the end of 2010 will allow aordingeaf uccessful
proposals to support special GIA efforts and Annex related activities to increase/enhance the
organi zat i oimérsatiooaldtapupsit s and it s

Theglobal financial and economic crisis that began at the end of 2008 rem#orthe concer
international geothermal commaesitgcially the geothermal indhstighhe continuing

growth in geothermal development in some countries prayidiesisomé&eothermal energy
can make a considerable contribution to providingesustanale energy for future global
energy needs, and the GIA sees its activities continuing and growing to make this a reality.
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IEA Geothermal R & D Programme
Chapter 1

The Implementing Agreement

Habaner8 steam floweodynamiess orojectCoopeBasinAustralia.
(Photo courtesylobone Wyborn, Geodyngmics

1.0 The IEA Geothermal Research and Technology Programme

IEAG s dnfgéothermad energy began invlifiT8vo 3year long studies that were

completed in 1981. Foiilog a 14eabreakthe 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. Currently,
the GIA isn its 3 5-year term of operation, which continues to 28 February 2013.

The GIA providedlaxibleand powerftlamework for international cooperation in geothermal
researa@nddevelopment bynneatgnational and industry programmes for exploratio
development and utilization of geothermal reghuptessis is on enhancing effectiveness
through establishiligect cooperative links among geothermal experts in the participating

countries, industries and organizatttmgeneral scope of theA@ s act i vi ti es consi
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international collaborative effortompile and exchange improved infornagiobal

geothermal energy R&Bvelop improved technokagigsothermal energy usepmmdve

the understanding of the environmentastegedthermahergy utilization and ways to avoid

or minimize its environmental imphdise  @dtivkiéssare chiefly directed towards the

coordination of national and industry geothermal programmes, with joint participation of members
providingiechance to participate in R&D projects, and assist with the development of databases,
models and handbooks; as well as opportunities for information exchange via meetings, workshops
and networking; and provide an international perspective onggmbermal i

The GI Ads coweme sreaangefdfordesot her mal topics from
generation and direct use of heat, toedd¢tgngechnologies pertinent to enhanced geothermal

systems (EGS), advanced geothermadndillogpingchniqges, sustainable utilization
strategiemvestigation into the causes and cbimdoiced seismicitigdcollection of data

and information andptesentatiamthe Web. New studies are encouraged and implemented

when needs are established.

As ofDecember 20, the IEAGIA hadl9 Members:4lContracting Parties fradcauntries:
Australia, France, Germany, Iceland, Italy, Japan, Mexico, NéanXaglaadepublic of
Korea, Spain, Switzerland, the United States, and the European E®nanridsion (

industry Sponsor Members: the Canadian Geothermal Energy Associatiot,jiiBieglynamics
the Geothermal Gre@panish Renewable Energy Association, Green Rock Enargy Limited
ORMAT Technologidac. See Table 1.1 for details.

1.1 Strategy and Objectives

Geothermal energy has vast global potential and its development can contribute significantly towards
meeting the growing global renewable energy demand in both developed and developing countries
whi |l e hel pi n gnergytlilatepredicanee@adbally geatlvermial diévedopreent is

in a rapid growth phase, and to maintain this accelerated development, it is essential to improve and
develop new technologgdsice development qusisiote the benefits of sustainatiiergeal

utilization, and better educate the public, financial, and policy sectors.

T he QGi5HedrdernBbegan in April 2007 with these goals firmly in mind, aiming to use its
extensive international cooperation to focus particularly on diastnoiriiziiive
informationmproving environmental outc@nkancing EGS prospiecisidingleveloping

means tpropely deal witinduced seismicigglucing drilling cogisomoting direct use
applicationand encouraging lbegn sustainable@lepment strategies that will also

contribute to the mitigation of climate change. To these enddAlsetlE&? 7erm

(200722013) Mission (GIA, 2006801):

To promote the sustainable utilization of geothermal energy throughout the world by
improving existiapadeveloping new technologies to render exploitable the vast and widespread
global geothermal resources, by facilitating the transfboof kyguroviding high quality
i nformation and by wi del Megic ecomicand at i ng geo
environmental benefits, and thereby contribute to the mitigation of climate change.

To accompligthis mission, the GdasignesixStrategic Objectives:

U To actively promote effective cooperation on geothermal RD&D throughecollaborati
work programmes, workshops and seminars

U To collect, improve/develop and disseminate geothermal energy RD&D policy
information for IEA Member andMember countries

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



U To increase membership in the GIA

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

U To broaden and increase the dissenohafiormation on geothermal energy and
theGl A6s activities and outputs to deci si on
general public

1.2 Collaborative Activities

The GI Ads programme operates t led7asksghich par ti ci p
are specific studies included within bkmaiderreasalleddnnexesAfter approval by the

ExCo, detailed descriptions of new Tasks, or of new Aappeesiear¢o the IA (see

Chapters-2). Each Annex, referred to by its armbemis managed by an Operating Agent

organization from one of the Member Countries or industry/organization Sponsor Members.

In 2010, participants workedivebroad research areas, specified in ArEexesnimental
Impacts of Geothermal Eneeyglopment;4Enhanced Geothermal Systemadvénced
Geothermal Drilling Techniques; Anne)Dirdtt Use of Geothermal ErserdyAnnex Xl
Induced Seismicitg addition, sixthannex, Annex BlataCollection and Information
collectscompes and analydsmber countgeothermal data and information

Annexes | and Ill, initiated at the start of tha G387 have continued their activities
throughout 2I0; as have Annexes VII (started in 2001) and VIII (begun iA2068¢s

X andXI were established in 2009 and are reporting for the firttisrdedament

Annex V Sustainability of Geothermal Energy Utillzasisamained in draft form; however,
a Sustainable Utilization Strat€égs& operates in Annex |.  Annex3ébthermal

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 Decembé&02@e provided in Table 1.2. Complete descriptions of objectives, results
for 2@ 0and work planned for 2@dr the active Annexes are presented in the Annex Reports
included in Chapters.2Brief summaries of the current draft and the closed Annexes are given in
Table 1.3.

GIA Participants must take part in at leasthexewith 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. How€ventayl GIA

Members participateAnnex X since this anneswehlthe collection and analysis of Member
Countrygeothermal data. GIA Member Annex involvement is shown in Table 1.1.

To date, GI A Annexess hhaarvien godp emmoadt ee do fu nfdienra nt chien g
participantallocate specified resources and personnel to conduct their portion of the work at their
own expense. Though precise figures are not

work conducted under the auspices of the GIA duriignimende estimated to be well over
US$ 310,000/yr plus several-yeams (GIA, 2006b).

The GIA Secretariat was established in March 2003 to provide the ExCo with administrative and

other assistance, as well as to assist with expanding its actidtiesd Itisfamr-ough o cost
sharieailb, Members contribute to a Common Fund
they have been allocated (see Section 1.4 for details).
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Table 1.1Contracting Parties, Spormmging sources and periods of operatienAonéxes
active ro the end of Decemigr 20

Annex | il Vil Vil X XI
Environments Enhanced Advanced| Direct Use Geothermal
Country/Industry  Contracting Party/Sponso Impacts of Geothermg Geo_therma B Data and InQUc_ec_i
Geothermal Svstems Drilling Geotheral Information Seismicity
Developmen Y Techniques Energy
. Primary Industries & Resoul
Australia South Australia (PIRSA) G G G G G
Canadian
Geothermal Ene
Association CanGEA, Canada 10 10 10 10
(CanGEA)
European The Commissiof the G G G
Commission (EQ European Communities, Bel
Bureau de recherches géolo
France et miniéres (BRGM) G G
Geothermal Grol
of Spanish
Renewable Ener GGAPPA, Spain 10 10 10
Association
(GGAPPA)
Forschungszentrum Jilic
Germany GmbH G OA, G G
Geodynamics Geodynam|c§ Limited, OA. | |
Australia
Green Rock Green Rock Energy Limite | |
Energy Australia
Iceland Orkustofnun G, G OA, G G
Italy ENEL Green Power I I
National Institute of Advanc
Japan Industrial Sciencela R R R R
Technology (AIST)
. Instituto de Investigaciong
Mexico Electricas (lIE) G G G
New Zealand GNS Science OA 'R, I I R R
Norwegian Science Resea
Norway Council (NFR) R, R, R R
ORMAT ORMAT Technologies, Inc | |
Technologies United Sites
. Korea Institute of Geoscien(
Republic of Kore Mineral Resources (KIGAN R R R R
. Institute for Diversification a
Spain Saving Energy (IDAE) G G G
Switzerland Swiss Federal Office of Ene G G G OA G G
United States Depagtinof
USA Energy (US DOE) N N OA, N U N OA, N
Annex Start Date 1997 1997 2001 2003 2009 2010
Date Current Term of Annex Continues Ti 2013 2013 2013 2011 2013 2013
End Date* Ongoing Ongoing| Ongoing Ongoing Ongoing Ongoing

G = Government; | = Industry; Research Institute (government funded); N = National Laboratory (government funded);
U= University; 10=Industry Organization; OA = Operating Agent; * Ongoing means no fixed end date yet determined




Table 1.2Annex Title, Operating Agent and Status ahBéxes at Decembé020

Annex
Number

Title

Operating Agent (OA)

Annex Leader (AL); Affiliation; Contachit
Participants

Status

Environmental Impacts of Geothermal Development
OA: GNS Science (GNS), New Zealand
AL: Chris Bromley; GNS, New Adaldromley@gns.cri.nz

Active since 1997,
Continuing through

Participants: Australia, France, EC, Iceland, Italy, Japan, Mexico, New 2013
Switzerland, USA
] Shallow Geothermal Resources Closed

Enhanced Geothermal Systems

OA: Geodynamidsnited, Australia
ALs:Roy Baria; MHTECH UK (for Geodynamics); roybaria@onetahdon
Doone Wyborn; Geodynamics, Australia; dwyborn@geodynamics.com.a

Active since 1997,
Continuing through

Participants: Australia, CanGEA, EC, France, Geodynamics, G&PRAn 2013
Green Rock Energy, ltipariNorwayORMAT, Republic of Korggpain,
Switzerland, USA

Closed

v Deep Geothermal Resources September 2006

\% Sustainability of Geothermal Energy Utilization Dratft

Vi Geothermal Power Generation Cycles Draft
Advanced Geothermal Drilling Techniques L

ViI OA: Sandia National Laboratories, United States égézﬁusiwcih%gglﬁ
AL: Steven Bausandia National Laboratories, USA; sjbauer@sandia.g 2013 9
Participants: Australia, CanGEA, EC, Iceland, Mexico, NeMaoZealdn8A
Direct Use of Geothermal Energy
OA: The Federation of Icelandic Energy and Waterworks, Iceland Active since 2003
AL: Einar Gunnlaugsson; The Federation of Icelandic Energy and Wa S '

VI . : Continuing through
Iceland; einar.gunnlaugsson@or.is 2011
Partigpants: CanGEA, France ABBA, Iceland, Japan, New Zelameay,

Republic of Korea, Spain, Switzerland, USA

IX Geothermal Market Acceleration Closed
Geotherm@&lataand Information
OA: Projekttraeger ilelPTJ EEN Germany; Geothermal Energy Rese
Program ; Federal Office of Energy (BFE)

AL: Lothar Wissing; Projekttraeger Juelich, PTJ EEN, Germany; l:wiss Opened 2009,

X juelich.de and Rudolf Minder; Swiss Federal Office of Energy, Switze; Continuing through
ruldof.minder@béwin.ch 2013
Participants: Australia, CanGEA, EC, France, GeodyrARIAF&EBCe,

Germany, Green Rock Energy, Iceland, Italy, Japan, Mexico, New Ze
NorwayPrmat, Republic of Korea, Spain, Switzerland, USA
Induced Seismicity
) . . Opened 2009,
X OA:Lawrence Berkeley National Labotitad States Continuing through

AL: Ernie Majer; Lawrence Berkeley National Laborat@iyn&j&41bl.goV
Participants: Australia, Germany, New Zealand, Switzerland, USA

2013

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
Chapters-81 and 2226, respectively.

Further information about the GIA and its activities may be obtained by contacting the GIA

Secretary atongillor@reap.org.ra by visiting the GIA webgitew.iegia.org
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Table 1.3Annex number, name, description and status for draft and coexgeted Ann
as of Decembel20

Annex Title

Number Description Status

Shallow Geothermal Resources

The GIA ExCo made the decision in October 2000 to close this Annex
reached the draft stage. Its major topic, which was associated witinthe
of geothermal heat pumps, is now included in AngredtilUse of
Geothermal Energy, which was initiated in September 2003.

Closed

Deep Geothermal Resources

The GIA ExCo decided to close this Annex in September 2006 after th Closed

compegtion of much of its work, and because of the overlap of the rema|  September 2006
activities with those in Annexes Ill and VII. The unfinished studies wer
transferred to Annexes Il and VII.

Sustainability of Geothermal Energy Utilization

This proposed Annex would investigate alternative scenarios for energ
from representative geothermal resources with the goals of (1) defining
and requirements for sustaining production from these resources, and
estimating the pterm economic sustainability of such production not o
representative resources but for the worldwide geothermal resource as Draft
The issue of oOsustainabled6 ener
importance over the past few yearseqGently, during 2006, the GIA ExC
made a preliminary decision to initiate a sustainability Task in Annex I.
if activities expand in the future, it is possible that this Annex would be

Geothermal Power Generation Cycles

This proposed Annex would develop scenarios as a basis for comparig
plant performance and availability, economics and environmental imp3

vi mitigation. The output would be a database and guidelines of best pra

Draft

A draft of this Annexagvprepared in 2001, and may be revised if interesi
topic grows.

Geothermal Market Acceleration

Geothermal electricity production and direct heat use are well develop
economically viable in many parts of the world, howewefatgerardaapped
resources in many countries. The ExCo explored ways to hasten geot
development, or market acceleration, in these countries during the last
and decided that a moregptive approach was needed, possibly includin
identifying a few regions with high geothermal potential, collating resol
assessments on a few sites and discussing with key players (governm
developers, financiefg, the barriers to progress in their regions. Conse
this meket acceleration Annex was drafted.

Closed

I n October 2004, following the
acceleration type of 1A, the ExCo made the unanimous decision to clos
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1.3 Structure of the GIA

The GIA is managed b¥recutive 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 twigdreaptingand auturan,

exchange information, discuss activitegewtdogress in each of the Annexes and in each of

the participating countries, industries and organizationandntute pktivities of the

organization. Ndimancial decisions are rgaeajorityote (unless otherwise specified in the
Implementing Agreement), with financial decisions regpainimgoaste; with each

Contracting Party and each Sponsedatiogvwote. 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 sshastd Common Fund.

GIA research and activity results asgvekyedisseminated through participation at international
geothermal and renewable energy conferences and workshops, and publication in scientific and
technical journatenference proceedamgs n t he Gl Ads Annual Reports
Summariednaddi ti on, i nformation is made widely ave
(www.iegia.orp through promotional material produced by the GIA Secretariat, and via IEA
publications and workshops, and the |IEA (websiiea.org

In 2010, 13 countries, the EC, two international organizations and three industries formally
participated in this programme (Table RME Oeotermal, a companyptmeZponsor
Member in migl0B, failed tgparticipatand was unable to pay its Common Fund contribution
henceahe GIA ExCo voted unanimousitholranDRME from theorganization (officially
confirmed at the'2#2xCo Meeting)

1.4 The Executive Committee

Officers

In 2010, Chis Bromley (New Zealand) wakected Chairm&arry GoldstefAustralipwas
elected to serve as-Cieaifor Policy, and Jonas Ketilsson (Iceland) was elect€tais Vice
for Administration.

Membership

Therewas significant chaingbe compiiion of the GIA ExCio 2QL0: Romain Vernier
replacedaurent Le Bat Member for Frarigelton Chen filled the position as Alternate
Member for GeodynanfAcslrea Ballouk replaced Dieter Rathjen as Alternate Member for
GermanyAkihiro Takaki replacédshinori Makino as Alteridember for Jap#ifonso

Garcia GutiérrezplaceWtictor Manuel Arellano GoragAlternate for Mexidorway

became a new Country member, so Jiri M&é&Eahaird Anderbecame Member and
Alternatdlemberrespestely ORME Jeotermal was withdrawn from the GIA, so Orhan
Mertd lu and Nilgun Bakir I¢fte ExCalay Nathwareplaced Ed Walk Member for the

USA, wittAlexandra Pressibaooming Alternate Memdr@lCanGEA Alternddavid
Gowlandeft the organization, leaving a vacancy for Alternate Member

The list of Ex€Members and Alternates as at Decelfliep2vided in Appendix C.
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ExCo Meetings

The ExCo held two Meetingsi020d i scuss and r andilagfwturee he Gl Ads e
activities.

237 ExCo Meeting2-23 April2Q1Q BaljIndonesia

The B9 ExCo Meeting was hel@®23 April2010, at théMelid Balindonesia Hotel, Nusa

Dua, Bali, Indonesiaassociation with the World Geothermal Congréd8z0D2010)

There werelattendeas tota) includin@ ExCo MembeigAlternate Membensdo

Observers, includingepresentative of prospective Member Peoples Republic ¢fi€hina and
GIA Secretafgee photo in Appendix 8gveral European participdrdsad plannedtade
partwere prevented frdaing so becaa$eancelled flightsadto a large volcanic eruption in
IcelandNorway, th&lAd s n e w e dificiallypatitipated s first ExCo Meeting.

A World Geothermal Congress is held every 5 years and is the premiere event for the international
geothermal community. H#eG | Aidakpreparations for participatiaghe WGC2010
wereconfirmegincluding the operation and staffargethibition boattat the GIA was

sponsorinduring the-Bay event

The ExCo unanimouskglected Chris Bromley (New Zealandjrasu@hdonas Ketilsson
(Iceland) anBlarry GoldstejAustralipwere unanimously eleatediceChairgor technical
matters and policy, respectively

TheGl A0 s p a rthe IEA GepthetmaldRkoadmap effort was discussed; several GIA
participantsadtaken parh the first Workshop (March 204100 support for GIA

participation itheremaining 2 workshopsstrasgly recommendélde GIA had also

provided US$ 1@kipport via successful proposal.

Annegs |, lll, VIl and VIII held meeting2bipril 201phowever, tnnex X meeting was
cancelled becansincoLeadenserainable to attend du¢hi Iceland volcano eruption.

Progreseports frorAnnexess I, VIl and VII| and 8 Country and 3 Sponsor
(industry/organization) Membege presented and discussedldition, eepresentatiog
prospectiveembePeoples Republidifina presenteduasteport Update of Geothermal
R&D Activities in China

The Gl A6s continued excel |l entUS$S$i7hkeavadabla | posit
for the year to fund proposals for work that support organization and Anrendactivities
proposals were sought

The Secretary reported oBéaectariaperatiorincluding therork accomplished atadus of

budgetgor theentire2003-year and the BByear to March 20. Awork plan and revised

budget for the remainder @D2@as preseni@od an update on the Commondtueall

unanimously accepted by the Ek€@roceedinfmr the joint IEAGIA~IGA Madrid
Workshopadbeertompletepreparations forthké A6 s parti ci pation at the
complete@ndtheG | Ari@ajercontribution to the IEA Geothermal Essemitdisriiescribed

Excellent progréssl beemade othe GeothermicSpecial Issae Sustainatililization of
Geothermé&nergywhich had bepartialiffundedy a successful proposal submitted jn 2009

and it was on schedule for publicatioreatitbkthe year

Mike Mongillo presentée tEA Secretariat refmnTakatsune Itavho was not able to attend
themeeting. e | EAGs r ecent wareeiviewaddludirgsh@laA@s publ i cat i
contributions to th@ties, Towns and RendsvBberggeporiandthe/EA Renewable Energy


http://www.iea-gia.org/documents/ProcGIA_IGAWorkshopMadridFinalprepress22Mar10.pdf

Essentiat8eothermiafochureln addition ieGIA hadbeennvitedoythelEAto presentst

Implementing Agreement-edm Report at the REWP Meeting in October P04 @alue

ofthe IEAOPENBulletnas descri bed, noting that an artic
WGC2010 would be included in Issue 68 (June 2010).

The ExCavas invited to hatd 24" ExCo Meeting Reykjavikceland, in association with the
GEISERinduced seismigiyorkslop, to be hosed by the Iceland National Energy Authority
and Reykjavik Energy. The proposed dates ofltregweegramnreludedhe GEISER
Workshop on-8 October, GIA Annex and ExCo Meeting® Outéber, and a technical tour
on 9 October 2010.

24" ExCo Meeting8 October 200 Reykjavikceland

The 2" ExCo Meetingashosted b@rkustofnun ariReykjavik Energyd held at

Gvendarbrunnar, Reykjavik Energy, ReykjavikplteB@dtober 200, as part of the

0Geot her mal i Wée b r,izwhjch Blemyn&ded\a workshop on induced

seismicity (organized by GEISER, IPGT US DoE and EERA) andrassoataindl

workinggroup meetingshichGIA meeting participacasild alstake paih. Twentyseven

people attended the€B Meeting, includinQExCo MembeAlternate Members afd 1

Observers, includamdEA Secretariat membeo representatives of the Slovakian company

0Geot hermal Anywhered (prospheGiiABecretannew Countr
Reykjak Energglso hosted a fieldtrighteReykjangseothermal Power Station, other

geothermaleaand importamultural sités Southern Iceland.

TheGIlAwas reported to hhad a significant presahtee WGC201during the week (26

30April 2010)following the 2EEXCo Meeting in Balcludindhe presentationsefveral

Annex papers in the technical sesslakeynot@aper describing the GIA and its activities

(Mongillo and Bromley, 2810'he GlAsponsoreskhibition bootfopen 260 April 2010

attracted over 100 visitors for ®dixteeoeussi ons o
posters from GIA Members, the Annexes and the Sereetiisiplayambntinuously running

PPT presentationere showanda larggolumef GIA and IEA documents and other material
werdlistributedincluding over 350 ¢Roms.

ThelEA Renewable EneEgsential&eothermavochurbad beecompletesince the last

ExCo Meetingiith major input from the GIPhe status of theA Geotherm@&oadmap was

reviewed auliscussed second workshop was to be held in Washingtorg Bw€third and

final one in Bandung, Indonesia; with the complatfdhe&eadapset for early 2011.

GIA Members were strongly encouragedinoe participation in this efidtthe request of

IEA CERT, the GIA ExCo unanimously voteqguest the CERTaox t e nd tTeren Gl Ads 3
to 28 February 2013.

Annexes [, lll, Véhd VIl held meetings 6rOctobe2010. New Annex XInduced
Seismicity, which incorporates the induced seismicity activities from Anneseinitiated|
byunanimouepprosl of theExCan recognition of the international importance pfche to

Progress reports from Annexes |, [dn&MI1, andeleve@ountryreport@ndoneSponsor

reportwere presented and discussehnex X Leader had been appanutbe efforts

would begin soohheSecretary revieBedretariattivitiesince the32 ExCo Meeting and

submitted work plans and budgets for the remaitt@ea©b@0mon Fund report, draft Work

Plan for 2011he latter reports wamanimously accepted by the Ex@d.p&gress was being

made on thBeothermicSpeial Issue on Sustainable Geothermal Utilidatbnvould be

published in December 2(R&presentatives of prospective Country Member Slovakia presented
a Guest Report amew plasrgaothermal drillitechnique.
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It was reported that US$ 55 k figneimaineavailable the GIA Common Fufodproposals
supportinGlA/Annexrelated activitisaccessfoloposakupporting the Induced Seismicity
Workshop (Reykjavik, Iceland) and the IEA Geothermal R&®Ihtak eachadbeen
paid/fundectalierin 2010.

Takatsune Iforesented the IEA Secretariat degoribing sevéea activities anmojects

including the oriasolvinghe GIA: théEA Renewable Energy Essentials.: Gebthemed
andthelEA Geothermal Roadméfe noted thatnew IEA logo had been designed especially
for the use of the Implementing Agreements

The ExCtadearlier agreed to hold BfeEXCo MeetingndtheAnnex meetinigdParis,
Franceon5-6 May2011 and 4 May, respectiaifEA Head QuartensthIEA support

1.5 GIA Participation in IEA Activities b0

The GI Ads act i JBAcontmueddt arhigimleval in 20he.GlA t h e

participated in the IEA Energy Technology Network Communication SeminasfMorkshop

September 2QJbovded information for and reviewed the final drat&A iRenewable
Energies in Citieporic ont r i buted to the O0OKeeping the Heal
IEA Energy Technology Initiatapsrt; provided expert review and comments on Chapter 3:
Electricity generatiemmd Chapter 8 Basic Science for EnttiefeA Aergyi echnologies
Perspectivesportcompleted revisions of the GIA Implementing Agreement document with

the assistance of the IEA Legal Office; worked closely with |IEfetthe@AgRenewable

Energy Essentials: Geotherowlureparticipateid all three Geothermal Roadmap

Workshops and provided significant review and comment on the various drafts of the IEA
Geothermal Roadmap docyraedtthe GIA Secretary attendedaateda presentation

(Geothermal Enerépternational Cooperation for its Promotion and Sustainable Development

by Mongillo and Bromlay}the final (Bandung, Indonesia) Worksttbprovided the

article: 0Geot her mal 8 s 20R)) of thenlgA OPEN Bulletme s 6 f or |

1.6 Other GIA Activities

The GIA published tReoceedlings of the Joint@A~IGA Workshogeothermal Energy

Its Global Development Potential and Contribution to Mitigation of Clim&ioGgiéinge
2010)in March2010 as eeferencsurce for thexperpresentations made and to document the
associated panel and general disatigssdvisrkshop held Madrid, Spain, or68Viay

2009

The GIA had a significantivery succesgfrdsence at orld GeothemaiCongres801Q

held in Bali, Indonesia, o83@®&pril 2010. Several Annpapers/ere presented at the

technical sessianda general papgrM.A. Mongillo, C.J. Bromley and L. Ry&smibing

t he GI A 07se /BBAGEdtherind/ implengigreemerititernational Efforts to

Promote Global Sustainable Geothermal Development and Help Mitigate Chieiste Change

keynote address thabdiced a major Panel Discussion. In addition, the GIA sponsored an

exhibition bootivhich attracted o€®0 visitors that the Secretary and many ExCo and Annex
Members spoke to about the international geothermal energy scene and the organizations activities.
Twenty Country and Sponsor Members, Annexes and general GIA posters were displayed and
hundreds @IA and IEA documents andR&ins were distributed.

The GIA alsparticjpated at the Geothermal Resources Council (GRG)U2088:eting,
Sacramento, California, USAthdtesentation of an {&AA paper by Mongibdod
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BromleyThe Internationgherqgy Agency Geothermal Implementing Aghetemmertional
Cooperation for Sustainable Geothermal Development

Sever&IA ExCo Members and the Secretary continued their work as Lead Authors, Contributing
AuthorsReviewers afiordinating Leddithorfor the/PCC Special Report on Renewable
Energysources he final report is scheduled for publication20iid

Theexcellent financial position of theaBi#ed the organizatmextend its activities by

sponsoring an exhibition booth &Y@€2010 as well as to continukititéngpf proposals

for projects that &A0AGONe newropbsel follsh X0&ts and Annex
supporthe Induced Seismicity WorkkbtepirReykjavik, Icelameis funded in 2010, with the

funds fothe 2009 proposal for supportingrduiction of dBA Geothermal Roadrpaiad in

2010

A special issuetloginternational geothermal jouGeakthermicsvering the topBustainable

Utilization olGeothermé&nergywith M.A. Mongillo (GIA Searg) and Gudni Axelsson (GIA

Annex | Task E Leader) as Gaétstrs was successfully completedhdistieth December
2010(Geothermics, 2010Jongi | | o6 s e f f or dproposakthatobtained v suppor
funding from the GIA Common FurieeSpecial Issue corgdih articles that exarnfiae

sustainablesseof both high and low temperature geothermal systems for power generation and
directheatusma ddi ti on to the editorsodo rol es, Mongi I
the issue.

The GI A6s wwwieia.agremairts an imhpertarft source for information
dissemination and discussion.

1.7 Costs of the Agreement
The IEAGIA Secretariat is curresitlyatd in New Zealand. Ibjgerately a pasime
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 annislareghmnaintenance of the GIA website.

Table 1.4 Common fund share apportionment among the GIA

Members as of Decembéd 20
Australia 2 Republic of Koreg 2
European Commissio 4 Spain 2
France 4 Switzerland 2
Germany 4 United States 4
Iceland 1 CanGEA 1
Italy 2 Geodynamics 1
Japan 4 GGAPPA 1
Mexico 1 Green Rock Energ 1
New Zealand 1 ORMAT 2
Norway 2 - -

Total = 4 shares
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The expenses for operating the GIA Secretaria
hosting, and otlmmmmon costs of the ExCo, are met from a GIA Common FL@d. In 20

these costs amounted to a t@hbal)S$96,000 In addition, the GIA funded several

projects and proposals:

U GIA Projects (totalUS$ 7,00): WGC Exhibition Booth, costs assogitited
Secretaryds participation at the final I E
Bandung, Indonesia.

U Proposal Funding (total: U8$®00: funded proposal contribigfon the
Secretaryos ef f@GeothermicsSpésialdssue a8 t or of t he
Geothermal UtilizatiandtheGIA Contribution towards IEA Geothermal Roadmap.

Consequently, the total d&$A operations 2010 amounted to US$ 117,700.

The Common Fund is supported throueghadsi, with each GIA Member payinguath a

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 Membershimisshable 1.4The

Common Fund is administered by a Custodian, currently the National Renewable Energy Laboratory
(NREL), based in Golden, Colorado, USA, who also conducts an annual review of its financial
operations.

The cost per Common Fund siedigy unanimous ExCo decision, was US$ 3,5000r in 20
Contributions are made annually on a calendar year basis.
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IEA Geothermal R & D Programme
Chapter 2

Annex4Environmental Impacts of Geothermal
Energy Development

DR WS

Figure 4 Hot Springzent and algae, Yellowstone, USA
(Photo courtesy of Chris Bromley)

2.0 Introduction

Geotherm@ a remeable energy source, has significant benefits relative to fossil fuels with respect
to global carbaioxide emissions, and accordingly has significant potential for reducing global
warming effects. Its use is mostly environbemitallyHowever, thamesome local

environmental problems associated with geothermal utilization. To further the use of geothermal
energy, it is important to identify possible adverse and beneficial environmental effects, and devise
and adopt measures to avoid or miniveiEachpacts, while encouraging the benefits.

The goals of Annex 1 (Environmental Effects) of @GI& |&#&: to encourage the sustainable
development of geothermal energy resources in an economic and environmentally responsible
manner; to quantify &adhnce 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.
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Participating countries in Annex 1 are: Australia, Iceland, kédxidapdaw Zealand,
Switzerland and the United States.

GNS Science, Wairakei Research Centre, New Zealand, is the Operating Agent. Chris Bromley, of
GNS Science, is the Annex Leader.

2.1 Tasks of Annex |

In 2010, Anndxactivities consisted of Tiasls, described below.

2.1.1 Task A Impacts on Natural Features
(Task Leader: Chris Brom3&i§ Science, New Zegland
(Participants: Iceland, USA, Japan\&aly ealand)

Impacts of geothermal developments on natural geothermal feageysersubtloEsprings

and fumaroles are documented. Methods are devised to accurately monitor changes and to avoid
or mitigate the adverse impacts of development on these geothermal features, which often have
significant economic value for tourism tanal @allue for indigenous peoples.

2.1.2 Task B Discharge and Reinjection Problems
(Task Leader: Robert Reeves, GNS St@enZealand)
(Participants: Iceland, USA, Japan, Italy, Mexico, New Zealand)

Better methods of overcoming adverse igpattstofial developments on aspects of the

environment are developed. These include the effects of gas emissions from geothermal power plants on
air quality; the effects of toxic chemicals in waste fluid that may be discharged into the ground or into
rivas; and the effects of ground subsidence resulting from pressure decline. Projects examine the problems
associated with disposal of waste geothermal fluids and the dffgandt6Qas emissions,

along with mechanisms and mitigation optiassisughinjection to mitigate ground subsidence.

Figure?.2 Sampling fumarole ga¥ew Zealand.
(Photo courtesy@NS Science)



2.1.3 Task G Methods of Impact Mitigation and Environmental Procedures

(Task Leader: Chris Bromley, GNS ScienczedNand
(Participants: Australia, Iceland, Italy, JapanNdex#tealan8witzerland, UpA

The objective of this task is to reduce the risks of adverse effects by developing an effective,
standard, environmental analysis process. By redstsnof tievironmental compliance, and
streanfining the process for project consenting, this will contribute to the responsible and timely
deployment of future geothermal energy projects. Strategies that result in improved environmental
outcomes fromlfiananagement are identified and publicized. Successful mitigation schemes that
provide developers and regulators with options for compensating unavoidable effects are also
identified, documented and publicized.

2.1.4 Task D- Seismic Risk from Fluiddtign into Geothermal Systems
(Task Leaders: Ernie Majer, Lawrence Berkeley National Laboratories, USA; and
Roy BarigMILTECH, UK)
(Participants: Australia, Iceland, Italy, Japan, Mexico, Switzerland,,NESAY ealand

The purpose of thisk is to investigate the occurrences of felt induced seismic events, particularly in
connection with high pressure fracture stimulation, and their effects on the local population. The
objective is to obtain a better understanding of why these sedhts tivey can be either

avoided or mitigated. Additional objectives are to assess and generate appropriate source parameter
models, and test the models in relation to the hydraulic injection history, temperature gradients, stress
field and the tectofgjeological background, using stress modelling, and rock mechanics. Once
mechanisms of the events are understood, the injection process to fracture stimulate a geothermal
reservoir may be modified to reduce or eliminate the occurrence of lagas&vients. Thi

complementary to a similar research objective under Annex Il (for Enhanced Geothermal Systems).
Both tasks will be transferred to a new specially created Annex (XI) lead by Ernie Majer from 2011.

2.1.5 Task E Sustainable Utilization Strasegi
(Task Leader: Gudni Axelsson, Iceland Geological Survey (ISOR), Iceland
(Participants: Australia, US&landtaly, Japan, Mexico, Switzerland, New Yealand

Case histories of reservoir models of geothermal developments are studiedegisse what str

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 comparedgoalatearénvironmental and economic

benefits. Different conceptual and hypothetical reservoir model predictions are compared using
longterm scenarios. Laaignm reservoir behaviour, recharge factors, recovery times, and optimised
cyclic or staged ofierastrategies are investigated.

2.2 Work Performed in 2010

Several participants in Annex 1 (Chris Bromley, New Zealand; Barry Goldstein, Australia; and
Hirofumi Muraoka, Japan), along with other geothermal specialists f(aiA the IEA
participatingountries (Mexico, USA, Iceland, Germany, and Italy; see Figure 2.3) met twice
during 2010 (in Oxford UK and in Mexico City) to continue preparation of the geothermal

energy chapter of the Intergovernmental Panel on Climate Change (IPCC) Special Report on
Renewable Sources (SRREN). This involved a voluntary contribution over 3 years by all the
participants. The chapter includes a section on environmental issues, and projections of technical
and sustainable deployment potential for geothermal endYgy antitbed/ond. This effort

hi ghlighted geothermal ds i mportant future rol
substituting for fossil fuels. The final version of the report, after international review during 2010,
was published in mid 2011.

3€



2.21 Task A Impacts on Natural Features

Meetings of task participants were held in conjunction with the World Geothermal Congress
(WGG2010) at Bali, in Indonesia orAptil and at Reykjavik, in Iceland @c®ber 2010.

Presentations covered aspfemigoing 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 discussed, along with policies t@ahdIparagmr

effects on thermal features in a practical manner. Results of this work were presented in papers at
WGG-2010, and at geothermal workshops in New Zealand (NZGW), and the USA (GRC and
Stanford). These described ways of identifying and manfitogifigadure changes, monitoring

thermally tolerant vegetation, and opportunitiesiitigatamn of C£emissions using thermal

algaésee references in section 2.4).

Figure?.3 IPCC SRREN Geothermal Chapter Lead Author participants

Discusens also addressed the issues faced by countries such as Japan that have significant
geothermal resource potential located within protected National Parks and near iconic hot spring
resorts. Some attention is needed in the near future to the tgsigdicdetdiundertake

development in such settings with negligible environmental risks to thermal habitats, thermal
features and landscape values.

2.2.2 Task B Discharge and Reinjection Problems

At the Annex 1 meetings in Bali and Reykjavik, EGReamalissues were discussed; these

included water management, noise, hazards and visual impact. Optimum injection strategies,
including scaling treatment and avoidance, methods of redu@roissib@©by injection,

and arsenic reduction throliga precipitation were also discussed. Injection/production

management tools using an adaptive approach to reverse or avoid adverse effects on surface features
and on reservoir sustainability were addressed. This included stressing the importance of
undestanding reservoir permeability, tracer test interpretation, and the consequences of subsurface
boiling and condensation processes. Research into the transient betmaglegasof fluid
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interactions was further advanced to better explain scaimmy, didgsadition and acid
alteration processes.

Discussions also addressed mechanisms for subsidence and ground inflation in geothermal fields

and methods to improve detection of anomalies and predictive tools using coupled reservoir and
subsidence modelsCo |l | abor ati on bet ween-GEdeIERDH]J i, c Ne@WGE (
Zeal and (6FRSTO3), | PGT and US DOE funded res
(particularly improvement of coupled simulation models) is becoming better established at a

s@entist to scientist level, and through joint workshops.

S

I ATy 3 . 2 L
Figure 2.45eothermal habitat with thetorerant vegetation (Karapiti, Waliraker
(Photocourtesgf ChrisBromley)

Research results of this work, including subsBlenesté-water argknic discharges, were
published at international geothermal workshops in New Zealand, USA and Indonesia (section 2.4).

A proposed joint GIA/IGA International Workshop on geochemical scaling/corrosion/ treatment
issues was also discussed. This sldzsagsently further developed by the Philippine

Geothermal Association in collaboration with the Western Pacific Branch of the IGA, and
Philippine geothermal operators, leading to a workshop which was held in Manila in May 2010.

2.2.3 Task G Methods bimpact mitigation and Environmental Procedures

Further feedback on draft geothermal policy-pratcbestplanning guidelines was requested

and provided. Tables of effects and avoidance strategies were modified. Examples of successful
mitigation sategies were collated and discussed at the Annex | meetings. Barriers to accelerated
development, such as lobbying against large scale power development by hot spring associations,
land access constraints imposed by National Park status in rersettngsicanicwater

allocation in arid areas, were further discussed.

n also covered the possible integrat
i ssues with Envinterratonabmentaidns inmpact As

Di scussi

o
protocol &
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Chile, Indonesia and USA) have addressed environmental issues, strategies and management tools
(see secti@m).

2.2.4 Task D- Seismic Risk from Fluid Injection into Geothermal Systems

IEA-GIA participants collaborated with GEISER@mdhrticipants who were attending an

induced seismicity workshop held in Reykjaxsk @etaber 2010. The GIA also helped

support the travel expenses of sew&d naorkshop attendees through a proposal grant of
US$10,000 requested by the dielarganisers (ISOR). During this meeting, and the two Annex
meetings, collaboration has continued between patrticipants involved in EGS reservoir stimulation
projects and those with experience of induced seismicity in operating geothermal systems. The
obgctive was to advance understanding of induced seismicity mechanisms. Methods to address the
issue of large induced earthquakes from injection/production activities were discussed. Vibration
amplitude and frequency was found to be a key measuraeeinbpathenieazard point of

view. Amongst other matters, discussions covered the benefits of moment tensor analysis and
double differencing methods for better location accuracy.

Suggested improvements to the induced seismicity protocol (pogtedidnibbdie) and

improved seismic monitoring and processing methods were discussed, as was baseline duration for
background seismicity before commencing a deep drilling and stimulation project. References are
listed at the end. Improved collaboratimebeahduced seismicity researchers and availability of
datasets were issues for continuing debate.

During the October meeting, it was agreed that this induced seismicity work was of sufficient
importance to warrant it being transferred to a new AexexiAvhere it will be combined

with the induced seismicity work being undertaken under Annex Il (EGS). Furthermore, the
intention was expressed that, in future, the IPGT induced seismicit thohipndx A|
participants, and European/GEISERipants would continue to work together as closely as
possible.

2.2.5 Task ESustainable Utilization Strategies

A special issue of Geothermics (Volume 39, Number 4) containing 12 papers was published in
December 2010 to address reservoir modedlingnssueing long term sustainability, with

joint editors Mike Mongillo and Gudni Axelsson. This was an outcome of an international
workshop convened by Annex | task leaders, and held at Taupo, New Zealand, in November 2008.
In addition, a large numb@apkrs on sustainability were presented at a special session at the
WGC2010 conference in Bali. This included several papers by Annex 1 participants reporting on
collaborative work (see references ksteitbifd.4).

Issues of lottgrm reservoir pmrhance and potential constraints were further addressed during

the 2010 Annex 1 meetings. Resources that are depleted in pressure and temperature are
recoverable (i.e., renewable) over time frames that are dependent on the recharge permeability, and
typially comparable in duration to the initial period-dbdnawAdditional issues include: the

nonlinear behaviour of stsapply and pressure decline rates; how to improve resource

assessments through better capacity and recovery factors; whad tosegmum

development strategy to reduce risks; and the importance of plgndedingakeighlights

of the work are posted on theGEBAwebsite. This includes a revised reference list on the topic

of geothermal sustainability.



Figure.5 Example of Binary Geothermal Poweil @laoka,Tauharalew Zealand

(Photacourtesy o6NS Science)

23 Highlights and Achievements of Annex | for 2010

The highlights for the 26€ar were:

i

Completion of a special issue of Geothermics Jdumal3¥, number 4) on
sustainability issues, with guest editors from@h&.IEA

Papers were presented by Annex participants and their work colleagues on
environmental research, improved environmental sustainability strategies and
monitoring methoddfa World Geothermal Congress (Bali) 2010, the 2010 New
Zealand Geothermal Workshop, the 2010 Stanford Geothermal Reservoir Workshop,
and the 2010 Geothermal Resources Council Conference.

Participants conducted outreach activitiesriemloer countriésaugh

presentations on geothermal environmental issues in Chile and Indonesia, and through
attracting contributing papers on sustainable utilisation from Hungary, El Salvador and
Indonesia.

Participants joined in a two day geothermal induced seisshiofiyheid in
Iceland in collaboration with GEISER, a European funded research initiative, and with
IPGT (International Partnership in Geothermal Technology) participants.

Several participants took part in revising and improving a geothermddechapter for t
IPCC SRREN report for mitigation of climate change through increased deployment
and utilisation of renewable geothermal energy resources.

Annex participants took part in technical collaborative meetings at Bali (May 2010)
and Iceland (October 2010)revimeproved methods of monitoring, avoiding or
mitigating environmental effects, such as subsidence, gas and heat emissions, and
induced seismicity, were further developed.
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2.4 Publications and Presentdtio2910

2.41 PaperBublished by IEAIA Participants drutureGeothermd@leployment
Issuedncludingenvironmental§ound an@ustainabBevelopment

Goldstein, B., Hiriart, G., Tester, J., Bertani, R., Bromley, CNédguitiedreZHuenges, E.,
Ragnarsson, A., Mongillo, M., MuraakandiZui, V., 201Great Expectations for

Geothermal Enefijiyorecast to 21@roceedings Australian Geothermal Energy Conference
16-19 Nov, 2010 Adelaide.

Mongillo, M.A., Bromley, C.J., 208 ot her mal GIEAQPENEnergy f or t unes
TechnologBulletin, Issue 68, June 2010, download from
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Figure?.6 Example of a Flash Power, Rlefla, Iceland
(Photacourtgs ofChrisBromley)

2.5 Plans for 2011 and Beyond

2.5.1 General
U Complete publication @eothermal Enefgpapter 4 \dPCCSpeciaReport on
Renewablenergy®urces ardimateChangé/itigation
252 Task A
Establish lowesk methods of deegprece use from protected areas
Distinguish natural from induced variations in thermal discharges

i
i

U Model groundwater changes arising from deep pressure changes

U Rank thermal features, habitats, & geothermal systems for protection
u

Classifyulnerability of énmal features to reservoir pressure changes

2.53 TaskB
U Geotherm&@Q: capture/purification for horticulture and bottling
il CO: sequestration by injection or biological/chemical fixing
U Arsenic/boron removal from waste water bydsiemicgbrocessing

U Protection of potable water aquifers frdreldueinjection effects

c:

Improvegbrediction of subsidence and effects avoidance or mitigation

254 TaskC
U Test the use of targeted injection to rejuvenate failed geysers/springs
U Test the use of target@sttion to stop subsidence

U Review international geothermal environmental policies and procedures



