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Message from the Chair

In my opinion, theprinciple highlight of the 2012 year, for the

IEA Geothermal Implementing Agreement, was the near
completion of its 3 term, and the IEA Renewable Energy
22N]AYy3 tFNIe&Qa &adzJJ2 NYisyeaF DL! Q&
extension. We are a strong group dd Znembers from 14

countries, the EC and five industry/organization groups working

with passion and enthusiasm on a broad suite of topics
(Annexes) to help promote global geothermal research and
information sharing. | thank the members of the Executive

Committee, and Annex participants, for this dedication. They

can justifiably be proud of their input into the implementing
FaAINBSYSyidiQa | O02YLX AAKYSyGasx | OKA S
voluntary effort and good humour. Establishing personal
connections to factiate sharing of past experiences, and learning from past successes and
mistakes, has, to me, always been a highlight of our meetings and joint work

Other highlights of the 201fear included the realization, under Annex X, of the annual
GENBYRASNYI DSRPUIKIE AOF A2y aé NBLRNIG aSNARSazr 6KAO
can be seen as a sister publication to this Annual Report. Outstanding events undertaken by
the other Annexes (I, lll, VIl , VIII and XI) included organization of workshogsafaple,
WaAGAIFGAZ2Y 2F 9YQPANRYYSyidlt 9FFSOGaQ Ay ¢l dzL
wSelalr @Al LOStI YRX I YR WENAEEAYT ¢SOKy2f23A
KFEI @3S AyOfdzZRSR 62N] 2y Y. SaliyRNYDIIADISH WFILFR DY
WSLENIAY3I ¢SNY¥YAy2f2328Qd ! y2(1KSNBKGoHrgefoftt@ K (i &1 & |
LYGSNYIlFGAz2ylrFf {OK22f 2F DS2LKearA0aQsr d 9NROS.:
geothermal resources to optimizstainability and incentives for global deployment through

GKS aL9! DS2G0KSNXIE ISFG FYR t28SNI w2t RYLFLXE ¢S

J

Such activities and other Annex related work undertaken during the-2@&p are presented

in this comprehensive Annual Report. Pletasiee the time to read the Annex, Country and

Sponsor chapterd.he materiaembedded in these chapters represents an impressive amount

of effort by participants to collate ujp-date information. My personal favourites include: the

outstanding growth in bat pumps in Korea and Switzerland; the geothermal renaissance in

Japan; the stunning contribution of Ormat to geothermal deployment, especially in the USA;

0KS Ayy201 GAGS NBaASINOK Ayid2 I RAFYyOSR GSOKyz2f
Habanero prgect), Korea (Pohang), Switzerland (St Gallen), Germany (20 CHP plants) and the

USA (DOE funded projects at several sites); and numerous examples of deployment initiative

and innovation occurring in all the other participating countries.

Our Executivesecretary, Dr Mike Mongillo, has maintained his enthusiastic, proactive, and
thorough approach to the planned work program, for which we are all very grateful. Due to the
strong financial position of the ExCo operating fund, five proposals for collalmeattivities

were able to be seefunded in 2012. The work of the GIA is also well presented on its website,
through its publications and presentations by members at key conferences, and by its
geothermal contributions to the IEA which regularly publisidermation on renewable
energy technology. We have also undertaken several outreach activities, such as presenting
invited lectures and providing workshop and meeting invitations, to encourage participation of
non-member countries, including China, theilRipines, the Netherlands and Indonesia.



Executive Summary

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

Introduction



IEA Geothermal R & D Programme
Chapter 1

The Implementing Agreement

Calientes geothermal field, altitude of 4,469 southern Perugn 30 November 2008.

(Photocourtesy of H. Muraoka

1.0 The IEA Geothermal Research and

Technology Programme

L9! Qa 3S2 i kifdmslrdgdn in 3978 WidR #vo-3
year long studies that were completed in 1981. Following
a léyear gap the IEA Implementing Agreement for a
Cooperative Programme on Geothermal Research and
Technology, or Geothermal Implementing Agreement
(GIA), wasreatedon 7 March 1997, with an initial term of
five years.By 202, the GlAwasnearing the end oits 3¢
Term of operation, whictexpires or28 February 2013.

The GIA provides wersatileframework forwide-ranging
international cooperation in geothermal research and
technology by connecting national and industry
programmes for exploration, development amdilization

of geothermal resources. Emphasis is on increasing
effectiveness through establishing direct cooperative links
among geothermal experts in the participating countries,
industries and organizations. The general scope of the
DL! Q& | obdistofariteiinatiSrial callaborative efforts

to compile and exchange current and accurate
information on global geothermal energy R&D, develop
improved technologies for geothermal energy use, and
improve the understanding of the environmental
benefits of geothermal energy utilization and ways to
F#2AR 2NJ YAYAYAT S Ada
activities are chiefly directed towards the coordination
of national and industry geothermal programmes; with
the provision of opportunities for members to
participate in joint R&D projects and assist with the
development of databases, modelsandbooksand best
practices as well asproviding scopefor information
exchange via meetings, workshops and networking; and
offering an international perspective on geothermal
issues.

¢KS DL!Qa LINBaSyid STFT2NIa
G2LAOA FTNRY aO02y@SyiArAz2yltsé
use of heat, to cuttingedge technologies pertinent to
enhanced geothermal systems (EGS), adea
geothermal drilling and logging techniques, sustainable

SYy @A NP



utilization strategies, investigation into the causes and
control of induced seismicity, and the collection of
unbiased, authoritative data and information and its
dissemination. New studies arencouraged and
implemented when needs are demonstrated.

As of December 2@ the IEAGIA had 20 Members: 15
Contracting Parties from 14 countries: Australia, France,
Germany, Iceland, Italy, Japan, Mexico, New Zealand,
Norway, the Republic of Korea, SpaBwitzerland, the
United Kingdom, the United States, and the European
Commission (EC); and five industry Sponsor Members:
the Canadian Geothermal Energy Association,
Geodynamics Limited, the Geothermal Grelgpanish
Renewable Energy Association, GreeonclR Energy

Limited and ORMAT Technologies, Inc. See Table 1.1 for

details.

1.1 Strategy and Objectives

Geothermal energy has huge global potential and its
development can contribute significantly towards meeting
the growing global renewable energy denmhin both
developed and developing countries, while helping
FttSOALGS
Globally, geothermal development continuesgrow, and

to maintain thisincreaseddevelopment, it is essential to
improve and develop new thnologies, reduce
development costs, promote the benefits of sustainable
geothermal utilization, and better educate the public,
financial, and policy sectors.

¢ KS D4Term Begam imApril 2007 with these goals in
mind, aiming to use its extensiugernational cooperation
to focus particularly on disseminating authoritative
information;  improving  environmental outcomes;
enhancing EGS prospects, including developing means to
properly deal with induced seismicity; reducing drilling
costs; promoting @tect use applications; and encouraging
longterm sustainable development strategies that will
also contribute to the mitigation of climate change. To
these ends, the IEGIA set its3™ Term (20072013)
Mission (GIA, 2006a; 2011):

To promote the sustaiable utilization of geothermal
energy throughout the world byimproving existing and
developing new technologies to render exploitable the
vast and widespread global geothermal resources, by
facilitating the transfer of knowhow, by providing high
quality information and by widely communicating
3S20KSNXYI € SySNHeé Qa
environmental benefits, and thereby contribute to the
mitigation of climate change.

i K Slimaie2cNdnge @imm&.y S N

a4 N G

To accomplish this mission, the GIA develope&sixtegic
Objectives:

1 To actively promote effective cooperation on

geothermal RD&D through collaborative work
programmes, workshops and seminars
1 To collect, improve/develop and disseminate

geothermal energy RD&D policy information for IEA
Member and noAiMember countries

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

To increase membership in the GIA

I To encourage collaboration with other international
organizations and  apopriate  implementing
agreements

1 To broaden and increase the dissemination of
AYF2NXIEGAZ2Y 2y 3IS20KSNYI §
activities and outputs to decision makers, finangiers
researchers and the general public

B Collaborative Activities

¢ KS sptogrdnme operates through participation in
collaborative activitiescalled Tasks which are specific
studies included within broadeopic areas calledAnnexes
After approval by the ExCo, detailed descriptions of new
Tasks, or of new Annexes, aappended to the IA (see
Chapters 2Z7). Each Annex, referred to by its annex
number, is managed by an Operating Agent organization
from one of the Member Countries or
industry/organization Sponsor Members.

In 2022, participants worked in five broad resehrareas,
specified in Annexes:- | Environmental Impacts of
Geothermal Energy Development; -IIl Enhanced
Geothermal Systems; VIAdvanced Geothermal Drilling
and Logging Techniques; Annex M\lIDirect Use of
Geothermal Energyand Annex Xlinduced Seismity. In
addition, a sixth annex, Annex- ®ata Collection and
Information, collects, compiles and analyzes Member
country geothermal data and information.

Annexes | and Ill, initiated at the start of the GIA in 1997,
have continued their activities thrgghout 202; as have
Annexes VII (started in 2001) and VIII (begun in 2003).
Annexes X and X| were established in 2609 2010,
espactysly Agngx y SustRigsbility |.o§/ ®eothermal
Energy Utilizatiornas remained in draft form; however,

a Sustainable Uirzation Strategies Task E operates
within Annex |. Annex VIGeothermal Power
Generation Cycles also remains in draft form.



A list of Annexes, Operating Agents, Annex Leaders, Further information about the GIA and its activities may be
participants, and an indication of Annex status as of obtained by contacting the GIA Secretary at:
December 2010 argrovided in Table 1.2. Complete mongillom@reap.org.nor by visiting the GIA websitat:
descriptions of objectives, results for 2ZDland work www.ieagia.org

planned for 2038 for the active Annexes are presented in

the Annex Reports included in Chapters7.2 Brief

summaries of the current draft and the closed Annexesare 1.3  Structure of the GIA

given in Table 1.3.

L ) . The GIA is managed by an Executive Committee (ExCo),
GIA Participants must take part in at least one Annex, with  \unich consists of one Member and one Alternate Member
their involvement determined by their current interests, designated by each Contracting Party and each Sponsor.
and research and development programmes. Not all  There js currently one Contracting Party for each GIA country
Participants are necessarily active in all Tasks in those ember. which is a governmenegartment or agency, or
Annexes in with they participate. However, all GIA independent company (industry). The ExCo meets twice
Country. Members parﬂmpate in Anqex X since this annex  ggch year, in spring and autumn, to exchange information,
deals with the collection and analysis of Member Country  giscyss activities and review progress of the organization as
geothermal data. ~GIA Member Annex involvement is 5 \yhole, and in each of the Annexes, participating coastri
shown in Table 1.1. industries and organizations; and to plan future activities of

. the organlzatlon Noffinancial decisions are made by
To date, GIA Annexes have op&d&® dzy RSNJ (K S (unless otherwise _specified in

aKFNRy3E Y2RS 2F FAylyOAy3: mﬁu&%ﬁhﬁg%&eeh@m&'%tﬁ fiddntid) dédisidns .'eciu.?n% Of

specified resources and personnel to conduct their portion 5 unanimousvote; with exh Contracting Party and each
of thg work at .'Eheir own expense. Thpugh p'[ecisAe figures _Sponsor allowed one.vote. Jn 2002, the GJA ExCq degided jo
PNB y2d F@rAtlIot ST (KS a02 &fpddke it &épé Q)éc,ltl\}m&Randﬂaé & fesultll fedted & 2 U

Annexwork conducted under the auspices of the Gl dedicated Secretariat, which began operations in March
estimated to be over US$00,000/yr plis several man 2003, and is funded by a cesttared Common Fund.
years

. ] ] GIA research and activity results are extensively
The GIA Secretariat was established in March 2003 10 gisseminated through participation at international

provide the ExCo with administrative and other geothermal and renewable energy conferences and

assistance, as well as to assist with expandits yvorkshog/sZ and ubllcatlon in scientific and technical

| GiAGAGASED LG AKI MMV BESR LONRYIKGEOBAPTSNEYOS AMNRIOSSR
Members contribute to a Common Fund accordmg to

MRS N ) N Reports . and Exegutive Summarjes. In additign,,
(KS ydzYoSNI 2F aakl NBat GKSE yRhQ%x GReY h%f?(phgsgf\ﬁgﬁg !
Section 1.4 for details). website (vww.ieagia.org, through promotional material

o ) produced by the GIA Secretariat, and via IEA patitns
The geothermal status, activities and achievements of each 54 workshops, and the IEA websitefw.iea.org.
Member Country and a company and organization profile
and description of activities for each Sponsor In 202, 14 countries, the EC, two international

(industry/organization) Member are provided in the organizations and three industries formally participated in
Country andSponsor Reports in Chapter8and 2-27, this programme (Table 1.1).

respectively.


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

Table 1.1Contracting Parties, Sponspfanding sources and periods of operation for the Anneaive to the end of December 281

Annex I i Vi VIl X Xl
Year Environmental Impacty Enhanced Advanced Direct Use of Datq
: . Geothermal Collection | Induced
Country/Industry | Joine Contracting Party/Sponsor of Geothermal Geothermal - Geothermal R
Drilling and Seismicity
d Development Systems . Energy .
Techniques Information
. DepartmentManufacturing Innovation Trade Resource an
Australia 1997 Energy (DMITRE), State Government of South Australi G G G G G
Canadian Geothermal
Energy Association 2008 Canadian Geothermal Energy Association (CanGEA) 10 10 10 10
(CanGEA)
European Union (EU)| 1997 DGResearch and DEnergy, Belgium G G G
France 2007 Bureau de recherches géologiques et miniéres (BRGM G G G
Geothermal Group of
Spanish Rene_wa_lble 2008 Spanish Renewable Energy Association (APPA) 10 10 10
Energy Association
(GGAPPA)
Germany 2000 Forschungszentrum Jilich GmbH G OA, G G
Geodynamics 2006 Geodynamics Limited, Australia | |
Green Rock Energy | 2006 Green Rock Energy Limited, Australia | I
Iceland 2000 Orkustofnun G, I G OA, G G G
Italy 2000 ENEL Green Power I | |
New Energy and Industrial Technology Development

Japan 1997 Organization (NEDO) R R R R
Mexico 1997 Instituto de Investigaciones Electricas (IIE) G G G
New Zealand 1997 GNS Science OA R, I [ R R R
Norway 2010 Norwegian Science Research CouiinHR) R, | R, I R R
ORMAT Technologies| 2006 ORMAT Technologies, Inc, United States | |
Republic of Korea 2005 | Korea Institute of Geoscience & Mineral Resources (KIGA R R R R
Spain 2008 Institute for Diversification and Saving Energy (IDAE) G G G
Switzerland 1997 Swiss Federal Office of Energy (BFE) G G G OA, G G
United Kingdori 12?)271 Department of Energy & Climate Change (DECC) R R R
USA 1997 United States Department of Energy (US DOE) N OA, N OA, N U N OA, N

* Withdrew in 2003 re-joined in 2011.
G = Government; | = Industry; R = Research Institute (government funded); N = National Laboratory (government funded);
U= University; 10=Industry Organization; OA = Operating Agent

6




Table 1.2GIA Annex margement, participation and operational period information.

Annex Title
Annex | Operating Agent (OA) Status
Number | Annex Leader (AL); Affiliation; Contactniail
Participants
Environmental Impacts of Geothermal Development - )
OA: GNS Science (GNS), Healand Initiated: 1997,
) . ] . Extensions: 20020009;
I AL: Chris Bromley; GNS, New Zealaridpmley@gns.cri.nz
. } . . 20092013+
Participants: Australia, EC, France, Iceland, Italy, Japan, Mexico, New Z| (Ongoing)
Switzerland, USA going

Il Shallow Geothermal Resources Closed
Enhanced Geothermal Systems
OA:. US Department of_.E_nergy (DOE) Initiated: 1997,
ALs: Jay Nathwani; jay.nathwani@ee.doe.gov and Doone Wyborn o )

- Extensions: 2003009;

] Doone.Wyborn@geodynamics.com 20092013*
Participants: Australia, CanGEA, EC, France, GeodynamiéBRAGGermany, Greg (Ongoing)
Rock Energy, ltaly, Japan, Norway, ORMAT, Republic of Korea, Spain, Switzer| going
USA

v Deep Geothermal Resirces Closed 2006

Y Sustainability of Geothermal Energy Utilization Draft

VI Geothermal Power Generation Cycles Draft
Advanced Geothermal Drilling and Logging Technologies Initiated: 2001,

VI OA: Sandia National Laboratories, for US DOE, United States Extensions: 2002009;
AL Stephen Bauer; Sandia National Laboratories, BjBAuer@sandia.gov 20092013*
Participants: Australia, CanGEA, EC, Iceland, Mexico, New Zealand, Norway, U (Ongoing)
Direct Use of Geothermal Energy
OA: Swiss Geothermal Association, Switzerfroch 20 September 2032

Federation of Icelandic Energy and Waterworks, Ice{tm@9 September 2072 Initiated: 2003
AL: Katharina Link, Dr Roland Wyss GmbH, Switzerland (from 20 September 2 o o
. Extensions: 2002011,
VI link@rwgeo.ch
, . . . 2011-2013*
Einar Gunnlaugsson, Reykjavik Energy, Icelaidar.qunnlaugson@or.is (Ongoing)
(to 19 September 2012) going
Participants: CanGEA, France,-&RPA, Iceland, Japan, New Zealand, Non
Republic of Korea, Spain, Switzerland, UK, USA

IX Geothermal MarketAcceleration Closed
Data Collection and Information
OAs: Leibniz Institute for Applied Geophysics, Germany, and Federal Office of E
Switzerland Initiated: 2009,

X AL: Britta Gan4,eibniz Institute for Applied GeophysiGermanybritta.ganz@liag| Continuing through
hannover.de 2013*
Participants: Mandatory country membership; Australia, CanGEA, EC, F (Ongoing)
Germany, Iceland, Italy, Japan, Mexico, New Zealand, Norway, Republic of
Spain, Swigrland, UK, and USA
Induced Seismicity - )

OA: Lawrence Berkeley Laboratory, for US DOE, United States C(I)rswlttilr?f;iar?. ff?r](-)% h

Xl AL: Ernie Majer, Lawrence Berkeley Laboratory, BEMajer@lbl.gov 9 9

- . : 2013*
Participants: Australia, France, Germany, Iceland, New Zealand, Republic of (Ongoing)

Switzerland, USA
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Table 1.3 Annexnumber, name, description and status for draft and completed Annasesf

December 202.

Annex
Number

Title
Description

Status

Shallow Geothermal Resources

The GIA ExCo made the decision in October 2000 to close this Anne]
it reached thedraft stage. Its major topic, which was associated with
application of geothermal heat pumps, is now included in AnnexDitHct
Use of Geothermal Energy, which was initiated in September 2003.

Closed

Deep Geothermal Resources

The GIA ExCdecided to close this Annex in September 2006 after
successful completion of much of its work, and because of the overle
the remaining activities with those in Annexes Ill and VII. The unfini
studies were transferred to Annexes lll and VII.

Cbsed
September 2006

Sustainability of Geothermal Energy Utilization

This proposed Annex would investigate alternative scenarios for en
production from representative geothermal resources with the goals of
defining methods and requirements faustaining production from thesi
resources, and (2) of estimating the lotegm economic sustainability o
such production not only for representative resources but for |
worldwide geothermal resource as a whole.

¢KS A&aadzS 27F & a& dzatibn has/gkowdr irSrécogBityors ax
importance over the past few years. Consequently, during 2006, the
ExCo made a preliminary decision to initiate a sustainability Task in A
I. However, if activities expand in the future, it is possible that Almgex
would be activated.

Draft

VI

Geothermal Power Generation Cycles

This proposed Annex would develop scenarios as a basis for comparij
cycles, plant performance and availability, economics and environme
impact and mitigation. The outpwtould be a database and guidelines
best practice.

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

Draft

Geothermal Market Acceleration

Geothermal electricity production and direct heat use are well develo
and economically viable in many parts of the world, however, there
large untapped resources in many countries. The ExCo explored wg
hasten geothermal energy development, market acceleration, in thesi
countries during the last few years, and decided that a more-gmtive
approach was needed, possibly including: identifying a few regions
high geothermal potential, collating resource assessments on a few
and discssing with key players (government, utilities, develope
financiersetc.) the barriers to progress in their regions. Consequently,
market acceleration Annex was drafted.

LY hOi206SN) wnnnnx F2fft2¢6Ay3 (KS
acceleration type of 1A, the ExCo made the unanimous decision to clos

Annex.

Closed




1.4 The Executive Committee
Officers

In 2012, Chris Bromley (New Zealand) wasetlected
Chairman; Barry Goldstein (Australia) vedected to serve
as ViceChair for Policy Jonas Ketilsson (Iceland) was
elected as Vic€hair for Administrationand Yoonho Song
(Republic of Korea) was elected the third ViceChair a
new position created to give younger ExCo Members
experience in tk operation of the GIA.

Membership

There wereseveralchanges in the composition of the GIA
ExCo in 20 Kirsty Crocket replaced Erich Naegs&xCo
Member for the EC Manuela Richterreplaced Andrea
Balloukas Alternate Member foGermany Astrid Levik
Mejdell replaced Stein Trygve Briskebys Alternate
Member forNorway, the Alternate Member fordapan was
changed twicefrom Naoki Kumazaki to Hiroki Yoshii, then
to Asahiko TokuokaCarmen Roa Tortosa, Alternate
Memberfor Spain left the position,with no replacement
appointed and finally, EC Alternate Memb@&ylvain de
Royer retired at the end of October 2013eaving the
position vacant.

The list of ExCo Members and Alternates as at December
2012 s provided in Appendix C.

ExCo Meetings

TheExCo held two Meetings in 2Btb discuss and review the
DL! Qa STF2NIla

27" ExCo Meeting24-25 May 2012 Osla Norway
(see photo Appendi®)

The Z'" ExCo Meeting was held @4-25May 2012, at the
Statoil Office,Veekerg,Oslo, Norway as part of the Oslo
Geothermal Week(21-26 May 2012) There were 8
attendees in total, includingl3 ExCo Membersfive
Alternate Members and te®bservers, including the GIA
Secretary. There were 14/oting Membersin attendance,
meeting thequorum of 10 voting Membersand so allowing
business decision® be made GIA participants attended
the Norwegian National Geothermal Conference at the
Statoil Office on 21 May, a workshop/tutorial on Corrosion,
Scaling, Tracer Technology at IFE onM&y, and an
excursion and city tour on 26 May.

Themost appropriate method for allocating Common Fund
shares to potential GIA Members was debated. The
standard procedure has been to use the OECD ranking,
unless the potential Member was not an OECD Caquyiirtr
which case, the ExCo decided on a dagease basis after
discussion.

FyR LJX Iy ¥dzidzNB

All sixAnnexesl, I, VII VI, Xand Xlheld meetings or21

May 202, in parallel sessionsThere was some concern
noted thatthed.J: NJ f f S tause®ain@ pagtigipars
involved inmore than one Annexo miss participationin

al of KSANI ! yYSE YSSiAy3ao ! yy
assistance, held thBlorwegian Drilling Technologies Expo
during their meeting. Progress reportsvere made to the
ExCodfrom all six Annexes: I, I, VII, VHIand XlTask E
(Annex I) Sustainable Utilizations Strateg&sCountries

and two industry Sponsor&nnex Vlllannounced thata

new Operating Agent and Annex Lead@uld be required

' YYSE - Q& FortNaID) waBsgulsedwaid.J
accepted for publicationLargescale Annex restructuring

was debated, with further consideration needed. The
atlddza 2F DL! Qa LINBLI NX A2y
4" 5.year term was discussedsuest Report was also
presented by an invited representative from Canadghe
status of the redeveloped GlAvebsitewas described and
expected to go o#ine in about mid2012.

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

for the entire 201l-Year and the 202-Year to 20 April
2011. A work plan and revised budget for the remainder
of 2012 was presented and an update on the Common
Fund given, all unanimously accepted by the ExCo.
Estimates indicatedhe continued excellent financial
position of the GlAand ability to carry-over the agreed
MHP: 2F GKS OdzNNByid &SI NRa
operations cost to the next financial (calendar) year, as
well as make up to USH k available to fund proposals
for work thatsupports supplementary orgazation and
Annex activities.

FOQGABAGASE D

Yoshiki End@resented the IEA Secretariat repovrhich
NEGASSGSR L9! Qa NBOSyd HEAGA DA
Renewable Industry Advisory Board (IRAB), which comprises
34 Board Members, wadfficially launched on 27 March
2012; andncluded a geothermal representative from a GIA
industry Sponsor The IEA andnternational Renewable
Energy Agency (IRENnvaye agreed to cooperate on a Policy
and Measures Database, which is available at:
http://www.iea.org/policiesandmeasures/renewableener
ay/. New publications:Deploying Renewable2011 Best
and Future Policy Practice Harnessing Variable
Renewables Guide to the Balancing ChallengeWorld
Energy Outlook 2011, World Energy Outlook 2012 (see
http://www.worldenergyoutlook.org/ ), and the Energy
Technology Perspectives 20t2re described.The value of
the IEA OPEN Hatin wasalso mentioned In additionthe
steps for the GIA tarequest extensionwere outlined
including: the need for the ExCo to unanimously vote to
extend the organization, production of the EoT and Strategic
Plan (SP), completion of the CERITiteria form, and
submission of all these documents by rAdigdly 2012



http://www.iea.org/policiesandmeasures/renewableenergy/
http://www.iea.org/policiesandmeasures/renewableenergy/
http://www.worldenergyoutlook.org/

The ExCo was invitey ENElto hold its Annex and &
ExCo Meetings iPisg Italy, on 19-21 September 202,
with a fieldtrip @3 September 201pto Larderello, Tuscany

28" ExCo Meeting20-21 September 202, Pisa,ltaly (see
photo Appendix B)

The B" ExCo Meeting was hosted Epel Green Power
and held at thé office in Pisa, Italyon20-21 September
2012. The meeting waspened with a welcome from Enel
by Paolo Romagnoli, Head of the Center of Excellence,
Enel, who gave a brief presentation about geothermal
development and its challenges Twentyfour people
attended the ExCo Meeting, includirtgn ExCo Members,
five Alternate Members, andhine Observes, including
the GIA Secretaty ENEL also hosted a fieldtrip to
geothermal sites in neapy Tuscany, including a visit to
the Geothermal Museum in Larderello and @&ocheese
manufacturerthat uses heat from a nearby geothermal
power station

Annexes |l VI] Vllland X held meetings ob8 and 19
September 202. The Swiss Geothermal Association
replaced the Federation of Icelandic Energy and
Waterworks ashe Operating Agent of Annéxll, and the
new Annex Leader led the Ann¥Xilmeeting

Progress reports from Annexes I, Il1, Vil and X, andix
Country reports and one Sponsor report were presented
and discussed.¢ KS D L -bf@4TernyfeRort, 2013
2018 Strategic Planselfevaluation and request for
extensionsubmissions to theBAwere wellreceived by
IEA REWP, who would be sending the@ommendations

to the IEA CERT,he will make the final decision in
February 2013.¢ KS yS¢ DL! ¢gSom2BG S
August 2012 and was operating well. There was
considerable discussion regarding the-gsteucturing of
GKS DL!' Q& !'yySESazx
required before the ExCo could make a decision. A guest
report on Geothermal Energy and Guarantee Scheme in
the Netherlands was presésd.

The GNS Science proposal to operate theGERASecretariat
for the 4" Term was reviewed, and would be finalized and
voted on before the end of 2012.

The ExCodiscussed thelack of agreement between
geothermal datacollected annually by the GIA andat
which the IEA obtains from country providers, and agreed
that attempts be made to synchronize them

The Secretary reviewed Secretariat activities since ti& 2

ExCo Meeting and submitted work plans and budgets for the
remainder of 2012, a Common Fund report, and draftork

1C
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plan and associated budget for 28lall were unanimously
accepted by the ExCo. The Secretarted that preparation

of the GIA 3 Term EoT, 20123018 Strategic Plan and CERT
Self Evaluation Report were major activst@ompleted during
this period

The DL! Qa FAY Il yOALl fveryL3®ang fivd 2 y
proposals amounting to USH k were currently being funded,
and considering @&Common Fundcarryover to 2013 of

US$ 140 k, there wasill US$L0 k availabldor newproposals
supporting GIA/Annexrelated activities.

The annual ExCo Officerelections were held, with Chris
Bromley reelected as Chair, Jonas Ketilsson and Barry
Goldstein reelected as Vic€hairsand Yoonho Song elected
as the 3'ViceChair

The ExCoChair presented the IEA Secretariat report,
describing several IEA activities and projects. DHe! Qa
request for extension of a ™ Term is scheduled for
presentation at the 62' REWP Meetingeing held in Rome,
Ldlrte Ay SINIe
effort was highlighted, noting that the GIA had contributed
significantly to thdEAGeothermal Heat and Power Roadmap
which was published in 2011. Th¢orld Energy Outlook
(WEO) 201%vas mentioned and ivas reported thathe GIA

had contributed to thdEA Energy Technology Initiatives 2012
report. The value of the IEA OPEN Energy Technology
Bulletin was noted.

The ExCalzy' | Y AY2dzaf e
hold the 2" ExCo and Annex Meetings the IIE officen
Cuernavaca, Mexico, in the spring of 2013.

gSyiG aftA@SE

1.5 GIA Participation in IEA Activities in
FdzNIKSNJ addzRe g1 &
The GlAmaintained itsinvolvement with the IEA in 2@1
Most significantly, theGIA prepared its Erdf-39%¢Term
(20072013) Report, the 2013018 StrategicPlan and
CERT Self Evaluation; atitte GIA Chair presented the

2 NB | y A [EhdofAeny (EET) Report 20013 and
Request for Extension 202918 (4" Term) (Bromley and
Mongillo, 2012)at the 62"¥ REWPMeeting held inRome

Italy, on4-5 October 2012The GIA alsparticipated in the
Joint IRENA and IERETD Workshop on Legeli Costs of
Renewable Energy held in Bonn, Germany in October 2012
and contributed to the IEA Energy Technologies Initiatives
2012 report

hebhin@ogyRNddmapsv H O

FINBSR th2z |
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1.6 Other GIA Activities

The GIA Chair participated as international experfor
the US DOE Peer Review Meetieid in Denver, Colorado,
USApn 7-9 May2012, where he reviewed) SEG$rojects

The GIA took part in several international meetings and
workshops in 202, including:

1 The39" Course International Schoof Geophysics
Erice, Sicily, Italy (28 SeftOct 2012)where the
Chair discussed monitoring and managing
geothermal resources to optimize sustainability, the
Secretarydescribedthe regulatory framework for
managing resources in NZ and incentives for global
deployment through thdEA Geothermal Heat and
Power Roadmapand they both participated in
roundtable discussions of geothermal development

1 Hosted the Mitigating Environment Irapts of

Geothermal Development [|EBIA Annex |
Workshop, Taupo, New Zealand, on-1f5 June
2012.

The continued excellent financial position of the GIA has
allowed the organization to continue expanding its efforts
through its proposal funding mechanismhieh in 202
supportedsix proposals

¢KS DL! Q& Llozofiek-Qa.om)Iémairsia o
important source for information dissemination and
discussion.

1.7 Costs of the Agreement

The IEAGIA Secretariat iscurrently situated in New
Zealand. It is operated by a pdime Secretary, who
handles the administration, assists with the management
of the organization and provides a major part of the
information dissemination, including the preparation of
GIA documats and publications, the GIA annual reports
and maintenance of the GIA website.

The expenses for operating the GIA Secretariat, including
GKS {SONBGINRQAa &l f I N YR
maintenance, and other common costs of the ExCo, are
met from a GIA Common Fund. In 20lthese costs
amounted to a total of about US$ 3®00. In addition, the

GIA funded several projects and proposals:

1 GIA Projects (total: ~USH,000): contributed to

1 Proposal Funding (totalispersed ~US$16,000):
funded proposal contributiongor 1) Annex |
Workshop on Mitigation of Environmental
Impactsheld in Taupo, NZ, 2)Annex | Task E
Sustainability Session Reservoir Modelling™(53
SIMSheld in Reykjavik, Iceland, a3 Annex I
Task A Global Review of Geothermal Reporting
Terminoloy and report

Consequently, the total costs of GIA operations in 201
amounted to about US$32,000

The Common Fund is supported through esisaring, with
each GIA Member paying an annual contribution based
upon a fair apportionment in the form of aallocated
number of shares.

The number of shares assigned to each new Member is
determined by the unanimous agreement of the ExCo.
The apportionment for the current GIA Membership is
shown in Table 1.4. In 2012, the Common Fund was
administered by a QGitodian, the National Renewable
Energy Laboratory (NREL), based in Golden, Colorado,
USA, who also conducted an annual review of its
financial operations.

The cost per Common Fund share, set by unanimous ExCo
decision, was US$ 3,500/yr in Z0Contributions are made
annually on a calendar year basis.

Table 1.4 Common fund share apportionment among the
GIA Members as of December 201

Australia 2 | Republic of Korea 2
European Commission 4 | Spain 2
France 4 | Switzerland 2
Germany 4 | UnitedKingdom 2
Iceland 1 | United States 4
Italy 2 | CanGEA 1
Japan 4 | Geodynamics 1
MEXeR a8t 5 5 6h AQGPBPA K 2 5 ((alyla
New Zealand 1 | Green Rock Energy | 1
Norway 2 | ORMAT 2
Total = 8 shares

costs associated with K I RINRa Sy G GA2y 2F DL! Qa

Request ér 4" Term extensiorreport to the 62
REWPRome Italy; development of the new GIA
website, and printing and dissemination of the
2010 GIA Annual Report Executive Summary
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IEA Geothermal R & D Programme
Chapter 2

Annexl- Environmental Impacts of Geothermal
Energy Development

Figure 21 Natural hot spring, sinter and microbial ecosystem at Yellowstone National Park.
(Photo courtesy of Chris Bromley)

2.0 Introduction

Geothermal is, in general, an environmentalbenign
renewable energy source, with some significant benefits
relative to fossil fuels regarding global carbdioxide
emissions. There are, however, some local environmental
problems sometimes associated withgeothermal
utilization. To facilitate increased use of geothermal
energy, it is important to identify possible adverse and
beneficial environmental effects, and devise and adopt
measures to avoid or minimize adverse impacts, while
reinforcing those effets that are beneficial.

The goals of Annex 1 (Environmental Effects) of theGBA

are: to encourage the sustainable development of
geothermal energy resources in an economic and
environmentally responsible manner; to quantify and
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balance any adverse andeneficial impacts that
geothermal energy development may have on the
environment, and to identify ways of avoiding, remedying
or mitigating any adverse effects.

Participating countries in Annex 1 are: Australia, Iceland,
Italy, Japan, New Zealand, NogyeSwitzerland and the
United States.

GNS Science, Wairakei Research Centre, New Zealand, is

the Operating Agent. Chris Bromley, of GNS Science, is the
Annex Leader.

2.1 Tasks of Annex |

In 2012, Annex |
describedbelow.

activities consisted of four Tasks,



2.1.1 Task A Impacts on Natural Features

(Task LeaderChris BromleyGNS Science, New Zealand
(Participants:lceland, USA, Japan, ItaNew Zealand)

Natural geothermal features such as geysers, hot springs
and fumaroles, often havsignificant economic value for
tourism and cultural value for indigenous peoples. For this
reason, they should be monitored and changes
documented. To separate natural from induced changes,
various methods have been developed. Where changes are
caused by gothermal developments, techniques are
devised to avoid or mitigate the adverse impacts.
Beneficial changes are also identified and promoted.

2.1.2 Task B -
Problems

Discharge and Reinjection

(Task LeaderRobert Reeves, GNS Scieridew Zealand)
(Participants:lceland, USA, Japan, Italy, New Zealand)

Adverse impacts of geothermal developments on the
environment include : i) the effects on air quality of gas
emissions from geothermal power plants; ii) the effects of
toxic chemicals in waste fluithat may be discharged into
the ground or into rivers; and iii) the effects of ground
subsidence resulting from pressure decline. Various
projects investigate the problems associated with disposal
of waste geothermal fluids (e,gArsenic and Boron), and
the effects of gas emissions, (e.€Q, Hg and EB).
Mechanisms and mitigation options are studied. Examples
are the use of injection to mitigate ground subsidence, and
chemical treatment, removal or fmjection of gas
emissions and waste fluids.

2.1.3 Task GMethods of Impact Mitigation and
Environmental Procedures

(Task Leader: Chrigromley, GNS SciencesWZealand
(Participants:Australia, Iceland, Italy, Japadgexico,New
Zealand Switzerland, USA

To reduce the risks of adverse effects froevelopment,

an effective environmental analysis process provides early
identification and mitigation of environmental issues.
Reducing the costs of environmental compliance, and
streamtlining the process for project consenting, also helps
contribute to the responsible and timely deployment of
future geothermal energy projects. The objective is to
identify and publicize strategies that result in improved
environmental outcomes from field management.
Successful mitigation schemes are also identified,
docurrented and publicized. Such strategies provide
developers and regulators with options for the
compensation of unavoidable effects. Comparison of
policies and compliance procedures helps identify those
that are efficient and effective.
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2.1.4 TaskD - Sustainable Utilization Strategies
(formerly referred to asTask E)

(Task Leader:Gudni Axelsson, Iceland Geological Survey
(ISOR), Iceland

(Participants: Australia, USA,
Switzerland, New Zealantlorway)

Italy, Japanyiexico,

Case histories of reservoir models of geothermal
developments are studied to see what strategies have
been successful. Additional modelling of long term
reservoir behaviour is undertaken to select optimum
future strategies given different recharge and rasce size
scenarios. Different sustainable development scenarios
are compared to determine relative environmental and
economic benefits. Different conceptual and hypothetical
reservoir model predictions are compared using lbegn
scenarios. Lonterm reservoir behaviour, recharge
factors, recovery times, and optimised (cyclic or staged)
operation strategies are investigated. Studies also include
the following : i) indicators for a sustainability protocol; ii)
aspects of improved monitoring of reservoienformance
using fluid tracers; and iii) access to deeper, high
0 SYLISNI G dzNBE NB & S N&#@ sulthindbleR 2 ( a
utilisation.

2.2 Progressin 204

Annex 1 participants (Goldstein, Bertani, Bromley, Mongillo,
Muraoka) joined other geothermabpecialists from the IEA

GIA participating countries (Mexico, USA, Iceland, Germany,
and Italy) to continue their voluntary collaboration under

the auspices of the Intergovernmental Panel on Climate
Change (IPCC), Special Report on Renewable Sources
(SRRENfor a fourth year. The SRREN geothermal chapter,
completed in 2011, was used as a basis for several
subsequent publications, including, during 2012, work on a
AS2GKSNXIFE OKFLIGSNI F2NJ 6KS W
{OASYOS FyR ¢S 0nErige Nt Usep & D &
YR 9ELISOGIGAZ2Y&aéT Ay WYWwSySs
publication includes a section on environmental issues, and
projections of technical and sustainable deployment
potential for geothermal energy out to 2050 and beyond.

The efort highlighted the important future role of
geothermal energy in the mitigation of climate change
effects by substituting for fossil fuels.

2.2.1 Task Almpacts on Natural Features

At a session during the -@ay IEAGIA sponsored
AYGSNYFGA2YI § 2N aK2LJ GAGE S
LYLI OGa 2F DS20KSNXIf 5S@St 2
1516 June 2012, at Taupo, New Zealand, several speakers
addressed issues concerning effects omfate thermal
features (Figure2.2). The presentations are listed in
Section 2.4.2, andre published on the GIA website.



Figure 2.2Discussion by participants at Annex |

AYGSNYyFGA2yHE 62Nl akKz2L) GAGE

Impacts of Geothermal Defe2 LIY Sy (i ¢ =

GIA, and held on 156 June 2012, at Taupo, New Zealand
(see IEAGIA website for presentations).

Meetings of task participants were held in Oslo and Pisa.
Discussion covered aspects of-going work on changes
observed atthermal features caused by geothermal
developments, and strategies to mitigate, recover or
enhance thermal features using targeted injection and
strategic production. Policy development includes work in
collaboration with regulators to help identify criterand
indicators of relative merit for surface thermal features, in
order to assist decision makers assess geothermal
development proposals. Work on assessing the- bio
diversity of extremophile bacteria and aquatic ecosystems
associated with these featuregas presented in papers at
the 34" New Zealand Geothermal Workshop (see Section
2.4.4).

Discussions further addressed the issues faced by countries
such as Japan that have significant geothermal resource
potential located within protected National Parland near
iconic hot spring resorts. The task is to identify how to
undertake development in such settings with negligible
environmental risks to thermal habitats, thermal features
and landscape values.

Collaboration between Japan and New Zealand hdgde
several joint publications (listed Bection2.4.4, by Mia et

al, 2012) on the use of repeat satellite infrared imagery to
monitor changes (both natural and induced) in steam
heated thermal ground, and the associated thermally
tolerant vegetation.

2.2.2 Task B Discharge and Reinjection
Problems

P4 GKS ¢ dzLi2
speakers (from the USA and New Zealand) discussed
subsidence issues related to production of geothermal
fluids (see Section 2.4.2. Discussions addressed
mechanisms for subsidence and ground inflation, methods

2.
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to improve detection of anomalies and predictive tools
using coupled reservoir and subsidence models.

At the Annex 1 meetings environmental issues were
discussed in relatioto water management, noise, hazards
and visual impact. Improved injection strategies, including
scaling treatment and avoidance, methods of reduction of
CQ and HS emissions by injection or abatement, and
arsenic reduction through silica precipitation mgealso
discussed. An adaptive approach to injection/production
management, using tools to reverse or avoid adverse
effects on surface features and on reservoir sustainability,
was discussed. This included understanding reservoir

Sehtnedbifityl Hlabed tosthienfratationy #Ad theBetfedisSaf G I f

a J2 ¥y a Zslidbuitace Koilidg 4id condensation. Research into the

transient behaviour of fluidockgas interactions helps
explain scaling, dissolution, deposition and acid alteration
processes. An assessment of alternativeS Fhbaément
options was conducted in Iceland, and construction of a
bio-reactor for reducing dissolved>H emissions to river
discharge was completed at Wairakei, New Zealand.
review of life cycle C{emissions and fresh water demand
for different geothermalresource types and settings was
undertaken by Argonne Labs in the USA. Research results
of this work were published at GRC and Stanford
international geothermal conferences (see Sectofb).

A

2.2.3 Task €EMethods of Impact mitigation and
Environmental Procedures

Further feedback on draft geothermal policy and best
practice planning guidelines, in the form of tables of effects
and avoidance strategies, was provided. Examples of
successful mitigation strategies were collated and
discussedat the Annex | meetings. Barriers to accelerated
development, such as lobbying by hot spring associations,
land access constraints imposed by National Park status in
remote volcanic settings, and water allocation in arid areas,
were further debated. Annexriscussion also covered the

LI2a&dA0tS AYydSaNIdGAzy 2F az2O0A
laaSaaySyid tNRG202tQ A&aadsSa
l34SaaYSyidQ Nrnal AaadsSa oAy

Several lectures given at a seminar in Erice, Sicilyredve
the topics of monitoring methods, adaptive management
and regulatory framework (see Section 2.4.1). Various
papers (see Section 2.4.6) addressed policy issues of feature
and system ranking, and an assessment that provided an
international comparison afegulatory frameworks.

2.4  Task DSustainable Utilization Strategies
ah u((br%érl;'?’ réfé"rré[d to as Task E)

A conference on reservoir modelling ($$IMS), held in
Reykjavik on4 h O 20 SNE HAMHI A
{dzaGFAYylIoAfAGE {SaarzyQ



leader, Gudni Axelsson. Participation from representatives
of three other countries (USA, France an&&ladoy was
supported thraugh the IEAGIA proposal fund. The titles of
the relevant papers presented are listed in Section 5.3.
Topics of discussion included: i) sustainability analysis and
indicators, ii) longerm management of deep sedimentary
basin aquifers, iii) assessing tpetential and boundary
O2yRAGAZ2YA 2F RSSLI K2
in multi-physical, multiphase, simulation modelling, and v)
improved modelling of fluid flow and heat transfer.

A discussion of issues of lotegym reservoir performance
took place during the 2012 Annex 1 meetings. These
included : i) recovery of pressure and temperature after
resource depletion; ii) recharge parameters; iii) improved
resource assessments; iv) stagdevelopment strategy;
and v) strategic makap drilling.

Aspects of geothermal resource sustainability, particularly
in the AsiaPacific region, were further discussed in papers
and presentations by participants at meetings in Korea,
New Zealand and @ta (listed in Sectio.4.7).

Figure2.3 Growing sinter formation with thermophyllic
bacteria, from the outlet of a geothermal heat exchanger
at Wairakei Prawn Farm, where hot brine enters the

adjacent Wairakei Stream.
(Photo courtesy of ChrBromley)

2.3 Highlights andAchievements of Annex |
for 2012

The highlights for the 2012 year were as follows :

1 Annex participants gave 13 presentations at a-tiay
AYOGSNYFGAZ2Y I §
LYLI Ola 27

convened by the Annex leader, and partialypported
by the IEAGIA proposal fund.

1€

NB & s
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DS2GKSNXYI £-165S5@3St 2 LJ ue
June 2012, in Taupo, New Zealand. This workshop was

T ¢KS GDS2GKSNXIFf {dzadGl Ayl oAf
on reservoir modelling (53rd SIMS), held in Reykjavik on
4-6 October, 2012, was convened by Task D leader,
Gudni Axelsson. Participation from representativés o
three other countries was supported, in part, through the
IEAGIA proposal fund.

Nl LIRS USIERESEIEn Y Aoy partprants apdiisi

work colleagues on environme e arcﬁ, improve
environmental sustainability strategies and monitoring
methods. Tiese were held at: the 2012 New Zealand
DS20KSNXIf 22N} akKz2L) Ay ! dzO|
International NZGA/IGA Geothermal Workshop in Taupo,
the 2012 Stanford Geothermal Reservoir Workshop in
California, and the 2012 Geothermal Resources Council
Corference in Nevada.

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

1 Five participants took part in preparing, revising and
improving a geothermal chapter for an encyclopaedia
©WadDS20KSNXYIFE 9ySNHEX bl (d2NB
YwSySglot$S 9 y & NFAd/clopéedia dfS Y & C
Sustainability Science and Technology] which followed
on from the IPCC SRREN report for mitigation of climate
change, by advocating increased deployment and
utilisation of renewable geothermal energy resources.

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

1 Participants presented invited lectures on geothermal
environmental topics (sustainability, monitoring and
NBEIdzZ  G2NE  FNIYSgg2Ny 0 Fa v
{eadisSya FT2NI DS2GKSNX¥YIf 9y SN
International School of Geophysics, in Erice, Sicily, Italy,
on 2530th September 2012.

2.4 Outputs for 202

Publications meetings, conferences, workshopstc.

2.41 Presentations by IE&IA participants with
general gi})ec_t_s of environme}\nﬁljl!y ysgug)c} r
; il
dofp S glonteft, |

.NRYf S&X |/ ®WDPI H A wmBEcthedmaly y S E
Environmental Issues: Mitigation and avoidance strategies,
Protection ranking, Sustainability protocol, Tracers



Presentation at IE&IA Executive Committee meeting, .NRBYtS&z / ®WdZ HnmMHI aDS20KSI

Oslo, Norway24 May 2012 sharing some issues faced, and lessons ledrom
previous IEA L ! 2 2 NJ a KGRALJangirBnmehtal !
.NRBYfS@&s / ®OWDPI HAMHI 4. |- 3 St MifigatiorSWogkahbi® Taxps, ¥t Jine 20 22wwwiie2 NX y 3
t NBaSyialrdAazy i WCNRY { I NJigiabrg {0SFYQSE +y LYGSNYyFaGAzyl
Geothermal Workshop hosted by NZGA, WPRB of IGA, and
GNS Science, Taupo-13 June, 2012. Bromley, @W®>X HAMHE &/ NRGSNRIF T
Ranking and Geothermal System Classification : using some
Bromley, C.J., Mongillo, M.A., 2018,L 9 ! DS2 i KDNMI £S5 £ | y R -GlIE EnVirodfmSnat Mitigaltich !
Implementing Agreement Enrdf-Term Report 2002013 Workshop, Taupo, 256" June 2012www.ieagia.org

& Request for Extension 2048n My € T AY @A GSR LINBaSydl GdAzy

at 62nd IEA Renewable Energy Working Party (REWP) . NR Yf S&3 / dWPE HAMHI é&ANS2{(K:!

Meeting, Rome, Italy,-8 October 2012. Environmental Mitigation Workshop, Taupo,-16" June
2012.www.ieaqgia.org

Mongillo, M.A., Bromley, C.J., Beerefioh a ®X HAMHI GabSg

Zealand Regulatory Framework for Managing Geothermal . NRYf S&3 / ®WdPI HamMHI GDS20K

Resources and Global Deployment through the IEA & dzY Y I N& 27T AYUSNY I GA-BIKI €

DS2GKSNXI f w2l RYI LE odlK LBAirénnphtaliNtigatisnt Workskof, Rgupof 1562J@ine

DS2LKe&aArAda o6L{D0O a&!yRSNE(IIl yRAYWAW.BSA6@ IAOLFE {eadsSvya T2N

DS2GKSNXI f 9-YGceHE2, £ricey Bicily, 1BalyJi

ftp://ftp.ingv.it/pro/web_ingv/39th%20Course/Mongillo. . NHzy2Z ad{ Pz HAMHZI a{ dzo a dzNF I

pdf modellingg A G K OFft AN A2y F3IEAYyail
GIA Environmental Mitigation Workshop, Taupo;185

az2yaafttz2s ad! &3 . NRYf Ses / oWhe20ivmmwiedgiamigy G SNY I GA2Yy I 9y S

Agency (IEA) and The Geothermal Implementing
Agreement~ International Cooperation for Geothermal / KNA a Lz adx HNAMHZ G¢KS YI Yy
Promotionand dzA G Ayl 6f S 5S@St 2LIySyéar Sty & §R( B8 2 2 GRIRMGrohmeda | { dz
39th International School of Geophysics (ISG) Mitigation Workshop, Taupo, 56™ June 2012www.iea
G! YRSNERGFYRAY3 DS2t23A0Ff {&g@or§ya TFT2NIDS2GKSNX¥YIf 9ySNHe¢
25 Septl Oct 2012, Erice, Sicily, Italy.
al2SNE 9d3 bl iKglyAI WOI Hn
.NR Yt Sés /AppWo tecbrignes forh mowditoring LINI OGAOSa ¥F2N AyQRAEnG@ENmen&IA & Y A
and adaptiely managing geothermal resources in order to Mitigation Workshop, Tgoo, 1516" June 2012www.iea
2LIGAYAT S & dza Unbekstahdingh {Gealogichls gia.org
Systems for Geothermal Energy, "™3%Course of the
International School of Geophysics, Erice, Sicily, ltaly, 25 { I { F 3dzOKA X Y ¢ ZrégWdtion of¢ ¢ (
September 1 October 2012. I3S20KSNXYI € SySNBe@ RS J6IA2 LIYS
Environmental Mitigation Workshop, Taupo,-16" June
2.42 Annex | Mitigating Environmental Impacts 2012.www.ieagia.org
of Geothermal Development Workshop, . , oA
1516 June2012 Taupo, New Zealand (13 ~ L O2uUu2 . ®z mnmH2 o{ dZNFGAOS 3

) A ) Environmental Mitigation Workshop, Taupo,-16" June
presentations, available on GIA website) 2012.www.ieagia.org

lESfaazys -BWM AmnexMHTask § Sustdinable [ k § NB dNY = { ® 6 H . miséismizity: N i K S

Utilisation : Modelling, Sustainabilityprotocols, Deep BSEElLyR S E IGWALENnGraniméntal LMtigation
w22043 ¢22fd 6 NGEGIKESRIOIne®a =  iiIkshbp, VEupot 1580 Suhe 2012www.ieagia.org

Mitigation Workshop, Taupo, 156" June 2012www.iea hQ{dA f AGlYy ad® HaAmMHE aDS20GKS
gia.org adzadF Ayl oAt AGe IEAGARENiINGNEas I 0 A f

~ Mitigation Workshop, Taupo, 156" June 2012www.iea
. NR2YfSez / dPWPX HAMHZ aa)\u)\EIIg,uérg/El OYPANRBYYSyYy(dlt LYLI OGa

Geothermal Developent ¢ 'y LYy G4 NBR®AGA2Y E L9!
Environmental Mitigation Workshop, Taupo,-16" June

2012,www.ieaqgia.org
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243 Annex |, Task D, Sustainability and Proc. 3% Workshop on Geothermal Reservoir Engineering,
Reservoir Modelling Sessions at SIMS Stanford University, Jan debl 2012, SGPR194, 7p

L Mia, MB.,.Cdz2 A YAl adzZ , o . NRYf Sezx
2012 , The 53 Scandinavian Conference and monitoring heat discharge rates using Landsat ETM+

on Simulation and Modelling at Reykjavik, thermal infrared data: case study in Unzen geothermal
Iceland, 46 October, 2012 FASEtRY YedzaKdzz WFLIYy®dET t NBO
(http://os.is/gogn/Skyrslur/OR012/05201206.pdj Land Surface Remote Sensing, Kydapan, October 29,

2012, 85240J, doi: 10.1117/12.974475; 9p

Gudni Axelsson (2012): Modelling sustainable geothermal
utilization, (ISOR, Iceland), SIMS 2012. (G206 adr /tAY2TI adx |/ | NE =
AZA

$62NI R FANBRG YAONROALC y
Robert Podgorney, Hai Huang, Chuan Lu and Derek Gaston 352 (i K SNJX I SO2 aat NS iealand t NJ
(2012): A Globalymplicit Computational Frameworfor Geothermal Workshop, University of Adand, paper #121,
PhysicsBased Simulation of Coupled Therrhbidro 8p.
Mechanical Problems: Application to Geothermal
Reservoirs, (INL, USA), SIMS 2012. 2.45 Additional environmental publications

. _ o relevant to TaskB
Simon Lopez, Hamm Virginie and Olivier Goyeneche (2012):

Optimal and sustainable use of the Dogger aquifer JEFENLS / ®F {dAf tAQGIYS W | F NI
geothermal resource: longerm management and new 0280ftS SYBANRYYSYGlf AYLIOOa

technologies, (BRGM, France), SIMS 2012. DOE funded research output of Argonne Natidreth, Proc.

o ) 37th Workshop on Geothermal Reservoir Engineering,
Manuel Monterrosa (2012): Sustainability analysis of the Stanford University, Jan 38eb1 2012, SGPR194
Berlin geothermal field, El Salvador (LaGeo, El Salvador), ’ ’ '

SIMS 2012. IENG2s /@ [ EFNYS [/ ®S HAMH ¢

. _ _ o NE & 2 dzNDOS | aB0E duadédSrgsaaich output of
Gudni  Axelsson, Thorsteinn Egilson and Sigriu Argonne National lab, Trans. Geotheal Resources
Gylfadéttir (_2012) : Temperature Condition Modelling for Council, Reno, Nevada, 30 S&October 2012, Vol 36.
well IDDPL in Krafla, Nceland (ISOR, Iceland), SIMS 2012. 12031208, ISBN: 978622764341

Thorvaldsson and Pélsson (2012): Modelling Fluid and Mamrosh, D.. Mcintush, K., Beitler,C., Markusson, S.,

Energy Flow in Liquid Dominated Hydrothermal Systems. 9AYINBEA2YS Y®S HnmH &{ ONBSYA

SIMS 2012. for geothermal power noscondensablega | 4 . 21 Ny |

d d6ttir (2012): The d ¢ Trans. Geothermal Resources Council, Reno, Nevada, 30
Gunnarssonand Aradottir (2012): The deep roots of g3 october 2012, Vol 36. P121226, ISBN: 978-

geothermal systems in volcanic areas boundary 622764341
conditions and heat sources in reservoir modelling. SIMS
2012.

2.46 Additional publications relevant to Task

244 Additional environmental publications Bromley, C.J., 2012, Public Statement of Evidence before

relevant to Task A the Waikato Regional Council, in the matter of a hearing of

; . _submissions on the proposed Regional Policy Statement
- 220KNE&R2Z L ®2geothermai Ecosysterisa U I (c¥oth¥ral) for the Waikato Region. Topics of Statement:
UKNBaKz2t Ra 2F¥ OKFy3S Ay "3S2 iggdmmbidhdl feat®r® Sighifinicd FeéchictPsydtd® @ o n

New Zealand Geothermal Workshop, University of interconnections between systems. Presented on 23/3/12

Auckland, paper #93, 4p. at Taupo, 8p. GNS Science report
Mia, M.B., Bromley, C.J., Fujimitsu, Y., (2012), Monitoring  Goldstein, B., B. Bendall, M. Webb, and M. Malavazos,
heat flux using Landsat TM/ETM+ thermaftared datac HAMHSE [ Sdazya. [ SENYSR 2y (K
! OlaS audzZRe a4 YIFNILAGA oW ’LNNL]u Sﬁl@g PrFS NavK: S_ a ﬂ;\?s)faQUdzNLDF@S NI
area, New Zealand. Journal of Volcanology and Gewthle Geothermal Resources Council, Reno, Nevada 30-3ept
Research, 23236 (2012)1-10. October 2012, Vol 36. p1191202, ISBN: 97862276

4341

Mia, M.B., Bromley, C.J., Fujimitsd., (2012), Heat Flux

Monitoring Using Satellite Based Imagery at Karapiti { 92Gds . &S w20&42yS . ®5 HAMHSE
(Craters of the Moon) Fumarole Area, Taupo, New Zealand.  describe and catalogue surface geothermal featuRzsc.
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http://os.is/gogn/Skyrslur/OS-2012/OS-2012-06.pdf

34" New Zealand Geothermal Workshop, University of  international geothermal environmental coete-practice,
Auckland, paper #119, 3p. sustainability modelling workshops, field trials using
{IYRSNE ad® unmHI a[ Safiendya  Sdrgetidi shallow? reinjestidre af KhBtNiMitls to remedy
regulatory frameworks in Iceland, Kenya, New Zealand, adverse effects, gas sequestration by injection, water

t KAf ALY Sa YR Py AGSR {0 ltréaBn@nt ar®iFhD sdhofaBshigs O | € ¢CNIF yao
Geothermal Resources Council, Reno, Nevada 30-3Sept
October 2012, Vol 38.2391248,ISBN: 978-62276434-1. 25.1 Task Almpacts on Natural Features

1 Establish protocols and methods of
drilling/producing/injecting deep beneath protected

CNBYESE3 / OWhI a2yaArttzs ao! ofedpyilheglgiblesurface mpact o pga i k & N
Energy Deployment Potential for Agiat OA T A O wS 3 A @ YEstablish lowerisk methods of deep resource use
invited presentation and extended abstract in Proc. of from protected areas;

AFORE2012MAsiaPacific Forum on RenewabEnergy,
www.afore2012.org, 229 November 2012, Jeju Island,
Republic of South Korea.

2.47 Additional publications relevant to Task

9 Distinguish natural from induced variations in thermal
discharges;

R 1 Model groundwater change arising from deep
.NRYfSes / doWPI HnamMHIE aDS2i KSNJ}SrlssfsureﬂzlﬁaR{;sz 2 LJYSYu Ay (GKS

¢ClhdzLl2 £2ft OFYyAO %2y Sés LY@AGSR LI SyIlINE |RRNBaa G !'!'{Laa

New Zealand Branch Annual Conference226 August Rank thermal features, habitats, & geothermal
2012,Rotorua. systems for protection;

I Classify vulnerability of thermal features to reservoir

.NRBYf Ses / oWdsE az2y3Irft2sz ad)'dbprgsguybrtﬁanggs{dzaul)\)/IofSZ gk At
basef 2 R St SOGUNROAGE FYR KSIG Y 3S20KSNXIf SySNBe&:¢:

invited presentation at IEA Network of Expert Energy 252 Task B Discharge and Reinjection
Technology (NEET) Integrated Approaches to Energy

Technologies, 27 November 2QMorkshop hosted by Problems
Ministry for Science and Technology, Beijing, China. f Mitigate corrosion;
Published at ) o
http://www.iea.org/media/workshops/2012/neetbeijing/ - Document results of subsidence mitigation by
04Dr.ChrisBromley.pdf targeted injection;
1 Investigate biochemical remediation/ treatment of
condensates;

1 Monitor casing integrity to protect groundwater;

1 GeothermalCQ capture/purification for horticulture
and bottling;

1 CQ sequesration by injection or biological/chemical
fixing;

1 Arsenic/boron removal from waste water by bior
chemical processing;

1 Protection of potable water aquifers from ofield
reinjection effects;

Figure 5.4\atural thermal features, and hot brine, at T
Reykjanes, Iceland.
(Courtesy of ChriBromley)

Improved prediction of subsidence and effects
avoidance omitigation.

253 Task C- Methods and Costs of Adverse

2.5 Plans for 203 and Beyond Impact Mitigation
1 Rank geothermal systems for protection status using
Work will tocontinue on the four existingabks with new appropriate categories & criteria;

efforts as described below (and listed in the 2€2(BL8 IEA
GIA strategic plan). Collaborative tasks that would benefit
from supportive funding include: preparation of an

=

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

1¢


http://www.iea.org/media/workshops/2012/neetbeijing/04Dr.ChrisBromley.pdf
http://www.iea.org/media/workshops/2012/neetbeijing/04Dr.ChrisBromley.pdf

1 Itemize experience and best practice options for
cooling, stimulation and makep water resource
issues for EGS projects;

1 Test the use ofargeted injection to rejuvenate failed
geysers/springs or halt subsidence

T Review international environmental

policies and procedures

geothermal

1 Review costs of mitigation options for environmental
effects

1 Produce global environmental code of practice for
geothermal utilisation

2.54 TaskD- Sustainability

1 Investigate permeability changes with
interference between neighbouring systems;

time &

 Publish more case studies;

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

1 Plan makeup production from deep roots;

1 Improve the use of tracers for predictiveodelling of
longterm reservoir performance;

1 Convene further workshops or sustainability sessions
at conferences

1 Collect additional longerm (>30 yrs.) case histories
to improve modelling confidence and better
understand longterm reservoir behaviour;

1 Improve models, focussing on boundary conditions,
recharge, dynamic recovery factors, letggm
injection effects, thermal energy management, and
EGS sustainability;

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

1 Address londerm production pressure drawdown
and injection cooling effects;

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

1 Reduce uncertainties in loAgrm resource
sustainability assessments by iddying key
requirements for preexploitation and early

development information.

2C

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

2.6 Websites Related to Annex | Work

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

f IPCC report, Chapter 4, Geotherms¥Ww.ipCC
wg3.de/publications/

T {SYAYFINJ &SNAS&E Ay LOSflI YR
methods into sustainable production from deep high
0 SYLISNI G dzNB WNR23GaQ
http://georg.hi.is/node/136
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Annex HIEnhanced Geothermal Systems
(EGS)

The Raft River E@®monstration Project in Idaho is testing
techniques to sustain EGS reservoirs..
(Photo: 2013 Annual RepotS DOKTO, p. 11)

3.0 Introduction

Enhancedor Engineered}seothermal Systems (EGS) are
being recognised as having a great potential for future
global energy supply. This is clearly highlighted in the
recent road map documergdublishedby the International
Energy Association (IEA) 2011: Technology Roadmap:
Geothermal Heat and PowefThe road map suggests that
by 2050, more than half of the projectaglobalgeothermal
increase comes from exploitath of ubiquitously available
hot rock resources, mainly via enhanced geothermal
systems (EGS). Substantially greater research,
development and demonstration (RD&D) resources are
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required in the next decades to ensure EGS becomes
commercially viable by 3.

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


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

The realisation thathe combination of heat and power is
more attractive in an industrialised world due to the
increasing cost of hydrocarbon energgusces for both
applications is taking place somewhat slower than expected.
This may be due to expected lower cost of abundant shale
gas and oil. The relatively low visual and carbon dioxide
impacts are also helping EGS to be recognised as one of the
attractive energy resources of the future.

The IEA has clearly recognized that one of the most
important greenhouse gas mitigation opportunities lies in
the increasing use of renewable energywing to the
recent accelerated annual growth in installed capatoty
geothermal power generation and the significant
progress achieved in EGS development in Europe,
Australia  and North America, the IEA envisions
geothermal energy to make a significant contribution to
the growth of the renewable portfolio. However, a
significant number of technology development and
demonstration, legal and regulatory, and public policy
issues must be addressed if the potential of geothermal
energy is to be unlocked.

Once the technology is demonstrated and acceptedijlit
bring into phy a significant worldwide geothermal
resource to generate base load power, supply heat for
industrial applications and district heating schemes, and
reduce environmental pollution. It will also help sustain
and expand hydrothermal systems through the uske
stimulation techniques and reinjection

The goals of Annex Il are to address new and improved
technologies to access the huge heat resources present at
depth in continental land masses, by engineering heat
exchangers in order to allow the extractiohgeothermal
energy at commercially viable rates. The objective is to
generate base load power, supply heat for industrial and
domestic applications, and provide environmental
benefits. Techniques developed should also help sustain
and expand hydrotherml systems through the use of
stimulation

Thecountries and organizations that participated in Annex
IIlin 202 were: Australia, the European Commission (EC),
France, Germany, Italy, Japan, Norway, Republic of Korea,
Spain, Switzerland, United Kingdom, USA, Canadian
Geothermal Energy Association (CanGE3pdynamics
Limited, Geothermal Grougspanish Renewable Energy
Association GGAPPA) Green Rock Energy Ltdand
ORMAT Technologies Inc

The Operating Agent for Annex Il Department of
Energy (US DOE), Washington, DC, U$Ae CeAnnex
Leaders areJay Nathwani(US DOE, U$Aand Doone
Wyborn(Geodynamics Limited, Austrglia
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3.1 Tasks of Annex Il

The work in this Annex was extensively restructuied
2012 with efforts concentrating on threef the initial five
Tasks, as described below.

3.1.1 Task A Geothermal Energy Resource,
Reserve & Depletion Estimates

(Task LeadeBarry GoldsteinDMITREAustralig

Task Anvestigateghe quantification and definition of EGS
resources in a form that can be internationally accepted
i.e., foster international consistency (through standards)
for assessing and reporting geothermal resources and
reserves to promote transparency, and comficte.
Qurrent EGS reporting coddsave been developed for
Australia, Canada, USA and Europe. The path forward
would include a comparison of the Beardsmore e{2011)
protocol Estimating and Mapping Global EGS Potential
(May 2011), which the Gléommented upon, with the UN
code anddentify the gaps.

This effort requird financial support, which was provided
through the IEAGIA proposal funding mechanisfsee
section 3.2 Highlights)

3.1.2 Task B Technology Crossover betwe
Hydrothermal and BS

(Task LeadefEzra Zemach, Ormat Technologies, Inc. and Ann
RobertsonrTait, GeothermEx, USA)

TaskB investigatesross fertilisationof the established
technology from hydrothermal systemand the new
developments from EGS to encourage both technologies
G2 o0SySTAG FTNRY St OK
resourcesexhibit a continuumfrom high permeability
hydrothermal to relatively low permeability EG¥Bhis

task will examine the modification of conventional
hydrothermal development technologies, such as
horizontal drilling, fracture detecting and mapping, and
pumping, for application to EGS energy development
and vice versa The objective is to enhance energy
recovery from both high and low pemability
systems.Desert Peak EGS project (USA) is used as a case
study. Objectives include defining common technology
terms, testing and assessment procedures, applicable
drilling and high temperature logging tools.

This cross fertilisation of technol@s is being tested dhe
existing Desert Peakhydrothermal field (ORMAT)n
Nevada, USA. It is anticipated tleiort may significantly
help the sustainability of existing hydrothermal fields,
increase the power output and expand the hydrothermal
resource.

2 (0 KS NI



Task Bvill examine current US demonstration projects and
RS@OSt2L) H SKNPER2Y R20dzYSy
worked and what did not.

This effort required financial support, which was provided
through the IEAGIA proposal funding mechanism (see
section 3.2 Highlights).

3.1.3 Task €Data Acquisition and Processing

(Task LeaderTo be appointed)

Task Gvas designed to colleéhformation necessary for
the realization of a commercial EGS energy producing plant
at each stage of reservoir charadtgtion, design and
development, and of construction and operation.

Access to past data and reports from various projects has
always been difficult. Tdugh theUS DOE developed the
a[ ST 08 tNr2SOilé¢sr o6KAOK
reports from previous EGS projectsaccess to the
remaining large quantities of information and missing
reports, and a better search engint® locate themare
required.

The contiuing ek of fundingo pursue this Task resulted in
the decision, in 2012, to discontinueai an independent Task
and merge it with Task &nd request thaeach country deal
with its own data in the way they believgest.

3.1.4 Task DReservoir Evalation

(Task LeadebDoone Wyborn, Geodynamics Limited, Australia)

The overall objective of Task D is devise standard
procedures to characterize EGS reservoirs. Characteristics
such as heat transfer area, size of the stimulated volume,
total flow impedance, and likely thermal draw down, are
necessary for robust commercial valuation. Procedures
relate to: well tesing models, borehole measurements,
water management, numerical methods, mieseismic
data acquisition, and tracer studiess noted aboveTask

G Data Acquisition and Processing is to be merged with
this Task; and Task-H-ield Study of EGS Reservoir
Performance(section 3.1.5will be closed, with results to
be includedhere.

The path forward will be to develop a document that
identifies lessons learned from current stimulation efforts.

The work has progressed slowly but additional support is
being onsidered and investigated.

LINE OA RS &

3.1.5 Task EField Studies of EGS
2dz0f AYyAy3 gKI U
(Task LeaderJ. Muller, IFE, Norway)

The objective of Task fas to conduct research and
development on working EG8ojectswith an emphasis on
reservoir management and reservoienhancement
technologies. This topic cowst a broad area, including
fracture and stress analyses, hydraulic and chemical
stimulation, and fluigflow modelling of hydraulic and
chemical stimulation processes, tracer technologies and
geophysical methods.

Theeffort was redesigned in 2012, with the new aito
obtain SoultzsousForéts (France)EGS project tracer
results andanalysethem at IFE. The results will be
incorporated into a Task D report after which Task E will be
closed.
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3.2 Highlights for 202

The highlights for the 2012 year were:

1 A successfulask Aproposalreceived US$ 10 &f GIA
funding (with further support from DMITRE South
Australia) to help prepare & ! Gobal Review of
GeothermalReporting¢ S NJY A y. ZTheiAferéport
wassubmitted for review at the end of 2012, with the
final version to be completed by early 2013.

1 A successfulnpposalfrom Task B obtained US$ 10 k
from GIA (with further support from Ormat
Technologiednc.,USAYo preparel G f Saaz2ya
document that would include a) natural conditions
and critical parameters, b) methodology and
technology to improve reservoir performance, c)
evaluation of how stimulation affected performance,
and d) lessons learned to facilitate successful
deployment and to drig future lines of research.

1 A Task Bross fertilisation of the technologyroject at
hNYIFGQa 5SaSNL t Sk =
Ormat Technologies, successfullgmonstratedthat
power output from the highemperature, low
permeability margins of a conventional hydrothermal
system can be increased by using fracture stimulation
techniques developed for EGS technologihis
improved our understanding of fluid flow processes
and showed the importance of knowledge about-in
situ stress regime.

1 Contributed to Chapter 4 Geothermal Energy of the

IPCC SRREN report, which included an assessment of

the potential for global EGS deployment by 2050.

S
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3.3 Plansfor 2013 and Beyond

As described above, Annex Ill activities are being reviewed
and revised, with changes in direction planned beginning
2013.

3.4 References

IEA (2011) Technology Roadmap: Geothermal Heat and
Power. OECD/IEA 2011, Internation&nergy Agency,
Paris, France, 45p.

IEAGIA (2012) International Energy Agency Implementing
Agreement on Geothermal Energy EoidTerm Report
2007-2013. July 2012

US GTO (2013) 2013 Annual Report, Geothermal
Technologies Office, February 2014. US DOE,. 29p
available at:
http://www1.eere.enerqgy.gov/geothermal/pdfs/gto
annualreport2013.pdf

35 Websites Related to Annex Il Work

1 Habanero project, Australia:
http://www.geodynamics.com.au/search.aspx?searc
htext=habanero&searchmode=anyword
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1 GeneSy#roject, Germany:

http://www.genesys
hannover.de/Genesys/EN/English/english_node.html;
jsessionid=5E181ADA21237B3BAEAEA7BDF9648AFF.
1 cid284

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

1 DOE technical projects:
www.eere.energy.gov/geothermal
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Logging Technologies
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Bit 1 beforedrilling.

Bit 1 after removal a630 m

Figure 4.1PDC Bits Outperform Conventional Bit
in Geothermal Drilling Proje¢Raymond, et al.)
(Forfurther information @ntact David Raymonat: dwraymo@sandia.ggv
(Photo courtesy ofSandia National Laboratories, USA)

4.0 Introduction

The objective of advanced drilling and logging technologies
is to promote ways and means to reduce the cost of
geothermal drilling through an integrated effort which
involves developing an understanding of geothermal
drilling and logging needs, elucidatibgst practices, and
fostering an environment and mechanisms to share
methods and means to advance the state of the Brilling

is an essential and expensive part of geothermal
exploration, development, and utilization. Drilling, logging,
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and completinggeothermal wells are expensive because of
high temperatures and hard, fractured formations. The
consequences of reducing cost are often impressive,
because drilling and well completion can account for more
than half of the capital cost for a geothermal pemproject.

Geothermal drilling cost reduction can take many forms,
e.g., faster drilling rates, increased bit or tool life, less
trouble (twistoffs, stuck pipe, etc.), higher peavell
production through multiaterals, and others. Activities in
the Advanced Geothermal Driling and Logging
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