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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
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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)

y =209.52x - 411125
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m 10852006

Installed Capacity (MWe)
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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
Japarn 540.1 2,652.2 0z 0.3
Kenya 202 1,430 u 22
Mexico 9580 6,524 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 ES2Vorldwidénstalld 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
Genmting | 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
(GWhAyr)
* |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 aBdl from Lund et al., 201
andincorporatingpdates for Giember countries for 2007, 2008, 2010 and 2011
Installed Capacity Utilization
Category (MW&) (Talyr)
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 21,000 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 tagiisfenhow, by providing high quality

elnyra| Ryl [ 1w By [foeumop, wys1i18]lew/ 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, Rowarwas published in June 2011.

11



Geothermal Enendtilizatiorand the Environment (Annex I)

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 publistedl 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 (GWhiyn) 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%5eothermal 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 Departmedpanish 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 Geotleefdajprotected 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
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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
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Table 1.@ontracting Parties, Sponfamging sources and periods oftapefar the Annexes

active to the end of December 2011.

Annex I i Vil Vi 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, Bell
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!
v 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 ueegmimousote;

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& B8 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&faftengessing Variable

Renewablsmr m wmy wr eBmu. | Jwy rRNm aU0U ) Kmimf[Bém U
Uyi1mlre| &1 Br | wiGeotheypal Essertintst 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 Technology Roadmap fohGewél 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 Geothemral R & D Programme
Chapter 2

Annex-lEnvironmental Impacts of Geothermal
Energy Development

FigurelAe ) rijrew orm|lrR o] 6r] @ame om ) mr ~wiri] 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

, | f =
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 meetingBdnis 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® sl drgsséahce

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 fludkgas 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 tjmiotiglorkshops.

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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Figure 2.4Geothermal habitat with extremophile-orgaaisms (Yellowstone, USA).
(Photacourteswf ChriBromley)

2.2.3 Task €Methods of Impact mitigation and Environmental Procedures

Geothermal policy and ipeattice planning guidelines dismissed at the Annex meetings.
Examples of successful mitigation strategies were collated. Barriers to accelerated development,
such as concerted lobbying against large scale power development by hot spring associations,
land access constraints impmosé&thtional Park status in remote volcanic settings, and water
allocation in arid areas, were debated.

Geywei1y1ey) elwoswumwy elrmnr | ReLFryrRi g Wel &0 buy

with eavironmentampactssessmerisk issues.

A new initiative focused on setting up a set of standard procedures or protocols for ranking the
significance of geothermal features and geothermal fields, in order to assist policymakers in
making choices regarding issuing consents for developmeusssides Early work has

been published using New Zealand case histories. Expansion to other regions is being
contemplated.

2.2.4 Task BSeismic Risk from Fluid Injection into Geothermal Systems

During the October 2010-HAExCaneeting, it wasragd that induced seismicity work was

of sufficient importance to warrant it being transferred to a new Annex (Annex XI) where it was
combined with the induced seismicity work undertaken under Annex Il (EGS). Hence, from 2011
onwards, Task D is no loragtive in Annex 1.

2.2.5 Task ESustainable Utilization Strategies

Reservoir modelling issues concerning long term sustainability and reservoir performance were

discussed at 2011 Annex meetings along with incorporation into sustainabilityfthe concepts o
economic and social factors.
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Resources that are depleted in pressure and temperature are considered to be recoverable (i.e.,
renewable) over time frames that are dependent on the recharge permeability. Additional issues
include: how to improve resoassessments through better capacity and recovery factors;

when to recommend a staged development strategy to reduce risks; and the importance of
planned make drilling. Highlights of the work are posted on t&ABxebsite. This

includes a referenist on the topic of geothermal sustainability. 2011 publications on this topic
included papers by a range of authors from patrticipating countries and were presented at
workshops in San Diego (GRC), California (Stanford), and Melbourne (Australia).

e

Figure2.5 Steaming ground at Larderello, ltaly.
(Photo courtesy of Chris Bromley)

23 Highlights andchievements of Annex | for 2011

The highlights for the 2@dar were:

1 Papers were presented by Annex participants and their work colleagues on
enwonmental research, improved environmental sustainability strategies and
monitoring methods at the 2011 New Zealand Geothermal Workshop, the 2011 Stanford
Geothermal Reservoir Workshop, the 2011 Australian Geothermal Energy Conference,
and the 2011 Geotia® Resources Council Conference in San Diego, US.

9 Participants helped promote global sustainable geothermal development and mitigation
of climate change, through presentations at a variety of venues, including Washington
DC, Melbourne and London.

1 SevefaAnnex 1 participants published joint papers and a geothermal chapter for the
IPCC SRREN report on the topic of mitigation of climate change through increased
deployment and utilisation of renewable geothermal energy resources.

1 Annex participants tooktpartechnical collaborative meetings at Paris (May 2011) and
London%eptembe&t011), where improved methods of monitoring, avoiding or
mitigating environmental effects, such as subsidence, gas and heat emissions, were
further developed and possible indiatives discussed.
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1 New collaboration between members was initiated in the areas of: satellite infrared
monitoring tools, protection of hot springs from effects of potential development
beneath parks, documentation of thermahioiogy habitats (exnophiles), and
establishment of protocols to rank systems and features for possible protection status.

2.4 Outputs for 2011

2.41 PaperBublishednd PresentatidnslEAGIAParticipantsn Environmentally
Soundand Sustainable Development

BromleyC.J. (2011) International cooperation to promote global sustainable geothermal
development and mitigate climate change. Invited presentation for participants of the US DOE
Geothermal Technology Programme Review, 6 June, 2011; Bethesda Matriott North Hote
Washington DC, USA.

Bromley, C.J., M. Beeref2fXitiplobal Geothermal Deployméin¢ IEA Roadmap for the
Future.Proc. 2011 Australian Geothermal Energy ConféB=Ncw, 2811, Melbourne,
Geoscience Australia Record 2011/43 Geoca#i8Zaldfess and extended absiact, 2

Bromley, C(20)1Geothermal environmental issues: sustainability, mitigation and avoidance
strategies, geochemical problems, thermal feature meragingtions at Annex 1 meetings
of IEAGIA in Paris, May 2011 and London, 29 September 2011.

Mongillo, M.A. (2011) International cooperation for sustainable geothermal utilization.
Presentation at International Partnership for Geothermal Technology Meeting, Bethesda,
Washington DC, USA, 10 June 2011.

2.42 |EAGIA Participation at IPCC SRREN for Global Climate Change Mitigation
(five collaborating HEAA ceauthors)

Goldstein, B.A.; Hiriart, G.L.; Bertani, R.; Bromley, C.JN&yrtiertezHuenges, E.;

Muraoka, H.; Ragnarsson, A.; Testetyi) W.; (2011) Geothermal Energy. Chapter 4 (50 p.)

In: Edenhofer, O.; Pigtaglruga, R.; Sokona, Y.; Seyboth, K.; Matschoss, P.; Kadner, S.; Zwickel,
T.; Eickemeier, P.; Hansen, G.; Schloemer, S.; von Stechow, C. (Eds.) IPCC Special Report on
Renewablkenergy Sources and Climate Change Mitigation.

Goldstein, B.A., Hiriart,G., Tester, J.W., Bertani, R., Bromley, N&g@utiéx@ezHuenges,

E., Ragnarsson, A., Mongillo, M.A., Muraoka, H., Zui, V.I. (2011) Great expectations for geothermal
enery to 2100. Proc."3@&/orkshop on Geothermal Reservoir Engineering, Stanford University,
California, 31 Janu2riyebruary 2011.-$81P91,-52.

Goldstein, B.A., Hiriart, G., Tester, J.W., Bertani, R., Bromley, @\kg@utieitez
Huenges,,lRagnarsson, A., Mongillo, M.A., Muraoka, H., Zui, GreqRégé¢ctations for
geothermal energy to 2h@ssages for now. Proc. 2011 GRC Annual Meeting, San Diego, USA,
2326 October 2011.

2.43 Additional ®vironmentd&ublication&elevant td'ask A

Bromley C.J.; S.M. van Manen, GEal20dIMonitoring surface geothermal systems using
time series of aeriahd grountdased photograpRester and abstract submitted to AGU, 13
17 Deambe010, San Francisco, California, USA. PapéBD8g.33

Bromley, GMan Manetgs.M.Mannington)V. 0J)IHeat flux from steaming ground: reducing
uncertainties. Pr@6" Workshop on Geothermal Reservoir Engineering, Stanford University,
California31lJanary2 Felouary2011. SGR191, 92%31.



24.4 AdditionaEnvironment&lblication&elevant to Tagk

Brockbank, K.; Bromley, C.J.-I@&ms, T. (2011) Overview of the W-dieakeira
1 8B e um]J wm el ‘% Wigrkshepmon &enthermal Regérvajr Engineering, Stanford
Univesity, Californi&1 Janua?yFebruar011. SGR191, 634.

Powell, T. (2011) Natural subsidence at the Rotokawa geothermal Field and implications for
permeability development. PréfdN8®& Zealand Geothermal Workshop, University of
Auckland, papgl5, 4.

Ramsay, G., GhMarris, T., Pender, M., Griffiths, M. (2011) Geotechnical investigations of
subsidence in the Wairdkeihara Geothermal Field. PrétN&8 Zealand Geothermal
Workshop, University of Auckland, paper 49, 4

2.4.5 Additonal environmental publications relevant to Task C

Bromley, C.J. (2@&Lgested criteria for geothermal feature ranking and geothermal system
categorization. Proc? 8w Zealand Geothermal WorksHeip Nesvember 2011, University
of Auckland, Sulssion #90, [3.

24.6 AdditionaEnvironmentaliBlication8&elevant to Task E

Axelsson, G. (2011) Using long case histories to study hydrothermal renewability and sustainable
utilization. Trans. Geothermal Resources Council, Vot1380,183E 835933, ISBN-0
93441:36-0.

Satman, A. (2011) Sustainability of geothermal doublets\WRmsh®® on Geothermal
Reservoir Engineering, Stanford University, 3P Jehragry 2011, 9 p.

Sutter, D.Fox, DAnderson, B<och, Dvon Rohr, O m) R mr _  A- Cx tvv o " kB)R|
Farming of Geothermal Systems: A Case Study of Heat Extraction and Thermal Recovery ina

2L wymdé Usk Ur| wrRBrmw Kmymrsyger-" Gr L wmmuwe l N
Engineering, Stanford University, 31 <PaRabryary 2011.

Ungemach,, Rntics, MLalosP (20)1Sustainable geothermal reservoir management
modelling suite. Proc. Australian Geothermal Energy Confe8tmbevi2011, Melbourne,
Geoscience Australia Record 2011/42%526&osniee Australia, ISSN 12887 ISBN 978
192195%466.

Juliusson, Eorne, R. N6weeney, Hart, M.Rich, JSandler, J. (2011) Op&xiralction of
geothermaiesource3rans. Geothermal Resources Coun8ih, 14671466, ISSN 048833,
|BN 093441296-0.

2.5 Plans for 20And Beyond

Work is planned to continue on the four exisskg. A new focus is being signalled for

several additional efforts as described below. Some of these environmental tasks need supportive
funding, in padular: preparation of an international geothermal environmesftal code

practice, sustainability modelling workshops, PhD scholarships, field trials using targeted shallow
reinjection of hot fluids to remedy adverse effects, gas injection in gelishandavater

treatment to remove toxic elements.

25.2 Task Almpacts on Natural Features

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

i Establish lowesk methods of deegsource use from protected areas
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Distinguish natural from induced variations in thermal discharges
Model groundwater changes arising from deep pressure changes
Rank thermal features, habitats, & geothermal systems for protection

Classify vulnerability loétmal features to reservoir pressure changes

Task BDischarge and Reinjection Problems

Mitigate corrosion

Document results of subsidence mitigation by targeted injection
Investigate biochemical remediation/ treatment of condensates
Monitor casinigitegrity to protect groundwater

Geothermal G@apture/purification for horticulture and bottling
CQ sequestration by injection or biological/chemical fixing
Arsenic/boron removal from waste water-loy biemicaprocessing
Protection of potable eraaquifers from ofield reinjection effects

Improved prediction of subsidence and effects avoidance or mitigation

Task G Methods and Costs of Adverse Impact Mitigation
Rank geothermal systems for protection status using appropriate caiegyaies &

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

Itemize experience and best practice options for cooling, stimulaticn@nd make
water resource issues for EGS projects

Test thause of targeted injection to rejuvenate failed geysers/springs or halt subsidence
Review international geothermal environmental policies and procedures
Review costs of mitigation options for environmental effects

Produce global environmental code of@factgjeothermal utilisation

Task ESustainability

Investigate permeability changes with time & interference between neighbouring
systems

Publish more case studies

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

Plan makep production from deep roots
Improve the use of tracers for predictive modellingtefrfongservoir performance;
Convene further workshops stasability sessions at conferences

Collect additional letegm (>30 yrs) case histories to improve modelling confidence
and better understand kbegn reservoir behaviour
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1 Improve models, focussing on boundary conditions, recharge, dynamicrsgovery fact
longterm injection effects, thermal energy management, and EGS sustainability

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

Address lortgrm production pressure drawdown and injectiog effects
Address potential interference between adjacent (interconnected) geothermal areas

Reduce uncertainties in{@nm resource sustainability assessments by identifying key
requirements for pexploitation and early development information

26 Websites Related to Annex | Work

1 IEA Geothermal Implementing Agreement website hosting protocols, sustainability
reference list, etchttp://www.iegia.org

1 IPCC report, Chapter 4, Geothetmttgl://www.ipewg3.de/publications/

Figure B Tourists digging hot pools at Hot Water Beach, Coromandel,
New Zealand
(Photo courtesy of Chris Bromley)

2.7 Author and Contact

Chris Bromley

GNS Science
WairakieResearch Centre
Box 2000

Taupo 3352

NEW ZEALAND

Email: c.bromley@gns.cri.nz
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IEA Geothermal R & D Programme
Chapter 3

Annex HIEnhanced Geothermal Systems
(EGS)

Fluid flow from Habanero 3 at Geogyaamm™ Uo k [ r i amwr el rRNm Uq 4/
Australia.
(Photo courtesy of Geodynamics Limited)

3.0 Introduction

Engineered or Enhanced Geothermal Systems (EGS) are gradually being recognised as having a
great potential for future global energy supgys Tlearly highlighted in the recent road map
document prepared by the International Energy Associali@e/le)gy Roadmap:

Geothermal Heat and Power road map suggests th&db0, more than half of the

projected geothermal increase comes from exploitation of ubiquitously available hot rock
resources, mainly via enhanced geothermal systerSsifs@8ially greater research,

development and aerstration (RD&D) resources are needed in the next decades to ensure

EGS becomes commercially viable by 2030.

Additionally, the road map indicates that policy makers, local authorities and utilities need to be
more aware of the full range of geothesoakces available and of their possible applications

in order to develop consistent policies accordingly. This is particularly true for geothermal heat,
which can be used at various temperatures for a wide variety of tasks. Important R&D priorities
for gethermal energy include accelerating resource assessment, development of more
competitive drilling technologies and improving EGS technology as well as managing health,
safety and environmental (HSE) concerns. Advanced technologies forp#share ageb
supeicritical (or even magma) resources could unlock a huge additional resource base.

The realisation thtaie combination of heat and power is more attractive in an industrialised
world due to the increasing cost of hydrocarbon energy sduatteadplications is taking


http://www.iea.org/publications/freepublications/publication/name,3988,en.html
http://www.iea.org/publications/freepublications/publication/name,3988,en.html

place somewhat slower than expected. This may be due to expected lower cost of abundant shale
gas and oil, but oil prices are increasing year by year. The relatively low visual and carbon

dioxide impacts are also helpingdBSrecognised as one of the attractive energy resources

of the future. This is reflected in the increasing membership @b tAdiEuntries who

wish to cooperatively develop EGS technology-GlReidEe appropriate vehicle to

promote interniainal cooperation and share technological development.

The IEA has clearly recognized that one of the most important greenhouse gas mitigation
opportunities lies in thereasing use of renewable enerdsméitgy Technology Perspectives

2008eport caocluded that if we are to reduce energy relatedGDy 1 e 17 Bl .t H npr g
by 2050, 21% of the necessary greenhouse gas emissions reductions will have to come from renewable
energy productiddwing to the recent accelerated annual grawsthlied capacity for geothermal

power generation and the significant progress achieved in EGS development in Europe, Australia and
North America, the IEA envisions geothermal energy to make a significant contribution to the growth of
the renewable poitioHowever, a significant number of technology development and demonstration,
legal and regulatory, and public policy issues must be addressed if the potential of geothermal energy is
to be unlocked.

Recognising the importance of EGS for the envieomthwvenitidwide resource availability,

IEAGIA has put additional effort in encouraging participating countries to cooperate, carry out
joint research and share the data to improve the understanding of EGS technology and move
towards the commercialisatiaghafechnologyhe goal of the IEHNA is to provide guidance

to government and industry decision makers as they set priorities and accelerate efforts to
develop and deploy technologies that will enlarge the contribution of geothermal power and
direct hat use in the energy niike EGS Annex is structured to improved technologies via
international collaboration so that the huge heat resources present in the majority of the continental
land masses can be accessed by developing engineered heatdeathaagdratacommercially

viable costs. Further, application of EGS technigues at existing hydrothermal fields will also help to
increase energy extraction and improve sustddaataileey al. (2012) published a paper in the
Encyclopaedia of Snatzlity Science and Technology by Springer Press to demonstrate the
sustainability of such projects and the scaling up to produce power in the range of 50 to 200 MW

Once the technology is demonstrated and acceititednig into play a significeuatridwide

geothermal resource to generate base load power, supply heat for industrial applications and
district heating schemes, and reduce environmental pollution. It will also help sustain and expand
hydrothermal systems through the use of stimatdtitiques and reinjection

The countries and organizations that participated in Annex Ill in 2011 were: Australia, the
European Commission (EC), France, Germany, Italy, Japan, Norway, Republic of Korea, Switzerland,
USA, Geodynamics Limited, Greekmdwgly Ltd. and ORMAT Technologies Inc.

The Operating Agent for Annex Il is Geodynamics Limited, located in Milton, Queensland,
Australia. The @mnex Leaders are Roy Barial@®8IH, UK) and Doone Wyborn, of
Geodynamics Limited, Australia.

3.1 Task®f Annex Il

Annexll has been working on fiask, described below. Many of these Tasks were revised
during 2011.

3.1.1 Task AGeothermal Energy Resource, Reserve & Depletion (Production
Profile) Estimates
(Provisional Task Leader: Barry @Goldste

Task A, which originally involved the evaluation of the economics of EGS systems was

successfully completed in 2001 and numerical models were developed by the US and other
countries. However, tiaisk was ractivated in 2007 in order to incorpohatguantification
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and definition of EGS resources in a form that can be internationally accepted. Additionally,
many commercially funded projects have commenced and will require a common terminology to
make them comparable. Itis becoming appartm tetelopment of EGS is moving from
fundamental research to demonstrati@pplchtion. New EGS projects are taking place on
different continents, with varying geological conditions and stress regaremvaiedge

gained in the past will néedbe applied to new conditioihgs important for the success of

EGS that the processes developed through international research and cooperation are applicable
in different stress regimes and geological settings. With this in mind, detailsanéthis Task

being reassessed and implementation sought. It is also becoming apparent that the flow of
information is decreasing as privately funded projects regard the knowledge they obtain as
intellectual property rights associated with their investment.

In the past, economic models were used to evaluate what tasks or technologies were sensitive to
economic viability, and those that were, were given preferential treatment for research and
development. Today, the use of economic models has changed; theddreramss

capital on the financial market.

There is concern that financiers may be disenchanted with some of the optimistic claims made
previously and projects may not fulfil the requirements for the succapsbtikiake

technology. A standsed economic model is needed that will take into consideration the local
incentives, local labour and environmental requirements and conditions. This should maintain
the credibility of the technology and support those organisations that are exgppedenced a

deliver on time and within budget. A part of this Task now incorporassuE®eS

assessment, so that the market can compare like with like quantification of resources. A draft
report has been prepared by the Australian Geothermal Assaddteasstthis aspect and is

currently being reviewed. It is anticipated that this Task will continuously evolvendepending

the regional requirements, the strategic importance of the resources and their economic viability.

Some of the important paramsdtebe defined are:-tifecle of an EGS system, separation
between wells, production flow rate, flow impedance, water loss, thermal drawdown, contact
surface area and reservoir rock volume. These factors will be defined and updated based on
experiencaimed.

Anticipated deliverables or outputs will be: (i) ready access to established and emerging Codes
(e.g., Australian, Canadian, US Codes, etc.), (ii))a summary of common and diverging aspects of
established and emerging Codes, (iii) an evergregioivaklexicon (expansive glossary) as a

guide to how geothermal resources and reserves can be estimated for reporting purposes, (iv) an
evergreen international code to cover a minimum, mandatory set of requirements for the
reporting of geothermal resesiand reserves, with sufficient flexibility to meet local market
rmrsermimlry_ s, Upuwm wiirdéelJrR mRrReI[RM 4N
resource, economic (developed and undeveloped) reserves and supplies of geothermal energy
(for diretuse and power generation) from the full spectrum of geothermal resources
(hydrothermal through magmatic and conductive resources that require enhancement of
permeability to attain flows, e.g., EGS)

At present the provisional Task leader is BarryirGoldsigpermanent leader with
appropriate experience in this field is being sought.

3.1.2 Task BTechnology Crossover between Hydrothermal and Engineered

Geothermal Systems
(Task Leaders: Ezra Zemach (ORMAT, USA) and Ann Robertson TaitySéythermEx,

This task was redefined to encourage cross fertilisation of the established technology from
hydrothermal systems to be integrated with the new developments from EGS and to encourage

BL RN RMWNI | by nem RrRJL Bml mnpewaways peenreghrded | R N mMr ~
as a continuum of resources from high permeability such as hydrothermal to relatively low
permeability such as EGS. Recent development indicates the knowhow of the preferential

direction of fluid flow in a certain stress regime egqplied to all natural subsystems

including the hydrothermal and E@GiS task is also aimed to modify conventional



hydrothermal development technologies, such as horizontal drilling, fracture detecting and
mapping, and pumping, for application torte@fy eevelopment.

This cross fertilisation of technologies is being tested at an existing hydrothermal field (ORMAT)
at Desert Peak, near Reno, Nevada, USA. It is anticipated this task may significantly help the
sustainability of existing hydrotherebds fincrease the power output and expand the

hydrothermal resource.

3.1.3 Task €Data Acquisition and Processing
(Task Leader: To be appointed; Germany)

Task C involves the collection of information necessary for the realization of a commercial EGS
energy producing plant at each stage of reservoir characterization, design and development, and
of construction and operation.

The progress of the development of EGS has shown that the basic principle of fluid flow in a
certain stress regime remainsatme sbut there are likely to be some variations associated

with each project. It becomes important to study past EGS projects and understand the effect of
some of the variables on the resultant fluid flow in that environment. This can be achieved by
eithermprocessing the old data with new processing techniques or understanding the results
obtained. This requires the access to the old data, processing techniques and reports containing
the results.

Access to past data and reports from various projésts/bdmean difficult. The US DOE

wmsmé L rmwy RNmM = Amn| wy Gr f EmMWR’ _ [ NewN [ ] seuwm
projects. This scheme needs reinforcing with the addition of missing reports and a better search

engine (refinement of thetég one, or its replacement). Alternative means are being considered

to address this data and information access problem, such as via financial support from the GIA
Common Fund, or the full program being funded by an organisation, joint condgagigm of pa

etc.

Access to all the data is still a serious problem, as some of it will have been lost or be regarded
as confidential. The data which is available, should to be accessible to anyone who wishes to
work on it, gain from the past experienceyelog new interpretation methods. Such data

may be divided into four categories:

1 Insitu data: geology, stress profile, temperature with -déptfuid composition
and pressure, joint network and orientation, etc.

1 Hydraulic data: all hydraulsting, stimulations and circulations of wells
 Microseismic data: both located events and raw data

1 Reports and papers

This task is still struggling to be taken up although its importance has not waned. Such a data
base with international aspects isuttiffied complex to implement as it is not just the

translation from various languages to a common recognised such as English, but also the format
of the database and the search engine associated with it to deliver the result. There are
approximately 20 &S projects (Japan: 4, Europe: 10, USA: 3, Australia: 3). The provisional
Task leader is Roy Baria until a suitable organisation can be found in Germany that is prepared
to take on this task and maintain it for a foreseeable future. The prdvigadat tas

struggling to find the right organisation with funding to establish such a database.

3.1.4 Task BReservoir Evaluation
(Task Leader: Doone Wyborn, Geodynamics Limited, Australia)

The overall objective of Task D is to compile and makeatlead of methods, techniques,

and tools are effective for reservoir evaluation; and then establish the evaluation methods best
applied to develop a new EGS site. Creation of an economically viable reservoir is the single
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most important item in EGStextogy. Methods used for evaluation of the data have

developed from past EGS projects and others are borrowed from the oil and gas industry and
nuclear waste disposal research. The plan is to define agreed procedures to test and evaluate
the reservoirgpameters so that they can be compared. Some of the parameters have been
defined for discussion and are presented below. The work has progressed slowly but additional
support is being considered and investigated.

s v o

The Geodynamics Habanero 1 MW E&Statian (centre), with station air
coolers (right) and brine air coolers (left), Cooper Basin, South Australia.
(Photo courtesy of Geodynamics Limited)

Some of the procedures that could be standardized are:

T Well testing models

A Before stimulatidorthe assessment of undisturbedtpermeability which
can then be compared to that of after stimulation; near wellbore, and if possible,

far field

A For stimulatiofor the assessment of the degree of enhanced permeability
following stimulation; nearbegk and far field

A For circulatiofor the assessment of the further changes in permeability due to
cooling and precipitation and dissolution processes, i.e., is the reservoir improving
or degrading over time; both near and far field

I Borehole measuremment

A Wellbore imagéstellbore images are necessary to identify joint network and
flow exits. Borehole imaging tools such as BHTV, FMI, etc., are commonly used for
this purpose. Higher temperatures can make the use of existing tools/methods
impractical; &ough, cooling of wells and use of heat shields can allow them to

work for a limited time.

A Temperaturéemperature is a very important heat resource and flow exit/inlet
identification tool. Analogue and digital tools are available to work at up to
200°C. Higher temperature tools can be attained using heat shield technology.
Temperature sensors with low thermal mass are preferable because they respond
faster to changes in temperature for identifying small flow exits. The use of optic
fibre distributetemperature sensors (DTS) has great potential.
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A Flow:Impeller flow meters are preferred as they are a simpler device and very
sensitive to flow. The larger the diameter of the impeller the higher the sensitivity.
For higher temperature, the impellebeamade of Teflon and Teflon coated
bearings are used to reduce friction and corrosion. Standardised methods for
flow measurement and interpretation would be useful.

A Pressurddigh temperature electronics is allowinghievmeasurement of
pressure ovnger time intervals. DTS methods are also being developed for
pressure.

1 Water management

A Open systeriThe characterisation of thsiin condition of rock mass is
essential to plan stimulations, well trajectories and water
requirement/managemene @irthe tests used for assessing an open or closed
system is a shinttest after the stimulation. In an open system the pressure
decays rapidly and microseismicity generation slows down rapidly giving an
indication of the likely-feeld water leak off.

A Closed systefihe requirements and tests are the same as those for the open
system but here the pressure decays very slowly (microseismicity generation
decays slowly as well) and gives an indication of the likefiglldwdder leak
off and therefe the constraint of circulation pressure may be necessary to limit
further growth of a reservoir. Again, a preferred method and procedure may be
useful to compare sites in terms of economic viability and stability of a reservoir.

A Overpressured systextihere the fracture network is g@ressured special
conditions exist during drilling since permeable fractures at different depths
cannot be in connection with a wellbore fluid at the same time priesaute
is controlled by mud weight. No pump isreebin a production well under
these conditions. It is not yet clear how widespread these conditions are in the
Ul rRN"] Wre) R-

T Review of numerical methods
A Flac 3D
A uDec and 3Dec
A Geocrack
A FRIP
A Feflow
A Kappa
A Tough (various)
A Fracod
A Others
9 Microseismic meamments

A Design of network and erradste of the main reasons for the use of a
microseismic system is the need to track fluid pressure during stimulation for the
creation of an EGS reservoir. The design has to take into consideration the layout
of the semss to optimise errors in the location of these events. This entails the
layout of the sensors with respect to the proposed stimulation volume, the local
environmental situation for background noise, transmission of the data to the base
station, the locgéology where the seismic stations will be positioned, the
sensitivity and the bandwidth of the seismic sensors etc. It is also important to get
a good handle on thesitu velocity model (P and S wave) for improving the
location of seismic events.
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A Automtic location of datatutomatic location of microseismic events is very
helpful during the creation of the reservoir to assess the growth and the direction
of the reservoir. There are a number of location algorithms available and each has
its advantageschdisadvantages. Commercial software is available to do
automatic locations and also to help interpret the data.

A Interpretation of dat&his, like any other interpretation, requires knowledge and
experience. As mentioned above there is softwaectayaibaielss the
microseismic data for Fault Plane Solutions, source parameters, collapsing
methods, moment tensors, etc. It is important and a good practice to integrate all
the other information such as the hydraulic history, joint network, stress regime
geology and othersitu parameters to obtain meaningful interpretation of the
data.

A Quantification of stimulated area and heat transfer Bitimeaf: these
parameters are needed to assess the life of an EGS system under operating
conditions. Téis difficult and still in a development stage. Information from
microseismic, tracers, joint network, numerical modelling and geology is used to
calculate the heat transfer area and heat transfer volume. Work is continuing on
these topics. There areemmiugh EGS reservoirs in a circulation mode to carry
out experiments to assess and confirm predictions.

I Tracer studies

A Selection of tracef@uite an amount of work has been done on this topic to
select the right tracer for a specific task. The wattheiprocess of being
written up.

A Sampling, breakthrough time and modal va\ithmigh procedures for
specific tests have been established, the interpretation needs to be better defined
with the help of numerical models.

A Heat transfer are#@ihis isa difficult parameter to assess because of the
dependence on the nature of the system, i.e., open or closed.

A Life of a reservoifhis is an important parameter to define the return on
investment. Some numerical models are available which rely aulithe hydr
tracer, microseismic and geochemical data but it is difficult to give supporting
evidence due to the absence of any circulating EGS system for a prolonged period.
Results from task 3.1.5 (below) will be very helpful in defining the procedure and
interpretation on this task.

3.1.5 Task EField Studies of EGS
(Task Leader3: Muller, IFE, Norway, adde@der: Albert Genter, EEIG, France)

The objective of Task E is to conduct research and development on working EGS with an
emphasis on reservoanagement and reservoir enhancement technologies. This topic covers a
broad area, including fracture and stress analyses, hydraulic and chemical stimufation, and fluid
flow modelling of hydraulic and chemical stimulation processes, tracer sewhnologies

geophysical methods. This is a collaborative task between the originally EC funded European
Project at Soulspug~oréts (France) and the @A member (Norway) with participation of

other members. The Soultz project broke much new ground atichtbehtbat this

technology can be technically feasible and commercially viable. At present, this project is funded
and supervised by a European industrial consortium.

This task was established and operated as a joint cooperative effort betwddnSkhe EC an

until 2008, when the EC funding ended. This Task will now become part of a new reservoir
management Task, a stage that is only now being reached for EGS systems. This includes
scaling, corrosion, dissolution, precipitation, etc. The threenESGBasysé&ee circulated for

prolonged periods during early phases of EGS investigations were the Los Alamos, Rosemanowes
and Hijiori sites. Some management investigations were carried out at these sites, but they
require updating and integration wihithited experience at the Soultz site.



3.2 Work Performed in 2011

Many of the Task activities were revised during 2010. As a consequence of reduced funding
from various participating organizations, efforts on Task related projects were miich reduced.
is expected that this will pick up in the future as more funding becomes available.

3.2.1 Task AGeothermal Energy Resource, Reserve & Depletion (Production
Profile) Estimates

The major effort in this Task involved-ésteblishment with new otiyes (see Section 3.1.1

above). The work on redefining economic related parameters is continuing. It is recognised that
assessment of geothermal resources has to be comparable in an international scenario in order
to encourage investment. A new talgk isdeing sought with enough experience to lead this
important task.

3.2.2 Task Bechnology Crossover between Hydrothermal and Engineered

Geothermal Systems
The US Department of Energy continues to fund research projects bridging hydrothermal
technology and technology that is more specific to Enhanced Geothermal Systems development.
KmysorRYy 4N RNMYM [ EMWRY) | rm ys1l1|lrefmy el
(http://www1.eere.engoygeothermal/egs_prog_reviévahthdescribed in the EGS
sessions of tiERC (200Gnd the SGERW (2007).

This task was redefined to encourage cross fertilisation of the established hydrothermal technology to

be integrated with the new developrftent EGS and to encourage both technologies to benefit

prgyd mlwN SRNMr Y @l NJJT- Kmwmlr | Bymrs| RrRey )
from the development of EGS on preferential fluid flow direction dusgstress regime can

alsabe applied to hydrothermal fields to enhance permeability and recover additional energy.

This cross fertilisation of the technology is being tested at the existing hydrothermal field
(ORMAT) at Desert Peak, near Reno, Nevada, USA. This is fungdwje&tIROE and

ORMAT technologies. A dry well which was found to be favourably aligned with the local stress
field was selected to test the application of EGS knowhow to a hydrothEotaiieddan

integrated study of fluid flow, fracturingsstind rock mechanics, silidifyedite tuffs and
metamorphosed mudstones were hydraulically and chemically stimulated in Desert Peak well 27
15 as part of an Enhanced Geothermal System (EGS) project. The target well is located on the
margins of an emting geothermal field, and the stimulated zones lie at a depth from 915 to
1,070 m where temperatures range from 180 to 195°C. A long initial period of shear stimulation
was carried out at low fluid pressures (less than the least horizontalrpaaciplahsn),

which increased injectivity by more than one order of magnitude. After this, chelating agents
and mud acid treatments were used to dissolve mineral precipitataspaparopiénsealed

fractures. This chemical stimulation phase tdynparadsed injectiviiyt led to increased

wellbore instability.

After a wellbore cleaut, a largegolume hydrauli@acturing operation was carried out at high
pressures (exceeding Shmin) and high injection rates over 23 days to pronsote fluid pres
transfer to greater distances from the borehole, resulting in an adliiamaiedse in

injectivity. Locations of microearthquakes (MEQs) atestiagatemonstrated growth of the
stimulated volume between welb2and active geothernedisiocated approximately 400 m

to 2,000 m to the SSW. The seismic array has been augmented and a final phase of hydraulic
fracturing and shear stimulation is being considered to further improve permeability in the
region around well-23 (Chabora et 2012).

3.2.3 Task €Data Acquisition and Processing

During 2011, no specific work was conducted within this Task. However, a handbook that
facilitates the planning of specific EGS project steps and provides an overview to the state of art
of commeralily available services, which was completed in 2005: Enhanced Geothermal System
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Project Management Decision AssisEBEBMDAS still being distributed at a cost anly t
cover reproduction and postage.

Various avenues are being considered to reactivate this Task dutetmitmloorgance.

Both public and private sectors are being contacted to fulfil this important task. The Task is
much larger than expected ards® involve lotgym commitment from an organisation

that will have to do the archiving and website maintenance. It is likely that this task will be
absorbed in the data base established by the US DoE and the Australian Institutions. The final
decisionvill be made at the next meeting cGIRA

3.2.4 Task BReservoir Evaluation

The restructuring of this task continues, and entails defining recognised definitions and a way to
process these parameters to suit economic evaluation and site ddowevisQmprogress is

slower than expected due to the demands of the task leaders on other commercial programs.
The information is being put together on the topics listed in the previous section on this task.

3.2.5 Task EField Studies of EGS Resd&ediormance

The 2010 circulation test began at Soultz in November 2009, after a maintenance period, and
lasted until October 2010, when a new maintenance period was programmed. This 11 months
experiment is the longest circulation ever performed ohlzipedpeat. This test involved

GPK2 (production), and GPK3 and GPK1 (reinjection). A tracer test was also done during this
period. A detailed discussion of microseismicity activity is described in Cuenot et al. (2011), with
tracer test results provide@amjuan (2011).

During the IEExCo Meeting in Oslo, Norway, in May 2012, IFE organized a workshop on the
Ryrew ~Ugrrygyeytd_ ywl¢eln [ Jwy RNm BIYmM 4 n Rr|
Il nmimlr | 1w rmymrs | e rwelmbsugel asihe exdngple.R mwN 1 | ¢ 4
The general theme of the operation was as follows:

1 Reservoir volumes are calculated based on known or estimated reservoir data
9 Identification of suitable tracer based on temperature and other conditions

9 Calculation of nesary tracer amounts

1 Application for use of tracer chemicals (if applicable)

1 Injection of tracer

1 Sampling of produced fluids

1 Shipment of samples to lab

1 Analysis of samples and reporting of results

 Evaluation of data

1

Take necessary actions

The conakion following the use of the tracer was:

1 New Tracer test after filler material had been placed confirmed no communicated via
Well 2B sidetrack

Oil production increased from 0 to 3000 BOPD
Water decreased from 100 % to 65 %

Less than 2 bbls filler miafeclean up required in Well 2
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1 Breakthrough time of water after filler placement (F®Aweitliracer test : ~250
days

9 Total project cost was less than 10 %irilf oase

The meeting was well attended and showed how knowledge gainedrinoa logdrbe
applied to geothermal fields.

3.3 Work Planned for 2012 and Beyond

The lack of new developing or operating EGS projects in the world has slowed down many of
the Task efforts in this Annex, but it is anticipated that the activittesasi@ as US,

Australian, German and South Korean funding begin to bring new EGSlipgojects on

Additionally, these Tasks have been slow in progressing because of adverse publicity associated
with the generation of larger (>MI 2) microseismic eE&Ssraservoirs, the difficulty with

obtaining funding (private and public) due to the financial crisis, and the lack of willingness of
privately funded EGS projects to disclose much of the information gained, as it is considered
confidential for commeroggsons.

Although attempts were made to rectify the slowdown in the take up of EGS technology and
there are signs that this may accelerate in the near future, Annex Ill was restructured in 2012
with the main operating agent being the US DOE, withfsuppB8eodynamics. The Tasks

in Annex Il were restructured and the emphasis is now on producing workable documents
(such as a best practice guide) based on the current experience. The aim is to help potential
and new EGS projects.

The new descriptiomdawork program associated with this Annex are as follows:

3.3.1 Task A: Proposal for Global Review of Geothermal Reporting Terminology
3.3.1.1introduction

The United Nations Economic Commission for Europe recently published a réfm@t entitled

United Nations Framework Classification for Fossil Energy and Mineral Reserves and Resources
2009 hereafter referred to as WHEB@) that created a thdimensional model based on the

following criteria: economic and social viability, field project status and feasibility, and geological
knowledge.

In recent years, various stakeholders have developed or proposed documents with codes,
protocols, guidelines] &rameworks to classify a range of subjects associated with geothermal
resource potential. Although these documents serve different primary purposes, they all seek to
quantify and/or categorize geothermal energy resource potential and, thussefuprovide

thermal and electrical power for the global community. Relevant documents include the
following:

i Canadian Geothermal Reporting(201@)

1 The Future of Geothermal Energy and Its ChélleRgbach, 2010)
1 Australian Gdwrmal Reporting Code, Editifsioember 2010)
1

New Geothermal Terms and Definityn&eothermal Energy Association (November
2010)

A Protocol for Estimating and Mapping Global EGS fé&ésn#all1)
A Resource Assessment Protocol faElEeDovember 2011)
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http://www.agea.org.au/media/docs/the_geothermal_reporting_code_ed_2.pdf
http://geo-energy.org/pdf/NewGeothermalTermsandDefinitions_January2011.pdf
http://www.iea-gia.org/documents/EGSProtocolGGLManuscriptV1_1May11Baria27Jun11_000.pdf
http://www.geoelec.eu/wp-content/uploads/2012/04/GEOELEC_RESOURCE-ASSESMENTPROTOCOL_v-16-dec-2011.pdf

3.3.1.2Work Program

Graeme Beardsmore (Hot Dry Rocks Pty Ltd, Australia) has been commissioned to familiarize
himself with the UN2009 framework in order to interpret and to tratisaterminologies

in mfejyreln nmiRNMrJ[ ¢ wiwym | Jw rrypRLW6) el
With respect to the various geothermal codes and protocols, he will identify gaps, limitations,
overlaps and differences in and betinet@rminologies as well as provide recommendations

to overcome discrepancies.

Output: A report including the following will be completed 29 13d
I Statement for the need of a consistent geothermal terminology
1 Summary of the UNE@D9 framework
1 Presdation of various geothermal reporting and classification systems
1

Proposal for consistent terminology
3.3.2 Task B: Technology Crossover between Hydrothermal and EGS Technology
3.3.2.1Introduction

Successful deployment of geothermal resourceseistioten to highly permeable zones

near the boundaries of crustal plates. As a result, if geothermal reservoirs that mimic natural
systems were created, it would open up a vast amount of worldwide geothermal resource
potential and also address climargeh

Extensive research has been carried out on the development of EGS technologies, and a few
commercial EGS plants operate around the world. During EGS reservoir creation, the direction
of fluid flow paths in natural fractured media is largelyembbiratiagnitude and direction of

in-situ stresses. However, it is yet to be determined whether similar observations are applicable
to the development of hydrothermal systems.

3.3.3.2Work Program

The US Department of Energy (DOE) has several EG&ititenmoegtcts located near

hydrothermal fields such as Desert Peak and Brady Hot Spring, two of which are managed and
operated by ORMAT Technologies, h@&lABAs commissioned Roy Barid BIIH UK

Ltd) to take these two projects as a baseliredeviopment aflessons learned document

that would include, but not be limited to, the following:

9 Natural conditions and critical parameters
1 Methodology and technology to improve reservoir performance
T Evaluation of how stimulation affected performance

1 Lessons learned to facilitate successful deployment and to drive future lines of research

Output: A draft document described above will be submitted teGh# A ctober 2013:

3.3.3 Task D: Best Practice handbook for EGS Reservoir Evaluation

3.3.3.1Introduction

The main objective of Annex Ill, Task D, will be to assemble a handbook of the current state of
the art in EGS reservoir understanding, stimulation and analysis. Topics to be included are
borehole measurements, well test analystsgbefafter stimulation), stimulation methods,
microseismic measurements, tracer studies, water management, and review of numerical models.



3.3.3.2Work Program

This task will be lead by Doone Wyborn (Geodynamics, Australia), with plans to make this
handbook available as a guide for future projects and will lead to a best understanding of
reservoir properties, stimulation methods and reseryardde. of this study, Doone

Wyborn will engage the services of Dimitra Teza (Bestec GmbH, Landawh@drasany

expertise in borehole measurements, well testing analysis, and water management. Teza will be
responsible for writing handbook chapters on these topics:

1 Borehole measurements: Image logs and their interpretation, electrical logs (sonic,
neutrorporosity, density, gamma, spectral gamma), temperature, pressure, spinner,
optical fibre techniques.

1 Well test analysis: ddvate pressure measurements withugpudidd draw down,
pulse and hit tests, step rate test, before and after stimulatiaiv,cdledian.

1 Water management: Open system, closed sysfgpgsaved system

Output: Three reports providing chapters retatingrehole measurements, well test analysis
and water management. These reports will provide a significant canthibUEGISt
development, and will be submitted to tHelAEByDecembe2013.

3.4 References

Baria, R., Mortimer, L. and Beardsmore, G. (2012) Development of engineered geothermal
systems (EGS) and its sustainability. Encyclopedia of Sust&nabilitydStechnology,
Springer Press, New York, USA., 18 pp.

Chabora, E., Zemach, E., Spielman, P., Drakos, P., Hickman, S., Lutz, S., Boyle, K., Falconer, A.,
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on Geothermal Reservoir Engineering Stanford University, Stanford, Califorala, January 30
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Workshop on Geothermal Reservoir Engineering, Stanford University, Callfornla US, 31st January
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3.4 Welites Related to Annex Il Work

Habanero project, Australiaw.geodynamics.com.au/IRM/content/default.htm

amr | 11 wwiKteiyfzk.der wmy ~

GeneSyRroject, Germany:

www.genesgignnover.de/Genesys/DE/Home/genesys_node.html

EGSPMDA promotion omww.iedia.org/geothermal_information.asp

DOE technical projectsvw.eere.energy.gov/geothermal

EGS Program Revigp:/ivww1.eere.energy.gov/geothermal/egs_prog_review.html

= =4 4 -2

Soultz European HDR Projeetw.soultz.net/
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Annex VWIAdvanced Geotherntdlibyand
Logging Technologies

Figure 4. Dptical fiberglevelopment of a high temperature fiber optic transmission system.
(For information contact Scott Lindbloghiradbl@sandiajov
(Fhoto cousy oandia National Laboratories, USA)

40 Introduction

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

utilization. Drilling, logging, and completing geothermal wells are expensive because of high
temperatures and hard, fractured formations. The consequences of ssahecaitpnost

impressive, because drilling and well completionwdarf@atwre than half of the capital

cost for a geothermal power project.

Geothermal drilling cost reduction can take many forms, e.g., faster drilling rates, increased bit
or tool life, less trouble (twaffs, stuck pipe, etc.), highemmdr produen through muki

laterals, and others. Activities in the Advanced Geothermal Drilling and Logging Technologies
Task will address aspects of geothermal well construction, which include:

9 Developing a detailed understanding of worldwide geotherntalstsilling

1 Compiling a directory of geothermal drilling practices and how they vary across the
globe;

1 Developing improved drilling and logging technologies.
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The objectives of Advanced Geothermal Drilling and Logging Technologies are:

1 Quantitatively understageothermal drilling costs from around the world and identify
ways to reduce those costs, while maintaining or enhancing productivity.

1 Identify and develop new and improved technologies for significantly reducing the cost
of geothermal well constructmlotver the cost of electricity and/or heat produced
with geothermal resources.

Inform the international geothermal community about these drilling technologies.

Provide a vehicle for international cooperation, field tests, etc. toward the development
and @monstration of improved geothermal drilling and logging technologies.

Annex VIl of the Geothermal Implementing Agreement has been developed to pursue advanced
geothermal drilling and logging research that will address all aspects of geothermal well
congtuction.

Participants in Annél are: Australia, the European Commission, Iceland, Mexico, New
Zealand, Norway, and the United States.

Sandia National Laboratories (USA) is the Operating Agent for Annex VII.  Stephen Bauer
Sandia National Laboriasjs Task Leader.

Figure 2 Fiber tool system.
(For information contact Scott Lindbloshiradbl@sandia,jov
(Photo courtesy 8&ndia National Laboratories, USA)

4.1 Task of Annex VII

AnneX/Il has thre€ask, described below. As specified in the Annex VIl Charter, all
Participants in the Annex are considered to participdtasie. all

4.1.1 Task ACompile Geothermal Well Drilling Cost and Performance Information
(Task LeadeSStepheBauersSandia National Laboratories (SND), USA

This activity is a compilation of drilling cost information associated with the development,
construction and operation of geothermal wells. This information/data will be maintained in a
single databaseflsat all participants can use it to identify key cost components that might be
reduced by new technology or by different drilling practices. Data could include R&D cost,
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project cost, operation and maintenance cost, and overall cost of enetggelt will inc
information on wells for both electricity and-dse@pplications (including geothermal heat
pumps), and will include information from 1990 to date. The key modification sought in this
time period, based on the realization that operators dotriotopenly share costs, is to

collect depttime data, from which, performance may be estimated.

41FaskBAuyml Repew| rReyl] |l wy GsBobrlingre 1 4
(TasK_eadeiStephen Bau&andia National Laboratories (8S5B),

The Participants have identified and catalogued the technologies that have been most successful
for drilling, logging and completing geothermal wells. The complete geothermal drilling
handbook includes: design criteria for the drilling and coprplgtéons, drilling practices

for cost avoidance, problem diagnosis and remediation during slimhole drilling, trouble
avoidance, well testing, geophysical logging, and wellbore preservation.

4.1.3 TaskC- AdvanceDrilling and Logging Collaboration
(TaskLeadeStephen Bau&andia National Laboratories (SNL), USA

The Participants will monitor and exchange information on drilling and logging technology
development and new applications in their respective countries. The Participants will also
identif activities and projects for collaboration, and then collaboration plans will be developed.

For example, the Participants anticipate identifying opportunities to field test in one country a
technology/system that is being developed in another panticipant 8 1 R r | -

4.2 Work Perfoned in 241
4.2.1 General

Provided reparto the 25" and 28 ExCo meetings, completed written Annex VII reports, and
provided Annex VIl revised descriptions feribed GIA Document.

Annex Viparticipantsnet in thepringof 201ih Paris, Fran@nd in thdall in London, U.K.

The following is an update of Annex VIl activities presented and discassezhadritiened
meetings which took placelfml

Key Points from the Annex Meetings:

1 Each of theeveractive participants in the Annex was represented at both meetings:
Australia, the European Commission, Iceland, Mexico, New Zealand, Norway, and the
United States.

1 Each Task was discussed, with a view towards maintaining a substantive path forward
4.22 Task A
Somanew well data was added to the database i @@l cost model is being developed.
4.2.3 Task B

Task B, having been completed, is being redirected.
424 TaskC

Requests for collaboration have been received, discussed, anceixdhangédd between
principal investigatorbhe ptential for technology sharing continues.
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Barry Goldstein visited Sandia National Laboratories and gave an invited lecture on Geothermal
Energy in Australia.

At the fall 2011 Annex VII meeting, 8rhy&aua presentation of the well cost model and
example cost calculations compared to actual well costs.

The US DOE has funded numerous technical initiatives to further the advancement of
geothermal energy exploration and production in thibdd&Biclude a high temperature
seismicoolfor longterm (yeargnonitoringanddeplogdlocked iraborehole at Sandia
National LabsTheType 1ool operates 200°C and providdsigh resolutiodata(24 bit

A:D for periods D00 hous ofoperation The Type Zoolis a lower resolution tool (18 bit
A:D) that operates20°C for periods gkars

Other US DOE funded projects indiddevards industryfor R&D includinga high
temperatureelevieweBaker Hughesiigh temperatui®iC componenGE Global
Researchjommercializing SNL/D@gh temperatutechnologig®ermaworkd)igh
temperaturpump componenfSchlumbergeg cownhole enthalpy me{8tanford

University)and fouleGS field demonstrations that will involve drilling.

Al®, the US DOE, as part of the Stimulus Funddnge@ projectdunded the following

projects supporting technology development of high temperature tools and sensors, down
hole high temperature pumps and drillebitel for detecting fractures g4¢achnology

at high temperatures and depths (Baker Hughes Oildfield Operations Inc.); the development
and demonstration of an electric submersible pump at high temperatures (Composite
Technology Development Inc.); development of tools for measudanhgee fiper

pressure and seismicity of EGS reservoirs (GE Global Research); high temperature pump
monitoring (Schlumberger Technology Corp.); extending the temperature range of electric
submersible pumps to 338 °C (Schlumberger Technology Corgtindieldhigh

temperature seismic tools (Sandia National Laboratotikg)arameter fiber optic

sensing system for monitoring enhanced geothermal systems (GE Global Research); pressure
and telemetry methods for measurement while drilling in geathiésii@E Global
Researchiandenhance and deliver a high temperature directional drilling instrument for
geothermal (MWD Tools, Honeywell International Inc.).

43 Highlights of Annex Programme Work for 201

The initiation of work on the well casii@hrepresents the significant highlight of the Annex in
2011.

44 Work Planned for 201

Increased participation in the Annex is being solicited and is aiwapgatedthe well cost
model will represent a significant effort, coupled with f@péq@eGRC to document its
versatility.

441 Task A

The U.S. will continue to solicit drilling performance/cost data from operators. The Annex VII
participants will discuss, assimilate and analyse information. An outgrowth of this work is
expected toe development of a well cost data model. A report will be made to the Executive
Committee.

Output: A preliminary cost model and data request.



4.4.2 TaskB

This Task is ended and may be supplemented/replaced.

Figure 4.2A first generatiorecelver board for the uphole
electronics was designed and fabricated as part of the development
of a high temperature fiber optic transmission system.
(For information contact Scott Lindbloghiradbl@sandiajov
(Photo courtesy 8&ndia National Laboratories, USA)

4.4.3 Task C

Solicit, coordinate, and plan international collaborations of technology sharing. Examples of such
collaborations include: instrumentation demonstrations and evaluations, ktioamzti®on e

through visits to foreign sites (ongoing for eactOyganize international exchange program,
possibly (and in part) in association with other international travel, for information exchange

and sharing.

Output:Report to Executive Committee.

45 Outputs for 21

Papers and Reports

Henfling, J. A., Atcitty, S. and Maldonado, Ent2&idgd High Temperature Power
Controller, 2011 HiTen Conference.

Lindblom$. HenflingJ.AMacrageA, YeundK.,BaraniK.,FongG.,Qu,J. McAuty,T.,Parks,

J. (20124 High Speed, High Temperature Datalink for Geothermal Applications, Geothermal
Resources Council Annual Meeting, 2011.

4.6 Websites Related to Annex Work
1 http://wwvsandigowjeothermal

9 http://www.nrel.gov/geothermal/

9 http://engine.brgm.fr
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4.7 Authorand Contact

S. J. Bauer

Dept. 6914 MS 1033

Geothermal Research Department
Sandia National baditories
Albugquerque, NM

UNITED STATES 184033

E-Mail: sjpauer@sandia.gov
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Annex VHDirect Use of Geothermal
Energy

"

Figure 5. New geothermal heating pianOrly Airport in Paris,
(Photo courtesy Bbmain Vernjer

™

France.

5.0 Introduction

Geothermal water has been used for centuries for various applications. In earlier time the hot
water was only used where geothermal water was in surfaceveasingsdifor bathing,

cooking and for therapeutic purpdsetepastfewdecades, direct use of geothermal water

has increased; and today, direct use of geothermislpossigleverywherel oday,

geothermal water is used for different agpigcttat require heat, such as heating buildings,
individually or for whole towdistrict heatingjaising plants in greenhouses, drying crops,
heating water at fish farms, snow melting, bathing and for therapeutic purposes and several
industrial process.Heaihgand cooling witlhehelp of constant temperadimeheshallow
subsurfacg300 m depihthroughtheweltknown technologygrounesource heat pusip

(GSHP) or geothermal heat p@plPhas now becorttee most important form of direct

use and rapidly grows in terms of capacity and also worldwide deployment.

To promote further direct use of geothermal water and to learn from eackGither, IEA

decided to establish an Annex on this subject. The Direct Use of Geothermal Energy Annex was
initiated in 2003, when the agreement entered into force

62



The objectives of Annex VIII are to:

T

1
1

Define and characterize the direct use applications for geothermal energy, with
emphasis on defining barriers to widespread application

Identify and promote @ptunities for new and innovative applications

Define and initiate research to remove barriers, to enhance economics and to promote
implementation

Test and standardize equipment

Develop engineering standards

Participants of this Annex irl@@te Austria, France, Iceland, Japamublic dforea, New
Zealand, Nwgy, Spain, APR3paijh Switzerland and USA.

The Operating Agent for Annex VIl is The Federation of Icelandic Energy and Waterworks,
Reykjavik, Iceland, and the Annex Leader is Einag&amlemployee of Orkuveita
Reykjavikur.

NS Gyt

Figure 5. Drilling for the new geothermal heating plant for Orly Airport in Par(s;i¢uesce
51)

(Photo courtesy of Romain Vernier)

5.1 Tasks of Annex VIII

Six Bsks ave been defined for thisexn

5.1.1 Task AResource Characterization

(Task Leader: Hirofumi Muradkath Japan Research Institute for Sustainable Energy
(NJRISE, Hirosaki University, Japan)

The aim of this task is to define the available geothermal resources inpidueicipating
countries.
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5.1.2 Task BCost and Performance Database
(Task Leader: Yoonho Song, Korea Institute of Geoscience and Mineral Resources
(KIGAM), Republic of KorAamew Task Leader is being sgught

This task focuses on collecting, agadymrdisseminating the characteristic cost and
performance data for installations in participating countries, with emphasis on establishing a
baseline and then validating the improvements from innovative components and better designs.

5.1.3 Task €Barrer and Opportunity Identification
(Task Leader: Yoonho Song, Korea Institute of Geoscience and Mineral Resources
(KIGAM), Republic of Korea. This task has bemgethewith Task B

Based on Tasks A and B, this task will define the barriers wihecbhverime to gain

widespread use of geothermal heat for various applications. The research activities necessary to
take advantage of these opportunities will also be defined and initiated. This task has been
operatetbgethewith Task B.

5.1.4 Task BEquipment Performance Validation
(Task Leader: Tom WilliddiRELJSA)

The aim of this task is to define and test critical and innovative egugbnaestibmersible

and line shaft pumps, compact heat exchangehglddwat exchangers;metdic piping,

heat pumps and other equipment to characterize performance for various applications and for
various geothermal brines.

5.1.5 Task EDesign Configuration and Engineering Standards
(Task Leader: Rudolf Mingeiiss Federal Office of EnSmgyerland)

The work here is to develop and characterize standardized designs for various applications, with
the goal of minimizing the engineering related to various applications; and to develop
engineering standards for designs, equipment and controls.

5.1.6 Task FPublication and Geographical Presentation on the Web
(Task Leader: Einar Gunnlaugsson, Orkuveita Reykjavikur, Iceland)

The aim of this task is to define suitable form to present data on direct use of geothermal water
geographically on théowe

5.1.7 Expected Results

The primary results of Annex VIII will be improvements in systems and equipment, reduction in
cost of delivered heat and an increase in the number of direct use applications. Cooperation
amongdhe countries and increased exelodbechnical and scientific information within the

field of direct use of geothermal energy will be beneficial for all partners. Specifically, the results
of this Annex shall include:

1 Development of an international database on direct use appleativos the
participating countries. The database will be based on standardized instruments and
reporting techniques

1 Reports on stapétheart in direct use of geothermal energy, including areas needing
improvement

Cooperative research to accompliskéded improvements

Participant reports on the status of research and development in new and improved
technologthat shall be presented in appropriate journals and meetings
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5.2 Work Performed in 201

Annex VIII meetings were held in 2011, in tbétllemeetings on 27 April and 7 December.

U remymlr| Re4)] wmjwreBeln rRNm Ullmf 7 | wrReseRr
EnergyDirect Use 2011 New Zealand Geothermal Association Seminar, held in Taupo, New
Zealand (Bromley and Gunnlau@$xidt),

5.2.1 Task AResource Characterization (Temperature and Chemistry)

Evaluation of data on the temperature of the geothermal manifestations and chemistry from
Korea, Iceland, Japan and USA has been made. The results show that differepegs in chemist
related to the different rock types and geological environments.

5.2.2 Tasks B and Cost and Performaic@arriers and Opportunities

The Questionnaire for Direct Use of Geothermal Energy was first developed in 2006. It has been
revised and gdn more countries than the first version. The revision was focused on barrier

and opportunity identification. Answers from twelve countries have been received and
compilation and analyses have been made and presented at the World Geothermal Congress in
2010. The resultere used to design a section aédemtlyaunched Annex X Trend Report

and have been incorporated into it

9
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Figure 8a A largescale (2,100 kW) groegadrce heat pump system installatidreating
and coolingupply for-2 2ne of the new government building complex in(3gjoKgrea.
(Photo courtesy BEN
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Figure 5.30Pjpe installation for a lasgale (2,100 kW) gresoatce heat pump system for
heatingnd coolingupply(see Figure 5.3a} 2 zone of theew government building

complex in Seje@iy, Korea.
(Photo courtesy GEN

5.2.3 Task BEquipment Performance Validation

Collection of data has star®dme databases already e#istWSA.Data on groundwater
heat pumps can be found btheying and compiling that dateelka far not been a priority.
Some data and information are also available elsewhere (Spain, NZ, Norway and Iceland).

5.2.4 Task EDesign Configuration (Engineering Standards)

The collection of available informhaéistbegun and a list of references regarding published
material is availablEhe list includes documents from the following countries: Germany,
Austria, Sweden, France and SwitzeZlamittibutions from other countaesbeing sought

5.2.5 Task~ Publication and Geographical Presentation on the Web

The aim of this task is to deéiselitable form to present data on direct use of geothermal

water geographically on the web. Tests have been made to present data in files which can be
opened on ghweb through Google EaNtinimum data which have to be collected to be able

to show data in graphical information systems was listed for various applications. A list of basic
information whicis needed has been provided.
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5.3 Work Planned for 201

5.3.1 Task AResource Characterization (Temperature and Chemistry)

Proposed next steps:
1 Define how resource characteristics are affecting direct use of the recourses

1 An output for Task A is to publish An Atlas of World Hydrothermal Systems that
containg variety of diagrams and nigpthe end of the third term.

5.3.2 Task BCost and Performance

Proposed next steps:

I Find a new Task Leader
5.3.3 Task €Barriers and Opportunities

Proposed next steps:

1 Define suggestions to remove barriers

1 Develogimple concise questionnaire on case histories
1 Collecgoodandbadcase histories to be leafrom
1

Make a summary

5.3.4 Task BEquipment Performance Validation

Proposed next steps:
1 Collect and compile data bases which already exists in USA

1 Searclor data from other countries

5.3.5 Task EDesign Configuration (Engineering Standards)

Proposed next steps:
1 Collection of available descriptions will continue and be listed, regardless of language

1 Compile a list of engineering standards and defsggmatmns as well as guidelines
for best practice regardless of languages

9 Have the first version of the listenGlAveb site
5.3.6 Task FPublication and Geographical Presentation on the Web

Proposed next steps:

9 Descrihestep by stefmow to covert data to fornsatvhich can be used by Google
Earth

Each country can start to collect information
Make links available throughGBEBAwesite
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Annex XData Collection and Information

@ IEA GEOTHERMAL

International Energy Agency
Gecthermal Impi A
gl

Annex X: Data Collection and Information

TRENDS IN GEOTHERMAL APPLICATIONS

Survey Report on Geothermal Utilization and Development
in IEA-GIA Member Countries in 2010

with trends in geothermal power generation and heat use 2000 - 2010

GIA Trends Report 2010

Figure 6.0/ | mPO1a3IATrend Report
(Photacourtesy ofrffta Gany

6.0 Introduction

Annex XData Collection and Informatvas initiated at the end of 2010, with full activity
underway i201 The main objective is to collect essential data on geothermal energy uses,
trends and developments in GlAtiges and to publish these data in an annualos it

the GIATrend Reporthe objectives shall be achieved by all GIA member countries through
their provision of information to the Annex Leader and by sharing the coordinated work
necessary to caayt this Annex.

All ContractindPartiesare obliged tparticipate in this Annaxd Sponsors have also agreed to
contribute

TheOperating®gents for the Annex X are the Leibniz Institute for Applied Geophysics (LIAG),

Germany, and the Federal Qffieaergy (BFE), Switzerland. The keauex is Britta Ganz
(LIAG, Germany).
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6.1 Tasks

The taslkf DateCollection and Information in GIA countries developed against the background
of the growing demand for ddiautyeothermal energy uses on anatitamal scale. Thus, it

is the main objective of Annex X to collect and analyze geothermal applications data from GIA
countries and to publish these data in an annual Trend Report, starting with data from 2010.
The GIA Trend Report provides a brief awvef\desential geothermal energy data showing

the development of geothermal energy in GIA member countries. It is foreseen to extend this
data collection also to 1@l countries, if reliable data can be obtained.

6.2 Results

The data collection dedrout by Annex X started in 2011 with the development and distribution

of a spreadsheet with queries for data on geothermal power generation and heat uses, economic
aspects, G@nd energy savings by geothermal energy uses, national policy, support

mechaisms, and project highlights. To provide trends and allow a comparison with geothermal
uses worldwide, additional, daien sourcesich as the publications associated with the World
Geothermal Congrédssje beecompiled and analyzed.

6.3 Highlightand Achievements

1 Development and distribution of a questionnaire to collect data on geothermal energy
uses in GIA countries in a consistent form

Compilation and analysis of GIA data and datéhfecsources
Draft reportTrends in Geothermal Appticatwith dat for 2010.

Revision, completion of the firslGEBATrend Report and publication on the GIA
homepage in 2012

6.4 Output

IEAGIA 2012Trends in Geothermal Applicati@svey Report on Geothermal Utilization
and Development in {68AMember Countries in 2@tith trends in geothermal power
generation and heat use ZWAD. 38 available atttp://www.iegia.or}y

6.5 Plans for 2Dand Byond
1 Data query for 2011, data processing, andtiorepf the011 Trend Report

1 Inthe future, part of the data collectionlghbe extended to H8A @untries, if
reliable data can be obtairemlachieve this objective, it is intended to compare the
Annex X spreadsheet with data queriestifesmstitutions, and too seek
collabmtion with other organizations

9 Iltisintended to increase the distribution of future reppuislicity imewsletters,
presentatiorat international meetirgeigressesddisseminatiahrough other
organizatianand aexhibitions.

7C


http://www.iea-gia.org/

6.6 Author and Contact

Britta Ganz

Leibniz Institute for Applied Geophysics

Section 4 Geothermics and Information Systems
Stilleweg 2

30655 Hannover

GERMANY

Email:Britta.Gaz @liatpannover.de
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Annex XInduced Seismicity

Figure 7.8 3D rendition of the seismicity at The Geysers Geothermal Fieldte
and some wells.
(CourtespfErnie Majer, LBNL, YSA

70 Introduction

A seismic eventg.isan earthquake that is induced by manmade activities such as fluid
injection, reservoir impoundment, mining, and other activities. Ife@8@miucecvent
wouldoccur during the EGS operatidredtherfluid injection ahar withdrawal. The term

Tel wys wmuw N[y Bmml symw R4 elwdsuwym ~ Rrennmrmuy
used interchangeably. A triggered seismic event is one that is a result of failure along a pre

existing zone of weakrmeegs fault that is already critically stressed and is pushed to failure by

a stress perturbation from natural or marectdigies. Tremr 1 1 7~ ol wys wmuw’ [l wy "R
are often used interchangeably in the literature on induced seismicity aimhbgspractit

those fields and in the field of seismology. In terms of the process of causing a seismic event,

the two terms should be used differently although admittedly it is difficult to define where an

induced seismic event should be called a trigiganades/ent and vice versa. In this

Wl welmlrR [mMm B1YM RNM RMriJ1 "~ 6l wys wumuw’ Rl ©

1l wod
lJw Jedd 411 o1 B mdefinedpittionsy ~ Rrenn Mr muw’ el

B wm
[ m¢
The objective of this Annex is to encourage iotir@ioperation 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 industryiridhigles nainly steps allowacceptance BIGS

technologyy the pulit, regulatorand policynakers, but alstlows inducesismicity to

become a useful tool to optirki&& applications
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Specifiobjectives atte reduce the uncertainty associated with both technical and public
acceptability issues in order to &eiind accelerate he developmentioérgnal enerdpy:

1 Develdpgaccepted approaches for addressing both technical and public acceptance
issues that industry ags®as a guide.e, set out the rules!!

1 Develdpga structure and path forward of appihes to assess risk
1 Identifingareas of collaboration and cooperation

1 Identifingkey roadblocks and areas of technology development and research

Overall, given what waderstand noabout induceskismicity there is a need to specify what
steps shadibe taken in the near futurertake EGid injection @afe and economical
technology thatégcepted by the public and usethleindustry

The patrticipants in this Annex are: Audi@lirance, Germany, Iceland, MmarZealand,
Republiof KoreaSwitzerlanaind the United States of America.

TheUSDepartmendf Energy, Geothermal Technofigigeamme (USA) is the Operating
Agent for Annex XI. Ernie Majer (Lawrence Berkeley National Laboratories) is the Annex Leader.

7.1 Tasks ofnex Xl
7.1.1 Task AUpdatindghe Existing IEARrotocol omducedeismicity

Since the last protocol there has been much more experience gained with EGS and induced
seismicity, both from a public acceptance standpoint and a technical ostdredpairges

and mitigation of Induced seismicity. Therefore, goretsed would hesefuby all

stakeholders &id in the developmentE GSpplications.

7.1.2 Task BDevelopment @estRractice®ocument té&ddres©Operational
Issue#ssociated with Inducgeismicity

This would be in addition to gretocol which expangsn thenoretechnical aspects of the
protocol. This would beed mainlyy operators to megtgulatory and operational requirements.

7.1.3 Task €ldentificatin ofCriticalResearch aniiéchnology t¥leet the
Main Objectives of thsnnex

The participants shall collect information of research needs from eachapdrtispass
means tteverage @ commercial EGS energy. Examples wenlleidtieg roatap
exercises frodifferent participants and relevasgarch groups.

7.1.4 Task D Identifgesultdrom HeldSudies thaCould besharedand
Placed in a Datsdo Acceleratd@ksearcResults

Collect various cases of induced seisssoityatedlith EGS and geothermal activities as well
as datao correlatavith EGS parameterdiaat transfer surface, rock volume, fractéure and
fault propertiefjection ratestc.



7.2 Work Performed in 201

7.2.1 First Annex Xl Meeting

On3 May 2014 the 25" IEAGIA ExCWeeting irParisFranceAnnex Xl held its first
meeting in a joint session with*hE*GTinduced Seismicity Groupuestions raised at the
October 2010 IPGT meeting were addreBeedPGT IS Working Group comprises the
conveners from each IPGT country (Table 7.1)

Table 7.Lonveners from IP&Tintries.

Name Organization Country
Domenico Giardini (Led | Swiss Seismological Service, ETH Zu| Switzerland
Michael Malavazos PIRSA Australia
Kristjan Agustsson ISR Iceland
Ernie Majer Lawrence Berkeley National Lab Unites Stateg

The following people were in attendance at the joint IEA/IPGT meeting:

Domenico GiardinETH Zurich, Swiss Seismological Service (Switzerland) IPGT Leader)
Ernie Majer Lawrence Beley National Lab (USA) (Annekexdr)

Michael MalavazoRIRSA (Australia)

Chris BromleyGNS Science (New Zealand)

Stefan WiemeETH Zurich, Swiss Seismological Service (Switzerland)

Yoonho Sondorea Institute of Geoscience & Mineraldeeq®epublic of Korea)
Hirofumi Muraoka North Japan New Energy Research Center (Japan)

Mike Mongillo GNS Science, 146 Secretariat (New Zealand)

Steve BauerSandia National Lab (USA)

Alexandra LohgPIRSA (Australia)

Takatsune ItolEA Heaqlarterg¢Paris, France)

Ella Thodal SRA International in support of US DOE and IPGT Secretariat (USA)

= =4 4 -4 -4 -—a -8 _a -8 -2 -1

E]

At this meeting it was decided that:

In the next year, the IPGT anddB&vouldwork together on 8 massuegTable 7)2 This
work will infornthe IPGT wite paper and comprise-tHA TRsks under Annex XI.
Delineation between the two groups may come in the future.

All milestones will be reviewdtietext meetinp be heldn Melbournéiustraliao
coincide witthe Australian GeotherrGainference/IGA/IPGT Steering Committee, iéeting
15November 2011 (joint meeting).

Individual task members should meet whenever possible, potentially at:
1 IEAGIA ExCbleeting2830 Septemb&01 1 ondonJK
1 Soultz Metingfirst week Octob2011
1 GRCAnnual Meetin@ct 201$an DiegdJSA
1 AGUDecember 20$an Francisco, USA
1 StanfordVorksho@anaryFebuary 201¢halfday meeting on test gjt&anford, USA
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The eighissuesindtaskdescriptions apeesented in Table 7.2.

Table 7.2nrex Xlssuersaand ask and descriptions.

site, meeting a
threshold of data
quality, quantity and
availability adherenc
to protocols.

Issue Current Action Task Leadr
Some terms A) Circulate documents (US
defined in the updated IS Protocol and |
1) Terms and usS Roadmap when publically All
Definitions available)
Updated IS B) From theseeate a glossar
Protocol and update as necessary.
A) Define data categories an
formats. Data discussed V
include waveform,
magnitude, focal chanism
2) Data and metadata of induced
Evaluate centralized seismicity and
data access and production/injection _
e formation. Australia
availability. Develop inforn ;
common B) Identify primary data sets
understanding of an from past a;nd eé(lztmgl
open data policy experiments and develop
reference list with contact
information (on a website
linked between the IPGT
IEAGIA sites).
C) Compile a list of
demonstration/tereas (no
3) Demonstration necessarily public), their
Areas locations, adherence to
protocols and best practic
This will establish th used, geologic conditions
conditions by which milestones and the expec :
site can be called a outcomes. EVStSzir(I)and
nNeLBLd "~ W D) Qualify each site based o leads

threshold of data quality,
guantity and availability
adherence to poabls. For
example, does the site me
requirement for the ability
locate a seismic event wit
a certain distance?




4) Global Test Sites

E)

A) Each country should
define test site conditions
that they would like or mal
have available. This task
also look at what has bee
done by othestientific
communities including
physics (ESFRI, ICDP,
EarthScope).

Establish a suite of F) B) Hold a oreay workshoy
test sites in different to discuss wishes for a tes
representative geolq site at the next Stanford Switzdand
and geothermal meeting. Note that this wi 2 US co
conditions to test all apply to all geothermal leads
aspects of geotherm technologies and tools.
science and technol G) C) Develop a series of
and demonstrate the intenational public/private]
scalability. funded test sites with

common standards. Thes

sites will bring together a

large research community

Research teams will make

proposals for what to do 3

the sites. Open to

international groups as a

“Jelwif o 1pn 4

H) Circulate anaview the

5) Hazard and Risk
Assessment

Develop a framewor|
for hazard and risk
assessment for all
phases of a project
from site selection, t
stimulation and
operation and
decommissioning.

Existingisk
assessments in
all countries.

List ¢ question
from
DOE/GEISER
October 2010
workshop in
Iceland.

guestions from the

DOE/GEISER workshop.

Develop a white paper

reviewing the following:

1 Current actions in this
area

1 Methods industry uses
perform a hazard study

1 Maximum possible eve
(is this induced or
triggered?)

i Standardization for
hazard assessment
perhaps similar to EPR
for nuclear

1 The importance/releva
of frequency

9 Characterization of
natural seismicity

US, New

Zealand &
Switzerland
colead
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. J) Review the US IS Best
ﬁdg;ﬁzzegs'” 4 Practices and GEISER W
Prl'ootocol from b Package results as they
technical and become available.
nontechnical K) One year from now; re
standpoints assess witupcoming
A . - information, perhaps
6) Mitigation Options i(r?gajr?g::%r; and compiling and linking casg
Develop a set of risk : studies. The focus will be
o . . technical and US &
?Aﬂggé'&n ?gc?tti?:gftsc m%dgn%mas communications aspects.| Switzerland
help projepct preserl?ted at th will include a synthesis of| coleaders
stakeholders in all | Stanford past everts Inclucing cau
phases of a project.| workshop in b d traditional
January 2011. move beyond traditiona
GEISER is traffic light systns. Anothe
working on issue that will need to be
sciencg behind explored is how to
this usin incorporate delayed large
modelling events for stimulation and
9 longterm operation.
L) Create a functioning webs
for this group
IEAGIA and M) Link the IE&IA page and | Mike
; IPGT? Mongillo
7) Website LPv(igbeaghehav N) Compile relevant search | and Ella
pag engines, references from | Thodal
5 years (including pdfs
and/or links).
O) The updated US Protocol
be distributed and reviewe
P) Develop a sheet on Facts
Answers on Induced
S Seismicity. Thpsper will
8) Communication The updated U discuss what scientists in
. I ) geothermal community ag
m:ttgﬁlgdlvé"btscus‘ Isrgilsjcmeigity on and what is not agreed Revisit in 6
communicated in Protocol has on. months at
general and what | information on| @) gug%'t, fact sheet to th? nmeexétin
should b this (preproject R) Potentiall] deve%)r am 9
communicated at wh as well). Wikipedigtyle Iivin%
stage of a project. document.
S) Conduct interviews and
report on the common
experiensef induced
seismicity from operators.

The progress on each ofi$seebas been as follows

Issud. A new protocol that has been developed by the US DOE was completed, final comments
were addressedd thdinal draft version will be circulated at the meefiogtralia in

Novembe2z011 U wydr | 1 e likethé Peotgqdirtmgre detailed wiittgn hainly

for the industry) is in the final stages and should be out for comment by J&uatargf2012.
thesalocumentsontain a glossary and will be circulated at the November 2011 IPGT meeting.
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Issue&- 8. These will be discussed and reported upon at the November 2011 IPGT meeting.
General comments:

1)Domenico Giardini has stepped dothe lzesagr for IPGT and will be replaced by
Stefan Wiemar

2) Ella Thodal (US DOE) will step down as the IPGT Secretariat and be replaced by

Matthew Deady (main contdttitthew.Deady@ret.gpv.au
Catherin€erger (alternate contaCitherine.Zerger@ret.gov.au

7.2.2 Joint IEASIAIPGTMeeting in Melbourne, Australia, November 2011

In Melbourne, the joint IEA/IPGT meeting was attended by reprasentAtigtslfia, New

Zedand, Switzerland, Japan, Korea, Iceland and the United States (see agenda at the end of this
section). The objective was to review research and technology needs in order to strive to have
inducedeismicity be a tool for optimizi@Elevelopment rather than being an obstacle. Also
reviewed was progress on the tasks that were laid out at the Paris me@@id ih&ay

following people attended the meeting

AustraliaMatthew Deady (Main contact), Catherine Zerger (Altetaxz)e Betina Bendall,
Mike Malavazos

IcelandKristjan Agustsson

Japartlirofumi Muraoka

KoreaYoonho Song.

NewZealandChris Bromley

Switzerlandsunter Siddiqi

U.S Ernie Majer

Results of the Meeting:
Progress was made on the folldggngs:

Isse 1 (Terms and Definitions/Glosdasgh county is to develop its own cespegjfic

terms and come to agreemEath country shall review current definitions (in the protocol)
and prepare an evaluation of country specific 3ammosiths

ExampleEGS Enhanced versus Enginéegered versus Indyesd

Action Compilation of glossary, best practice and guidelines.

Issu@ (Data) Discussed were examples of data protocols and what could be of use by the
regulators. Considered shoutdfelentiality issues that private companies may have, and whether
others caaccess the dateareasonable time frame. In Austraiaperator company must

provide data to government éftemonths.Thenafter two yearthe data becomes public.

Action Define what data should be collegdress timelines for submission&bd R
needs. Neéekedback on data for safety issues as well as regulatory req@myiedts?d
sismicitylata? (Rather than reservoir data, injection, etaB&=delvill provide draft
paper for circulation.

Issue8 and 4 (Demonstration and Test-SBeg)jzerlandEuropean Energy Research Alliance 12
countriesJoint Program on Geothermal is pushing towards a new Eurostatiasit® In

Switzdand, the industry is considering new demonstration sites that will be investigated jointly with
Swiss research institutidritedSates: The issue is a balance between demonstration sites versus
test sites. Currently theSE hasevernlemonstrath EGS sitedointly funded by DOE and

industry, these sites only get DOE funding if industry matches funding38j.|&kestd#l is a

research agenda that would be used to selesitealtestcurrent need is to determine what we

w4 ¥ndbweabdunduced seismicity that a test site could help solve.

US Ation WIll try to link their projects and all the international projects at a \&tigée.
to have a matrix availableltdre data are being collected.
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Issuesb, 6 and {Hazard and Riglssessment and MitigatidBefan Wiemer (Switzerland)

has offered to lead the drafting of the Induced Seismicity White Paper on hazard and
risk/mitigationDiscussions were held on what preventative measures have been put in place to
prevent an incideifAustralia, PIRSA.) Regulations are different for different cefifitries

for purposeguidelines. The question was posed, should there be international standards for
EGS projes;ti.e.before we start stimulation should it be required tthimeet

guideline Stefan Wiemer willovidea first draft of the white paper by March&@ie IEA

GIA Meeting in Osorway

Chris Bromley and Gunter Siddigswbiinit goropoal forlEA GIA funding fact sheet, and
how to get message ssyqus some sort of response.

A more detailed task list, a white paper and agenda are now in proghispapéeis
expected to be drafted by March/April 2012r ftuetkds group is currently Domenico
Giardini. However, he will likely not comtittii¢his group. Others who are involved include:
Gunter Siddigi (IPGT Steering Committee), Arnaatay@ ¢fzotsdam.d8FZ Potsdam),
Stefan Wiemestéfan.wiem@sed.ethz,d&TH Zurich), David BrubdbrOQhn@gfzotsdam.de
GFZ Potsdam), Hirofumi Muraoka@cc.hirosakac.jpHirosaki University), Yoonho Song
(song@kigam.rekkorean Institute of Geoscience and Mineral Resources).

Issué8 (Communicationspll agreed that communication is a key issue, for the public,
regulators and the operators. Both the protocol arsl gradtiees stress the importance and
can act as a guide for others to follow. As experience is gained vgthjgarioiis

anticipated that the protocol and best practices will be. updated

Agenddor theJoint IEAIA/IPGT Inducedsfscity Wadiing Group Meeting

14 November (9:A045:00PM) and 15 November (ZPBELO:3AM), 2011
Sebel, Albert Park, Melbourne, (Room: Sebel 2)

1. Review progress on 8hlesues

Terms and Definitionll

Data Australia

Demonstration AreaSwitzerlanchd US cteads

Global Test Site3witzerland US-leads

Hazard and Risk Assessia&htNew Zealand & Switzerlatehdo
Mitigation Option&JS & Switzerlandeads

WebsiteMike Mongillo and IPGT Secretariat

- Mike Mongillo for the HEAA end has @eld some information about the

joint IEAGIA~IPGT Induced Seismicity Working Group on the GIA website.
1 Communications
1 Add additional tastsdropsome tasks

= =4 -4 8 -8 _9a_2

2. Discussontent ofvhite paper arahy draftshatmay exist or other wdHat isbeing
done (GEISER? or similar efforts)

i Existing DOBRvhite papers
9 Australiadrafts
1 GEISER meetimgll havegust finished

3. Discuss eacbuntry's efforts in Indu&gismicity
I Road maps, etc

4. Other topics
1 Next Meeting/s
1 Website
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7.3 Author and Contac

Ernie Majer

Geophysics Department

Lawrence Berkeley National Laboratory
1 Cyclotron Road M&316C

Berkeley, California

UNITED STATES

E-mail:elmajer@lbl.gov
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Australia
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Figue 8LmRrr [ RNmr 1 ") Gl r | ¢l 1] * [mponmlwy ¢y
Flinders Ranges of South Australia. Paralana 2 was the first deep well
to test the geothermal resource at the Paralana field.
(Photo courtesy Bétratherin

8.0 Introduction

The use of geothermal energy for electricity generation and direct use applications is new
technology to Australia and requires successful technical and commercial demonstration before
gaining widespread acceptance. Nonattarlestsand activity in the geothermal sector

continues to gather momentum.
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8.1 Highlights and Achievements for 2011

T On 24 March 2011, the Government announced an immediate tax deduction for the
exploration of geothermal energy sources from 1. Juhji@4lPensure that
exploration for geothermal receives the same treatment as hydrocarbon energy sources.

1 DdintVenturepartners Geodynamics and Origin Energy spudded Celsius 1 well in April
2011. This was the first geothermal well in the CaogelilBastely drilled to assess
a Hot Sedimentary Aquifer resource in the Hutton Sandstoneit@bodepth.

1 In July 2QBetratherm undertook successful fracture stimulation at their Paralana 2
deep well site in South Australia. The primaoy thienfracture stimulation, which
was to create fractures in the subsurface at least 500 metres from the Paralana 2 well,
was achieved and preliminary analysis suggests that the stimulated zone extends
approximately 900 metres to the east of the Panakdhat a depth from 3,500 to
4,000 metres.

T Onm Us3 rRr | ¢ AUSL26WWEMErging Raneghatite’s program was launched
on 8 August 2011. Around one third of this funding is expected to support geothermal
projects, withU$26.6M to specifically soqrt the geothermal industry.

1 On 14 September 2011, The Australian Centre for Renewable Energy (ACRE) released
three documents on the development of geothermal energy in Australia. See:
http://www.acre.gov.au

1 The & Australian Geothermal Energy Conference (AGEC) was held in Melbourne,
Victoria, Australi@om 161.8 November 2011. This annual conference is the premier
national forum dedicated to geothermal energy, and is jointly presented by the
Australian Geothexhitnergy Association (AGHBA industry representative body for
Australian geothermal companies) and the Australian Geothermal Energy Group (AGEG
- representing the wider Australian geothermal energy community including industry,
government and acadgmia

8.2 Current Status

Nationally, to the end of 2011, 56 companies have applied for 379 licence areas (covering
460,000 kA to progress proeofconcept amagmatic Enhanced Geothermal Systems (EGS) and
Hot Sedimentary Aquifer (HSA) projeicisré 8)2 From 2002 to 2011, more than AU$733

million (US$758 million) has been spent on studies, geophysical surveys, drilling, reservoir
stimulation and flow tests which comprise the work programs required to sustain tenure in
geothermal licence areas.

8.2.Electricity

Geothermal energy is currently produced at one small binary power station at Birdsville,
Queensland, which is supplemented by diesel powered generators. The dndiderd&s

from the Great Artesian Basin (also referred to asrthiegar8asin) which overlies the

Cooper Basin. The water is run througHilegh®rganic Rankine Cycle heat exchanger and
the partly cooled water is channelled into a pond for further cooling and reticulation into the
RLJ 11 [ | rRmr 7 grgss appacity of the plarit ikY2@nd the plant ppwer
consumption is approximatelig\0 equating to a net output ok80. Total exported power
generation in 2044s1,933/Wh, of which 628Wh was provided by the geothermal power
plant. This equest to 32% of total exported power output, which reduced diesel consumption
by about 136,000 litres and saved about 366 tonnes of greenhouse gas emissions through the
year.Geothermal generation thus constitutes less than 0.001% of National Demand which is
estimated at 2629 GWh (BREE, 2011).

No new developments were constructed in 2011 and one new exploration well, Celsius 1, was
spud in the Cooper Basin targeting a Hot Sedimentary Aquifer resource.
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FiguréB2 Geothermal licences, applicationsaeitay areas as3dtDecember 2011.

8.2.2 Direct Use
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This is corrected down from prior estimates due to the decommissioning of the Portland district
heating system, but otherwise has increased biifc@ 8nd et gl2011). Following Lund

et al. (2011)ith a capacity factor of 0.22, the thermal energy used is estimated to be 254

TJlyear. Bathing and swimming installationgM@igl Aquadture 2.3IW;,; Ground Source

Heat Pumps (GSHPs) constitukéVi/

8.2.3 Energy Savings in 2011

The estimated fossil fuel saving is 6,048 tonnes of oil equivalent @JjodJsidg the

DTI/Carbon Trust/DEFRA/Ofgem recommended figulego®D. par kWh saved yields

avoided emissions of, 61C80,339 tonnes per year.

83 National Policy
83.1 Strategy

In 2011, the Australian Government introduced a comprehensive plan to move to a clean energy

future. The Clean Energy Future plan wlbkution and drive investment, helpinistoe
Australia can compete and remain prosperous in the future. The plan includes introducing a

carbon price, promoting innovation and investment in renewable energy, encouraging energy



efficiency, and creatopgportunities in the land sector. The Clean Energy Future plan will cut
greenhouse gas pollution by at least 5% compared with 2000 levels by 2020, which will require
cutting net expected greenhouse gas pollution by at least 23% in 2020.

On 10 July 20tte Government announced the establishment of the Australian
Renewable Energy Agency (ARENA), as a part of its Clean Energy Future plan. ARENA
will commence operations on 1 July 2012, and will consolidate admimsig&tidn of

billion (US$ 3.31 i) in Government support for renewable energy technology

currently administered by the Australian Centre for Renewable Energy (ACRE), the
Australian Solar Institute (ASI) and the Department of Resources, Energy and Tourism.
UKUGU | |  amome thg ecgmpetitivenpssrof renewable energy technologies,
and increase the supply of renewable energy.

The Emerging Renewables Program opened for applications from renewable energy technology
projects on 8 August 2011. This Program odoshié M (U5130.3 M) in funding toward

Australian renewable enarglyenabling technology projects to move them along the innovation
chain. Under the Program, at Ada$40 M(US$ 41.3 M) will be available for developing
technologies with potential to contriiouErgescale baseload power generation, such as

ocean and geothermal. A fuAlu$26.6 M (US$ 27.5 M) has been allocated to assist the
geothermal energy sector specifically.

ONm Uém|l ) Ulmrny UsrRrm 16| ) wpleEngrgyy ml R RNM
Target (RET) scheme, initiated in 2009 and expanded in 2010, to stimulate investment and
nr4JRN ol U yRrRr|l ¢ 7 rmIm/f|Bdém mlmrny el ws)R
the RET scheme tne

1 Promote additional generation ofrel#zfrom renewable energy sources with a
declared target of 20% of national electricity supply from renewables by 2020

9 Achieve reductions in greenhouse gas emissions in the electricity sector.

Further details on the new RET arrangements are avai@aliteis Annual Regdtie
Enhanced Renewable Energy Target faesheet
http://www.climatechange.gov.au/en/government/initiativesargetifebhancect.aspand
from the Office of the Clean Energy Regulatditgséet.cleanenergyregulator.gov.au/

83.2 Legislation and Regulation

In Australia, legislation and regulation of geothermal exploration and development is a State and
Territory government responsibility. Each of the six states (New SQuileéNislasd, South

Australia, Tasmania, Victoria and Western Australia) and one territory (Northern Territory) has
legislation in place to regulate geothermal exploration and development. Relevant legislation is
summarised in TaBlg.

8.3.3 Progresmoward\ational Targets for Renewable Energy and Emissions

OQNm 8y smrluaimlrR" "7 wygli1erRImMIR RL rmImf|Bédém mlmr
and the Renewable Energy Target, discussed in section 8.3.1 above. The Government has

pledged to redueaissions by 5% below 2000 levels by 2020, and has adopted a new long

term target to reduce carbon pollution by 80% below 2000 levels by 2050. The Government

plans to introduce a range of complementary measures to support the transformation required

tord wN RNMmMYM Rl rnMmMrRY [Jw 7817R| 6] Uy rRr| de|l 1 ml

From 1 July 2012, a carbon price of AU$ 23 (US$ 23.78) per tonne will be introduced which will
create an incentive to reduce emissions, drive investment in renewable and low emissions
technologies, pravigreater certainty for business investment.

The expanded 20% by ZR@0ewable Energy Target (RE@Yuced in 2010, isederating
the widespread commercial deployment of renewable energy technologies. With a carbon price,
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the RET is expected to drive around AU$ 20 billion (US$ 20.7 billion) in private sector
investment by 2020. Due to the timeframes of the developmeatimiology however, it is
unlikely that geothermal will meet a significant amount of the RET.

Table81 Summation of the applicable legislation currently governing geothermal exploration

activities in the various Australian states.

State or Territory
Government

Applicable legislation for
geothermal exploration

Description

South Australia

Petroleum and Geothermal
Energy Act 2000

Regulates licensing and activity approvals for upstream petrol
geothermal, gas storage and petroleum pipeline projectd n

t he counter6 system, wher e
desired. Licences can-@&xist with existing or future minerals ar
petroleum exploration titles.

Victoria

Geothermal Energy
Resources Act 2005

Regulates largecale commercial ansustainable exploration an
extraction of geothermal energy resources.

New South Wales

Mining Act 1992

Governs geothermal exploration, which is considered as Grey
Geothermal Substances. Application for a Group 8 geothe
exploration licencerequise t he Mi ni ster 6s

Queensland

Geothermal Exploration Act
2004

Geothermal Energy Act 201

Applies a competitive permit system to encourage and facil
efficient and responsible exploration.

The Act includes comprehensive legislation coverirpl@ration
and production and provides for ouwée-counter applications fo
exploration tenure. The exploration and production provis
under theGeothermal Energy Act 20Hhd the Geothermal Energ
Regulation 2012 are due to commence in March 2012tk
Geothermal Exploration Act 20G¢hd the Geothermal Exploratig
Regulation 2005 will be repealed.

Tasmania

Mineral Resources
Development Act 1995

Geot hermal tenements are gr g
Exploration Li cene edo unStEelr)é.
explorers can apply for those areas wanted for exploration. Lice
can ceexist with existing or future minerals and petrole
exploration titles.

Western Australia

Petroleum and Geothermal
Energy Resources Act 1967

Provides legslative coverage for the exploration and recovery
both conventional (hydrothermal) geothermal energy and EGS
dry rock) geothermal energy. Does not cover-nommercial useg
or heat pumps.

Northern Territory

Geothermal Energy Act 200

Provides foriovileec ount er o applicat
authorities over most of the Territory. Intent is to reservi
relatively small region around the Katherine area for later tend
release.

834 Government Expenditure on Geothermal Research anémd¢R&b)m

The Australian Government provides support for clean energy technology research and
development througbstralian Research Cognaiits and the Commonwealth Scientific and
Industrial Research OrganizgfiSIRD Additional programs have been implemented to

support the development of geothermal across the innovation chain. These are discussed in
sectior8.6.2.

The Australian geothermal sector has also benefitedy&ted policy and legislative

frameworks and generous grant funding from the Australian state and territory governments in
addition to Commonwealth funding. New government initiatives in 2011 to support geothermal
energy research and developmentraressed below, and the reader is referred to previous
Annual Reports for further information on historical programs.


http://www.arc.gov.au/
http://www.csiro.au/

South Australia (SA)aunched in 2004 by the South Australian Government, the Plan for
Accelerating Exploration (PACE) initiativkesftinding for collaborative exploration programs
that address critical uncertainties in mineral, petroleum and geothermal exploration. In 2011,
AU$0.5M (US$.52/) in PACE funding was awarded to the South Australian Centre for
Geothermal Energy Rebg@ACGER) in support of innovative research. For details of
successful projects supported by PACE funding, see:
http://www.pir.sa.gov.au/minerals/pace/theouth ZAustralian Governmeppart forother

research organisations and programs is discussed further8r6Saatidppendix.B

Queensland (QIdPN M g s mml 3y ¢ | 1 up MAUS§cAM) Coaridl Geothernalo ®

Energy Initiative (CGEI) aims to investigate additional sources of hot rocks for geothermal
energy close to existing transmission lines. A 12-botedidlyalledrilling program

commenced in November 2010 to assess the gpotlkeatrabof a range of geological

settings in Queensland. By the end of 2011, ten holes were completed with stabilised
temperature data being recorded from six holes. Temperature logging will be undertaken from
the remaining four holes in early ZD&mal conductivity measurements on core samples

have been completed for ten holes with heat flow regime being determined for six holes. Final
results is planned to be released by the end of 2012 to report on geothermal energy potential of
the selectegkological settings.

84 Market Developmestimulatiomnd Constraints

84.1 Development Constraints

Over the past four years, the Australian Government has committe200h (B84 12V)

to the geothermal energy sector. Approximat& MIESE3.96M) only of these funds

have been released to companies thus far, as recipients are required to achieve certain milestones
prior to payment. The Australian Government has been working with companies to assist the
progress of projects anddtesvn flexibility where able in accordance with the Program

Guideties.

At a broader scallee geothermal sector is having difficulty in accessing capital for their

projects in the current markiib additional companies listed on the AustraliaieSecuri

Exchange (ASX) in 2011, although equity markets continued their support of the geothermal

1 MWR{r Bl rlrrRewer| Reln el elwesews| ¢ wygair|1e
to private sector capital have been reasoned as the:

1 Lack ofnvestocertainty on a price on carbon

9 High risk nature of these particular-gadye proedf concept projects
1 Some sulpptimal resultsom early geothermal projects

1 Need for high amourtscapital for the project
1

The overall increasing cost fadlpeojects in genular the drilling component

ONm Germls 4p Kmyyrsrwm [Jwy Ulmrny Owyplygaeun
long term energy production (to 284 which was released in December 2011 (BREE, 2011).

This followethe Treaurymodellingeport Strong Growth, Low Pollutiamodelling a

carbon pricegleased on 10 July 2011, (The Treasury, 2011).

BREE note that Australia has large geothermal energy potential. However, these resources are
currently considered ®donongsibecause geothermal technologies for electricity generation

have not been demonstrated to be commercially viable in Australia. BREE suggest that the
commercial development of the industry is dependent on the demonstration of the technical and
commercialability of harnessing geothermal energy in Australia to show an acceptable
investment risk, including grid connection. Given the time expected to achieve commercial
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viability and the long lead time to bring a new geothermal power plant into apibeatitad, ge
energy is not expected to play a major role in electricity generation over the projection period,
although it is expected to grow to 4% of total electricity generatioBhy 2034

8.4.2 Support Initiatives and Market Stimulation Incentives

Somef the measures under the Clean Energy Future Plan aomd@hdg201dvhich are
relevant for geothermal include:

Carbon PrieeFrom 1 July 2012, a carbon price @3AU$£3.78) per tonne will be

introduced which will create an incentiweeltm@e emissions, drive investment in renewable

and low emissions technologies, provide greater certainty for business investment and begin the
adjustment of our economy to a cleaner energy future.

ARENA A new independent agetie/Australian Renewable Energy AGERENAWill be
established in 1 July 2012 incorporating measures currently managed by the Australian Solar
Institute (ASI)heAustralian Centre for Renewable HAC&E), and the Department of
Resources, Energy and Tourism. ARENA will manage a t8tal loiflisd$USH 31 billion)

in funding, with AUB7 billion (US$76 biltin) in uncommitted funding to be invested in
renewable energy and enabling technology projects between now and 2020.

Clean Energy Finance Corporatiba Government will establish al@Ufiilion (USED.34

billion) commercially orien@ldan Energy Finance Corpotationest in businesses seeking
funds to get innovating clean energy proposals and technologiesiotf.tAevariety of

funding tools will be used to support projects, including loans on commercial or concessional
terms and equity investments. The CEFC will invest in energy efficiency and low emissions
technologies, as well as the manufacturingskesdimatsprovide inputs for these sectors (for
example, manufacturing wind turbine blades).

The Australian geothermal sector benefits most directly from targeted programs currently
administered under the Australian Centre for Renewable Energy (AGRE)awsfier to

the Australian Renewable Energy Agency (ARENA) in 2012. Programs with direct relevance to
the sector are the Geothermal Drilling Program (GDP) and the Renewable Energy
Demonstration Program (REDP). Additionally, under the EmergliigsReregram around

one third of the available AQ&V (US$L30.3/) in funding is expected to support

geothermal projects, wittb268.6M (USR7.5M) to specifically support the geothermal

sector.

84.3 Cost

Other than the Ergon Energy BirdBélie discussed in Sedi@ril, no commercial scale

Engineered Geothermal Systems (EGS) and Hot Sedimentary Aquifer (HSA) units have yet been
commissioned in Austrédéncethere are no data available to assess development cost trends.

Due to the morgpeculative nature of EGS and HSA technology at this time, cost discussions
have focussed on a discussion of the technology status and cost trends as opposed to more
detailed cost and performance estimates.

85 Status of Geothermal Industry

At this pait the Australian Geothermal Industry remains largelycarapatgive

exploration stage. At 31 December 2011, a tota)EFMYPSE,262M) in work

program investment is forecast for the period 2002 to 2015. An esti#g3bti(IAB$58

M) of this forecast was invested in the term 2002 to 2011. These forecasts are based upon
current proposed exploration work programs and exclude capital expenditure associated with
demonstration power plants. However, not all prejentsectdd contine to timelines or

to the completion of their tenufen overview of Australi@otiiermal companies and their

projects is presentediippendix A
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86 RD&DActivities
86.1 Foas Topics

The Australian geothermal sector recognises that coordinating local research efforts with those
of the wider international geothermal community is important, and to this end considerable
alignment exists between identified Australian resadtiek (DRET, 2008ad2008b) and
international research imperativesek).2008; ENGINE, 2008; IPGT, 2008) including the

GIA Research Annegds (Work Progranbut with a focus on EGS technologies

Coordination is largely achieved through the efforts of the Australian Geothermal Energy Group
(AGEG) and the Geothermal Research Initiative (GRI).

The AGEG is a whofsector body comprised of members from industry, government and

academia, includkmy research institutions, interested in the use and development of

geothermal energy. It provides financial and intellectual support for Australia's membership in

the IEAGIA via its 12 Technical Interest Groups (@p@shdix Brable) which are designed

R{ nNlwed¢er|rRmM wyirwel | rReygl Lt p UsBjRr[ e 7 rm
sharing of information, expertise and research into improveddsambteghniques. For

more information, vikitp://www.pir.sa.gov.au/geothermaifedysgdppendix.B

Establieed in August 2010, the Geothermal Research Initiative (GRI) is a group of university, CSIRO

and Geoscience Australia researchers who have agreed to collaborate on the research and development

of geothermal energy resources across a broad rangegiéseahgieographical locations in

UsyRrRr| de|- ONmM aK& 7 | ed ©) R4 [mrpyra rmymlr w
sustainable large scale geothermal power generation (electricity and heat) in Australia.

aK& 1 1 miBmr) iencerfustraliang The Quedhgand Geajhenmal Energy Centre

of Excellence, The Western Australian Geothermal Energy Centre of Excellence, The South
Australian Centre for Geothermal Energy Research, The Melbourne Energy Institute, The Priority
Research Centoe Energy (University of Newcastle), and the Institute for Earth Sciences and
Engineering (University of Auckland). Research topics include, but are not limited to: drilling
technologies for deep, high pressure and temperature environments; emapantsental

(such as induced seismicity and efficient water wdyd);ppegliction and characterisation of
geothermal reservoir potential; and innovative power generation soldppeadis&e

86.2 GovernmerfundedResearch

GeosmenceAustFaIIas] Rr| ¢e| gl ] Ny m20d1 ag pagtof the mws r e r1 G
Usyrr| ¢de| )] oys rr]F2011)mmshore]Enemp$em|rlty Prpgram, key activities
ofGeoml wm UBYRr| 00" nMLRNMrI | ¢ mMImrny 74 EMW

determinations as the first results generated by a new data acquisition capability, and
development ofC3thermal modelling work flows including their application to regional

gethermal energy assessments. Acquisition of seismic, MT, gravity, magnetics and geochemistry
data continued in areas with energy potential. For more information see:

http://www & gov.au/energy/geothezneiyyesources.htmil

Commonwealth Scientific and Industrial Research Organisationt (ESIROY ° rmy ml r wN
wlrl Be¢erem el RNmM nmMLRNMMI| lrrnvl_vlrm Br gl
ability tointegrate s ¢ Re ey we[ el | ry 1 @6 ¢ - UkaKg 1 | wre
wilrRreBereyl rRy QUaUgU 7 rmymlrwNn "1 mm Bmoy/[.

for EGS resources as well as directly into the areas of hydraulic fracturieggieeeriraiy,
well bore stability, rock petrophysics and microseismic monitoring. For more information, visit
WwWw.csiro.au/org/geothermal

South Australia (SAyhe South Australian Centre for Geothenex@y Research (SACGER)

11 MmR|IBdéeyNmMw el xtt o RNrIBNQN NBlweln nr i
Energy Funth 2011 the Centre was granted an additio@aMAUSE.1M) of funding
from the Department for Manufacturing, Innovedit®, Resources and Energy, State
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Government of South Australia. A furthetM$S$L.03V) of funding to SACGER researchers

LYy rrasewymw Bl RNM Usyrr| ¢de ] Kmymlrwn Uyslwe
Kmy m|l r wNn UgJ upareas kottleanéhté regearch mrpgnains ofother national centres

and focus on: electrical imaging of crustal fluids, regional geothermal assessments, fracture mapping
using seismic tools and well logs, reservoir fracture and flow modeltin@)téaations, crustal

stress, reservoir quality and productivity, thermodynamic modelling of geothermal Borver plants.

more information seevw.adelaide.edu.au/geothandalpendix.B

Western Australia (WA)he Western Australian Geothermal Centre of Excellence (WAGCOE) is

| wiéolByr[Resm smlrerm BmMRJ] mml RNIR@®M 4 n omRT
The University of Western Australia, and Curtin University of Technology. WAGCOE is charged

with leading the exploration and exploitation of geothermal energy in Western Australia, and is
focussing initially on direct heat use technologgst{ezgnal powered air conditioning and

desalination) for use in population centres where there is shallow groundwater of moderate
temperature. For more information,httgitt/www.geothermal.orcgaadAppendix.B

Queenslandrhe Queensland Geothermal Energy Centre of Excellence (QGECE) is based at the
University of Queensland and commenced operations in January 2@0@eaitipradram

wm enl mw Ry nedd nlry el rRNm JlrReyi[¢ [Juy elR
focus is on new tools for precompetitive exploration of high heat producing granites and above
ground technologies, with the aim of accellenafésgale utilisation of geothermal energy in

Australia in collaboration with other national and international research groups and the industry.

For more information, vigitvw.ug.edu.au/geotheandAppendix.B

New South Wales (NSWeothermal research at the University of Newcastle focuses on novel
power generation cycles and the concepttob@asiphon concept Engineered

Geothermal Systems (EGS). The study of power cycles is regarded as a key area for major
technological improvements since many of the problems associated with power generation from
geothermal sources are underpinned by inefficient, andwiftdia) heat exchange

processes within power cycles. This is partly due to the fact that most power cycles currently in
use were originally designed fordaede power production from fossil fuels, where higher
temperature sources are availablegbekchange. For more informatidkppeadix.B

The University of New South Wade®ol of Petroleum Engineering (SCOPE) has undertaken a
research program aimed kiitg the geothermal industry to pick up the critical momentum and
overcome the key problems in achieving commercial viability. The primary goal of the program is
to triple the flow through classical Enhanced Geothermal Systems (EGS) produitiion and inject
wells. This will be achieved by delivering a step change for stimulation technology. In view of this
SCOPE has assembled an integrated work program investigating simulation of fluid flow and heat
transfer, reservoir stimulation and flow assufanoere information séppendix.B

Vidoria The Melbourne Energy Institute, located at the University of Melbourne, has a number
of geothermal projects including therdntGeothermal Assessment Report, which intends to
address critical issues for the successful development of geothermal power capability in Victoria.
For more information, visttp:/ivww.energy.unimedo.au

8.6.3 Industry Expenditure on Geothermal R&D

Australian geothermal sector field expenditure is considered as research an88dtalled AU$
(US$1M) in 2011.

8.7 Geothermal Education

8.7.1 Postgraduate education

U &| 1 rRmr ) AdganpediEhergy $ystems mas etroduced in 2009 at the University of
Newcastle to cover a range of topics including geothermal power generation.


http://www.adelaide.edu.au/geothermal/
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http://www.geothermal.org.au/
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http://www.energy.unimelb.edu.au/

88 Future Outlook

Key activities scheduled for 2012 include the drilling and stimulation of Habameéro 4 well

YEBY Bl wm widimwreyd 4np RNM OA[BLImryg v
in the Cooper Basin of South Australia.
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National Activities
ChapteB

European Commission

90 Introduction

The EU is supporting geotheemeatgy through its Framework Programmes for Research and
InnovationThe Energy Theme of the curfeRramework Programme (FP7) publishes

annual calls for proposals. Topics concerning geotherniadtbisbadigw and deep, are
included in most didse calls. On the political #igéeEU has launched the Strategic Energy
Technology Plan (S#dn), designed to be the technological pillar of EU energy policy.

9.1 Major Highlights ardhievements for 2011

In the 2011 ¢alh ERANET for geotraramergy was called. ERANETS are the Commission's

tool for ceordinating the research activities of Member states. One proposal was received
dealing with the creation of a European geothermal databasdif@®cis Orkustofnun

from Iceland. The posal was positively evaluated and proposed for funding. By the end of 2011
the negotiations were not yet completed.

In 2011, the ongoing projects are:

1 GEISER (contact: David Baltmuyhn@gfzpotsdam.dedealig with mitigation of
seismic risk in EGS wells

1 GROUND MED (@dlinator: CRES, Greeastact: Dimitri Mendrinos,

dmendrin@cres.ydealing with ambient heat stored at shallow depths representing
the essential coament of energpfficient heatingé cooling systems in buildings

T GEOCOM (Gwdinator GEONARMMIngarycontact Gabor Kitley
gabor.kitley@geonardo.cgraiming to demonstrate best available technologies i
the use of geothermal energy combined with innovativafferengy measures in
three different pilot sites in Hungary, Slovakia and Italy

The past decade has seen a very steep increase of the deployment of heat pumps. There is today
a real new nedar improved buildings integration of low temperature heating/cooling; we

intend to cover these issues through MRiuaie Partnerships. A topic on heat pumps is

planned for the 2012 call.

The European Technology Platform for Renewable Heatiigga(RHERT P) gathers all
main renewable heating sources and stakeholders (biomass, solar thermal and geothermal) and
deals with strategic issues for growth, competitiveness and sustainability.

The structure of this platform has been approved bydrenddhe next important

objectives are to elaborate a shared/common vision about the development of the market by
2020- 2030 with the preparation of the related Strategic Research Agenda.
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92 EUPolicy
9.2.1 Strategy

The SEPIlan comprisexEurogan Industrial Initiatives (EEI), unfortunately none on

geothermal energy, and the European Energy Research Alliance (EERA). The geothermal EERA
was officially launched in 2010 and is busy with programming research needs for geothermal
energy until 2030.

9.2.2 EU Expenditure on Geothermal R&D

EWVBrr4irR ngir nmiRNMra [ ¢ mimrny KOG | wuy 81 RY
The new ERANET is not yet included because the grant agreement is not yet signed.
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Sylvain de Roy@upré

European Commission DG Energy

DM 3/124

B-1049 Brussels

BELGIUM

Email: Sylvain.DRoyeDupre@ec.europa.eu
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National Activities
Chapter 10

France

Figureldl View of BO5 and BG6 production wells of the Bouillante geothermal plant (Guadeloupe,
West Indies): the production line has been adapted atikey end of 2010 and reinforced to resist to major
seismic events.

(Photo©CFG Service&éothermie Bouillante

10.0Introduction

France has developed the various types of geothermal @lwergiynier especially after the
two oil crises that hzgned at the end of the 1970s:

1 Many operations of direct use of geothermal energy have been realised since 1961: the
larger part of the wells have been drilled in the beginning of the 1980s, in the Paris
sedimentary basin and also in Aquitaine. A retierestfor these operations has
emerged since 2007.

1 The single French geothermal power plant has been installed in Bouillante (Guadeloupe,
French West indies) in 1986. A second unit in Bouillante was started in 2004. There
have been several surface atipiostudies and exploration drillings in the French
West Indies and in La Reunion island.

1 The development of grosndrce heat pumps is more recent arvadesti|

U Imf rq4deuwr N[y Bmml eury ¢mmmipwyuwy mgayl @ ny/iste r_4
process which aimed to redefine the French policy for sustainable development and which was
based on discussions with various stakeholders: industry, environmental associations, local
authorities, state services, unions and experts.

This ambitioymolicy suggests a new development of every type of geothermal energy nowadays in
France. Geothermal heat is expeictecésby a factor db between 2006 and 2G@2@ an

amount of 80 MW of geothermal electricity is expected to be installedeashdepagment in

2020.
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10.1Highlightand Achievements

10.1.1Iimplementation

New geothermal operations for direct heat use have been realised since 2007 in the Paris basin.
Three deep geothermal projeetdfinished in 201A totally new 11 M)@ébthermal plant

harnessing the Doggasinaugurated in December 2011. It will provide 85% of the thermal

needs of the heating network of Lognes and Torcy (EastMbRarigr, two old geothermal
doublet#n the Paris basin, drilled in the veginbimg of the 1980 rerehabilitated in 2011:

one in La Courneuve, transformed in a triplet (a new geothermal produatdrilleeland

the two existing wells are now injection wells with a reduced dizan@terin Coulommijers

where the oldoubletvasreplaced by two totally new wells.

Figure 10.2rilling operation ggoing in Coulommiers.
(Photo © CFG Services)

Two exploration permitsreissued in Alsace (East of France), in Lauterbourg and

Wissembourg. The geothermal resbatde ¢xpected there in the Rhine graben is more than

15C°C, in order to build a combined heat and power plant. Ten other applications for

exploration permits have been registered in 2011: six in Alsace, two in Aquitaine basin, one in the
Massif Centralea and one in the Paris basin.

In the overseas department, three important actions have been carried out in 2011

1 Additional surface exploration has started in Martinique island

T ONm alrRmrrmn r1r4 &@mwr ~ U|andasprditet bysa my R NmMr 1 | ¢
the Guadeloupe regional authoriite® 7y 2- . &Y [ r J EMWR [ 6137 RYJ |
development of geothermal gnertipe whole Caribbean region.

1 The French Agency for Devednpfunded exploration drilimgpominica island, the
island locatedtiaeeen Guadeloupe and Martinidoe expected potential is so
important that it exceeds the local consumption and that an electric interconnection
with surrounding islands is studied.
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1.5 km

10.1.2R&D Achievements

A significant R&D project has been Gedatwbad, by ANR and ended in 2012. It studied the
feasibility of an inteeasonal storage of excess heat (from a waste incinerator) in a deep aquifer
in terms of financial sustainability, well design, geochemical behaviour, etc. The conclusions
were posite and an industrial demonstration operation will perhaps be implemented in the
following years.

Figure 1B. Presentation of the Geostocal concept. in the summer (figure to the left), the heat
produced by the waste incinerator (to the right) elresges demand of the district heating
(fo the left) and is stored in the deep saline aquifer, in the winter, as the heat demand is much
higher, the heat produced by the incinerator and the heat produced by the underground storage
/s consumed by the détheating
(Figure®© BRGM

10.1.3Industry Successes

The French geothermal industry is now structured in a professional association named AFPG
and organises a yearly event.

10.1.4Funding to Industry

A renewable heat fund has subsidised deballandsperations since 2009. It is a very useful

tool to develop these operations, as well as-thada#gut in place in 2010. Moreover, the

risk mitigation schemes for deep and shallow heat projects, which have existed for many years
now, are vgrefficient too. They should be extended for electricity.

10.1.5Funding to R&D

In 2011, a call for deep geothermal demonstration projects for heat and/or power generation has
been published, based on a strategic roadmap published the samdwehmiowétive
industrial projects.



1@ Current Status of Geothermal Energy Use

The 2011 status of geothermal energyasemis briefly presentecainldl0. below.

Table 10slatus of geothermal energy use in France for 2011
(na = data netvailable)

Electricity
Total Installed Capacity (MW 17,7
Contribution to National Capacity (%] na
Total Generation (GWh) 56,6
Contribution to National Demand (%) 0,01%
Direct Use
Total Installed Direct Use (YW 345
Total Heat Used (PJ/yr) [GW/h 3.8 [1,058]
Total Installed Capacity for Heat Pun 1671
(MWy) ’
Eg\tlem/?]t Heat Pump Use (PJ/yr) 9.1 [2,535]

Figure 10.4iew of Bouillante reinjection: a partial reinjection has been put in place to maintain
the pressure in thesezvoir.
(Photo ©CFG Servie€othermie Bouillante)
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1®1 Electricity Generation

The French installed capacity still consists of the two power plants des@idt@&A

Annual report, namely the Bouillante power plant in Guadeloupe glenids)\énd the

EGS pilot plant in Sowdtaud-oréts (Alsace). The Bouillante powebgdgmt operations

again in April 20idllowing a period of technical problems and improvement works performed
on the wells and pipes dusdrgignificant part 2010 and the beginning of Z&ittial

reinjection has been put in place and started.

Even if this electricity production is negligible compared to the national demand, it is important
to nokthat the installed capacity in Guadeloupe represent§%rofitice need for
electricity of the island.

No new wellseredrilled in 2011; exploration driflibgingonsidered in another partioé
Bouillante concession and, even though it is lesomieifdartinique Island.

Figure 10.&venégw of the Montagne Pelée in Martinique (French West Indies): the western
slope of the volcano is one of the most promising geateasiahe island.
(Photo CBRGM,)

1®.2 Direct Use

The direct use of geotheremargys quite developed in Fraosmpared to similar countries
without magmatic resosrcehe installed thermal power is estimated at 34adW
compriseabout 50 plantdVost of them are used for district heating.

The Paris basin is remarkable@soitporate36 geothermal dolets (one production well,
one injection well) linked to 31 heating netWbeae doublets are exploiting the Dogger
Aquifer which is located at deqitietweengD0 and,200 m the temperature of the pumped
water is between 60 and 80 °C.
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Figurel 0.6 Overview of the geothermal plants running in the Paris basin.
(Figure®© BRGM)

The second location in France for direct use is Aquitakveegdertéince), with around 10
single production wellBheseperationwererealised in the beginninghef 1980s and this
technicabptionwas chosen as the pumped water lisghdy salinend can be discharged to
the surface. The regional geolaggiisovequite complicated, so that the drilling of
reinjection wells is not easy. In addition, thertdure is lower than in the Paris basin which
makes the profitability of a doublet harder to achieve.

The geothermal heat pump market isestidlespecially for individual housing. The number of
installed heat pumps decreased iwi?0adHecreawy market since 2008 and the beginning of

the economic crisis that limits the investment capacity of households. This general figure hides a
more flourishing market for office buildingsuragda the integrated heating and cooling
applications, @fa collective public housimptivated by the stapibf costs throughout the

years

10.2.3Energy Savings in 2011

The geothermal installed capacity in France represents an equivalent saving of 470,000 tonnes of

oil and around 1,470,000 tonnes gieC@ear.
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18 France Natiorfd@fogramme
1031 Strategy

In 2009France decided a target of 23% of renewable energies in its enerdsti2 0RX

This means that an additional yearly amount of 20 million toe of renewable energies has to be
producedh 2020.To reach this objective, the contribution of every type of renewable energy
has been determiné&f% of the additional energy production is expected from renewable heat
and 50% from renewable electricity.

The objectives for geothermal heftlid and 202@&redefined in 200@nd hey are shown
in Fgurel0.below

9 Direct use: from 1.5 TWh in 2006 t&\&8 in 2012 and 5.8 TWh in 2020.

1 Geothermal heat pumps: from 1.0 TWh in 2006 to 3.9 TWh in 2012 and 6.6 TWh in
2020. That means notablglgactive of two millillmuseholds usiggunesource
heat pumgin 2020.

French Objectives for geothermal energy
GWh
14000
12000 —
10000 — mIndividual ground
source heat pumps
8000 m Collective ground
6000 source heat pumps
4000 m Deep geothermal
2000
0
2006 2012 2020

Figure 1D. Objectives for future development of geothermal heat in France.

Geothermal heat is thus expectedrieasby a factor ob between 2006 and 2020ereas
the general objective for renewable hdatits@ol.

Geothermal electricity is expected to reach 80 MW in France in 2020. There are two main issues
with this objective:

1 Provide French islands (French West Indies and La Réunion) with a decarbonized
enegy, replacing the actual thermal electricity production, at a reasonable cost;
moreover, the 2020 objective for these islands is 50% of renewables instead of 23% at a
national level, because the current production isroraifdgsil fuel.

1 Acquirggoodexperience in EGS projects to develop this energy in a layg&s5@ay

In terms othereduction of energy demand, one main measure was to set the new standard for
energy consumption in new buildihgdevel of S0/Nh/myear. Thisrequires repliag
electric heatirlyy Joule effewtith, e.g.heat pumps.

In 2011, a strategic geothermal roacdigamblished by ADEME (the French Agency for
Environment and Energy). Written with the help of a committee of experts, it describes the
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challenges arssues of the geothermal sector aagadl020 visiont identifies the technical
and scientificarrierdo define the R&D priorities and the needs for demonstration operations.

1032 Legislation and Regulation

The implemented measures to reashdhgctives were above all designed to build an
adequate economic context for the development of renewable energies: these financial measures
including the renewable lieatl,are described section 10.4.2

The major need in terms of regulationl&ification of the one which is applicable to ground
source heat pumps. The regulatory scheme was written at the end of the 199@srand focus
deep geothermal projects for direct use or electricity. The procedures for shallow geothermal
projects arenglear at the moment: according to the way the kwheacdan be either very
onerousyr nonexistent. In addititmthese unclear proceduresettvronmental

requirements are also not defined.

Forthese reasqrsome work is being done on regulptocedures, professional standards
andthe certificatioof drillers.

1033 ProgresowarddNational Targets

The progredgiffers significantfisom one type of geothermal to another:

T Interms of electricity, many projects are en@rgiregmaimnd (combined heat
and poweyput manyfewer projects are planneth@overseas regions, due to a less
favourable framewonlofably, théeedn tariff).

1 Interms of direct use, a fastallationare made each year in the Paris basin, which
is encowging but not sufficiento reach the objective, it wilhikeessaty
increase the numbeirntallationmade in the Paris baaimdalso to have projects
in a huge variety of aquifers and geological contexts.

1 Interms of ground source heat pur@snstalled capacity is increasing but the pace
must be accelerated to reach the target.

138.4 Governmergupport/Incentives R&D

The main part of the national R&D budggeothermal energy is managed by ADEME. A part
of the upstream researchis® funded by ANR (national agency for research

At the end of 2011, the French government organized a call for projects to fund innovative deep
geothermal demonstration operations for heat and/or power generation, based on the strategic
roadmap mentied insectiorL0.2.The results will not be known before the end of 2012.

104 Market Developmg@imulatiorand Constraints
10.4 Development Constraamtd Issues Affecting Growth

The major existing constraints apply to the heat pump nvarkedjor facts can be raised
here:

1 The relatively low cost of gas affects the profitability of shallow geothermal projects,
above alfor heat only applications (housing)

1 The new regulatory scheme for energy efficiency in buildings is based on primary
erergy and does not take into account the emitted greenhouse gases; a coefficient of
2.58 is applied to electricity (1 electrical kWh equals to 2.58 thermal kWh) so that heat
pumps are less competitive than what they could be. A more balanced approach will
aurely be put in place in the future standard.

10C



10.4.2 Support Initiatives and Market Stimulation Incentives

U Rénewablem| R  UFandiswighaleur renouvélabéesput in place in 2009 to fund ]

projects related to industry, collective housing and eominercz s e ¢ we 1 n - Ur sluwy Y
wasallocated to cover the 2Q09.3 period, for all renewable energies. The principle is to fund

the difference between a project using renewable heat and a reference solution (generally using

gas). Itis also fundirp tdevelopment of heating networks and subsidizing for feasibility

studies.

After a slow start in 2009, the funding of geothermal projects is establigied, as shown
in the blel0.Delow.

Table 1P. Status of geothermal energy use in Foageod 1.

Quantity of
renewable ener Sﬁrl;lsc?gnt (i)\jeﬂrﬁ
Number of funded proje| produced by th AD)I/Eic\l/IE
funded project T oY
(toelyr) .
2009 | 2010| 2011 200 200
Deep geothermal 1 4 4 10044 1966
Shallow aquifers 4 32 33 2,066 3427
Borehole heat exchan( 10 35 34 325 2544
Waste water 1 6 16 448 2983
TOTAL 16 77 87 1883 20920

In additiorto this fund, several measures to develop heating metredrigemented in
201@&nd wergresented in the previous annual ref@ystem of energy saving certificates
also encourages energy suppliers to promote energy savings tm#reir custo

There is a 36% tax reduction in place for individual housing, covering the heat pump and the
geothermal heat exchanger. The 2012 magvevitheledse 26% because all the existing tax
reductions for investments related to renewable enardiestdecreased.

An important incentive for the development of geothermal projects is an apkropriate

mitigation scheme. Two public schemes exist in France, one for deep geothermal (managed by
kUG Ulser g JlIlmimlr™ . | obevgtionslomaquifers andcalledd ¢ { |  ~ wy s
Aquapac). Both of them cover the short term risk (initial flow rate and temperature) and the
long term risk (exploitability of the resamwe0 years). The reason to create two separate
fundsisthattheinsuredamouny p 1 41 my o7 smr1 wenpnMr mlrR BmMRJ
|l 1w rRNM ) N [Kp Bhese twq flinap apporte@dintly by public authorities and

by the project owners. They work thanks to the mutualisation and the public funding. However,
these schemes do not currently apply for electricity.

For electricity, the main measure in 2010 is the Apviaf@@gut in place in July 2010. The

geothermal electricity is now bought at an increased pritke oBABON o1 R NM | smr 1 m| )
departments @tead of 100, &9 N, Y, | @pnithe mainland. A bonus is given if the

coproduced heat is also used.

10.8 Comment on Costs

There have not been enough gieggctdo be able tprovidestatistics. A geothermal doublet

in the Dogger aquifer of ®aris basin amounts typically-16 MY n LT MW. The

number oprojectper year is increasing, so that one or two drilling rigs will hopefully stay in
the Paris basin or at least in France aothiagyears. This could decrease the projsancost
the future.
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Figure 10.Bhe Stage Costume National Center in Moulins (GXNC#mperature and
humidity must be kept stable to preserve the 10,000 pieces of the collections, GllesS uses a 4
network fed by a heat pump using geothermadgesver, this monitored instaligpresents an
[ 116 ¢ [smrlnm wimppewemlr 5 [2dWhamds | 1 wm 1)
reduced C@missions by 77% compared to a conventidizal &gés boiler and chiller).
(Phota® CNCS)

1(® Status of Geothermal Industry incéra

1(®.1 General Description of the Geothermal Industry

The French industry covers all the activities needed for geothermal (turbine and heat pump
manufacturers, surface and subsurface engineering companéts,)dnl2@40, most of

them chasto gather to a national association dedicated to geothermal, called AFPG, in
addition to the existing SER which represent all renewabldéreDegather 20he, t

114 wel rRey ) L rnl ey mwy “-dhygonferencesandleibny wm ¢ oL |

Thanks to the feadtariff, many companies emerged to manage deep geothermal projects and
answered the call for demonstration projects mentsmutidmiN4.

16 RD&D Activities
1®.1 Focus Areas

The French research activities evggyr type of geothermal energy. France works especially on
EGS, usini particularthe pilot plant Souspug-oréts. The?phase of Soultz R&D

programme is @going, focusing on the site exploitation and monitoring, and trying to
determine the lifane of such geothermal projects.

Some R&D is also baiogductedn conventional high enthalpy, notably around the
geothermal site of Bouillante. Research on low enthalpy consists of resource characterization and
modelling.

Some R&D work is done augd source heat pumps and geothermal exchangers, using
different R&D platformgth theaim b optimising the whole syséem testing some

innovative conceggachas the combination of various renewable energies or underground
thermal energy storage.
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1.2 Government Funded

R&D is mainly funded by ADEME, with a budget of a few million euros. ANR also funds some
research, which is more often upstream or focused on energy storage.

13%.3 Industry Funded

Some research work is being done on equiperenddynamic cycles, pumps, etc.). Another
important part of the investment is dedicated to geothermal exploration. The amount of the
French industrial effort for R&D is however unknown.

Several national technological clusters have been pubidgMatmptcollaborative R&D
projects between industry and the research institutions:

1 Avenia, based in Aquitaine, deals notaldig@p geothermal applications.

1 Synergile aims at developing renewalie®irethe overseas department.

1 Dream (Orléansy,focused omater and environmental impacts.

1 S2E2 (Oréis) deals with smart buildings.

1 Advancity for smart cities, Tenerrdis for several renewables, Derbirbigeheat sto

10/ Geothermal Education

The major part of the educational programs degtowitld source heat pumps, as this sector
will hire the majority of the people involved in geothermal energy. Initial training is being
developed by universities. ADEME funds a part of these continuquedraimimsp

1B Future Outlook

For 201and beyond, several major events can be expected for a further development of
geothermal energy in France:

1 The number of deep operations for direct heat use will uoFyirkereasing on the
mainland.

1 In particular, an operation will be performeatiersRoffen, in Alsace, to produce
industrial heat (more than AGPfor industrial processesdquette factory in
Beinheim).

1 Many other permits for geothermal exploration will surely be delivered, especially for
electricity or CHBtoduction in the maanid.

1 The selection and actual funding of the deep geothermal demonstration projects will
give new references to the French industry and open neiwegeerspec

1 The exploration drillimgDominica will surely be followed by a project of a
geothermal plant

1 The regulatory framework for shallow geothermal projects will be clarified.
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Figure 10.%rand Soufriere Sulphur Springs, Dominica.
(Phota® BRGM)

D.9 Publications, Reports and Books

BoissieF., DesplaA., Laplaige, P. (2010) France Copd#te!Proceedings World
Geothermal Congress 2010. Bali, Indonesia.

La Géothermie en France n°12 (2012)ABEGIHE, 2012.

Reports

Strategic geothermal roadmap (2011), ADEME, 2011.

Books

Etat des énergies renouvelables en Europe (2011) édiiROBRSER\EER, 2011.

La géothermie en France (2012) Etude du marché en 2011, AFPG, 2012.

10D Websites

OGU&20 " OrmlwNn Unmlwy pgr Ulmerny |Jw Ulseryqylim
institution in Earth Science field) have put in place a gbsémteaing with all types of
geothermal energy in Frameev.geothermperspectives.fr
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The list of valid high temperature geothermal permits is published on the following website:
http://www.developpensimable.gouv.fr/ligeesminiersencoursde.html
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National Activities
Chapter 11

Germany

Figure 11deothermal power plant, Bruchsal, Germany.
(Courtesy of BMU, Germany)

11.0Introductiormnd Overview

In Germany, there are three regions particulartysitieth@d to use geothermal energy: the
North German Basin in the northern third of Germany, the Upper Rhine Graben in the south
west, and the Molasse Basin in southern Gekmargeneral rule, the temperature of the
geological ssilrfacegr geothernhgradientiises by an average of 3 K per 100 m as the depth
increases, although temperature gradients vary byrréiggoregions cited, it is particularly

high, anéh some placgemperaturamayrise by up to 10 K per 100 m.

Overall, by the enf2011, there were some 120 sites operational in Germany with a drilling
depth of 400 m or more (information suppligduvoy.geotis. dé hese sites also included spas
with thermal water extraction, for exampledifsgcimthe German Geothermal Association
(GtV), there were 21 geothesumliedheating plants in operation in Germany in 2011 which
supply households, companies and public buildings with thermal energy via district heating
networks. To dathreesites have been developed for electricity production: Landau
(RhinelanBalahate, 2007), Unterhaching (Bavaria, 2008/2009) and Bruchsal (Baden
Wiurttemberg, 200B)ivefurther geothermal projects for electricity produetiomreently

under constructioimsheim (RhinelaRdlatinate), Kirchstockach, Kirchweidach and Sauerlach
(Bavaria) and Oberhaching (also Bavaria, electricity as seconddmwwsegeatis.de

According tthe GtV (as per the first quarte26fL0), Germany rankesthe world for the

use of geothermal energy in heating, with an installed thermal output of around 2,485 MW.
The world leader is the USA (12,611 MW), followed by CHifia)(&5888len (4,460 MW)

and Norway (3,300 MW). Thesesscs include both deep and shallow geothermal systems.
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11.1Highlights

The highlights of geothermal projects in Germany are extensively destribedih| s | R e | |_
ThroughResearch2011)] s [ ¢ Kmpr 4 rRrR 41 Ul wel repogl RNM Kmlm
published by BMU (page 14746This document can be downloaded at:

http://www.erneuerbare
energien.de/files/estgpdf/application/pdf/broschuere_innovation_forschung_2011 en_bf.pdf

The brochure can also be ordered as hardcopy at:
http://www.bmu.de/english/publicatitefit/35028.php?detail=2079#6201

11.2Research Activities

Despite becoming more widely used, there is still an extensive need for research into and
optimization of deep geothermal systéongever, the signs are encouraniting work at

the gethhermal project in Kirchweidach, Bavaria, in Decembas 20iripleted with very

good resultOnce the power plant has been built by GEOenergie Kirchweidach GmbH, it will
produce electricity as well as supplying heat to the Kirchweidach community.

Hawvever, the exploration risk remains @igh.important research priority, as specified in

ueo " 7 ¢l rRMR nelweln [J1118lwmimlr_ 7 RNMrmpy
selection of further potential sifdsove all, this will make the coftalahle for investors,

and therefore facilitate more projects in the longfeother priority area is to increase

acceptance of geothermal projBgténproving the information available to the general public

on the technologies used and the berfdfiis form of energy, we can pave the way for

additional projecté&bove all, however, the cost of projects needs to be further reduced to allow

the technology to be cost effectively Tiseinological advancement throughout all the

different projéphases will contribute to this: at the planning and exploration phase, the
drilling/construction/assembly phase, as well as the test and operational phase.

In particular, drilling needs to become less expensive and fasteacsivibeuhiently

accounts for the bulk of investment costs. Once completed, plant operation must be efficient,
lowmaintenance and relialikest but not least, research projects must help lay the

foundations to make geothermal suitable for nationwide use.

In the fieldf geothermal research, in BB approved a total of 42 new projects with a
total funding volume of around I24EUros (2010: 30 new projects ari EGrbs). Athe
same time, 1M@&uros went to ongoing research pr@égtse 112010: 9.M Euros).

11.3Financial Support

Apart from funding carefully selected research projects, the Federal Government is also creating
incentives for new projects by remunerating geothermal electricity under the Renewable Energy
Sources Act (EEG) andffgriog subsidies towards drilling costs. Since the amendment to the
EEG was adopted by the Bundestag (Lower House of Parliament) in late June 2011, the
framework conditions for promoting geothermal energy will be improved starting the beginning
of 2012In order to mitigate the current high risks for investors, the subsidy for geothermal
electricity will be increased to 25-eamts per KWh. The use of enhanced geothermal system
(EGS) techniques will also attract a subsidy otBreaneer KWh asafil2. With these

new rates, the Government is hoping to encourage further advancement of geothermal energy,
since construction of new capacity has fallen short of expectations to date. In order to set a
realistic time frame for the commissioning otqrajeite at the same time pushing for fast
implementation, the reduction of subsidy rates has been postponed until 2018.
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Source: BMU
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Figure 112MU funding for geothermal research.

14. Further Information

An official source for more detailed informatiohrebhewable energies can be found at:
http://www.bmu.de/en/service/publications/downloads/

The Working Group on Renewablei&n8tgtistics (AGEEat)annually publishes renewable
energy statistics. In 2011, the broRewewable Energy Sources in Fiyatiesal and
International Developmartented data current to 2id1€availablat
http://www.erneuerbareergien.de/fileadmin/ee
import/files/english/pdf/application/pdf/broschuere_ee_zahlen_en_bf.pdf
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National Activities
Chapter2l
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Figure Irerrestrial enargurrent through the crust of Iceland and stored heat
(Orkustofnun, 2010).

120 Introduction

Practically all stationary energy and 85% of primary energy in Iceland is derived from

indigenous renewable sources with a-f@defectricity generatibhis is the result of an

effective policy in making renewable energyeartopgority in Iceland. Geothermal primary

energy use contributed 66% in 2011, equivalent to 156 PJ. Nowhere else does geothermal energy
play a greater role in providing annation ml mr n1 181717 ¢ -

The energy current for Iceland has been estimated to be about 30 GW as can be seen in Figure
12.1 of which 7 GW is estimated to be harnassable. Above 10 km depth the energy stored is
m) R e 1 | R MBI ef yhich itrjs thoughtte technically and economically possible to

install 4,300 MYéf geothermal power at current electricity prices in Iceland and generate

about 30 TWh of electricity without taking environmental concerns into account.

12.1Highlights for 201

Currentlysevergeothermal power plantgotal estimated 625 Mwstalled capacitye under

formal consideration as can be seen ilZlabfevhich 4570 M\Als predicted to be installed

in 201:2014. In Figule2 primary energy use (indigenous produstiplotted against time

from 194Q011. In Figur installed capacity and electricity generation in Iceland is shown for
2010 and 2011.
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Tablel2linstalled and planned electric capacity in Deg@bfbykustofnun, 2012).

Geothermal 2008 . . . EIA
Field [MWe] 2005| 2006 | 2007 2010 2011 | Licence| Licensin Complete:
Bjarnarflag 3 3 3 3 3 - - 90
Krafla 60 60 60 60 60 - - 150
beistareykir 250
Husavik 2 2 2 2 2 - - -
Hengillarea| 120 | 210 243 333 423 - - 135
Svartsengi 46 46 76 76 76 - -
Reykjanes 100 100 100 100 80 - -
TOTAL 232 422 | 485 575 665 80 0 625
PJ
250
Relative use
100
200 90{ Coal

150
Geothermal
100 / Hydropower
1970 1990 2010
>0 Geothermal
Hydropower
0

N

g

o6l
Sv61l
0561
SS61
0961
5961
061
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0861
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Figure 12Bimary energy use in Iceland @D (Orkustofnun, 2012).

2.2 National Policy

It is the policy of the Government of Iceland to increase the utilization of the renewable energy
resourcefurther for the power intensive industry, direct use and transport sector in harmony
with the environment. A broad consensus on conservation of valuable natural areas has been
influenced by social opposition, increasing over the last decade, aggainspdavge and

some geothermal projects. The Icelandic Government decided in 1997 to develop a Master Plan
for potential power projects. All proposed projects have been evaluated and categorized on the
energy efficiency and economics but also on tbktbasimpact that the power developments

would have on the environment. The Master Plan has been presented to the Icelandic Parliament
and the final ranking for projects will be done in 2012. Talsmbéas a governmental effort

to search for geothwal resources in areas where geothermal energy has not yet been found. A
map of Iceland with identified and anticipated geothermal resources is illustrated.in Figure
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Installed capacity in power plants at the end of the year

Hydro 1.884
Geothermal 663
Fuel 120
Total 2.668

Electricity production

Hydro 12.507
Geothermal 4.701
Fuel 2
Total 17.210

70,6
24,8
4,5
100,0

1.883 73,0
575 22,3
121 4,7

2.579 100,0

72,7 12.592 73,8
27,3 4.465 26,2
0,0 2 0,0
100,0 17.059 100,0

Figure 12@eneration of electricity in Iceland in 2011 and 2010 (Orkodd)nun,
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Figure 12/4bcation of high temperature geothermal fields in the volcanic zones of Iceland and
clusters of low temperature springs on the flanks of the volcanic zones. Iceland is located on
both a hotsport and the Mitlantic Ridge, which surght through it. This combined location
means that geologically the island is extremely active (Orkustofnun, 2012).

Three major amendments were made in 2011 to the energy legal framework in Iceland that effect
geothermal exploration and utilizafipAs(of end of 201 e National Energy Authority is the

licensing authority for research, utilization and power plant licences for resources in the ground.
Beforghe institution issued the licenses on behalf of the Minister of Industry. (2)2Z0dtINo. 48
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for the utilization and protection of energy resources was passed which sets up the legal framework
for the Master Plan described above. (3) Act No. 36/2011 on Administration of the Matters of
Water, which transposes the European Water Framestivekibtiod celandic Law.

2.3 Current Status of Geothermal Energy Usé in 201
P2.3.1 Electricity Generation

As a result of a rapid expansion in the power intensive industry in Iceland the demand for
electricity has increased considerably. Thislh&eeamet by increased geothermal

electricity generation. Total installed electric capacity of geothermal power plants was 665 MW
atthe end of 2011 and 575, kt\the end of 2010. Electricity generation from geothermal

power plants was 4,701 GWhlit geigusé2 and 12)5Inthenear futurgelectricity

generation is estimated to double as can be seenli?l T@bkeistofnun issued two licenses

in 2011 for a 90 Méxpansion at Hellisheidi and804@W expansion at Reykjanes.

Electricity generation
(GWh/year)
5500 -

5000 -
4500 -
4000
3500 -
(7) Hellisheidi 303 MW ——

3000 -

2500 - i

(6) Reykjanes 100 MW ——
s .
|

2000

1500 — (5) Husavik 2 MW
(4) Nesjavellir 120 MW

1000 -

500 - (3) Krafla 60 MW

(1) Bjarnarflag 3,2 MW
(2) Svartsengi 76,4 MW

O ey —

1972 1977 1982 1987 1992 1997 2002 2007 2012

Figure 18FElectricity generation by geothermal power plants in lce/20021@B&kustorfnun,
2012).

2.3.2 Direct Use

The total direct use of geothermal energy in 2011 is estimat8dPgobevBish 18 PJ is

for space heating. Currently, 90% ofsharesbeated with geothermal energy. The share of ail
for heating continues to decrease,atgissenat about 1%. The share of electric heating is
about 9% but one third of that comes from heating plants where electricity is used to heat
water for ghtrictheating systems. Heating of swimming pools is also one of the most important
types of geothermal utilization in Iceland and the one with the longest traditigrih€narrently

are morIf?en than 163 geothermal swimming pools in Iceland at 134 siteed suitface area of
37,550

Snow melting on pavements and parking lots has been common in Iceland f@0the past 15
yearsand the total area covered is about 1,208,06@nm® has been no increase in direct
industrial uses of geothermaitggnin Iceland during thel1as8A seaweed processing plant at
Reykholar, Weland, uses about 250 TJ/a for drying. A plant for the commercial production of
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liquid CQ@has been in operation at HaedanerBlivVicelangsince 1986. Geothermal water is
also used for heating greenhouses and for small scale timber and Tisbdirgctgise of
geothermal eneligyiceland is shown in Figure 12.6

Swimming pools Electricity generation
4% 39%

Snow melting
[
Industry

2%

Fish farming
4%

Greenhouses
2%

Space heating

45% Total 42,2 P)

Figure 12@irect use of geothermal energy and electricity generation in 2011
(Orkustofnun, 2012).
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FigurelZ Space heating by source from2AA0(Orkustofnun, 2012).

2.3.3 Energy Savings

In 2010, the total €€mnission from geothermal power plants was 168,293 tonnes, as can be
seen in Table 12.2. Historical development can be seet@r8Figure
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Figure28 Historical release of Carbon Dioxide from geothermal power plants in Iceland
(Orkustofnun, 2011)

Table 1122nission of GO 2010 per electric produdiorkustofnun, 2211

Geothermal Field (ItEomnIr?:g/): Emission p&ectricityProduction (g/kWh
Reykjanes 24,651 28

Svartsengi 43,427 83

Hellisheidi 35,325 21

Nesjavellir 14,800 57

Namafjall 826 53

Krafla 44,145 92

TOTAL 168,293 Weighted average: 50

P.4 Market Development and Stimulation

The high demanar felectricity for power intensive industry resulting from the favorable prices
of electricity has resulted in laggde geothermal power development in Iceland. The power
intensive industry consumed about 80% of the total consumption in 201XsUdoeds ithe
Iceland, the geothermal industry has been increasingly exportirgoivadoter

countries both as consultants and as investors at the feasibility stage. The government gives
grants to various projects with emphasis on finding usadtmgeatter for space heating

in areas where resources have not yet been found. A cluster for stimulating the market
development has been formed by all the major players in the industry.

P.5 Development Constraints

Development constraints are mosttpanvironmental issues and low electricity prices in Iceland,
though geothermal energy was looked upon more positively than hydropower in a recent national
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review. Local issues do place constraints on drilling sites and access to themuals well, the vis
impact of geothermal power plants is becoming increasingly important. Another development
constraint is the governmental subsidies, amou@d8guid 3K in 2011, to communities where
there is no access to geothermal water for space heatimg {$Be Fhe subsidies, although
effective for regional development, can decrease interest in search for geothermal resources.

Cheap geothermal
district heating
Reykjavik geothermal
district heating

Expensive geothermal
district heating

District heating, B Price excluding subsidization
electric boilers Subsidization
Direct electrical heating,
urban areas

Direct electrical heating,
rural areas

Gasoline heati
asoline heating ISK/kWh
T 1 L] L] L] L] n T T | 1

0 2 4 6 8 10 12 14 16 18 20

Figure 12@omparison of enerqy prices for residential heating in mid year 2011 (Orkustofnun,
2012) in kr/kWh (10 kr/kig/Bquivalent to 80 USD mills/kWh).

.6 Economics

Geothermal power is competitive with hydro in Iceland; providing reliable base load, green
energy and favorable prices; 13 ISK/kWh + VD foB/a in populated areas but can get
considerably lowfer the power intensive industry due to very high load factor. For residential
heating see Figur®. It is estimated thidie installation cost of a relatively large geothermal
power plant is around-3,8 million USD/MWith about 2% annual maiatere and

operational cost.

P.7 Research Activities
2.7.1 Focus Areas

The Iceland Deep Drilling Project (IDDP) could start a new era in geothermal development. The
main purpose is to find out if it is economically feasible to extract energgaiddochemi
hydrothermal systems at supercritical conditions. The drilling at Krafla was initiated in 2008

with intermediate casings set at 90 m, 300 m and 800 m. In Maticl R0G6st drill rig in

awmoé | lw Q. r_ wyl R e ltemnmofglacgtibecndxncasing@®xn | Vv x E’
m. In the depth interval @#@ to 2000 mthe rig ran into repeated trouble which turned out

to be due to veins of molten lava. Superheated steam rich in HCI entered the well and turned
corrosive when mixeithmMiquid water. The well was then completed with a casing cemented

down to P00 m. The well is now believed to be the hottest well in the worltkastihrad

enthalpy of 3,400 kJ/kg. Fluid handling and evaluation along with pilot plant testing started

2011. Wet scrubbing has been tested with good success. The measured temperature of the fluid
in December of 2@dksaround 448C. The estimated possible power output after losses with

wet scrubbing is in the order 6B393MW. The @cision on whete drill the next well has not
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yet been taken but IDPB likely to be in Reykjanes. For the Masteegdanch is ongoing

in high temperature geothermal areas. In addition, geothermal areas are being searched for near
districts that do not have geattal space heating and Orkustofnun is involved in a few heat
pumpinstallations

In the Master Plan for hydro and geothermal energy resourcesgbemteviatuated on

the basis of the environmental, social and economic impact the projecadviliusy

categorizetd be developed, protected or to be further considered as sedrfB3nTiiable

Parliament in Iceland is now reviewing the results and good amend the final decision before it
will be enforced in the law on the Master Plan.

Tablel 3 Projects in the Master Plan for hydro and
geothermal enerqgy resources have been evaluated on the
basis of the environmental, social and economical impact

the projects will have and tbategorizaw be
developed, protected or to be further coasidere

Potential Hydro | Geoth.
Power TWhla TWhia®
Existing 13 5 26%
To be developed 3 10 20%
To be protected 8 18 39%
To be considered 6 3 14%
Total 31 35

Fluid handling and evaluation along with pilot plant testing started in 2011. Wet scrubbing has
been tested with good success. The measured temperature of the fluid in December of 2011 is
around 441°C. The estimated possible power outpuieafigithoset scrubbing is in the

order of 285 MW. The decision on where to drill the second well has not yet been taken, but
IDDR2 is likely to be in Reykjanes. For the Master Plan, research is ongoing on high
temperature geothermal areas. In adg@aihermal areas are being searched for near districts
that do not have geothermal space heating and Orkustofnun is involved in a few heat pump
installations.

In the Master Plan for hydro and geothermal energy resources projects have been evaluated on
the basis of the environmental, social and economical impact the projects will have and thus
categorized to be developed, protected or to be further considered as seen in Table 12.3. The
Parliament in Icelanahisv reviewing the results anddcamend thénal decision before it

will be enforced in the law on the Master Plan.
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FigureZ105eothermal power plants to be developed according to the Master Plan.

2.7.2 Government Funded Research

The international GEOthermal Research Group (GEOR@&hsdsnia200%ith

participation of all the major power companies, research institutions and authorities. GEORG is
financially supported by the Science and Technology Policy Council in Icelaitth, I ANNIS

to 70 million ISK annual contribution f@rsgears. The Energy Fund granted in ttdl 27

ISK to 15 projects in 2011. Orkustofnun represents the gaversteenng committee of

the IDDP. The total amount from Orkustofnun will be a makidg&®h6 M. For a few

yearsthe Ministry of Ingtry has been running a program to encourage geothermal exploration
for domestic heating in areas where geothermal resources have not been ttentified. For
period20072009 172 M ISK were grarftatexploration in 29 places, of witielotal cost

is estimated to be 300 M ISK. The Icelandic International Development Agency (ICEIDA) is
involved in stimulating geothermal utilization in developing coymrtripedik&ries in the

East African Rift Valley. The project is in cooperation witlEthéraiinental Programme,

the KfW Bank in Germany and the Global Environment Fund, along with atlatidgnors

to the research and use of geothermal energy in the northern reaches of the East African Rift.

2.7.3 Industry Funded Research

The three njar power companies in Iceland eachld&hi4 M for R&D of the IDDP. The
power companies afeoresponsible for drilling down to 3.5 km depth at their geothermal
areas with an estimated cost of ald863.9 M per well. The energy fund of Lajufsvirk
granted, in 2011, 56 M ISK to 21 projects.



Figure Hellows of the UNU Geothermal Training Programme in Ice284@ 1979
(Orkustofngn

P.8 Geothermal Education

The United Nations UnivefGigpthermal Training Programme{&MNR) has beenasgting

in Iceland since 1979, with the aim to assist developing countries with significant geothermal
potential to establish groups of specialists in geothermal exploration and davieiSpment.
programme was started in 2000 in cooperation with gisityrif Iceland. LHETP

receives its funding from the government of ItES&§6dl/a. Since 19482 scientists have

graduated from 50 countries. They have come from countries in Asia (41%), Africa (30%), Latin
America (16%), and Central and EEstenme (13%Amongst these have been 89 women

(18%).

Reykjavik Energy Graduate School of Sustainable Systems (REYST) started its first academic year
in 2008 offering education in the field of renewable energy, emphasizing geothermal. REYST
graduated the students in 2011.

P.9 International Cooperative Activities

Orkustofnun has made a concerted effort in recent years to foster cooperation amongst entities
involved in energy research and the coordination of research projects between chuntries throug
administration and active participation withamizationscluding the International

Partnership for Geothermal Technology (IPGT), the International Ene@gofuwrncy/

Implementing Agreement-{&A), Energy Development in Island NatitN}, (E®World

Energy Council (WEC), the International Hydropower Association (IHA) and the Scandinavian
Simulation Society (SIMS).

Through its international efforts in the fields of geothermal and hydro, Orkustofnun aims to
foster the efficientilizaton of available resources with minimal environmental effects. There

has been a variety of outcomes from this effort, which include the development of assessment
criteria on the sustainability of hydro and geothermal utilization, and the publication of
handbooks and articles within-A and IHA, white papers on geothermal technology for

IPGT and the mapping of research projects among member states. Regarding the EDIN project,
the development of sustainable energy sources for the island pimibe@ddabearis
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