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Message from the Chair

| -

Ny ChrisBromley
y-4 Chairman, IEBIA Executive Committee

During 2011, members of the IEA Geothermal Implementing Agreement consolidated
their 3* term work program and made considerable progress towards achieving their
objectives. Again, in regard to these a@neydrnwvant to take this opportunity to

thank our Executive Secretary, Dr Mike Mongillo, for his enthusiastic, proactive, and
visionary approach to the role. | thank, also, the members of the Executive Committee,
and Annex participants, who can justifialgroud of their input into the+£A U " )
accomplishments, achieved through considerable voluntary effort, enthusiasm, good
humor and dedicatidine enthusiasm displayed during ExCo meetings for better
collaboration amongst members, sharing of pashegp and learning from past

mistakes, has always been very satisfying to observe. The work of the GIA is well
presented on its Web site, through its publications and presentations by members at key
conferences, and by its contributions to the IBAulilishes information on

geothermal technology.

Some of the highlights of the 2011 year included collaboration with the IEA to complete
lJw reBoewe fm RNmM " eamyRNMrI | ¢ Kyl wilr’ -_ O

track global geothermal deplbymie e l R4 R NM N BRBM M- Ul l mJ 35,_
| ®1elRrR 1smmreln [ erRN RNmM '~ alrnandidceRoe ]| ¢ G|
kmej) 1l eweRr) Q4r®elr1 ar |1 8r _ mrerjJJ1efeln RNT
rationalization of researgh pfr R - @) w186/l LU.{.I.II’T]JLUH]UJ 11 1
[ lw &l rreln a¢¢Bl¢ U k rT1rRmMIRO|L O [ NewN T
Ullmf aaa Uak ™ - miBmey [ ¢1 1 [ mowya mu r

Kingdom by supporting the First GR Symposmm held in London in November in
tandem with our regular Executive Committee and Annex meetings.IP@@ally, the
Special Report on Renewable Energy Sources and Climate Change Mitigation was
published in May 2011. Two years of effort halgrbeien invested in the

Geothermal Chapter by four GIA ExCo Members and the Secretary. The results of this
work were also presented at leading geothermal workshops and capferences (e
Stanford and GRC).

Such activities and other Annex related \dertalggn during the 2011 year are presented

in this comprehensive Annual Report. | highly recommend that you take the time to read

the Annex, Country and Sponsor chapters, in particular. A wealth of information is
embedded in these chapters, and thegntjaire impressive amount of effort by

participants to collate-toglate information. This report also provides background

information for a new annual report series thatB&ABASs recently initiated under

Ullmf 3- ONm Qr nplyuy "o Ir ngrmyyrrRRN mrmyrl edm U r[ry¢1emal
deployment of renewable energy technology, by using annual information from GIA
participating countries. Information is the backbone that supports renewable energy
deployment projections, and tpidsrgovernent policies. Indeed, we believe that these

Annual and Trend reports are helping to improve recognition of the potential role of
Geothermal Energy as a significant player in the renewable energy marketplace of the future.

Chris Bromley
Chairman, IEBIAExecutive Committee



Executive Summary

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

Introduction

201saw theontinued success oflfi& Geotherfrianplementing Agreement (@fforts

Especiallyoteworthy was thenewedhembership of the United Kingdom, wbmeel the

G in September 2011 after having withdrawn i@2003” wm¢ mBrEKCo BMeeting . R NM) X O
was held in Londonassodi@n with the First UK Geothermal Symposidéngimeered

Geothermal System Energy in the UK and a Global Pefseaoasemeeting fieldtrip

visited th&Rosenmwes EGS site in Cornvwalkize site for a new EGS well to be drilled by

EGS Energy, thestsofthe London ExCo Meetiy.Greg Barker, Minister for the s
umrlrrRamlrR 4 n Ul mrny . Upesd [ RmM UN| Inm "~ uU
renewed memberskipdwye ) w1 ) MW RNM o0a afsmrlimlrR 7 w
geothermal engrg

~ Cx

0. _
l 1 e

Alsoimportanin 201wasthe continuation of the GIA propasatlingorogramme, which

makes available a portion of the GIA Common Fund to support Annex and other GIA activities
andwhichamourgd toUS$6 k in 201lh 2011, proposal funding westassupport the

participation of the GIA Chair and Secestatgrnational expeestheweelong Peer

Review of the US DOE Geothermal Technologies Program held in Bethesda, Maryland, USA, in
June 20TkBking advantage of the associated oppdotthi@hair and Secretary gave

presentations describing the GIA and its activities (susta@saaitity collaboration and

deployment growth to mitigate climate ghdngalditionfinancial support was provided for

specia?01GIA activitieisck wye 1 n RNM K muwr mr| r 1-3YernfReppit mJ R| RO | |
to the IEA REWP meeting and attendance at the IEA Renewable Energy from Analysis to Action
flroy NJT el Glrey_ ur | Jlwm ellEAgA~IRGENGK t vV VvV _ | 1w
AGE 201Meeting inMelbourne, Australi@ichexpanded efforts are possible because of the
1TRILBOmM Ugaag )l Ul wy 18171 120Mempersin2Bhogthe 1 2a U’ )
comparatively steaohd controllecbst for operating the GIA Secretariat.

Thm o @formation dissemination efR&D activitiesweares r RN mMr ) B[ [ 4L r RMW Bl F
decision to proceed with thdasign of the GIA website; as well as extended with the initial

production of the first (20BJA Trend Report by Annex X, whibdawours to collect

geothermal energy statistics on installed cgpaeitgtion, direct heat, CO2 production

avoidance, and other informadiach publish it in stanealone report. With the data and



information procedures and detailed deign@HfA Trend Report completed, the 2010 Trend
Report is expected toftwenallypublished in 2012.

ON m o dniembershigemained &0, with the addition of new Country Mertiher,

United Kingdarand the loss tridustry Member ORME JeotermddeffjurAs of December

201 membership comprisg€auntry and 5 Sponsor (industry/industry organization)

Members, plus the EC. This membership, from continental Europe, Scandinavia, Asia, the
Americas and Oceaprayides a broad international basepefience and knowledge for
collaboration anwhole host of R&D projectdfor sharingnformation in order to overcome
technical and other challenges to advance the sustainable development of geothermal energy
worldwide and so contribute to the rtidigaf climate change.

The Intergovernmental Panel on Climate Change (IPCC) Special Report on Renewable Energy
Sources and Climate Change Mitiga®publishéd May 201the successful conclusion to

alarge internationaifoject which seve@IAExCo Members ahe GIASecretary

participated ias Coordinating Lead, Lead and Contributing AutGbespter 45eothermal

Energy

In 201 the 9 GIA Member Countries with geothermal generation had a combined installed
capacity of 87/5MW, and totageneration @fl,74@GWh/yr, contributing about 63% of the
global gebermal installed capacity ab@ @lthe geothermal power. For GIA Member
Countries with namegligibleontributions, the contribution to national geothermal installed
capacity and wer generation ranged frah24L.8%6 and2.427.3%, respectively; with an average
generation per installed capacky0&Wh/MWY by far the highest of all renewables

This Executive Summary provides an introduction to, and brief summarGif thenal

Report. ldescribes the current world energy situation, digeugkasal scene in which the

IEAGIA operates, andtlineghe extensive worldwide geothermal energy potential and the

contribution that geothermal made to the global enptgyns2@il Adescriptioof the

IEAcAU | Jw | rmsemf/ 4tn RNm 1ef UlImfm~ ~ | WReSHOF
rrmy mlrRMw- A e n N daxtiyitier gre proyidedandtheamajor Bchjevgnients t v

of the GIA as an organizatiomp wm) wr e B mw- U e2landpayondaree Nm s a U’
outlined. All references to chapters, sectiphsretefer to those in thelZdinual Report.

Current World Energy Situation

The global total demand for energy has growrcartmlypushsincel 971 (Figure E®ith

a slight (~1%) decrease in the 2009 worldwide total primary energy supply to 12,150 Mtoe (508.7
Ed) compared to 2008 (12,267 Mtoe, HlahB& ~0.6% decrease in electricity generation to

20,055 TWHEA, 2@1 2, likelyconsequences of the global financial crisis. Hbisever,
slightdropwasfollowed by an overwhelmiBgpo increase in primary energy demagdr07

Mtoe(532 Ey) in 2010, with associated €@flssions of 30.4 Gt, an increase of 5.3% over

2009 (Biral, 2Q01#A, 20};2and indications are for continued insiadX#l WvithCQ

emissions rising to 31.2 Gt (2.6% increase on 2010) (WEQs<DL@) subsidies in 2011

rose to US$ 523 B, almost 30% higiremt2010; while renewalglesived total financial

support of US$ 88 B in 2011 (ibid.)

CQ emissions arising from current energy use trecolssigtent with6 °C average global
temperature increase by the end of this ¢amitigssociatathrmingnvironmental and

economic consequendém possibility of achieving the global climate change objective of

limiting the temperature increase this cent2iC@bove the gralustrial leveisbecoming

more and more problemaspecially with the pregaebccupation of policy mateits
nationaéconomic growdver climatehangéssues. Themeframe fasuccessfattions

narrowingvith associatedquired cosescalatin@irol, 2012)Though a new international
climatechange protocol is expeédo be completed by 2015, and implemented by 2020 (COP17,
2012)EA analysis indicates that by delaying action on climate change mitigation until 2020
would avoid US$ 150 B of investment; however, to then achieve the 2 °C goal, would incur extra
inveginent costs of US$ 650 B through@b@t) U4 1 y mrsml rRd1_ R 31 1 ms



to adopt policies that encourage the shift-tatban energy production and increased energy

efficiency as gaals possibl additionreducing th20%portiomy N RNM [ 1 ¢ W
(~1.3 billigreurrentlywithout access to electriists priority

14 000
12 000
10 000
8000
6 000
4000
2000

0
1971 1975 1980 1985 1890 1995 2000 2005 2010

B Coal/peat B oil [ Natural gas [ ] Nuclear
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Figure ESWorld total primary energy supply by fuel (in Mtakg for
period 192010 Other includes geothermal, solar, wind, h¢liAce0)2

Assuming thatl new developments gadernment policy commitments are implemented,
termed the New Policies Scemathe period to 203ttalenergy demamdll growby over
30% electricity demand by over @#dCQ emissions rise to 37 &terging economied|
increasingly determine energy market dymathifsssil fuels continubogoe the main
energy source8bout 90% of the population and energy demand growth occiE@Mon
countries, with China becoming the largest eneugyecmesnand rising by 60%), followed
by India(demand doubles from 2@b@d)the Middle Eastergy consumption raile©ECD
growby only 3%nd the share of oil and @odts energy mkrop 15% to 42% hough the

ri4r s¢

demand for all fuels increase$o$iséd fuels share decreases from 81% in 2010 to 75% in 2035,

however, natural gas does increase its share in the gthbaksik of unconventional
resource developmenhiie share of nuclear poelectricity productiatecreases to 12% due
to poicy changes in several countries arising from the Fukushima Daii¢hil edaiadmnt
2011)Renewable energies, mainly hydro anttiplimtheircontribution to electricity
generatiom the period 2010 to 2035, with their proportion of the exdrgyeasinggom

20% in 2010 to 31% by 203%& outcome of the New Policies Scenario leads to aremperatu
increase &6 °C, compared to the Current Policies Scenario, which results in a temperature

increase @b °C Consequently, neither of tpefieies is sufficiergsulting in failure to

achieve sustainable global energy utilization and provide universal energy access (WEO, 2012).

To achieve the 2 °C limit as formulated in the 450 Scenario (459qupgreée®house gas
concentration), 80%the total energy related,@@issions permissible by 2035 are now

T lewbdmwBl RNM mfejreln wlrer|l ¢ TRLWD LN
no new action is taken by 2017, all of then@&ions allowed by the 450 Scepada2035

will be generated by the energy related infrastructure then in place. Consequently, only
m{RrRrm morwlwiBURIGY r"1Jmry 1ol JRY__ npl wWrRLrem
between 2017 and 2035 (Birol, 2011). ms mr _ entAMord'Sqenationprowdessthe
opportunity to realize the potential of energy effitiemayh the rapid deployment of
energefficient technologiadichcan postporte 2022thecomplete ¢p U ,J n Ug
emissionallowed foin the 2°Cpathway, pwvidinghe extra timaeeded for the global

climate agreement to be atta(@2@80)But, achieving the 2 °C goal will still requinseheaf
lowcarbon technologi@4¥EO, 2012)

r4J mr

1w 1



Therefore, urgent and tough action is requaekliévéhe climate emge objectivdajor

energy efficiency improvements are needed, and can contribute 50% of the required energy
emissions reductions. The fossil fuel subsidies must be abolished and disincentives, such as
sufficient carbon pricing, need to be estaldishugmbort more legarbon technologies. Also

of great importance is the sgpland protection of energy sector R&D. Technologies based on
renewable and nuclear energies, and carbon capture and storage (CCS) have important and
large roles to play (Bji2011).

Awareness of the current global energy situation and possible dire future climate change
outcomes are strong incentives for urgent action, particularly for expanding the use of clean,
renewable energy resources. Providing affordablancetitdde energy to meet future

needs while mitigating major climate change is an enormous challenge, and geothermal energy
can make an important contribution.

Geothermal EnergyGlobal Perspective

The main sources for geothermal energy are thephedt nr J 1 RNM M| rRN" ] wW]r
(-50%), and that generated by the gradual decay of radioactive?i§dttfend K in

R N m mhantlerand continental crusd%EKamLAND, 201Tpgether, these result in an

average terrestrial heatfrate of 44 T¥W(1,400 EJ/yr), sometitnés the 2Mworldwide

total primary energy suppB2 B/yr, (IEA, 2011 which is abo®b6 higherthan the 20D

value (B9EJ 1 r , - ONLBENN RNM [ Lrowy 17 nmiIRNMrJI[ O NmM
ubiquitousit is difficult to accurately deterngiobapotentials due to their generattiden

nature (subsurface). This uncertainty is exacerbatedhsteahrelogiased talevelop

geothermal resoureges constantly evolving, so contitmiextenaapabilities améduce

costs, and thereby inae¢ashnical and economic potentials. Therefore, there are considerable
uncertainties in estimating the global geothermal resource potentials, and revisions are expected

as more information and new techiaslbgcome available.

The most likely worldwide total technical potential for geothermal resources located along
tectonic plate boundaries and near volcanic hot spots has been estimated to bg,about 6.5 TW
(205 Eyyr) (Stefansson, 2005), about 40%e &A09 worldwide total annual supply. Of this

total, identified hydrothermal resources capable of development for electricity generation using
conventional methods (T > 130 °C) amount to some &0 EW, or 57 Elyr), assuming

a 10% electricainversion efficiency. The remaining 4.71#8VEdyr), comprise lower

temperature resource$XI30 °C) considered useful mainly for direct heat applications. These
estimates may increase by factorsQoif @pproximations for as yet hidden/unidentified

resources are included (ibid.). Power gempodéintials are also increasing as a result of
technological advances providing conversion efficiencies now ranging up to 20% for high
temperature (> 1800 °C) fluids.

In addition to hydrothermal resources, several other potentially sigihiéoaal georces

capable of power generation and direct heat use exist: 1) binary generation from the use of the

hot water discharged from conventional plagengration) and that available from the lower
temperature geothermal resources3(¥3C); 2he cascaded use of hot water discharged from
geothermal power stations for direct heat applications; 3) the massive geothermal energy

potential available within drilling depths' (3 ® . | ] RNM NJR rJw® LN RNM
enhanced geothermalesysttechnology (EGS); 4) the energy resources in the form of super

critical fluids inferred to exist deep beneath hydrothermal s¥skemysgBhot water

produced from oil and gas wells; 6) hot water present in deep sedimentary {shgires; 7) off

(undersea) 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 almmst gnywherk N my m| r R N )
surface.

Recent estimates indicate that using current technology hydrothermal resources, available at
some™M H Jnp RNM M RN ] 7Brplwm | Jwy N{JIm R OV



7080 GWby 2050. In addition, developmieother geothermal resources, including: EGS,

supefcritical fluids, hot watermmduced with oil and gas, hot water from deep sedimentary

basins, and effiore (undgr m| . 7~ N1 Wr L RNMr 1 | ¢’ rmylsrwmy ¢4 w|r
"1 ws | 1 wlopigs cordgapioy another 8PE$\RO50, resulting in a total global

geothermal power deployment of $n@\V/{ generatinglB2ZTWh/yr by 2050. This would

provideanestimateld |1 np [ 1 roéw 1 mdmwkGtef@Pemissionsf mr [ 1wy 1| s
displacing cafited generatiqiGoldstein et aR03.

Direct use technical potental tecently been assesse@@E33yr, with a probable
deployment o8 GW, and utilization af.6EJ/yproviding about 5% of the heating and
cooling demary 2D50and aving a further 0.8 Gt of £#nissiongbid.).

Geothermal ism @amportangglobal renewable energy resource, with many valuable

characteristics, including its: extensive global distribution, environmentally friendly character,
independence ofsma immunity from weather effects, indigenous nature, contribution to
development of diversified power, effectiveness for distributed application, sustainable
development capabilities and small argairibofhough geothermal predominantly operates

as a baseload provider of electricity with availability and load factors typically well above 90%, it
can also operate in a Hmldwing capacity, although at lesser efficiency.

Geothermal electricity generation and direct use development have legpegiends
rates worldwide for the past few years (Figure ES2; Tables ES2 and ES3) and future prospects
continue to look extremely positive.

Geothermal resources have the potential tosirakdeontribution towards meeting the

106w 71 fuserenengy rreed$ welljnto the future, while contributing to the reduction

of emissions and the mitigation of climate change. The global geothermal potential is enormous;
however, attaining maximum deploywiergquire lortermR&D.

Status of Ghal Geothermal Energy i1 201

Worldwide geothermal daterecomprehensivelyllectetor reporting at the World
Geothermal Congress 2010, held28nAg%il 2010, in Bali, Indonesia (Bertanl,@@d.0

201D In 2014nd 2012hese 2010 data werefally assessevth the global resuttsblished

by Bertani (2012nd Lund et al. (20I¥entyfour countries were producing electricity from
geothermal resources, with a total geothermal installed capacityldX¢@®dig With
electricity gemation of 8,954.35Wh, based on 2010 data (Bertaj,ugothted with 201

GIA Country Member data (Figure ES2, Table ESIL}hdr9ZBIA Member Countries
having geothermal generation contributed 8%oaf e global installed geothermaltyapac
and @ of the total geothermal power generated.

During the period 1950 to 1970 the worldwide geothermal installed capacity growth rate was
quite small, then began to accelerate following the energy crisis of the early 1970s, increasing by
a factoiof >6.5 between 1970 and 1985. Between @85 ahé worldwide geothermal

installed capacity increased by a factor of about 2.3, at a very uniform ratg'of (FRj@r&\W

ES2). However, between 2005 dnth@0ate of increase grew sigrilficarith a linear trend

of about 82 MW/yr to the end of 2Dinore than 1.7 times the odtthe previous 5 year

period. The capacity increase in GIA Member Countries(683520AW,) © 2005 (5,449

MW) = 526.3MW,, or about 8% @.®46/yr). Bble ES1 presents thidafd for GIA Member
Countries ar2D10 data ftine other 15 countries with geothermal power generation (Bertani,
202). Table ES2 illustrates the growth in installed capae2¥ EdeDgeneration (199H),

with 2006, @07, 2008009and 20%#&presenting minimum estimates.



Worldwide Geot hermal Installed Capacity 1950-2011
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Figure ES&orldwide geothermal installed capacity for the peri2l1 9%e 208201data
[blue triangles] includes GIA data f&r200and data for the other countries from Bertani
(2005, 2007, Z)1and has a trendline slopeb@hdW/yr. Data for 1952005 is from Bertani
(2010), with the 198805 data [magenta squares] having a trendline slop&/gh21Data
for 1950 to 1980 [green stars] is from Bertani (2010)
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As showin Table ES1, geothermal energy provides a major contribution to the national capacity
and national generation for several couRiesghtcountries (includingibetLihir[New

Guineagnd San Miguel Islafdsrtuga)] the geothermal instalbegacity now exceeds 10%

of national capacity, aidof these obtain7b?o of their electricity from geothermal. 1n 201

the contribution to national installed capacity for GIA Member Coummeznagily/ible
installation/generation ranged frogd. 8%, with a corresponding range in contribution to

national generation @f27.3%.

The total GIA geothermal generatith)y €89 6Wh/yr iequivient to a savings of about Wide
(using GIA conversion (Mongillo, 2005)) and avoided<s@mof 34.2841t. The
equivalergavings for the worldwide total generatiohas4.3Wh/yr is about.2Mtoe
and avoided G@missions of sonte®EMt (ibid).

A good indicator of the contribution a renewable energy resource makes is the ratio of the
power they generate to the installed capacity, which for the GIA Countrias5i®201
GWh/yr/M\Wwith the global average beifsg®Wh/yr/MW This quantity takes into account

the amount of time that the generator actually produces poweayagatie, factoFor
geothermal, this incorporates the resource availability (usually sustakugddojlingke

plant availability (affected by repairs and maintenance), and transmiskibovangpad
wylyRrRr| el rRY- aaitqpility Nacjors nhakde’it possible to pperate aj high | s
capacity factors, which for new installations are above 90%, making geothermal valuable for
baseload generation.



Table ESGeothermal power installed capacity and electricity generation foreGIA Memb

Countriesor 2011, with 2010 daté@#d5 ne@IA countriés (Bertani, 2B).

Installed Capacity] Annual Electricity Generat % of % of
Country (203 (203 National National
[MW] [GWhlyr] Capacity Energy
Australia* 0.1 19 Negligible Nedigible
Austria 1.4 3.8 Negligible Negligible
China (Tibet) 24 150 30 -
Costa Rica 166 1,131 8 13
El Salvador 204 1,422 15 26
Ethiopia 7.3 10 - -
France 17.7 56.6 - 0.01
Germanyg 73 18.7 Negligible Negligible
Guatemala 52 289 - -
Iceland 6646 4,700 24.8 27.3
Indonesia 1,197 9,600 - -
ltaly 8825 530 - 1.8
Japan 540.1 2,652.2 0z 0.3
Kenya 202 1,430 u 22
Mexico 9580 6,5240 17 24
New Zealand 7940 57700 7444 134
Nicaragua 88 310 11 -
Papua New Guinea
(Lihir Island) 56 450 75 75 (Lihir)
Philippines 1,904 10,311 12 17
Portugal
(San Miguel Island) 29 175 25 40 (San Miguel)
Russia 82 441 Negligible Negligible
Thailand 0.3 20 Negligible Negligible
Turkey 91 490 Negligible Negligible
USA 311 16,700 Negligital 04
Total GIA Countries 6,975.3 41,739.5 - -
Total Global*** 11,079.3 67,954.3 - -

* GIA Member Countrybold fontdata from 20Country Reports

** The Bertani (Z)Hata is for the period to the end of 2009

# GIA data from 2011 GIA TrendtR2pbB)

## From NZ Country Report September 2012 GeothermBtdipldgh8 ExCo Meeting, Pisa, Italy
*** Using 2010 data for @A Member countries

In 201, 78 countries were utilizing geothermal energy for direct heat applications, including:
geothermal heat pumps (GHPSs); space, greenhouse and aquaculture pond heating;
agricultural drying; industrial uses; bathing and swimming; cooling; and snow melting (Lund
et al, 20). The total worldwide installed captxitye end of 200@as abow8,493

MW, with a total thermal energy usage of aB8830TJ/yr (Table ES3yp/). In 201

the 13 GIA Member Countries had a total installed thermal power capacity of approximately
26,869MW,, and utilized abo@04,583J/yr (Table ES3). Itssimated that in 2D1

somel.5million GHP units were installeIA Member countries (GIA3)20ith a total

of about 2.76 million (12 kW equivalent) instalielsviden 201@Lund et al., 2011



Table ES2Voridwidénstalld geothermal capa¢t95@0)and electricity generation (2995
The generation for 2a8&1 dtilizesGIA Member Country data.

Year 1950* 1955% 1960* 1965*| 1970* 1975 | 1986 | 1985 | 1996 | 1995 | 2000 | 2005 | 2006 | 2007 | 2008 | 2009 2010 2011
Geotherma
Installed
Genmating | 200 | 270 | 386 | 520 | 720 | 1,180 2,110 4,764| 5,834| 6,833 | 7,972| 8,933 | 9,452 | 10,026 10,405 10,565 10,892 11,079.9
Capacity
(MW
Electricity
Generation] - - - - - - - - - 38,035| 49,261 53,649 55,209| 56,782| 57,957| 58,494| 66,184 67,954.3
(GWhiyr)
* |nstalld capacity data for 15 countries from Berdigwi2OQupdates for GIA countries for-20QT
# Generation daftar 1995 and 20@from Bertani (20%; 2005from Bertani2007 and 2002011 from Bertani (2012)
with updates for GIA countries
Table ES3Vorldwide direct use categories and their develB9f200a, 2005 a@dl qfrom Lund et al., 201
andincorporatingpdates for Giember countries for 2007, 2008, 2010 and 2011
Installed Capacity Utilization
Category (MV&) (TIlyr)
1995/ 2000 | 2005 | 2007 | 2008 | 2018 2011 1995 2000 2005 2007 2008 2018 2011
Ge°thg{j’r‘r‘$sheat 1,854 5275| 15384 - - | 33134 - 14,617 | 23.275| 87,503| - - | 200,149 -
Space heating 2,579| 3,263| 4,366 - - 5,394 - 38,230 42,926| 55,256 - - 63,025 -
Greenhouse heating | 1,085 1,246| 1,404 - - 1,544 - 15,742 | 17,864| 20,661 - - 23,264 -
Aquaculture pond } ) i} R R -
heating 1,097, 605 616 653 13,493 11,733 10,976 11,521
Agricultural drying 67 74 157 - - 125 - 1,124 1,038 | 2,013 - - 1,635 -
Indugrial uses 544 | 474 484 - - 533 - 10,120 10,220| 10,868 - - 11,745 -
Bathing and swimmin| 1,085 3,957 | 5,401 - - 6,700 - 15,742 | 79,546| 83,018 - - 109,41 -
Cooling/snow melting] 115| 114 371 - - 368 - 1,124 1,063 | 2,032 - - 2,126 -
Others 238 137 86 - - 42 - 2,249 3,034 1,045 - - 955 -
Worldwide Totédlund)| 8,664 15,145 28,269 - - 48,493 - 112,441 | 190,699 273,372 329,270| 329,880 423,830 -
Worldwide Total (GIA - - - - - - 54,200 - - - - - - 459,000
GIA Countries**
Australia - - - - - 132 37 - - - - - 1,314 324
France - - - - - 2,016 | 2,016 - - - - - 14,557 | 12,937
Germany - - - - - 3,063 | 3,183 - - - - - 11,449| 16,558
Iceland - - - - - 2,065 2,061 - - - - 24,621 | 25,200
Italy - - - - - 1,000 1,000 - - - - - 12,599 | 12,599
Japan - - - - - 2,099 2,100 - - - - - 25,698 | 25,708
Korea - - - - - 273 462 - - - - - 1,497 2,240
Mexico - - - - - 156 156 - - - - - 2,558 2,558
New Zealand - - - - - 385 396 - - - - - 10,156| 10,160
Norway - - - - - 1,000 | 1,000 - - - - - 10,800 | 10,800
Spain - - - - - 92 96 - - - - - 688 703
Switzerland - - - - - 1,366 1,497 - - - - - 7,152 6,876
UK - - - - - - 301 - - - - - - 1,801
USA - - - - - 12,564| 12,564 - - - - - 76,119| 76,119
Total GIA Countries - - - 20,547 21,0000 26,211 26,869 - - - 154,560 155,17¢ 199,208 204583

* Data for2009excluded due to lacldafafor this yeafrom some Glember countries

** GIA data frora007, 2008, 2010 &@d GIACountryReportend2011 GlErend Report
# Lund et al. (2011) data is for the period to the end of 2009
© From P11 GIA Trend Report



Worldwide direct use installgubcity has increased by atiatl9etweeP005and 201

(Table ES3), witlorrespondingrdct energy use inciegby about 8%. The total use of
about459,000rJ/yr is equivalent to an annualgsef aboué 2Mtoe/yr in fuel oil arkR.2

Mt/yr in avoided G@missions (GIA conversions, Mongillo (2005)). Direct use in GIA Member
Countrie204,583 J/yr in 2Qlwas equivalent to a savingslbftoe/yr and avoided £O

emissions of abo® 2Mt/yr.

The IEAGIA an Overview

The IEAGIA was founded in 1997, and was5 ylear of its'8 Termof operation at the

end of 201 At the request of the IEA, the GIA agreed in 2010 to extendrtheb$ one

year, taking it to 28 Februar20The GIA provides a versatile framewarkfoehensive

international cooperation in geothermal Ré&dddmishing links betweational and industry
programmes for exploration, development and utilization of geothermal resources, with
emphasis anhancing effectiveness throoghectingeothermal experts in the participating
wislrrem |Jw elwgyrremy-  ONm nmimr| ¢ ywlirm
scientific collaborative efforts to: compile and exchange improved infavoridioie

geothermal energy R&D concerning existing and potential technologies and practices, develop
improved technologies for geothermal energy utilization, and improve the understanding of the
environmental benefits of geothermal energy and veagotar@aimize its environmental

impacts. GIA collaboration provides researchers with opportunities for information exchange via
meetings, workshops and networking. Memalyalso participate in R&D projectshaul

in thedeveloment ofdatabasesoatels and handbookarticipants magptain an

international perspective on geothermal issues, opportunities and envappropritatly

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

ONm 3'Fdom Mission is:

To promote the sustainable utilization of geothermal energy throughout the world by improving
existing and developing new technologies to render exploitable the vast and widespread global
geothermal resources, by facilitating the tafiisfenhow, by providing high quality

elnyra| Ryl [ 1w By [foeump), wys1i188]le6ew/ rRelIn nmy
environmental benefits, and thereby contribute to the mitigation of climate change.

To realize this Mission, six Strategic Qbjjectivn |{ ws)] RNmM 24U ) | wrRes 6RO M

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

U To collect, improve/develop and disseminate geothermal RD&D policy information
for IEA Member and Adember 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 othendtitemal organizations and appropriate
implementing agreements

U To broaden and increase the dissemination of information on geothermal energy and
RNM 8aaU 17 | wrReserem |Jwy JBRIBR]T RJ wWmwe)
general public

Activitiescalled Tasks, are defined and organized in broad topics termed Annexes. Participants
must take part in at least one Annex. Annex titles, status, leadership and participation are
provided in Table 1.2, Chapter 1. An Executive Committeen&siigodf one voting

Member from each Member Country and Sponsor (industry/industry orgaipeatises,

the GIA and its decrsare binding on all Members.



k e ] wnm fmatonthd Ahhexes have operated under tishaaislg finance mode,

wherby participants allocate specified resources and personnel to conduct their portion of the
work at their own expense. Total Annex efforts conducted under the auspicesef the GIA
estimated to amountgeveral mayrears time (GIA, 2006).

In March 2 the ExCo established a GIA Secretariat to provide it with administrative and
other assistance. The Secretariat is funded thresigarizmstwith all GIA Members
wylrRreBsreln rRy | Ugaaygl dly [wwirweln rRL |

Atthe end of 20there wer20IEAGIA Members: the European Commiésionntties:

Australia, France, Germany, Iceland, Italy, Japan, Mexico, New Zealand, Norway, the Republic of Korea,
Spain, Switzerlattte United Kingdand the United Stateg)duistry Sponsors: Geodynamics,

Green Rock Energy and ORMAT Technologies; and 2 organization Sponsors: the Canadian
Geothermal Energy Association (CanGEA) and the Geothermal Group of the Spanish Renewable
Energy Association {&°FPA).

Collaborative Actigs
The Annexes

In 201 GIA participants worked on five broad research topics, and conkibutgdte & U "
geothermal data collection and analysis effort, specified in the following Annexes:

Annex-lIEnvironmental Impacts of Geothermal Energy Bawelopm
Annex HIEnhanced Geothermal Systems

Annex VMIAdvanced Geothermal Drilling Techniques

Annex VHDirect Use of Geothermal Energy

Annex XData Collection and Information

i
i
i
i
i
0 Annex Xlnduced Seismicity

Annexes | and lll have been operating sioiggitiad implementing agreement was initiated in

1997, and have continued programmes 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, w&s unanimously continued by the ExC8.tdA20Exes X and XI were both opened in

October 2009, with their activities begun in 2010. Four other Annexes have been drafted since the
start of the organization, wittshallow Geothermal Resources- @&ebtkermal Market

Acceleration subsequently closed. The possibility remains for draftSustaixediity of

Geothermal Energy Utilization arf@adthermal Power Generation Cycles to be initiated if

sufficient interest arises. The status oftlexes is presented in Table 1.2, Chapter 1Df the 201
Annual Report.

O pnmf 4p rRNm 2840 1 1| &y r [HYea argwesenterhbelqwl wy U1 1 mf
Details are available in Chapter 1 and in the Annex Reports included H7 Cfthpt@l2
Report.

IEAGIA ExCo and Annex Meetingsin 201

The IEAGIAheld two ExCo Meetings il 28xd they are briefly described in Chapter 1 of this

Annual Report. TB8" ExCo Meetingetat the IEA Headquarters in Paris, Fraredy

May2dl |3 rl rRrR 4N RN itsclesg felatipnshippwjthjithe EA and keeps | e 1 R | o ]
themupgow| RmM [ e RN R N mM |Rarjcipatienpdreratovglyligh (3), Withur 6 s 8 R 8 M -
threelEA representatives attending, including Paolo Frankl,dEdeHEZdRenewable

Energy Division. Annexes I, lll, VIl beld ¥echnical meetingsch ~2 hours loagd

Annex XI helddaylongjoint meeting with the IPGT Induced Seismicity Group during the two

day period prior to the ExCo Meetrmex méiags provide the opportunity to discuss and

assess current and planned activities. Importantls®ae® Annex activities that have

arisen during the year, e.g., induced seismicity and sustamalsibtgxamined. The status of

1C



Annex operafis, including activities, achievements, challenges, etc., is also reported at the ExCo
meetings.

The 26 ExCo Meeting was held in London, UK, at the end of September 2011, in association

with the First UK Geothermal Symposiumgneered Geothermstesy Energy in the UK

and a Global Perspeciivavhich six ExCo MemladssparticipatedTwentythree people

attendedhe ExCo Meetirand Mr Greg BarkEfinister for the Department of Energy &

Climate Change (DECC), t askodmmitnerdto enewvabledné UK Gover nm
geothermal energyAnnexesk Ill, VIl an&Kmet on the day prior to the ExCo Meeting

US DOE Geothermal Technologies Program Peer Review, Bethesda, Maryland, USA

Several GIA ExCo Members and the Secretary partittipatextking US DOE Geothermal

Technologies Peer Review held idwael2011, thus providing international experience and

perspectiv® the process ONm @2aU UN|er |[Jw kmwrmr[ry [ mrm
proposal funding mechanisttagethereviewed 19 projects. In addition, both made lunch

Redlm rrmmIrR| RO wymwreBeln RNM @aalU | | wrRes

EGS Energy in the UK and a Global Perspective Seminar, London, UK

Six GIA ExCo Membsard an AnndH participantontributed to thisday seminavith

discussiorasf EGS development in the USA, Germany, Australia, France and South Korea; as
well aother pertinent topics, includimg global geothermal and EGS pqtantiacaling

up, sustainabilignd industrial partnership

Stanford Gdetrmal Reservoir Workshop, Stanford, California, USA

GIA ExCo Members presented two papers 4t 8tarB6rd Geothermal ResewWorkshop,
in early2011 coveritihg expectations for geothermal energy to the end of this century and real
time monitorig at EGS system sites.

Geothermal Resources Council Annual MegBanaDieg&alifornia, USA

The GIA participated at thel2bhual Meeting of the GRC he®himDiegdalifornia, USA,
in October 201A papeproviding a summarycofirent gibal geothermal utilization and
recenestimates of global potential for direct use and power gevesatiesented

IPCCSpecial Report Benewable Enegpurces and Climate Change Mitigation

Several GIA participants played key roles in thatiprep&hapter 45eothermdtnergyf
the IPCC Special Report on Renewable Energy Sources (SRREN) by acting as Coordinating, Lead
and Contributing Authors. This extremely important dovaspefilished iMay2011.

Continuation of GIA Proposal tmtidor Supplementary Activities

Thea a nggingtrongdfinancial position has allowed its prdposihgscheméo

continue, makirfignds from th&lA Common Fuasailabléor approved supplementary
activities related to ExCo initiatives or Aaskxadtivitiedn 2011, a proposal requesting
support for the Chair and the Secretary to partatiffaé&lS DOE Geothermal Technologies
Program Peer Reweas funded.

GIA Participation in IEA Activities

In 201 the GIA continudd active involugentwith the IEA through its participation at
severatventsncludinghe REWP Renewable Energy confatesmuiance and )
contributions tawoIEAf | r ®1 NL 1 1_ [ r m) m3'AérmReparttoghg RNmM 2a U’
59" REWP Meetirendby provdingafinal review and comments on/& Technology

Roadmap for Geothermal Heat and, Rowadrwas published in June 2011.

11



Geothermal Enendtilizatiorand the Environment (Annex 1)

Geothermanergys a renewabtesourcehatproduces significantly le@s&inissions than

fossil fuels, and accordjiglgmajorpotential for reducing global warming effects. Its
utilizationis mostly environmentally berflgrugtsome local environmental proliesys

occur. Toexpandhe use of geothermal energy ntpsitant to identify possible adverse and
beneficial environmental effectspatelise and adopt measures to avoid or minimize adverse
impacts, while encouragindtreeficial ones

Annex-lEnvironmental Impacts of Geothermal Energy Developitiesaantto encourage

the sustainable development of geothermal energy resources in an economic and
environmentally responsible manner; to quantify and balance any adverse and beneficial impacts
that geothermal energy development may have on the et\drahtoedentify ways of

avoiding, remedying or mitigating adverse effects.

The sustainahlélizatiorof geothermal resourceamnimiternationallgecognized gpahd

RN mm 1 m| r ) Annexpaytigipargsalogg with othgr geothepspEcialists,

successfully contributed with thecompletion of the chapter on geothermal entrgy
Intergovernmental Panel on Climate Change (IPCC) Special Report on Renewable Energy
Sources and Climate Change Mitigdtiah was publishedMiay201(PCC 2011

Geothermal ChapteBupplementanyaperslerived from this work were presented at two
international geothermal meetings iariithe sustainabldeployment advice was

incorporated in the final publist&dl Technology Roadmap for Geothermal Heat amd Power
June 2011.

In additionAnnex participants took part in technical collaborative meetings in association with
the two201ExCdVeetings (Paris, France and London, UKinserdupapers were

presented by Annex | participants on environmental research, improved sustainability strategies
and monitoring methoddair conferenceblew collaborative efforts were also initiated on
severalopicsincluding satellite IR monitoringthadrotection of hot springs from potential
development beneath national parks.

Accessing Geothermal Resources Using Enhancement Techniques (Annex Ill)

Huge heat resources consisting of high tenepevatapoor rock are available within

current drilling depths (>3 km) almost anywhere on earth. -Ameanidbd Geothermal

Systems (EGS) has been designed to investigate new and improved eeghhgtirgiac(
fracturinyyvia internationabiaboration tdevelogngineered heat exchangers attdeptable

commercial heat extraction for electricity production and, in somgesasesioroof heat for

direct use applications. These technologies can also be used to help sustaieRedgnha
production at existing conventional hydrothermal developments through increasing permeability
and via reinjection. The successful development of EGS is presently one of the major challenges
facing the international geothermal commideityiaefundingavailable to the various

participants in 2QiIw R 4{ N B r R N Mr majomeffertaralactiviies.n rRNm Ul 1 mf~
Reducing Geothermal Drilling and Logging Costs (Annex VII)

Drilling is an essential and expensive part of geothermal exigloeidjument, and

utilization. Drilling, logging, and completing geothermal wells are expensive because of the high
temperatures and hard, fractured formations encountered. The consequencésesereducing
costsare often impressive, because drillimgeirmbmpletion can account for more than half

of the capital cost for a geothermal power pidjélihg cost reduction can result from faster

drilling rates, increased bit or tool life, less troubleffsyistuck pipe, etc.), highemgdr

praduction through multterals, and others.

Annex WIAdvanced Drilling and Logging Technology pintadte ways and means to

reduce the cost of geothermal drilling thtbedbllowing activitiddeveloping a detailed
understanding of worldwigethermal drilling costs, 2) compiling a directory of geothermal

12
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drilling practices and how they vary globally and 3) developing improved drilling and logging
technologiedajor objectives incluglgaining a quantitative understanding of gloiog drill

costs and identifying ways to reduce them while maintaining or enhancing Ipyoductivity;
identifying and developing new/improved technologies for significantly reducing geothermal well
construction costyjnforming thénternational geothermal camity about these drilling
technologieand dproviding a means for international cooperation, Betdaest

The nost significant Annaativity for 2011 was the initiatiovodf on the well cost model.

Direct Use of Geothermal Heat (Annex VIlI)

Geothermal water has been used for centuries for various appliayjamy lime hot

geothermal water present in surface springs was used, mainly for bathing, cooking and for
therapeutic purposes. In recent decades, direct use of geothbasarvate and today,

geothermal energwyigilableverywhemndused for many applications that require heat, such
assuch as heating buildings, individually or for whole towns (district heating); raising plants in
greenhouses, drying crops, hewgiteg at fish farms, snow melting, bathing and for

therapeutic purposes and several industrial processes. Heating and cooling with the help of
constant temperatures in the shallow subsurface (<300 m depth) throtdgiotive well

technology of grousduce heat pumps (GSHP) or geothermal heat pumps (GHP) has now
become the most important form of direct use and rapidly grows in terms of capacity and also
worldwide deployment.

Though rany direct use applications are well developed and economicalbyeviadsieation
difficulties and unfavourable econaneistill major challengesnnex VHDirect Use of
Geothermal Resourees established to promote further direct use of geothermal heat
through collaborative activities

The objectives of thisn&x are to: define and characterize diregiplisations with

emphasis on defining barriers to their widespread application; identify and promote
opportunities for new and innovative applications, define and initiate research to remove
barriers, enhameconomics and promote implementation; test and standardize equipment; and
develop engineering standards.

In 2011, Annex activéires outputsveredescribed at various seminars, bidergification

and opportunity falirect use resultdbtainedvere used to design and be incorporated into

the second annual GIA Trend Report (Aneegikgering standdiatsdesign documents

and references were collected from five countries, and the basic data/information required for
presenting data on GIS has loEmtified and that remaining to be obtained determined.

Geothermal Data and Information (Annex X)

The value of collecting, analyzing and publishing geothermal use data and information is well
recognizednd Annex X Data Collection and Informatimitiatzs tacollect essential data

on geothermal energy uses, trends and developments in GIA countries and to publish these data
in an annuateport. This report shall provide a brief overview of the geothermal energy data,

such as installed capacjpiiesluced electricity and heat, supplemented by political and

economic information relevant to the development of geothermal energy in GIA member
countries. There are plans to extend this data collection to inGLAI&eorber Countries,

if reliable datean be obtained.

In 201 therequired data/information was collected thpogtiers completing@readsheet
guestionnairand comparison was made with additional worldwide data obtained from sources
such as the Worl@@hermal Congress publicatiéndraft GIA Report, Trends in

Geothermal Applications, was completed using 2am@ tedinal report is available on the

GIA website (Gl2012).



Induced Seismicity (Annex XI)

A seismic event is an earthquake that is inducednhgdaartties such as fluid injection,
reservoir impoundment, mining, and other activities. In termect¥iE€duced event
canoccur during the operationfradture stimulatiofhjid injection and/8uid withdrawal.

Annex XI encourages intemalticooperation to determine the steps needed to be taken to

make EGS/fluid injection a safe and economic technology that is accepted by the public and
useful to the industry. This includes not only steps to allow acceptance of EGS technology by the
puble, regulators and policy makers, but also allows induced seismicity to become a useful tool
to optimize EGS applications.

In 201 thespecifiobjectives of the Annex vegmeed at reducing uncertainty associated with
acceptability issues to facilitadea@celerate geothermal energy developinjectives

included: ajevelop accepted approaches for addressing technical and public acceptance issues
that industrgan use as a guidedevelop a methodology to asses3idekitify areas of
collabation/cooperatiandd) identify keparriersand areas of technology development and

research

The first Annex XI meeting wasdidlEA HQ, Paria,May201hs a joint session with the 7

IPGT Induced Seismicity Group1&igarticipants froeven countries. Eight strategic issues

were definedhcluding tasks to investigate the establishment of demonstration areas and global
test sites, to develop frameworks for hazard and risk asapdsmamitelop mitigation

options. &sons/countriessponsible for the tasks werddgstified. The draft newnduced

seismicity protocol developed by USDOE was didcsssedd joint Annex XI/IPGT meeting

was held in Melbourne, Australia, in November 2011, and attended by participants from seven
countries Several tasklated actions were defimeduding decisions apcompile a glossary

of termsb) define what data should be colledtiitk the various international demonstration
projects at a website to make mat@availabjendd) draftan induced seismicity white

paper on hazard and risk/mitigation

Plans for@L2ncludedevelopment of a more detailed task list, completion of a draft white
paper, and continued pursuit of various forms of communication fogpialbdics eend
operators.

National Activities

The geothermal programmes of the GIA Country Members provide the basis for the-cooperative IEA
GIA geothermal activities. These programmes focus on the exploration, development and utilization of
geothermaésources. A comprehensive description of the current status of geothermal activities for
each of the participating countries and the EC is provisladmugh Report (Chapte)8

In 201 Contracting Parties frontddntries and the Eurap&ommission (EC) participated

in the IEAGIA. The Member Countries were: Australia, France, Germany, Iceland, Italy, Japan,
Mexico, New Zealand, Norway, the Republic of Korea, Spain, Switheté&hHingdom

and the United States.

Contributions of GIA Members todP@eneration and Direct Use

In 201 thenineGIA Member Countries with geothermal generation had a combined installed
capacity of abouB85MW,, or about 63% of the total global geothermal capdc@y®f 1

MW, andgeneratedll,74GWh/yr, or abo60% of the total geothermal generatidn @64

GWhlyr (TaldeeSaAnd ES4 The United States was by far the largest producer, generating
about@,700 GWh/yr, with Mexico second wsv&Wh/yr antlew Zealantird with
5770GWh/yr. The percentaftional installed capacity contributed by geothermal in the 5
IEAGIA Member Countries with-negligible power development ranged from 0.2% for Japan
to 24.8nfor Iceland, with an average of @&®at The contribution of geothermal to national
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genedtion in Member Countries ranged fighforJapato 27.0% for Iceland, with an average

of 76%.

Table ES#otal geothermal installed capacity, electricity generation and direct use in
GIA Member Countries inl201

Electrical % of % of Installed
Count Installed A@:ﬁég?:égy National | National| Thermal | Annual Energy Us
Yy Capaity (GWhiyr) Capacity | Energy Power (TJlyr)
(MW) (Range) | (Range)| (MW)
GIA Member

Countries 6,975 41,740 0.224.8 0.327.3 26,869 204,583

Worldwide Total** 1079 67,954 54,200 459,000
GIA % 'I(')(];t\::\\llorldWid 63 61 55 45

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

All 13 GIA Member Countries utilized geothermal in direct applicationhin fiial

installed capacibf26,869MW;, and total thermal energy used amoun@8g o33 J/yr

(Table ES5). The three largest users of geothermal heat by far weré tEBUIgHA, Japan
(25708TJlyr), and Icelarb 200rJ/yr). However, thehagh enthalpy geotimad countries,
Francel2,93TJ/yr), Germary6(558 J/yr), Norway (10,800 TJ/yr and Switze8a6d J/yr)

also had very high utilization, mainly due to the large and growing geothermal heat pump usage.

Table ES%eothermal direct use in GIA Me@buntries in 201

Country Installe(zl\;lrc\grmal Powel Annuaz!r I;lr;ler)rgy Used
Australia 37 324
France 2,016 12,937
Germany 3,183 16,558
Iceland 2,061 25,200
Italy 1,000 12,599
Japan 2,100 25,708
Mexico 156 2,558
New Zealand 3% 10,160
Norway 1,000 10,800
Republic of Korea 462 2,240
Spain 96 703
Switzerland 1,497 6,876
USA 12,564 76,119
Total for GA* 26,869 204,583
* Total excludes the EC
Sponsor Activities

At the end of 2011, the GIA had 5 Sponsor Members, 3 franGemlhgtgmics Limited and

Green Rock Energy Limited from Australia; and Ormat Technologies, Inc. from the USA; and 2
industry organizations: the Canadian Geothermal Energy Association (CanGEA) and the
Geothermal Group of the Spanish Renewable EneatjpriAESERIPPA).



Industry Sponsors
Geodynamics Limited

amiupn ll1ew Aeltermuw. UsyRrRr|l o6 7 J41R | wsl|llwm
companyincorporated and domiciled in Australia, and was listed on the Austradian Securit

Exchange on September.2G@ddynamics has a specific focus on the economic extraction of

heat from hot rocks using enhanced geothermal systems (EGS) WliedlegZompany

holds geothermal exploration licences in South Australia, NealeSoNtirtAern Territory and

Queensland, the majority of efforts are currently focused on extracting heat from its geothermal
tenements near Innamincka in South Australia, wHeraghigtiuction granite buried-3.6

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

The company spent the 2011 year planning for the drilling of a replacement well for well
Habanero 3. Habanero 3 suffered a catastrophic failure in April 2009 when the three casing
strings fractured the top 6m of the well. Habanero 4 was designed to mitigate two possible
causes of casing failure, (1) hydrogen embrittlement from the native granite formation water,
with failure related to corrosioregdtivelyow temperatures, and (2) caustic cracking from
allaline fluids likely teve remained tine top of the inner annuafter a inadequate

cement jalwith failure related to corrosion at high temperatures.

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

Green Rock Egg Limited

Green Rock Energy Limited is a public energy company listed on the Australian Securities
Exchangeltsgeothermal energy fotsusn developing two commercial scale power

projects from geothermal energy recovered from hot sedimentaryGrrpiifeogect is

in Hungary and the otharthe Nrth Perth Basin in Western Australia.

Duringth0L m| r RNm Uyguar | J1° 17 | wWrReserRem) nJr BJIRN
there are natural permeable reservoirs with sufficient geotheftovalgai@htial to sustain 5
commercial scale power projects.mml] K] we® 1 [ | r acormentratedian G| r RN G|
locating and mapping permeable fractured reservoirs within areas of highest heat flows near

exiing power transmission lines.

Green RikEnergy is actireHungary through the Hungarian joint venture company Central
Usr g rmll] amyrRNmra| ¢ Ulmrny ~UUaU, [ NewN [ m
largest companZEGE has been waiting to be awarded the concession and formal approvals to
enable it to proceed with drilling a production well into the identified naturally permeable

reservoir. CEGE formulated plans to carry out a #tediginietsurvey of the area to delineate

the extent of fluishturatechaturallyfractured reservoirs aipth.

Ormat Technologies, Inc.

Ormat Technologies, based in the USA, is a leading vertically integrated company engaged

el RNmM nMMIRNMrJI [ ¢ [Jw rmwismrmwy mlmrnl - m-_
hasover40 m| r 1~ with @RGraedrdfearsnpf its applications to geothermal

development. Ormat explategelops, designs, builds, owns and operates clean,

environmentally friendly geothermal and recovered enbegpg(RiHwer plants. In addition,

the company also desigra)jufactuseand sells power units and other power generating

equipment for geothermal andb&¥ed electricity generation (REG)

As of December 2@rmat owned and operate@B-Ns\W, of geothermal and ~53 MW

REGnN the United Statetn totalOrmathas builepproximatelybQOMW, of geothermal,

REG and solar installations worldwide, in 24 countries. Geothermal represents over 90% of the
total installation. In the U.S, Ormat has deployed approximately 70% of the geothermal capacity
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installedince 2000. Ormat has grown to a tearorefthari2 employees worldwide, with
approximately26in the United States. It also has itsmehause drilling company, GeoDrill,
with ninerigs capable of drilling to 5,500 m and over 100 staff.

In 2D and 201@rmat added approximagyMW. of gross geothermal capacity wortdwide

I [ NewN_ RIL r4fmr ¢l IJRY wmsmoéyrmwy el Gms| w
greenfield project8s of September 2012, Ormat owned 586 MW of geothernwleard re

energy in the US, Nicaragua, Kenyzuateimala

In 201 Ormatachieved strong results, completing new prakictg,considerable progress in
production, develominend exploration activities, and receiving record atdérevehues
increased by 17% (relative to 20U@®#87M, withproduct increases o¢/@® US$ 13.2 M.
Hectricityrevenues grew to US$ 323&bbyt Roper annum growth rate

Ormat has various leases and concessions for geothermal resources of @fpaDdmately
acres id2 sitesdcated in Alaska, California, Nevada, Hawaii, Oregon, Idaho and Utah in the
United States, and in Chile, Guatemala and New Zealand.

gri R ) elsié¢smwy el ymsmr| ¢ K U [rfEMWRI_ ol
and Desert Peak, Nevadajvaune exploration and drilling technology (with US DoE in

Hawaii, Oregon and California; and in Alaska}pesatliction with oil wells (with US DoE at

the Rocky Mountain Oil Test Cen@mnat is also exploring, vlindia National

Laboratoriesil & gasghalemining drilling technologies and opeahtioethod$n attemp

to identify commercially available drilling technologies and drilling aiéchtaam fit, with

proper modifications, to geothermal drilling needs

Organization Sponsors
Canadiandgadthermal Energy Association

The Canadian Geothermal Energy Association (CanGEA), an industry organization Sponsor
Member of the GIA, is a+poofit association that promotes the development and use of
sustainable geothermal energy in Canada. Th&rdocuoderate to high temperature

rmy 4 Brwm E ¢t ¢U, npir rafmr nmlmr|rReyl-

CanGEA hosted two successful conferences in September and November 2011 that demonstrated
strong international representation. These conferences included the Annual Geothermal
Conference & Investment Forum in Toronto, which commenced with the opening of the TSX by
CanGEA members, and the Annual Geothermal Power Forum in Calgary. CanGEA also presented
at the Opening Session of the GRC Annual Meeting in OctdhiéalPtthg has been

secured for the first steps of the work on the roadmap, while remaining funding is being sought
with government and corporate sponsors.

The Canadian geothermal energy industry continued to promote investor confidence with its
Canadian Geotimal Code for Public Reporting. The Code provides a minimum set of
requirements for the public reporting of Exploration Results, Geothermal Resources and
Geothermal ReserveanGEA has also begun work on preparation of data sets for a national
geothernalatabase, starting with the province of Alberta. This is based on an international
protocol for assessing geothermal resource data and the Canadian Geothermal Code for Public
Reporting. Partial funding from Alberta Inndwagegy and Environment &wistand

through an industry champion has already been secured

CanGEA has maintained a wide membership consisting of approximately 45 members. These
members include geothermal developers, equipment manufacturers amdficrikties,

specializing ingtconsulting, engineering, construction, financial, and legal aspects of
geothermal energy.
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CanGEtends to host a Technology Information Session on the Canadian Geothermal Power
& Direct Use of Heat Technology Roadmap and Implementation PlahZn early 2

Geothermal Departme®panish Renewable Energy Association

The Geothermal Department of the Spanish Renewable Energy(ABsb&japoesents

RNM nNMIRNMrJI | ¢ 1 miBmr) el R pandpartcipatesihthg | ¢ ® R 6 W _
development of Spanish energy and environmental policy. APPA itself represents more than 500
producers, businesses and other associations in the Spanish renewable energy sector, with the
Geothermal Department compriskogmpany members in the highadpgtgeothermal

section an80 members in the low enthalpy one.

The most important milestaohieved in 2011 ihasnclusiorof geothermal energy within
the Spanish Renewable Energy Plan (REGR®D14 is the first timgeothermanergy
has beeincorporated inthie national energy planning and its potestialonsidered a
contributotowardsts objectives. The objectives establishedhe new PER 2R020 are
guitemodest comparedttee true potential bbthhigh enthalpy geothermal erfergy
electricity producti@amdiow enthalpy geothermal energy for heat proditaisector is
valued very positivEpain, and a number of specific measwebeen proposegromote
its development in the coming years.

The industrial sector hasrkedhroughout 2011 to promote the progress of geothermal energy
at all levels, both institutional (national and regiorialyi@itdociety. To do this, in 2011, at

the policy level, the sector has been involved in the process of revisirRethddRildrs n
Thermal Installations in Buildings) and the development of the RITE standard publication
"Designing Systems Geothermal Heat Pump". It has also been involved in developing the
standard of AENOR (Spanish Association for Standardizattificandnésr the design,
implementation, and monitoring of shallow closed loop vertical geothermaltmbillation
extended for all the other geothermal heat exchanger &initiéieékere are currently no

specific regulations for such shadlothermal instillations, it is essential to establish a
regulatory framework to ensure quality and proper functioning of the facilities.

Plans for 2RAnd Beyond

The GlAlango extend its efforts and will continue to pursue new membershiprih 201
onwards. The GMII maintairits joint effortsvith the IPGThduced Seismicity Group to
encourage internatioc@bperation to determine the segusiredo make EGS/fluid injection
a safe and economic technology that is accepted by the pabfid émthe industry.

Based upon the success dirgt€201PGIA Trend Report producedbgex X, the GIA will
continueo strongly support productiortteé annuadlocumeninto the futureand use it

along with the GIA Annual Refmodissemate geothermal data/information and to represent
the GlAat international meetings, etc.

The GIA will continue its strong support of the IgAwgingcurrent geothermal
data/information, contributingE@publications, and by taking part in RB##Pgs. The
GIA willalsdbepreparingts Enebf-3°%-Termreportand its #-Term Strategic Plan as part of
its request for extensifon anotheryear term of operation

Participation at important international scientific meetings will contirnphadeeel. In

2012, GIA will hold its spring ExCo Meeting in Oslo, Norway, in association with the Oslo
Geothermal Week. The GIA Chair and Secretary will also be participating at the Understanding
Geological Systems for Geothermal Energy Cours8iati¥ritaly in autumn 2012.

Continued participation at the annual NZGW, Stanford and GRC watkebxpecied.

Thea & Btrong financial positianthe end of 204ill alloncontinuatioof the successful
proposdiunding programnfiesing a portioof the GIA Common Futa$upport special
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international statuSeveral proposals are already expected.

Theglobal financial crithet commenced the ad of 200&ontinues to be felt throughout
the international geothermal community, though growth in geothermal devekimuesnt

in severatountriesprovidinggome optimisfor the future Geothermal energy can make a
considerable contribution to providing satsaienewable 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

Champagne Pool at Waiotapu Geotleefdaprotected geothermal sys'tém
the Waikato Region.
(Photo courtesy of GNS, New Zealand)

1.0 The IEA Geothermal Research and Technology Programme

auluU 7 mpnyprr) el nmy RN myear|ody stogllesthanwere mn | 1 el v
completkin 1981. Following-&dd hiatus, the IEA Implementing Agreement for a

Cooperative Programme on Geothermal Research and Technology, or Geothermal Implementing
Agreement (GIA), was established on 7 March 1997, with an initial term oBinB}kars.

the GlAwasn its 3 5-year term of operation, which continues to 28 February 2013.

The GIA provides a flexible framewaork for international cooperation in geothermal research and
development by linking national and industry programmes foorexpéwabpment and

utilization of geothermal resources. Emphasis is on increasing effectiveness through establishing
direct cooperative links among geothermal experts in the participating countries, industries and
organizations. The general scopeafdhd” 7 | wrReserRem] wili1e1RrR L1 n el
efforts to compile and exchange current and accurate information on global geothermal energy
R&D, develop improved technologies for geothermal energy use, and improve the understanding
of the enviranental benefits of geothermal energy utilization and ways to avoid or minimize its
mlserjJJimlr[ ¢ 61| WRT- ONm a2alU 7 | wrReseRrROM
national and industry geothermal programmes; with the provision of apfurrtneitibers

to participate in joint R&D projects and assist with the development of databases, models and
handbooks; as well as chances for information exchange via meetings, workshops and
networking; and provide an international perspective on desgthesma

21



OQNm s2aU' 1y rrmmlrR mpprrrRYy wismre [ rlInm tnp nm
generation and direct use of heat, to eatigggtechnologies pertinent to enhanced geothermal

systems (EGS), advanced geothermal drilling and logginestexistainable utilization

strategies, investigation into the causes and control of induced seismicity, and the collection of

data and information and its dissemination on the Web. New studies are encouraged and
implemented when needs are demonstrated

As of December 2011, th&lBAad 20 Members: 15 Contracting Parties from 14 countries:
Australia, France, Germany, Iceland, Italy, Japan, Mexico, New Zealand, Norway, the Republic of
Korea, Spain, Switzerland, the United Kingdom, the Unitedd3tadsuropean

Commission (EC); and five industry Sponsor Members: the Canadian Geothermal Energy
Association, Geodynamics Limited, the Geotherm&8parosip Renewable Energy

Association, Green Rock Energy Limited and ORMAT Technologieglént.]l SwedEtails.

1.1 Strategy and Objectives

Geothermal energy has huge global potential and its development can contribute significantly
towards meeting the growing global renewable energy demand in both developed and developing
countries, whilegng e 1 n | ¢ ¢ ms e {clmaie ddemma. [Glpbally,.géothermad mr n 1
development continues its rapid growth phase, and to maintain this accelerated development, it is
essential to improve and develop new technologies, reduce development tdusts, promote

benefits of sustainable geothermal utilization, and better educate the public, financial, and policy
sectors.

ONm g'&Yyearterm began in April 2007 with these goals firmly in mind, aiming to use its
extensive international cooperationu® facticularly on disseminating authoritative

information; improving environmental outcomes; enhancing EGS prospects, including developing
means to properly deal with induced seismicity; reducing drilling costs; promoting direct use
applications; and em@aging lonterm sustainable development strategies that will also

contribute to the mitigation of climate change. To these end§Ithes¢ERS? Term
(200722013Mission (GIA, 2006a; 2011):

To promote the sustainable utilization of geotheznygl throughout the world by
improving existing and developing new technologies to render exploitable the vast and
widespread global geothermal resources, by facilitating the transfevaflinpyoviding
high quality information and by widely coemu/nr e /1 n nmy RNmr 1| ¢ ml mrny "}
and environmental benefits, and thereby contribute to the mitigation of climate change.

To accomplish this mission, the GIA develofgdegic Objectives:

1 To actively promote effective cooperationtbargeal RD&D through collaborative
work programmes, workshops and seminars

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

9 To identify geothermal energy RD&D issues and itiggaxtchimprove
conventional and develop new geothermal energy technologies and methods to deal
with them

To increase membership in the GIA

To encourage collaboration with other international organizations and appropriate
implementing agreements

1 To broadn and increase the dissemination of information on geothermal energy and

RNmM aalU 7 | wreserRem) | Jw JBRIBR] RJ] Wmweje
general public
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1.2 Collaborative Activities
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which are specific studies included within brop@deareasalleddnnexesAfter approval by

the ExCo, detailed descriptions of new Tasks, or of new Annexes, are appended to the IA (see
Chapters-2). Eaclnnex, referred to by its annex number, is managed by an Operating Agent
organization from one of the Member Countries or industry/organization Sponsor Members.

In 2011, participants worked in five broad research areas, specified iBrimexedsall
Impacts of Geothermal Energy DevelopmEntidiiced Geothermal System&pdvdinced
Geothermal Drilling Techniques; AnneRixédt Use of Geothermal Energy and Annex XI
Induced Seismicity. In addition, a sixth annex,-AvatexCollecticand Information,
collects, compiles and analyzes Member country geothermal data and information.

Annexes | and lll, initiated at the start of the GIA in 1997, have continued their activities
throughout 2011; as have Annexes VII (started in 200Xbagdrivii 2003). Annexes X

and Xl were established in 2009. Anrtustainability of Geothermal Energy Utilization

has remained in draft form; however, a Sustainable Utilization Strategies Task E operates
within Annex |I. Annex @eothermal Pow@eneration Cycles also remains in draft

form.

A list of Annexes, Operating Agents, Annex Leaders, participants, and an indication of Annex
status as of December 2010 are provided in Table 1.2. Complete descriptions of objectives,
results for 2010 and kvplanned for 2011 for the active Annexes are presented in the Annex
Reports included in Chapters Brief summaries of the current draft and the closed Annexes
are given in Table 1.3.

GIA Participants must take part in at least one Annex, witholliement determined by

their current interests, and research and development programmes. Not all Participants are
necessarily active in all Tasks in those Annexes in which they participate. However, all GIA
Country Members patrticipate in Annex XhEmeaanex deals with the collection and analysis

of Member Country geothermal data. GIA Member Annex involvement is shown in Table 1.1.

Qf wlrm. 2aU0 01Jmfm- Wil rsey n'r npr gmuy s | enr | Rwenl |
participants allocate spetisources and personnel to conduct their portion of the work at

RNmer L[ 1 mfrmlym QN BNN [ rmwe)lm npensrm [
Annex work conducted under the auspices of the GIA dufifgthevere estimated o b

well over US$ 310,000/yr plus severgbarar{GIA, 2006b).

The GIA Secretariat was established in March 2003 to provide the ExCo with administrative and
LRNMe [ yyey R Jwm |y fmdéd [ RL [11€1R JerRN m
1INl reln _ e-m-_ | ¢¢6 @&miBmry wylrRreBsrm Ry | U
they have been allocated (see Section 1.4 for details).

The geothermal status, activities and achievements of each Member Country and a company and
organizationrpfile and description of activities for each Sponsor (industry/organization)

Member are provided in the Country and Sponsor Reports in Eiapter226,

respectively.

Further information about the GIA and its activities may be obtained iy ten@icti
Secretary anongillom@reap.orgnby visiting the GIA wehsitew.iegia.org



file:///C:/Geo-Imaging/GeoImaging%202013/GeoImaging%202008/GeoImaging%202006/IEA%20GIA%202006/Annual%20Report%202005/Report/mongillom@reap.org.nz
file:///C:/Geo-Imaging/GeoImaging%202013/GeoImaging%202008/GeoImaging%202006/IEA%20GIA%202006/Annual%20Report%202005/Report/www.iea-gia.org

Table 1.@Contracting Parties, Sponfamging sources and periods oftaefar the Annexes

active to the end of December 2011.

Annex I i Vil Viii X Xl
Environmentg Advanced| .
_ Impacts of Enhancec‘ Geothermal Direct Usef¢ Geothermal induced
Country/Industry  Contracting Party/Sponso Geothermg e Geotherma Data and P
Geothermal Svstems Drilling Ener Information Seismicity
Developmen Y Techniques 9y
: Primary Industries & Resoul
Australia Solth Australia (PIRSA) G G G G G
Canadian
Geothermal
Energy Associati CanGEA, Canada 10 10 10 [}
(CanGEA)
European TheCommission of the G G G
Commission (EC European Communities, Bel
Bureau de recherches
France géologiques et miniéres (BR G G
Geothermal Grot
of Spanish
Renewable Ener GGAPPA, Spain 10 10 10
Association
(GGAPPA)
Forschungszentrum Jilicl
Germany GmbH G OA, G G
. Geodynamics Limited, OA (to
Geodynamics Australia 09/11), | I
Green Rock Green Rock Energy Limite | |
Energy Australia
Iceland Orkustofnun G, G OA, G G
Italy ENEL Green Power I I I
National Institute of Advang
Japan Industrial Science and R R R R
Technology (AIST)
. Instituto de Investigacione
Mexico Electricas (IIE) 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 Techmwgjies, Inc, | |
Technologies United States
. Korea Institute of Geoscienc
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
. . Department of Energy &
United Kingdom Climate Change R
United States Department OA (from
USA Energy (US DOE) N o9/11),N| OAN 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; R = Research Institute (government funded); N = National Laboratory (government funded);
U= University; I0=Industry Organization; OA = Operating Agentj m@ag®no fixed end date yet determined
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Table 1.Annex Title, Operating Agent and Status of GIA Annexes at December 2011.

Title
Annex | Operating Agent (OA)

Number| Annex Leader (AL); Affiliation; ComaetilE Status

Participants
Environmentéthpacts of Geothermal Development
OA: GNS Science (GNS), New Zealand Active since 199

| AL: Chris Bromley; GNS, New Zealamunley@gns.cri.nz Continuing
Participants: Australia, EC, France, Iceland, Italy, Japan, Mexico, Nétzeflsaidn through 2013
USA

] Shallow Geothermal Resources Closed

Enhanced Geothermal Systems
%%E)Geodynamlcs Limited, Australia, to September 2011; then US Departm Active since 199
ALsJay Nathwajaly.nathwani@ee.doeagdiDoone Wybdbgone.Wyborn@geodynamic tﬁ:rgﬂt”?]ué%%?)
Participant&ustralia, CanGEA, EC, France, Geodynamics, GeAR&y, @6en 9

Rock Energy, Italy, Japan, Norway, ORMAT, Republic of Korea, Spain, Switze

Closed
v Deep Geothermal Resources September 200!
\% Qustainability of Geothermal Energy Utilization Dratft
Vi Geothermal Power Generation Cycles Draft

Advanced Geothermal Drilling Techniques
Vi OA: Sandia National Laboratories, for the US DOE, United States

AL: Steven Bau8andia National Laboratddi8gsjbauer@sandia.gov
Participants: Australia, CanGEA, EC, Iceland, Mexico, New Zealand, Norway, U

Active since 20(
Continuing
through 2013

Direct Use of Geothermal Energy
OA: The Federation of IcdiarEnergy and Waterworks, Iceland

VIl AL: Einar Gunnlaugsson; The Federation of Icelandic Energy and Waterworks, Active since 200

einar.gunnlaugsson@or.is tﬁgﬂt'?]ug&gl
Participants: CanGEA, FrancRP@, Iceland, Japan, Neandellorway, Republic 9
Korea, Spain, Switzerland, UK, USA

IX Geothermal Market Acceleration Closed

Geothermal Data and Information
OA: Projekttraeger Juelich, PTJ EEN Germany; Geothermal EnergyrResearch

Federal Office of Energy (BFE) Opened 2009,

X AL: Britta Ganz, Leibniz Institute for Applied GeophysicshGeamtgnyz @lignnover.de tf?l’?)ﬂtl?]ug(])ng
Participants: Australia, CanGEA, EC, France, Geodynamicsnmgndeci@ed, Italy 9
Japan, Mexico, New Zealand, Norway, Republic of Korea, Spain, Switzerland,

Induced Seismicity
OA: Lawrence Berkeley National Laboratory; United States Opened 2009,
XI AL: Ernie Majer; Lawrence Befkateynal Laboratory, USl&iajer@Ilbl.gov Continuing

Participants: Australia, France, Germany, Iceland, New Zealand, Republic of K through 2013
Switzerland, USA
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Table 1.Annex number, ngmescription and status for draft and completed Annexes
as of December 2011.

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.mgor topic, which was associated with the
application of geothermal heat pumps, is now included in AfieecvlUke
of Geothermal Energy, which was initiated in September 2003.

Closed

Deep Geothermal Resources

The GIA ExCo decided to closé\tiiex in September 2006 after the suc Closed
completion of much of its work, and because of the overlap of the remq  September 2006
activities with those in Annexes Il 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
production from representative geothermal resources with the goals of
defining methods and requirements for sustaining précunttbase

resources, and (2) of estimating theédomgeconomic sustainability of suc
\VJ production not only for representative resources but for the worldwide Draft
geothermal resource as a whole.

ONmMm e11B8M 1 n ") E)R[ el ]| Bognitonand mr

importance over the past few years. Consequently, during 2006, the G
made a preliminary decision to initiate a sustainability Task in Annex I.
if activities expand in the future, it is possible that this Annex woultkde

Geothermal Power Generation Cycles

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

mitigation. The output would be a databaseidetings of best practice. Draft

Vi

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

Geothermal Market Acceleration

Geothermal electricity production and direct heat use are well develop
economicallyable in many parts of the world, however, there are large
untapped resources in many countries. The ExCo explored ways to hg
geothermal energy development, or market acceleration, in these cour
the last few years, and decided that gonoaetive approach was needed,
IX possibly including: identifying a few regions with high geothermal potei Closed
collating resource assessments on a few sites and discussing with key
(government, utilities, developers, finaatipthe barriero progress in the
regions. Consequently, this market acceleration Annex was drafted.

al gwryBmr xtt _ prodLfeln rRNM
acceleration type of 1A, the ExCo made the unanimous decision to clos
Annex.
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1.3 Structure of the GIA

The GIA is managed by an Executive Committee (ExCo), which consists of one Member and one
Alternate Member designated by each Contracting Party and each Sponsor. There is currently one
Contracting Party for each GIA countryenenibich is a government department or agency, or
independent company (industry). The ExCo meets twice each year, in spring and autumn, to
exchange information, discuss activities and review progress of the organization as a whole, and in
each of the Aares, participating countries, industries and organizations; and to plan future
activities of the organization. -iN@mcial decisions are made by majority vote (unless otherwise
specified in the Implementing Agreement), with financial decisiana uegmmousote;

with each Contracting Party and each Sponsor allowed one vote. In 2002, the GIA ExCo decided
to increase its scope of activities, and as a result, created a dedicated Secretariat, which began
operations in March 2003, and is fundeddsshared Common Fund.

GIA research and activity results are extensively disseminated through participation at

international geothermal and renewable energy conferences and workshops, and publication in ]
scientific and technical journals, confergnaengmuwe I ny | Jw el RrRNm 24U 7 U
Ul mwusresm ki1 rem- al | wywereyl_ elnygri| rRe]

websitevijww.iedia.orjy through promotional material produced by the Git&r&ecand

via IEA publications and workshops, and the |IEA welsitsa(oyg

In 2011, 14 countries, the EC, two international organizations and three industries formally
participated in this programme (Tabledl.k))y 4, p 2aU" 7 nesm krqgl1ly14r a&mi
Jeotermal, was withdrawn.

1.4 The Executive Committee

Officers

In 2011, Chris Bromley (New Zealand)etezsed Chairman; Barry Goldstein (Australia) was
elected to serve as \Gbair for Policy, and Jdfetiisson (Iceland) was elected aShéae

for Administration. The ExCo also decided to initiate a t@tthVipesition, and Yoonho
Song (Republic of Korea) was elected to it.

Membership

There were significant changes in the compositic@1éf BxCo in 2011: Tae Jong Lee

replaced Hyoung Chan Kim as Alternate Member for the Republic of Korea; Alexander Richter
was appointed as Alternate Member for CanGEA; Delton Chen resigned as Alternate Member for
Geodynamics leaving the position vacaetr,dBgrtani replaced Paolo Romagnoli as Alternate
Member for Italy, Paolo Romagnoli replaced Guido Cappetti as ExCo Member for Italy; Naoki
Kumazaki replaced Akihiro Takaki as Alternate Member for Japan; Jane Nilsen Aalhus replaced
Pal Edvard Andersertsrnate for Norway; and Alexandra Pressman resigned as USA

Alternate Member leaving a vacancy for the position.

The list of ExCo Members and Alternates as at December 2011 is provided in Appendix C.

ExCo Meetings

The ExCo held two Meetings inj201iye ) w11 | Jw rmsemf RNm 240 7 m
25" ExCo Meeting6May 2011, Paris, France

The 28 ExCo Meeting was held -@n\ay2011, at the IEA Headquarters, Paris, Fhanee

were 23 attendees in total, including rdweNEsmbers, three Alternate Members and 11

Observers, including three representatives from the IEA and the GIA Secretary (see photo in
Appendix A). Sinoely nine voting Members attended the meeting, the quorum of 10 voting
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Members was not met; conséigubuasiness decisions had to be confirmathbbyete
following the meeting.

Paolo Frankl, Head of the IEA Renewable Energy Division, welcomed GIA part|C|pants and stated

RN| R RNmM KU lGeseyjeyl s| ¢|5n]u4 sistangewith U" 1 | WR O S ORE
preparation of the IEA Essentials Geothermal brochure and the Geothermal Roadmap, and thanked

the GIA for its financial contribution toward production of the Roadmap. He was keen on

expanding GIA collaboration, and was especially hapayithy e 1 r Jsmwy | Bede R F
to-date geothermal data through Annex X.

ONm ¢ rnm yelm I np RNM 240 |JJlslo rmryarry [
much of the production and use data to the new annual Annex X GIA Tread Report
debated.

Annexes |, lll, VIl and X held meetings on 4 May 2011; with Annex Xl (Induced Seismicity)
meeting jointly with the IPGT Induced Seismicity Group fayaeesbion on 3 May 2011.

Progress reports from all six Annexes: |, lll, WiaMiXI, and 9 Countries were presented

and discussed. The Annex X questionnaire for collecting data/information to be used to prepare
the first (2010) GIA Trend Report was discussed. The current form of the GIA website, first
created in 2005, was atergd with the ExCo decision made to suppoedatelepment.

The ExCo also discussed& 8 Protocad presented in the May 2011 gaBeotocol for

Estimating and Mapping Global EGS P@teraidsmore, Rybach, Blackwell and Baron) and
decidedo call an-enail vote on its GIA endorsement, thus allowing its consideration by all

ExCo Members. The Protocol was accepted on 9 September 2011.

The Secretary reported on the Secretariat operation, including the work accomplished and status

of budggs, for the entire 20¢®ar and the 2§&hr to 20 April 2011. A work plan and revised

budget for the remainder of 2011 was presented and an update on the Common Fund given, all

Bl | lesygB) o1 | wwmr rRMw By RNM UEfattiplposiionre s | RM) o
would continue and allowaeprsymr 4 N RNM [ nrmmwy VX H 1N RNNM Wt
Secretariat operations cost to the next financial (calendar) year, as well as make up to US$ 50 k
available to fund proposals for work thabdsgoipplementary organization and Annex

activities. The Secretary informed that the GigxmliBeport presented to the REWP

meeting in Paris, in March 2011, had been accepted with no comments. He also reported that

the revised GIA Implementing Agmtesiocument had been unanimously accepted by the

ExCo in February 2011.

Ol ® R BImM ary rem mlrRmw RNM a00 kmwr mr|rre]| r
[ sBdew| ReJ I - ONm auUuU 7 rmwmlr gffory wmwsr | ¢ N
mfrRmMlIyerl [ mrm wm) wofddgmireport And reer BtrategiciPlamrwowdn m 8 a U’
be due in earuly 2012, with presentation to REWP meeting in October 2012. The new
publicationgeploying Renewables: Worldwide Prospects ands&faftzngessing Variable

Renewablsmr m wmy wr eBmu. | Jwy rRNm aU0U ) Kmimf[Bém U
Uyi1mlre| &1 Br | wiGeotheypal Essentintst eevipsvddhe value of the a U’

IEA OPEN Bulletias described, noting thaad >15,000 subscribers in 127 countries. In

addition, Milou Beerepoot, IEA analyst, gave a Guest presentation, in which she described the IEA
Geothermal Roadmap to the meeting and informed that it would be launched by the IEA Executive
Director, Mr @naka, at the Eurelectric Conference, Stockholm, on 13 June 2011.

The ExCo was invited to hold its Annex aftk@6 Meetings in London, United Kingdom, on

2830 September 2011, in association with the First UK Geothermal Symposium (27 September
2011yyith a fieldtrip (1 October 2011) to EGS sites and the Eden Project in Cornwall. EGS
Energy will host the meetings, Symposium and fieldtrip.

26" ExCo Meeting London38%eptember 2011, United Kingdom
The 26 ExCo Meeting was hosted by EGS Enérggidaat the Royal Institution of Great

Britain, London, UK, or30September 2011, in association with the First UK Geothermal
Symposium dBngineered Geothermal System Energy in the UK and a Global Perspective
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Twentythree people attended the B€eting, including: 11 ExCo Members, five Alternate

Members, the GIA Secretary and six Observers. Included amongst ttre Iistitéstereor

the Department of Energy & Climate Change (DECC), Mr Greg Barker, who attended partly in
recognitionofthaJni t ed Ki ngdomdés very recent membership in
UK Government 6s ¢ o mmigdotheenmaltenetgyEGS Energyvaisb hostedhan d

nemé wyrrer R UlfJfl¢_¢ JNmrm Usk Uldyr nu "y wymmy
the Eden Project were visited. The United Kingdom participated for the first foneisgnce re

the GIA in September 2011 (having withdrawn from the GIA in 2003).

Six GIA ExCo Members also participatedingitveered Geothermal System Enttrg ik
and a Global Perspedarainar covering global geothermal potential, and EGS development in
the UK, USA, Germany, Australia, France and South Korea.

Annexes |, lll, VIl and X held meetings on 28 September 2011. The US DOE replaced
Geodynamicstag Operating Agent of Annex Ill.

Progress reports from Annexes |, lll, VII and X, and 12 Country reports and one Sponsor report
were presented and discussed. The ExCo agreed to fund the GIA website update; and options for
encouraging new GIA membessitpas holding workshops/seminars in countries of interest

and GIA Member sponsorship of the Common Fund contribution of less financially capable
countries were considered.

TheSecretary reviewed Secretariat activities sift&x@2eeting asbmitted work plans

and budgets for the remainder of 2011, a Common Fund report, and draft Work Plan and associated
budget for 2012; all were unanimously accepted by the ExCo. The Secretary participated with the
Chair as international members of th€@BS3aothermal Technologies Program Peer Review in

June 2011, with financial support obtained through a GIA proposal

ONm 2aU 17 nel|Jwel|ld r4717erey ) rmilely smr1 JTRrY
available in the GIA Common Fund for nessadsogupporting GIA/Araéated activities. A

proposal for funding GIA participation at the US DOE Peer Review (mentioned above) was the only

2011 proposal funded to date.

The ExCo voted unanimously to hold annual ExCo Officer Elections aEtt@canteetimgs,
with those elected taking office the following calendar year. It was also decided that individuals could
only hold office for three consecutive terms, beginning with autumn 2012 elections.

The ExCo Chair presented the IEA Secretatjateeqrining several IEA activities and projects.

The 59 REWP Meeting was held in March 2011, where the GIA Secretary presented the GIA Mid

Omr 1 KmryqrR_ lJw RNm AU0U0 ) rrquwmuwsTerm | J w 1 wNmuw
were discusseltlwas reported that data on global RE policies and measures are collected by the

IEA and made available in their website; and the IEA OPEN Baksetihneelsletter was

discussed

The ExCo had earlier agreed to hold"tEx@@ and Annex Meetiagd associated events in
Oslo, Norway, during the Oslo Geothermal Week-gériddy 2012, hosted by Statoil and IFE.

1.5 GIA Participation in IEA Activities in 2011

The GIA continued an active involvement with the IEA in 2011. The GlteBderbthey a

REWP Renewable Energy from Analysis to Action conference, held in Parislérance, on 15

&l rwNn xtvy | 1 w-3f- 'I'rermm]RHpertmhqa*SﬁEsV\tﬁ Meedind om17 e W

March 2011 (Mongillo and Bromley, 2011a). The GIA also alitieifiafeEnergy

Technology Network Communication and the REWP Renewables Policy and Market Design
Challenges Workshops. Subsequent to providing significant direct input in 2010, the GIA
contributed final comments on/&é 7Technology Roadmap fohGewal Heat and Power

whth was published in June 2011, and a summary presented by the Chair, on behalf of the IEA
GIA, in Melbourne, Australia (Bromley and Beerepoot, 2011).



1.6 Other GIA Activities

The GIA Secretary and Chair participated as imareaperts for the wdekg US DOE

Peer Review Meeting in amye 2011, with 19 geothermal projects reviewed between them. In
addition, the Chair gave a ldimb presentation during the Peer Review: (Bromley, 2011a) and
the Secretary a ludohe pesentation at the IPGT Meeting (Mongillo and Bromley, 2011b).

The GIA took part in several international meetings and workshops in 2011, including:

1 TheEGS Energy in the UK and a Global Perspectivd.Sedonak)K, in September
2011, with presentegtioysixGIA ExCo Membarsd an Annex Il participamEGS
development in the USA (Jay Nathwani), Germany (Lothar Wissing), Australia (Barry
Goldstein), France (Romain Vernier) and South Korea (Yoonho Song); Geothermal and EGS
Potential Worldwide (GHBromley); and ScalipgSustainability and Industrial
Partnership (Roy Baria, Annex IIl)

1 The36th Stanford Geothermal Reservoir Wobkedlidn earifzebruary 2011 in
Stanford, California, U&\ering great expectations for geothermal energyntb the
of this centuryQoldstein et al., 2D4aba realime monitoring at EGS system sites
(Nathwani et al., 2011)

1 TheGeothermal Resources Council (GRC) 2011 Anny&avideigp, California,
USAdescribing the contribution shagtainablgeothenal energgevelopmebuld
make tdahe global energy demand for heat and (@aolestein et al., 2p1ic

1 Thel/EAGIA~IPGT Induced Seismicity WarRshigyFrance (Bromley, 2011b; Muraoka
and Takaki, 2011); thedB&IPGT Meeting, Melbourne, Au@taler, 2011).

The/PCC Special Report on Renewable Energy Sources and Climate Change Mitigation
published in May 2011, having had in@aatger 4 Geothermal Eneagy four GIA ExCo
Members and the Secretary who contributed as Lead AuttitousinG@uthors, Reviewers
and Coordinating Lead Author (Goldstein et al., 2011b).

The continued excellent financial position of the GIA has allowed the organization to continue
expanding its efforts through its proposal funding mechanism, wiscippo28d1GIA
participation at the US DOE Geothermal Program Peer Review in June 2011.

ONm 24U ) wwwiedia.ooyrgmajis preirrportarnt source for information
dissemination and discussion.

1.7 Costf the Agreement

The IEAGIA Secretariat is currently situated in New Zealand. It is operatetirbg a part

Secretary, who handles the administration, assists with the management of the organization and
provides a major part of the information disgemjnncluding the preparation of GIA

documents and publications, the GIA annual reports and maintenance of the GIA website.

ONm mfrmlymy nyr grmrrReln RNm aaU kmwr mr| re|
website hosting and maintenandether common costs of the ExCo, are met from a GIA

Common Fund. In 2011, these costs amounted to a total of about US$ 108,000. In addition, the
GIA funded several projects and proposals:

1 GIA Projects (total: ~US$ 9,000): contributed to costs ds®oeiated k mwr mr [ 1~ |
remymlrl R AdWY | @mmeia UKmr JaderRy R4 RNNM KUOG. G| r e
presentation of the IEA Geothermal Roadim@p@dVeeting, Melbourne, Australia,;
and purchase Gleothermics Special Issue on Sustainable Ulilizattbarofabeo
EnergyGueseditordvl.A. Mongillo and G. Axelsson, December 2010) for ExCo Members.
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1 Proposal Funding (total: US$ 20,000): funded proposal contributions for the Chairs and
Secretary to participate as international experts at the US DOE Geothermal
Technologies Program Peer Review, and paid 2010 proposal for the GIA contribution to
the Induced Seismicity Workshop held in Reykjavik, Iceland, in 2010.

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

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

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 = 41 shares

The Common Fund is supported througbhawsig, with each GIA Member paying an annual
contribution based upon a fair apportionment in the form of an allocated shenb®r o

The number of shares assigned to each new Member is determined by the unanimous agreement
of the ExCo. The apportionment for the current GIA Membership is shown inrradie 1.4.
theCommon Funglasadministered by a Custodian, thendaienewable Energy Laboratory

(NREL), based in Golden, Colorado, USA, who alsd@orhunztal review of its financial

operations.

The cost per Common Fund share, set by unanimous ExCo decision, was US$ 3,500/yr in 2011.
Contributions are made ailywon a calendar year basis.
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IEA Geothemal R & D Programme
Chapter 2

Annex-lEnvironmental Impacts of Geothermal
Energy Development

FigureiAe ) rirew ormlrR 0] 6r] @ame om ) mr ~wqiri] 1R
Valley, Taupo, New Zealand.
(Photo courtesy of Chris Bromiley)

2.0 Introduction

Geothermal is, in general, an environrdesadiy renewable energy source, with some

significant benefits relative to fossil fuels regarding globédlaadeoamissions. There are,

however, some local environmental problems sasstioi@®d with geothermal utilization.

To facilitate increased use of geothermal energy, it is important to identify possible adverse and
beneficial environmental effects, and devise and adopt measures to avoid or minimize adverse
impacts, while reinfimg those effects that are beneficial.

The goals of Annex 1 of thedBAare: to encourage the sustainable development of
geothermal energy resources in an economic and environmentally responsible manner; to
quantify and balance any adverse and &lénmgiects that geothermal energy development

may have on the environment, and to identify ways of avoiding, remedying or mitigating any
adverse effects.

Participating countries in Annex 1 are: Australia, Iceland, Italy, Japan, New Zealand, Switzerland
ard the United States.
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GNS Science, Wairakei Research Centre, New Zealand, is the Operating Agent. Chris Bromley,
of GNS Science, is the Annex Leader.

2.1 Tasks of Annex |

In 201 Annex activities consisted of fiask, described below.

2.1.1 TaskA - Impacts on Natural Features
(Task Leader: Chris Brom3&§ Science, New Zepnland
(Participants: Iceland, USA, JapamNétaly ealand)

Natural geothermal features such as geysers, hot springs and fumaroles, often have significant
economic valf@r tourism and cultural value for indigenous peoples. They should be monitored
and changes documented. Techniques are devised to separate natural from induced changes.
Where such changes are caused by geothermal developments, methods are devised to avoid
mitigate the adverse impacts. Beneficial changes are identified and promoted.

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

Adversampacts of geothermal developments on the environment include the effects on air

quality of gas emissions from geothermal power plants; the effects of toxic chemicals in waste
fluid that may be discharged into the ground or into rivers; and the effenats aftisidence

resulting from pressure decline. Projects examine the problems associated with disposal of waste
geothermal fluids (e.g., arsenic and boron) and the effects of gas emissions, (e.g., CO2, Hg and
H2S), along with mechanisms and mitigdtmrmsopxamples are the use of injection to

mitigate ground subsidence, and chemical treatment, reriojedtanref gas emissions

and waste fluids.

CAUTION
HOT PIPE g

~

Figure2.2 Exposed reinjection pipelines, Philjppines.
(Photo courtesy GNS Science)

2.1.3 Task G Methods of Impact Mitigation and Environmental Procedures

(Task Leader: Chris Bromley, GNS SomwnZeaknd
(Participants: Australia, Iceland, Italy,Napafealan8witzerland, USA
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An effective environmental analysis processthedusies of adverse effects from

development, by early identification and mitigation of environmental issues. Reducing the costs
of environmental compliance, and direéagithe process for project consenting, also help
contribute to the responsiblé timely deployment of future geothermal energy projects. The
objective is to identify and publicize strategies that result in improved environmental outcomes
from field management. Successful mitigation schemes are also identified, documented and
publicizd. Such strategies provide developers and regulators with options for the compensation
of unavoidable effects. Comparison of policies and compliance procedures helps identify those
that are efficient and effective.

2.1.4 Task E Sustainable UtilizatiBtrategies
(Task Leader: Gudni Axelsson, Iceland Geological Survey (I3OR), Iceland
(Participants: Australia, Us#flandtaly, Japan, Switzerland, New Zealand

Case histories of reservoir models of geothermal developments are studied &despesvhat 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 compared e del@ivé environmental and

economic benefits. Different conceptual and hypothetical reservoir model predictions are
compared using laegm scenarios. Lelrgm reservoir behaviour, recharge factors, recovery

times, and optimised cyclic or stagediopesteategies are investigated.

2.2 Progressin 2011

Several participants in Annex 1 (Chris Bromley, New Zealand; Barry Goldstein, Australia;
Hirofumi Muraoka, Japard Ruggero Bertani, Italy), along with other geothermal specialists
from the IEASIA participating countries (Mexico, USA, Iceland, and Germany) completed the
geothermal energy chapter of the Intergovernmental Panel on Climate Change (IPCC) Special
Report on Renewable Sources (SRREN) which involved a voluntary contributioryover 3 years b
all the participants. The final version of the report was publishd&@20011 Geothermal
Chaptér Supplementary publications derived frowotkisvere also presented at geothermal
meetings at Stanf@®tanford Workshop on Geothermal Reservoir Engaree8ag)Diego
(Geothermal Resources C@R(T). Further work in the area of global sustainable

geothermal deployment potential leedbtisfwn of advice regarding the completion of the IEA
Geothermal Road Map, and its subsequent promotion.

2.2.1 Task Almpacts on Natural Features

Meetings of task participants were held in Paris,28)%amd London (26 Septen2ihl
Presentatisrcovered aspects efjoing work on changes observed at thermal features caused

by geothermal developments. Strategies to mitigate, recover or enhance thermal features using
targeted injection and strategic production were further discussed, altbicigsvichhglp

monitor and manage effects on thermal features in a practical manner. Results of work focussed
on improved monitoring techniques for surface thermal features were presented in papers and
presentations at two international conference$mr&asco. These described ways of

identifying and monitoring surface feature changes, heat flux changes and thermally tolerant
vegetation.

Discussions also addressed the issues faced by Japan with its significant geothermal resource
potential located tiit protected National Parks and near iconic hot spring resorts. The focus

of future collaborative work is expected to be on how to undertake development in such settings
with negligible environmental risks to thermal habitats, thermal featurespnddledsca


http://iea-gia.org/wp-content/uploads/2012/08/IPCC_SRREN_Ch04-Geothermal-29Jun11.pdf
http://iea-gia.org/wp-content/uploads/2012/08/IPCC_SRREN_Ch04-Geothermal-29Jun11.pdf

Figure?.3 a) Hot spring & thermal algae (with forest fire) at Yellowstone (USA),
b) Steaming ground at Reykjanes, Iceland.
(Photos courtesy of Chris Bromley)

2.2.2 Task BDischarge and Reinjection Problems

At the Annex 1 meetingBais and London environmental issues related to discharge and

injection were discussed. These included improved water management. Best practice injection
strategies, including scaling treatment and avoidance, methods of reduatiiss S @y

injection, and arsenic reduction through silica precipitation were further discussed.
Injection/production management tools using an adaptive approach to reverse or avoid adverse
effects on surface features and on reservoir sustainability were als®lealdrgestahce

of improved understanding of reservoir permeability, through tracer test interpretation, and the
consequences of subsurface boiling and condensation processes was stressed. Research into the
transient behaviour of fluddkgas interactiomgas further advanced to better explain scaling,
dissolution, deposition and acid alteration processes.

Discussions also addressed the mechanisms for subsidence and ground inflation in geothermal
fields. Methods to better detect anomalies and pradi¢iNieg tools using coupled

reservoir and subsidence models are advancing. Collaboration between research organisations
who work into these and related topics (particularly improvement of coupled simulation
models), is becoming better established tjmouglorkshops.

A strong focus of the Task B work in 2011 was on the mechanisms of geothermal subsidence

using New Zealand case histories. Research results from this work, were published at
international geothermal workshops in New Zealand and USA.
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