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The Geothermal Implementing Agreement (GIA) has vigorously
launched into its third fivgrear term, building on past
accomplishments, addressing key issues paochoting the

global deployment of geothermal as a aimstble renewable
energy resourceAdded impetus has come from the growing
concern for climate changes arising from global warming due to
carbon emissions, as documented by the Intergovernmental
Panel on Climate Change (IPC@y increasing awareness of
geothermal resources, and breaking down some of the barriers
that had previously restricted investment by-aslerse players,

we are beginning to see a paff in terms of a global

renaissance in geothermal exploration and development drilling.

Membershp of the IEAGIA continues to grow, with France
having joined in 2007 and considerable interest shown by
industry and association3.here is an eagerness to collaborate,
to share past experiences and to avoid mistakes from the past. The GIA core mipmiEusies
most of the geothermal pioneers, including Italy, New Zealand, Mexico, Iceland and the USA,;
plus the largest geothermal electric power producers, leading users of geothermal heat for direct
applications, and companies, countries and institstassociated with advanced geothermal
research programme3.he work of the GIA is well represented in its Web site, its publications
and presentations by members at key conferences, and by its contributions to the material
produced by the IEA Secretariahich helps publicize reliable statistics and general information
on geothermal technology.

| would like to pay special tribute to our form@hair, David Nieva, who contributed significantly

to the growth and reputation of the GIA during his fgaarterm. | concur with his concerns,
expressed last year, that there is still a wide gulf in knowledge and understanding of geothermal
resource development opportunities between those countries where geothermal is a mature
industry and those that have yetvelop their indigenous geothermal resourddse continent

of South America is a prime example of the latterthese times of global financial turmoil, and
energy supply uncertainty, we are challenged to work together even more closely to tackle the
barriers that continue to suppress geothermal development, particularly in these countries.
Cooperation and open sharing of knowledge will go a long way to overcome the public suspicion
and missinformation that often accompany a competitive resourceaion. Improving the
awareness of geothermal technology, its environmental benefits and its economic advantages,
amongst decisiomakers around the world (both at government policy and commercial investment
levels) is high on my list of priorities.

In conclusion, | recommend to you this comprehensive annual report on the GIA activities for

2007. The Executive Summary provides a synopsis of the current amodlel status of geothermal
energy development, its continuing acceleration and promising fuiMiith. concerted efforts to

remove barriers, both real and perceived, the next few years should see geothermal taking an even
more prominent position in global renewable energy portfolios.

Chris Bromley
Chair, IEAGIA Executive Committee




Executive Summary
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Figure 13.13 Travertine terrace in the Sipoholon geothermal field, Sumatra, Indonesia,
1 September 200@ourtesy oH. Muraok3g.

INTRODUCTION

2007oved to bearother verysuccessful year for the IEA Geothermal Implementing Agreement

(GIA). The yeamwasalsn anespeciallyauspiciousng asit began with the IEA Committee on
Energy Research and Technol o gyear(enbfoperatioa,p pr ovi ng t h
taking its activities to March 2012

This 2007 Annual Report describes the activities andrih@r achievements of IEA Geothermal

and its Country and Sponsor (industry) Members for the first year of its third Térencurrent

status of the Member Countries6 geother mal energy
research activities, edugan and international activities resentedandthebusiness and

geothermal activitiesf our threeSponsor Memberare describedMembership again grew, with

France becoming thel® Country Member, bringing tot& 1A membership to 15.

|IEA GeothdEnerigynual Reov 1



This ExecutivéSummary begins by setting the context in which the-(EA operates. It provides

an introduction to t he descibekhe éostribptiondlsmtegeotherrmah er gy si t u
resources are now making to the global energy supplydiandsseshe ptential significant

contribution that geothermal energy could makthafuture. It includes a brief description of the

GIA and asummaryof the information described in detail in the Annex, Country and Sponsor

reports provided in Chapters®27-18 and19-2 1 , respectivel y. A few highli:
200acti vities are provided and the major achi evemen
the GI Ab6s 8mleautised f or 200

The global demand for energgntinues to grow, with fossil fuels expected to remairdttrainant
source well into the futurespeciallyin the emergindlg i a rnidia @angd China The IEA Reference
Scenarig which assumes the continuation of current government polindisatesthatthe total

global primary energy need will grow by 55 % between 2005 and 2030 2% ) and the demand
will reach 17.7illion [10%]tonnes of oil equivalenBtoe) (744 EJ, or 206,500 TWh), compared to
the 2005 value of 11.4 Btqd79 EJ;, or 133,@0 TWHh,) (ibid.) and the 2006 valuef 11.7 Btoe

(492 EJ, or 136600 TWh,,) (IEA, 2008); with 2006electricity generation amounting to 18,930
TWh, or 68 EJ(ibid.). Continuation ofle current, unregulated growth will likely result in energy
securityproblemsanda sharp increase in G@missionswith related significant climate change
effects Even worse is the High Growth Scenario, in which primary energy use amounts to 6 %
above that of the Reference Scenario, with, €Rissions 7 % higherHoweva, in the more

positive Alternative Policy Scenario, whereby governments impleraeatgy saving and renewable
energyoptions oil demand drops, coal use falls and energy rel@@gemissionsare about 20 %
lower than in the Reference Scenario (IRAQ7) Awareness of these possible outcomes provides a
strong incentive for expanding the use of clean, renewable energy res®nmeading affordable,
reliable and clean energy to meet these needs is an enormous challenge, and geothermal energy can
makea very importantcontribution

In 2006, the worldwide total primary energy use wads741 Mtoe (IEA, 2008, equivalent tabout

492 EJ;, or 13,600 TWHh,. This energy utilization corresponds to an averageadmauer
consumption of 18.TWy, assuming 24 hour per day usagée most likelyworldwide total technical
potential for geotherm#ghydrothermalyesource$ocated along tectonic plate boundaaes volcanic
hot spotdas beemstimated to babout 65 TWy, (205 Ed/yr) (Stefansson, 2005about 40 % of the
2006 average annual consumpti¢tydrothermakresourcegapable oflevelopmenfor electricity
generation using conventional methdds> 130 °C) make up about 210 G\&.5 Ed/yr, or 65

EJy/yr) of this total,assuming a 10 % electrical conversion efficiency, which may range up to 20 %
The remainingt.4 TWh, (140 Eg/yr), comprisdower temperatureesource¢T O 1 3)@onsidered
useful mainlyfor direct heatpplications More optimistic estimates increase these numbers by factors
of 5to 10; the rangearising fromthe uncertainty associated with determining the nurmber
hiddenlnidentified resourcgsid.).

In addition tothe abovenentionechydrothermatesourcs, there are several other significant

geothermal sourcescluding 1) the contributiorbinary generation can adby utilizing the hot water

discharged from conventional plants-@eneration) amthat availabldrom the lower temperature

geothermal resourcegq- 130 °C) 2) the cascaded use of hot water discharged from geothermal

power stations for direct heat applicatipBsthe huge geothermal energy potential available within

drilling deptts(3-10km)i n t he earthés crust via enhaped geot he
thelargeenergy resources in the formsafper critical fluidsnferred to existieep(3 - 5 km) beneath

hydrothermal system$) hot water produced from oil and gaslls; 6) hot water present in deep

sedimentary basing) off-shore (undesea) hydrothermal resourddentified by the presence of

hydrothermal ventand 8) the ubiquitous shallow geothermal resources utilized by geothermal heat

pumps for heatinganded i ng and avail abl e al moRdcenastimateher e on t |
indicate thathe USA ha®ver 200,000 EJ extractable via EGS techniques (about 2,000Gt8r2665

annual primary energy consumption), waghproximatelyl00 GW, of costcompeitive generating

capacity developable within the next 50 years given reasonable R&D investment (MIT, 2006).

NN
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Estimates 0EGS potential for the Rehai and Yangbajing geothermal fields of China &tvan,

2005) and for regions across India (ChandrasekimiChandrasekharam, 2007) also show capacities
on the ordeof 100 GW.. The other mentioned geothermal sources still require assessment to produce
reasonable estimates for their contributions.

Consequentlythere is the potential fgreothermal resoursg¢o make a considerable contribution

towards meeting the wor | dbdthforelactricitegerteratmmatd diregtt ur e en e
heat applicationsIn addition, @othermal energy has characteristics which make it extremely valuable

for both dectricity generation and direct heat use, includisigextensive global distribution,

environmentally friendly character, independence of season, immunity from weather effects,

indigenous nature, contribution to development of diversified power, efeets for distributed

application and sustainable development capabilities. Though geothermal usually operates as a

baseload provider of electricity with availability and load factors typically well above 90%, it can also

operate in a loafbllowing capaity, albeit at lesser efficiency.

Status of Worldwider@égtiergy in 2007

Globally, in 2007, 24 countries were generating electricity from geothermal resources, with a total
installed capacitgreaterthan10,026MW, (data from Bertani (2007)evised with 2007 GIA da)a

(Figure ES1) The worldwideelectricity generatiomvas not updated in 2008yt using data from

2005 updated with 2007 GIA data,fiminimumd estimateof about56,782 GWlyr is obtained for

2007. Worldwide generatiordatais updaed every 5 years andll nextbe available in 2010, when

it is producedor theWorld Geothermal Congre291Q In 2007, about 62 % of the global

geothermal installed capacity was located in GIA Member Countries, and they generated some 66%
of thetotal geothermal power.

Worldwide Geothermal Installed Capacity 1975-2010
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Figure ES1Worldwide geothermal installed capacity for the period 120E). The 20® data
[star]includes GIA data for 2006 artthta for 16 other countrigBertani, 2005); th€007 data
[triangle]includes 2007 GIA datand datadr 15 other countries (Bertani, 2007); thendline was
calculated using data for 19@D05and has a slope of 200W/yr; the 2010 estimates

are from Bertani (2007) [diamond] and GEA (2007) [square]

During the period 198005, the worldwide geotherinastalled capacity increased by a factor of
about 2.3, at a very steady rate of 200 ¥#W\Figure ES1). However, geothermal development has
begun to acceleraie the past few yeardn the period 2062006, the global geothermal installed capacity
is estimated to haviacreased by about 821W, (5.8 %), to 9,452MW,; and in 200&2007, the increase

IEA GeothdéEneigynual ReH7 <



was approximately 57IW, (6.1 %), taking the total to about 10,028V.. For GIA Countries, the
corresponding increases were: 2Q086: 52 MW, (9.5 %) ad for 20062007:195MW ¢(3.3%). The
generation in GIA Member Countries increased by ah6id GWhover the latteperiod and using this
dataa fiminimumd estimate for global generation becomes: 56,782 GWh, or an increase of about 1,573
GWhR9%).Not e t hat the fidecr édsveniberaduntriesinR@DariBdVh
from France becoming a GIA Membérable ES1 presents the 2007 data for GIA Member Countries and
2007 updates for many of the otté&rcountries (Bertani, 200,/and Tabl€S2 illustrates the growth in
installed capacity and generation since 19ith the 2006 and 2007 resuitpresentingminimum values.

from not

Table ES1 Geothermal power installed capacity and electricity generation for GIA Member
Countries in 2007, plus 200dstalled capacity data for 15 other countries (Bertani, 286d)2005

generation data for the 15 n@1A countries (Bertani, 2005)

Annual Ener
g];:)aalgg Plrjc?duc:dgy % of % of
Country (2007) (GIA-2007) Natlon_al National
[MW] (Others- 2005) Capacity Energy
[GWh/yr]
Australia* 0.12 1.8 Negligible Negligible
Austria 11 3.2 Negligible Negligible
China (Tibet) 28 95.7 30 30
Costa Rica 163 1,145 8.4 15
El Salvador 204 967 14 24
Ethiopia 7 na 1 n/a
Féir;%ioupe Island) 15 95 ~9 (for Island") | ~9 (for Island")
Germany* 3.23 0.4 Negligible Negligible
Guatemala 53 212 1.7 3
Iceland* 485 3,600 20.5 29.9
Indonesia 992 6,085 2.2 6.7
Italy* 810 5,233 1.0 1.8
Japan* 535.26 3,102 0.2 0.3
Kenya 129 1,088 11.2 19.2
Mexico* 958 7,393 1.9 3.3
New Zealand* 452 3,272 4.9 7.7
Nicaragua 87 270.7 11.2 9.8
(F’L?Ifi‘:"i‘s’l\;‘g)eu'”ea 56 17 10.9 n/a
Philippines 1,970 9,419 12.7 19.1
Fsoaﬁlulg\’/l%uel Island) 23 90 25 n/a
Russia 79 85 Negligible Negligible
Thailand 0.3 1.8 Negligible Negligible
Turkey 38 105 Negligible Negligible
USA* 2,936.5 14,500 0.3 0.3
Total 10,026 56,782 9.2** 11.9**
Total GIA Countries 6,195 37,197 5.4 7.5

na = not available* GIA Member Country(includes Guadeloupe Island)' % from Bertani (2007)
** Average values exclugnegligible contributionsbut include Guadeloupe, Lihir and San Miguel

Islandssince thishas beetthe procedure for World Geothermal Congresses.

IEA GeothéEnaigynual Re3H7



Geothermal energy provides a major contribution to thiemalt generation of many countriegor
eightcountrieg(including Lihir and San Miguel Islandghegeothermal installed capacitpw

exceedsl0 % of theirnationalcapacity andsix obtain more than 1% of their electricity from

geothermal (Table ES1)The average contribution to national installed capacity for GIA Member
Countri esnewiltihgifibnloend i n st 32d4%, vaith theocorrespandirey average on wa s
contribution to national generation being abd5t%. The corresponding worldwid@lues were

9.2 % and 11.9%, respectively (Table ES1).

The total GIA geothermal generation of B¥/GWhiyrisie qui val ent 0 t9eMtee savi ngs of
(usingGIA conversionMongillo, 2005))and avoided C&emissions 080.4Mt. The equivalent

savirgs for the worldwide total generation of 382 GWh/yr is aboutl4.4Mtoe and avoided CO

emissions osome46.4Mt (ibid.).

Table ES2 Worldwideinstalled geothermal capacity (192607) and electricity generation (192807).
The generation changes 2006 and 2007 only reflect changes from GIA Countries.

Year 1975 1980 1985 1990 1995 2000 2005~ 2006*** 2007

Geothermal Installed

Generating Capacity 1,300 | 3,887 | 4,764 5,832 6,798 7,974 8,930 9,452 10,026"
(MW )

Increase Over Previous

Five-Year Period i 2,587 877 1,068 966 1,176 956 522* 574
MW ¢ (99) | (22.6) | (22.42) | (16.6) | (17.3) | (12.0) (5.9% (6.1)
(Percent)

Electricity Generation - - - - 37,744 | 49,261 | 53,649 | 55209 | 56,782"
GWhlyr

Increase Over Previous

Five-Year Period ) ) i i ) 11,517 4,388 1,560* 1,573
GWhlyr (30.5) (8.9 (2.9) (2.9
(Percent)

* Change fronprevious yea(For 20050nly changes in GIA Member Country data included)

** 2005 values incorporate corrections for Iceland and USA GIA 2005 data

*** The 2006 values are indicative awdnsist of 2006 data for 8 GIA Membevgh corrected USA dafand 2005
datafor the otherl6 countries with geothermal power (Bertani, 2005)

T Includes 2007 updated installed capacity datd Soountriesirom Bertani(2007)plus GIA 2007 dat

# The 2007generation data is from 2005 (Bertani, 2005) with updated 2007 GIA Calattry

Thetrue contributionsthatrenewable energy resouraeake are determined by the amount of power

they provide for a given installed capacity, their i ¢ oibutione f f i ¢ i theratiy df theo r

energy generated to the installed capacity. This ratio takes into accoamdhat of time that the
renewable generator is available to produce power, i.éi thes a i | a b i For geotherfnal, thiso r o .
can be @/ided into resource availability (usually sustained by majalrilling) and plant

availability (affected by repairs, maintenance, transmission anefdtladving constraints).As

shown in Table ES3, the contribution efficiencies for the various renewabthe 30 OECD

countries in 200 were: 71 GWh/MW, for geothermal (& for GIA Member Countries in 200,

5.2 GWh/MW, for solid biomass, 3.7 GWh/MWor hydro, 18 GWh/MW, for tide/wave/ocean, 1.8
GWh/MW, for wind and 06 GWh/MW, for solar PV (IEA 208b) . Geothermal 6ds very hi
availability factor makes it valuable for baseload generation. It is interesting to note that geothermal
is3.4to4 t i mes mo than wiidinfit§ gereratom ite 0geothermal providest®.4 times

more electricity pr installed megawatt.

A major effort is undertaken to collect and report worldwide geothermal direct use data every five
years for the World Geothermal Congresses (as for electricity generation), and this will next be done
in 2010. Therefore, the moatreent data available is based upon that reported by, larad.

(2005), and updated using the 2007 GIA country data reported in this Annual Report plus other
information for Europe provided by Antics and Sanner (2007).

m
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Table ES3 Installed capacity, eléncity generation and contribution efficiency for renewable
resources in OECD Countries for Bd@ata from IEA2008b)) and GIA Members for 200

Resource Installed Capacity Generation Contribution Efficiency
(MWy) (GWh) (GWh/MW,)

Geothermal

GIA Members 200 6,195 37197 6.0

OECD 20® 5,400 38,100 7.1
Solid Biomass 22,500 115,900 52
Hydro 344,600 1,286,300 3.7
Tide, Wave, Ocean 300 550 1.8
Wind 63,700 116,200 1.8
Solar PV 4,100 2,626 06

As of May 2005, 72 countries were utiliziggothermal energy for direct use applications,
including:geothermal heat pumg@&HPs) space, greenhouse and aquaculture pond heating;
agricultural drying; industrial uses; bathing and swimming; cooling; and snow melting ét.uaid
2005). The total irstalled capacity at the end of 2007 was estimated to be about 35,5400MW
incorporating 2007 updates to the 2005 tota2&P69 MW, (Table ES4)ora26 %increase The
total thermal energy usage for 2007 was similarly estimatedabdet 329,270 J/yr, more than
20 % highetthan the 2005 value of 273,372 TJ/ybid.) (Table ES4FigureES?. In 2007, the 11
GIA Member Countries had a total installed thermal power capacity of 20,54 and/utilized
154,560 TJ/yror 58 % of global capacity ad¥ % oftotal utilization. In 2005,an estimated 1.3
million geothermal heat pumps (GHR®talledin 33 countriegontributedover 54 915,384 MW, of
direct use installed capacijtwith a usage of 87,503 T.Estimatesor 2007showcontinued
significant growthin the GHP marketabout1.6 million GHP unitsinstalledglobally with >
19,000 MW, of capacity and> 105,000 TJ utilizatiorfMongillo, 2008).

Table ES4 Worldwide direct use categories and their development-2885 (fromLund, et al.,2005),
with 2007 totaland GHPupdatedrom GIA and Antics and Sanner (2007)

Capacity Utilization
Category (MW ) (TJlyr)
1995 2000 2005 2007 1995 2000 2005 2007
Geothermal heat pumps 1,854 5,275 15,384 | 19,010 14,617 23,275 | 87,503 | 105,000
Spaceheating 2,579 | 3,263 4,366 - 38,230 | 42,926 | 55,256 -
Greenhouse heating 1,085 1,246 1,404 - 15,742 17,864 | 20,661 -
Aquaculture pond heating | 1,097 605 616 - 13,493 11,733 | 10,976 -
Agricultural drying 67 74 157 - 1,124 1,038 2,013 -
Industrial uses 544 474 484 - 10,120 | 10,220 | 10,868 -
Bathing and swimming 1,085 3,957 5,401 - 15,742 | 79,546 | 83,018 -
Cooling/snow melting 115 114 371 - 1,124 1,063 2,032 -
Others 238 137 86 - 2,249 3,034 1,045 -
Total 8,664 | 15,145 | 28,269 | 35,570 | 112,441 | 190,69 | 273,372 | 329,270
Total GIA Countries - - - 20,547 - - - 154,560

Worldwide direct use installed capacity has nearly doubled every 5 years since 1995 and based upon
the 2007 estimates, which are about 25 % higher than 2005, high gsaetfitinuing The
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estimated 2007 direct energy use has increased by about 20 % since 2005, a slighthwargher
annualrate than for the 200R005 period. The total 2007 uskabout 329,270 TJds equivalent to
an annual savings of about 11.6 Mtoe in fuel oil aridt Mt in avoided C@emissions (GIA
conversion Mongillo, 2005)) GIA Member Country utilization in 2007 was equivalent to an
annual savings of 5.4 Mtoe and avoided,@@issions of 17.6 Milgid.).

Geothermal Direct Use 1995-2007
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Figure ES2 Worldwide geothermatlirect usenstdled capacityfor the three largest
applications and totafer the period 1972007 (19952005 data from Luncet al. (2005),
with estimates for 200Based on GIA datéMongillo, 2008).

THE IENA: AN OVERVIEW

The IEAGIA provides a flexible framew& for wide-ranging international cooperation in

geothermal R&D.In February2007,the [EA Committee on Energy Research Technology (CERT)

extenddG|l A6s o0 p e r&-yeardenm, thking its activBiesto 201Z.o gui de t he GI Ads
international cooerative activitieghrough itsthird term a newStrategic Plan (GIA, 2006) was

developed, with thdlission:

To promote the sustainable utilization of geothermal energy throughout the world by improving

existing technologies and developing new techasitagiender exploitable the vast and widespread

global geothermal resources, by facilitating the transfer ohilaagwy providing high quality

information and by widely communicating geot her mal
benefits.

The IEAGIA brings together national and industry programmes for exploration, development and
utilization of geothermal resources, with a focus on assembling expertise and enhancing
effectiveness by establishing direct cooperative links among geothernealseixpthe participating
countries and industrieCurrentGIA activities are directethainly toward the coordination of
ongoing national programmes, with contributions from industry members. New studies and
activities are implemented when needs areldisthed.

The GI Ads general scope mfaldaecement,dhe [EA lmglementirgci fi ed i n
Agreement for a Cooperative Programme on Geothermal Energy Research and Technology (GIA),

consists of international scientific collaborative ef§aid: compile and exchange improved

informationon worldwide geothermal energy research and development concerning existing and

potential technologies and practicdsyelop improved technologifss geothermal energy

utilization; andimprove the understaling of the environmental benefaggeothermal energy and

IEA GeothdéEneigynual ReH7 i



methods t@void or minimize its environmental drawback&ix new strategic objectives were set
for the 20072012Termt o t ar get GI A6s activities

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

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

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

To increase membership in the GIA

To encourage collaboration with other international organizations and appropriate
implementing agreements

To broaderand increase the dissemination of information on geothermal energy and the
Gl Abs activities and outputs to decision make
public

Project activities, call ed fAt asks aeappemded tadtlef i ned an
IEA-GIA document. Participants must take part in at least one Annex. Table 1.2 in Chapter 1 lists

the Annex titles and involvement of the participants in thém.Executive Committee (ExCo)

supervisestte GIA and its decisions are ldimg on all MembersThe ExCo consists of one voting

Member from each Member Country and Sponsor.

Sincet h e ®egiArdng the Annexes have operated unden e -fihaiskngo mode of fina
wherebyparticipants allocate specified resources and peeddo conduct their portion of the work

at their own expense. Though exact figures are not availablégtal Annex work conducted under

the auspices of the GIA is estimatechtove been well over US$ 310,0%0plus several magears

(GIA, 2006a)

A GIA Secretariat was establish@adMarch2003to provide the GIA ExCo with administrative

and ot her assistance-sha it-blnMembers contdbatelto 4 Gommang h ficost
Fund according to the number dheExXtes.haresodo they hav
As of December 200 fTnembership of the IEASIA included: the European Commission; 11

countries: Australia, France, Germany, Iceland, Italy, Japan, Mexico, New Zealand, the Republic of

Korea, Switzerland and the United States; and 3 industrysspainGeodynamic§reen Rock
Energy and ORMAT Technologies.

In 2007, the participants in the IE&IA workedon four broad researctopics specified in the
following Annexes:

Annex | Environmental Impacts of Gdwrmal Energy Development

Annex IlI- Enhanced Geothermal Systems

Annex VII- Advanced Geothermal Drilling Techniques
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Annex VIII- Direct Use of Geothermal Energy

Annexes land Ill were initiated in the original implementing agreement in 1997, and lenimeed
programmes into the current term, as has Annex VII, which was started in 2001. In September 20086,
Annexes |, lll and VII were extended by the ExCo for a further 4 years, to 2009. Annexwhiidh

officially startedn 2003,completed itdirst term of operation 2007, and was unanimously

continuedby the ExCdor another 4 years to 201FourotherAnnexeswere drafted in previous

years, withll- Shallow Geothermal Resourcaisd IX- Geothermal Market Acceleration

subsequently closed. The pislity of initiating draft AnnexesY- Sustainability of Geothermal

Energy UtilizationandVI- Geothermal Power Generation Cyctemains openThe status of the

Annexes is presented in Tabl@ {Chapter 1).

A brief discussi oivitiesafid majar highlightsffor the Amnexesladivie 817268 ¢ t
presented below. Details are available in Chapter 1 and in the Annex Reports included in Chapters 2

At the 17" ExCo Meeting held on 223 March 2007 in Nice, Francéye GIA ExCo unanimously
agreed to accept the GNS Science bid to continue operating thélkcSecretariat in New
Zeal and f o%Termhe GI Ads 3

The European Branch Forum of the Interpatl Geothermal Association (IGA) hetde
European Geothermal Congress EGC 2@0Unterhaching, Germany, on 30 May to 1 June
2007. The GIA participated with Vice&Chair Rybach presenting a pap&he IEA
Geothermal Implementing Agreement (GIA) Advandintg its Third Term(Mongillo and
Rybach, 2007).

The 18" Executive Committee Meeting was held in Kandel, Germany, e2628ctober 2007, in
conjunction with the First European Geothermal Review megiild on 2931 October 2007 in
Mainz, Germanyhttp://www.soc.nii.ac.jp/grsj/FEGR_ENGLISH.gdfSeveral GIA ExCo
Members gave invited presentations.

The GlAhad an gsecially active participation with the IEA in 200hyough participation at IEA
workshops and meetingsnd by providingnformation andcomments on |EA reports.

In February 2007ChairmanDavid Nieva made an invited presentatimrthe 46" IEA CERT

Meeting in Paris, FranceReview of the 2002007 End of Term Report & Strategy fét 3-Year
Term (20072012) in representationdf h e G| A E x © exiersithe GiAlA fers 8° 5-year
term. The CERT wunani mo u s |syequs Yice-ChaieladsitRibach EEprésented
the GIA at theOctober 2007EA Deploying Demand Side Energy Technologies WorkshofParis,
France) with a presentatioBeothermal Heating and Cooling of Buildin@R®ybach, 2007) In
October, GIA Secretary, Mike Mongillo, garipated in thdEA Network of Expertise in Energy
Technology (NEET) Workshopheld in Beijing, Chinawith a presentatiorthe IEA Geothermal
Implementing Agreement (GIA) Advancing into its Third Term

In addition, the GIA provided several documents us posters for théEA Ministerial
Technology Fairheld in Paris, on 145 May 2007 Figure ES3)and contributions for thEEA
Energy Technologies at the Cutting Edge 200(Tapping into vast, unused heat resoujcése
IEA Energy Technology Perspective 2008 thelEA Global Renewable Energy Heating &
Cooling report, thdEA Global Renewable Energy Markets & Policies (GREMP)report, and

({a}
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commented on thEEA Contribution of Renewable Energy Technologies to Energy Security
report.

Thevarioustypesof energy utilizatiorcausea range oenvironmental impactahich can be of
concerrmonthe global scale Geothermals a relatively benign renewable energy source, with
significant advantages over fossil fuedspecially as regards carbon emissiodswever there are
some environmentaffectsassociated with itsae that require attentiorAnnex F Environmental
Impacts of Geothermal Energy Developmentouragsthe sustainable development of geothermal
resources whil@entifyingand quantifyingpossibleadverseand beneficiabnvironmental impacts
anddeterminingwaysto avoid remedyor minimizethe adverse onewhile encouraging the
beneficial

Geothermal development may affect natural surface featike hot springs. 8ch impacts
and strategies to mitigate them were collecaed compared for New Zealand, the USA and
the Philippinesand recommended policies were designed to assist regulateesisibly
manage the effectsThe disposal of wastBuids andthe small quantities ofhemicals (e.g.
arsenic) and gasesi{S and CQ) contained in thens an important issue, and various
methods for dealing witthem(e.g. injectionandchemical treatment) weli@vestigatedand
addressed at several cordaces, including the GRC 2007 (USA), First European Review
(Germany), Chilenvest 2007 (Chile)

The possible causes of subsidence associated with some geothermal developments were investigated
and predictive modelirther developedwith the useof satdlite-basednterferometric synthetic

aperture radar (INSAR) for subsidence monitoiimgestigated and a paper published (Heleal,

2007) International collaboration continued to develop a better understanding of induced seismicity
mechanisms and delop strategies and robust hazard assessment methods, and a paper published
(Major, et al, 2007).

A newactivity, TaskE: Sustainable Utilizatiostrategieswas initiated in 2007, with a
comprehensive reference list posted on the GIA website andeaindgtibnal workshop planned for
2008.

Huge heat resources consisting of high temperature, ywatarrock are available within current
drilling depths $3 km) almost anywhere on the globgo utilize the vast amount of geothermal
energy in this hot rock, Annex HEnhanced Geothermal Systems (EGS$)vestigating the
development of new and improved technologies to artificially stimtiestge resourcesg.g.
hydraulically fracture the rockp enabé commercial heat extraction for electrigiiypduction and,
in some cases, ageneration of heat for direct use applications. These techniques can adsaltbe
help sustain and eveamhance energy productiahexisting conventional hydrothermal demhents
through reinjection anldy increasing permeabilitySuccessful development of EGS is currently one
of the major challenges facing the geothermal communitg EGS R&Dinvestigations conducted
over the past 30 years have led to2B87commissioing of the firstE GSassisted operatingant
in Landau, Germanyandcompletion ofplants at SoultsousForéts, Francand Cooper Basin,
Australia,within the next 2 years.

In 2007, many of the activities of this Annex were revisAd.economic modelfig task was re

activated to more clearly define and quantify EGS resources ateébopa standardized model

that cartake account of local incentives, labour and environmental requiremerite aised to raise

capital on the marketActions are beingnepared to coordinate how conventional technology like

horizontal drilling, fracture detection and mapping and pumping can be modified for EGS

applicatons and rel ated projects funded by the US DOE
Pr ogr am (EERE, D@yand discussed at the GRazeting (GRC, 2007gndthe Stanford

workshop EGW, 2007).
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The difficulties in accessing the data, results and reports from the previous 30 \EGSafidies

are being addressed, including the developrogatnew search gme to more easily access the

largeresources collectdolyt he US DOE devel opAe di hfalnedthbacogdORr oj ect 0.
Geothermal System Project Management Decision Assistant oiPIBER\ (2005 thatdefines the

data needed for and helps guide the dsyei through all phases of an EGS power development

continues to be distributed.

A new EGS reservoir management task is being designed, now that the first EGS developments are
nearing completion.

One of the essentiahd most expensive parts of geothermal exploration, development and
utilizationis the drilling of wells Significantbenefits can be had by reducing well drilling and
completion costs, which can account for more thafe58f the capital cost of a geotieal power
project AnnexVIl- Advanced Geothermal Drilling Technologyworking to identify, develop and
promote ways toeduce the costs of drilling, logging and completing geothermal .wells

Due to the loss of task leaders and reduced funding of thexALeader, theffort in Annex VI

was severely restricted in 200Rew data from several of the Annex participants was obtained and
incorporated into the well cost database which is being develdpeguests for collaboration were
received and infornien exchangedanddeployment of a downhole high temperature twas

postponed at the last minute due to well proble@asntact was made between Annex VIl and the
ENGINE and HITEN projects, with links established through the GIA website. An Annexngeeti
washeld in March 2007t which future activities were discussed @tehned; and results on

drilling and completion technology and laboratory simulation of drill bit dynamics were presented at
GRC (Blankenship.et al, 2007) andhe Offshore Mechanicand Arctic Engineering workshop
(Raymondet al, 2007).

For millennia, gothermaheat and watenave been used directly for bathing, cooking and

therapeutic purpose Direct use continues todd&gr many applications, inading: building and

district heating; industrial process heating; greenhouse heating; crop drying, temperature control for

fish farming, bathing and swimming; and snow meltihgfact,heatfromt he ear t hés shal | owe
depths (< 100 m depth) can be upeaktically anywhere on earfbr heating and coolingomes and

buildings through thapplicationof geothermal heat pumps&eothermal direct use hagperienced

outstanding groti, almost doubling every 5 years since 1984dits scope forcontinued expasion

remains great

Many direct use applications are now well developed and economically viboleever,
implementation difficulties and unfavourable econonsitii$ provide major challengesAnnex VIII-
Direct Use of Geothermal Resour@kiresseall aspects of the direct use technology, with
emphasis on improving implementation, reducing costs and enhancing use.

The collection, evaluation and comparison of physical and chemicdrdataatural features of the
participating countriesontinueas fart of the characterization of geothermal resouréasluation

of information obtained from questionnaire for direct use of geothermal energy has been
completed and a revised questionnaire is been developed to aeglistc cost and performance
informaion. In addition,the collection ofwvailable information related &ngineering standards for
designs, equipment and contrbkss begun and a comprehensive reference list compiled and
available.

GIS-type nethods to access and presginéct use datare being investigatedvith promisingresults
obtainedthrough the use dboogle Earttbeing further developed
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The geothermal programmes of the GIA Country Members providesatsisfor the cooperative IEA
geothermal activitiesThese programmescus onthe exploration, development and utilization of
geothermal resources. A synopsi€olintryMemberactivities isprovidedin Chaptei6, with a
comprehensive description of the current status of geothermal activities for @éhetpafticipating
countries and the EC provided in Chapféiss.

In 2007, Contracting Parties frorhl countries and the European Commission (EC) participated in
the IEA-GIA. The Member Countries were: Australl@ance Germany, Iceland, Italy, Japan,
Mexico, New Zealand, the Republic of Korea, Switzerland and the United States.

In 2007, thed GIA Member Countries with geothermal generation had an installed capacity of about
6,200 MW, or about &% of the total global geothermal capacityl®026MW ., andgenerated

37,2 GWh/yr, or about 66% of the total geothermal generation af&B85WHYyr (Tables ES&nd

6.1). The United States was by far the largest producer, generatingldtf@@GWh/yr, with

Mexico second witty,393GWHh/yr and Italy third with 5,33 GWh/yr. The percent of national

installed capacity provided by geothermal in THEA-GIA Member Countries with nenegligible

power development ranged from @&for Japan to @5 % for Iceland, with an average of about

5.4 %. The contribution of geothermal to national generation in Member Countries ranged from
0.3% for Japan to 29 % for Iceland, with an average 912 %.

All 11 GIA Member Countries utilized geothermal inafit applications, with a total installed

capacity of about 20,547 My\and total thermal energy used approximately 154,56¢ 42,936
GWh/yr) (Table 6.2). The three largest users of geothermal heat by far were the USA (41,817 TJly
Japan (41,518 TJy and Iceland (26,000 TJ)y However, the nohigh enthalpy geothermal

countries, Germany (8,280 Tdjyand Switzerland (6,063 TJd}yalso had very high utilization,

mainly due to the large and growing geothermal heat pump usage.

Table ES5 Total gethermal installed capacity, electricity generation and direct use in
GIA Member Countries in 2007.

Electrical Annual Energy % of % of Installed Annual Energy
Installed . . Thermal
Country Capacity Generated National | National Power Used
GWhlyr Capacit Ener TJlyr
(MW) ( yr) pacity %)% (MW 1) (TIlyr)
GIA Member 6,195 37197 5.4* 7.2+ 20,547 154,560
Countries
Worldwide Total** 10,0026 56,782 92 119 35,570 329,270
GIA % of
Worldwide Total 62 66 ) ) 58 4

* Average % of7 GIA Member Countriesvith nortnegligible genettéon, including Guadeloupe
Island.
** For sources of erldwide totaldataseeTables ES1 and ES4

The equivalent fuel oil savings by GIA Member Countries for geothermal power generation and direct
use amounted taboutl4.8Mtoe using GIA conversion@viongillo, 2005) or approximately 39.4 Mtoe
based upon IEAssumptionsl( GWh ~ 860 toe; 1 TJ ~ 47.8 toe). Tdwwided CQemissionavere
about48 Mt (Mongillo, 2005.
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At the end of 2007, the GIA H& industry Sponsor Members: Geodygmes LimitedandGreen
Rock Energy Limitedboth fromAustralig and Ormat Technologies, Intom theUSA.

Geodynamicss the largest geothermal company in Australia and specifically focuses on the use of
enhanced geothermal syst&(EGS)technologyfor the economic removal of heat from hot rocks.

In 2007,Geodynamicsaised AUS$ 49.8 M through a rights issue, AUS$37.4 M from shareholder
options and completed an AUS$ 105.6 M joint venture farigreement with Origin Energyl he
companyis currently concentrating on EGS development in the Cooper Basin, South Australia,
where they hold tenements covering 2,006 md where theyhaveproventemperatures >50 °C

at depths of 38 kmand produced the first high temperature (> 20Dgeothermal flows in

Australia To circumvent problems associated with the global drill rig shortage, Geodynamics
purchased a TourneduL i g h t nin 2007, ddpalgedof drilling to depthst km. Well

Habanero #3 walsegun in August 2007 and is expestto be completed to ~ 4,200 m in early 2008.
Geodynamicss also exploring in the Hunter Valley area of New South Wales, Australia, where their
shallow drillinghasindicated elevatetemperature gradients of > 50 °Grikustifying deeper

drilling.

Green Rock Energlimited is a public listed company whose aim is to explore, develop and
produce geothermal energy from both hydrothermal systems and EGS for electricity and direct
use.Gr een Rockds mai n liaandHungaty.i le 2007atheecomipany Aust r a
participated in a joint venture with Hungarian Oil and Gas Company (MOL) and Enex to

develop geothermal in Hungary for power and directusag hot water available from existing

oil wells. Though the twowells tesed hadnon-commercial flow rateshe knowledge gained
encouragedhe formation of anewjoint venturegeothermal company with MOL and Enex hf,

called Central European Geothermal Energy Private Company Limited (CRBBEh is

initially focussing ontwo areas where existing wells encountered substantial hot w&esen
Rockalso holdsexploration licences for three project areas in South Australia: Olympic Dam,
Patchawarrarough area (1,483 kinand Upper Spencer GulL,938 knf). The company owns

100 %interestina3,000kimr ea at BHP Billitonés Ol ympic Dam mi
~ 2 km depth have been located; and is investigating the use of geothermal for a distillation
desalination plant in the Upper Spencer Gulf coast.

OrmatTechnologiednc. isbased in the USAandis a leading company involved in the
geothermal and recoveredenefgy . e. el ectricity generdnion from A
addition todesignng, manufacturing and sellingquipment (e.g. binargower generatojsthe
companydevelops, builds, owns and operates geothermal and recovered energy power plants.
Ormat has built over 90BIW . of geothermal power installations worldwide, and in 2007 had
revenues of US$ 2981, an increase of 10 % on 2008he company has almost 1,000
employeeswith somel00 geologists, resource managand drilling engineers woirkg to

confirm and develop new geothermal fields. In 2007, Ormat establishetiolly-owned

drilling company,Geodrill, with 4 rigs to assiswith increasing its geothermal production.

During the past two years, Ormat has obtained leases for ab56® knf of land in California,
Nevada and AlaskaA successful joint project with US DO& the Rocky Mountain Oil Test
Centre validatedhe feaibility of commercialy producingelectricity using hot water produced
with oil and gasthe first project of this type to provide frea-site powerthat will increase
productivity and possibly longevitpf existing US oil fields.Ormat is alsgursuingjoint EGS
investigations at their Desert Peak geothermal field and their Brady facility in Nevada, USA
and atthe end of 2007a combined heat and power station (with EGS injection) utilizing a

3.2 MW, Ormat unit, was commissioned at Landau, Germany.
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In early 2007, the IEA CERT approvéteextension ofs | Adperationfor a 3° 5-year termtaking
its activities to 2012 At the end of 2007, threguarters of the way through the first year of its 3
term, the GlAhasalreadyenthusiasticallyembracedts new Mission and objectives (GIA, 2006)
having revised and extend@ainexl, 11l and VIII activities,acquired new Country Membership
(France) participaedat severainternational workshops and conferena®dincreased effds in
our informationdissemination about geothermal energy and the. GIA

The GIA foreseesontinued growth itheseefforts into2008 and further intdhe future. The GIA
plans to enhance its visibilignd that of geothermll producingstandalone Executive Summaries
for its Annual Reportand distributing theralong with CDRons containingall of G| AAngual
Reports and other informatiorEfforts aimed at growing and broadening Gifembershipwill be
activelycontinuedwith consideration beingivento inviting international geothermal organizations
from where it is expected that different perspectives and widldse contributed Participation at IEA
workshopsand other international renewable energy and geotheonédrences is already plad

and @ Annex | organize@eothermaBustainabilityWorkshop will be held in association with thé"50
Anniversary of the Wairakei GeotheahPower Station in New Zealand at the end of 2008.

Worldwide cevelopment of geothermal energy for power geinamdtas begun to accelerate and
direct utilization continuealongits largegrowth path Geothermal energy halse potential tomake
a considerableontribuion towards meetinghe future global energpeedsand the GIA sees the
organization and its agtties continuing andyrowinginto the future in order thelp esure that
geothermal provides its maximusnstainableontribution

Antics, M. and Sanner, B. (2007) Statugiebthermaknergyuse andesources ifcurope Proc.
European @othermal Congress 200@nterhaching, Germany, 30 May June 2007, 8 p.

Bertani, R. (2007) World geothermal generation in 2803c. European Geothermal Congress 2007
Unterhaching, Germany, 30 Mal June 2007. 11 p.
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The IEAbegan itsnvolvement in geothermal energy in 19¥8th the launching of two-§ear

long studies which were completed in 198hen followed al6-yearlull in IEA geothermal

activities until the IEAImplementing Agreement for a Cooperative Programme on Geothermal
Research and Technology, or Geothermal Implementing Agreement, {@&a)officially

established on 7 March 1997, wih initial term of five years. In November 2001h e GI Ad s
operation was extended for ¥ 8-year term A major highlightfor GIA in 2007, was the

approvalby the[EA Committee on Energy Research and Technology (CE®R&xtendthe GIA

for a3" 5-yearterm, taking its activities to 31 March 22

IEA Geothernergyinual Repsy




The GIA provides aersatile frameworkor extensiventernational cooperation in geothermal
research, development addployment It brings together nationahd industrygeothermal
programmes for exploratipalevelopment and utilization of geothermal resoyraed focuses on
assembling specific expertisenhancing effectiveness by establishing direct cooperative links
among geothermal experts in the participating countries and induatngeformatiorexchange

The gener al s c op easddfined ih/ArticlSl ohis Bnplarenting\Agréements
document is to provide basic guidance for the organization and consists of international scientific
collaborative efforts to:

U Compile and exchange imroved information on worldwide geothermal energy
research and development concerning existing and potential technologies and practices

U Develop improved technologie$or geothermal energy utilization

U Improve the understanding of the environmental benefi of geothermal energy and
methods to avoid or ameliorate its environmental drawbacks

The GI Abs present efforts are directed primarily t
programmes, with contributions from industry (Sponsor) members. Activitiesmass a range

of geothermal topics from t r a d ipdwergenardtion and direct use of heat, to leadoge

technologies pertinent to enhanced geothermal systems (EGS), advanced geothermal drilling

techniques and sustainable utilization strategiesw $tadies are also encouraged and

implemented when the needs are established.

As of December 200 the IEA-GIA had 15 Members12 Contracting Parties frodd countries:
Australia,France Germany, Iceland, Italy, Japan, Mexico, New Zealand, the RepulHiorea,
Switzerlandthe United Statesandthe European Commission (E@ndthree industry Sponsor
Members Geodynamics, Green Rock Energy Limited and ORMAT TechnologiesSee.Table
1.1 for details.

1.1 Strategy and Objectives

The potentiabf geothermal energis vastandits developmentan contribute significantly
towards meeting the growing global renewable energy denm@adthermal development is
beginning a rapid growth phase worldwide, amdnaintain this accelerated developméris
essential to improve and develop new technologies, promote the benefits of sustainable
geothermal utilization, and better educate the public, financial, and policy sectors.

The GIA began its"85-year term of operation in April 200With these objectivestrongly in

mind, aiming to usets extensive international cooperatimnfocusparticularly on disseminating
information, improving environmental outcomes, enhancing EGS prospects, reducing drilling
costs, promoting direct use applications, and encougdghgterm sustainable development
strategieghat will also contribute to the mitigation of climate change.these ends, tHEA-

GIA set its3" Term (2007-2012)Mission (GIA, 2006b)

To promote the sustainable utilization of geothermal energy thgbout the world by
improving existing technologies, by developing new technologies to render exploitable the vast
and widespread global geothermal resources, by facilitating the transfer of khow, by
providing high quality information and by widely commnni cat i ng geot her mal ener
strategic, economic and environmental benefits.

To accomplistthis mission, the GIA has developed Sixategic Objectives:

U To actively promote effective cooperation on geothermal RD&D through collaborative
work programmesyorkshops and seminars
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U To collect, improve/develop and disseminate geothermal energy RD&D policy
information for IEA Member and nelMlember countries

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

U To increase membership in the GIA

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

U To broaden and increase the dissemination of informatiogeothermal energy and

the Gl A6bs activities and outputs to decision

general public

1.2 Collaborative Activities

The GI Ads programme operates through participation

which are specific investigatioriacludedwi t hi n t he more general Atopico

After approval by the ExCo, detailed descriptions of new tasks, or of completely new Annexes
including many new tasks, are appended to the IA by inclusion wixistirey Annexes, or as new
Annexes, respectively (Chapterdp Each Annex, referred to by its annex number, is managed
by an Operating Agent organization from one of the Member CountriadustrySponsor
Members.

In 2007, participants worked ofour broad research tasks, specified in AnnexeBnlironmental
Impacts of Geothermal Energy Developmeht Enhanced Geothermal Systerws- Advanced
Geothermal Drilling Techniques; and Annex VIDirect Use of Geothermal Energy.

Annexes land Il werepart of the original GIAand have continued programmes into #fe
Term, as hae AnnexesVII (started in 200Land VIII (begun in 2003) In addition, Annex
VIl wasextended by unanimougExCovotein December 2007or afurther 4 years, to 201
Annex V has been placed on hold, witlh new TaskSustainable Utilization Strategies
included in Annex I. Annex VIremains in its originatiraft form, though it may beevised
for future consideration.

A list of Annexes, Operating Agents and indicatiorAohexstatus as of December 208
provided in Table 2; more complete details of objectives, results and work planned f&fa00
the active Annexes are presented in the Annex Reports included in Chaptefafle 1.3
presents brief summas ofthe current draft and the closed Annexes.

Participants mustake partin at least one Annex, with their involvement defined by
activities relevant to their current research and development programmes. Each Annex
is divided into Tasks, and not all participarare necessarily active in all Tasks in those
Annexes in which they participate. The involvement of the participants in the Annexes
is shown in Table 1.

TodateGIAAnnexes have opeshaedngodepbodeheffifaskncing,

participans allocate specified resources and personnel to conduct their portion of the work at their
own expense. Though precise figures are not availdble,t icost so0 associ ated
work conducted under the auspices of the GIA during th&&mare estimated tbe well over

US$ 310,000 per year plus several myaars (GIA, 2006a)
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Table 1.1 Contracting Parties, Sponspfgnding sources and periods of operation for the Annexes

active to the end of December 2007.

Annex

i

VIl

Environmental Enhanced Direct Use of
Country/Industry Contracting Party/Sponsor Impacts of Geothermal Ad\{apced Geo;hermal Geothermal
Geothermal Drilling Techniques
Systems Energy
Development
Primary Industries &
Australia ResourcesSouth Australia G G
(PIRSA)
EC The Commission of_t_he G G G
European Communities
Bureau de recherches
France géologiques et miniéres G G G
(BRGM)
Forschungszentrum Jilich
Germany GmbH G
Geodynamics Geodynamlcs_ Limited, OA |
Australia
Green Rock EnesgLimited,
Green Rock Energy Australia
Iceland Orkustofnun G, G OA, G
Italy ENEL Produzione I
National Institute of
Japan Advanced Industrial Scieng R R R
and Technology (AIST)
. Instituto de Investigacione
Mexico Electricas (IIE) G G
New Zealand GNS Scence OA R, I | R
. ORMAT Technologies, Inc
ORMAT Technologies United States.
Korea Institute of
Republic of Korea Geoscience & Mineral R
Resources (KIGAM)
Switzerland Swiss Federal Office of G G G
Energy
United States Department
USA Energy(US DOE) N N OA, N U
Annex Start Date 1997 1997 2001 2003
Date Current Term of 2009 2009 2009 2011
Annex Continuing To
End Date* Ongoing Ongoing Ongoing Ongoing

G = Government; | = Industry; R = Research Institute (government funded); N = Nasiboedtory (government funded);
U= University; OA = Operating Agent; * = Ongoing means no fixed end date yet determined
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Table 12 Annex Title, Operating Agent and Status of GIA Annexes at December 2007.

Annex

Title
Operating Agent (OA)

Status

Number | Task Leader (TL); Affiliation; Contact E -mail
Participants
Environmental Impacts of Geothermal Development
OA: GNS Science (GNS), New Zealand Active since 1997
TL: Chris Bromley; GNS, New Zealand;bromley@gns.cri.nz S y
. . ; Continuing through 2009
ParticipantsAustralia,EC, Franceceland, Itay, Japan, Mexico, New Zealand
Switzerland USA
Il Shallow Geothermal Resources Closed
Enhanced Geothermal Systems
OA: Geodynamics Limited, Australia Active since 1997
1] TL: Roy Baria, MIL-TECH UK (for Geodynamicsyoybaria@aetel.com Continuing throuah zboc
Participants: Australia, EGrance Geodynamics, Germany, Green Rock 9 9 )
Energy, Italy, Japan, ORMAT, Switzerland, USA
Closed
\ Deep Geothermal Resources September 2006
\Y, Sustainability of Geothermal Ergy Utilization Draft
VI Geothermal Power Generation Cycles Draft
Advanced Geothermal Drilling Techniques
VI OA: Sandia National Laboratories, United States Active since 2001,
TL: Steven BauerSandia National Laboratories, USA; sjbauer@sandia.gov | Continuing through 2004
Participants: EC, Icetad, Mexico, New Zealand, USA
Direct Use of Geothermal Energy
OA: The Federation of Icelandic Energy and Waterworks, Iceland
TL: Einar Gunnlaugsson; The Federation of Icelandic Energy and Waterwor Active since 2003,
Vil . . S
Iceland einar.gunnlaugsson@or.is Continuing through 201
ParticipantsFranceceland, Japan, New Zealand, Republic of Korea,
Switzerland, USA
IX Geothermal Market Acceleration Closed

In March 2003, the GIA Secretariat was establishqur¢eide the ExCo with administrative and

ot her
sharing,

as to
contri

as wel |
Me mber s

assistance,
whereby all

they have been allocatg¢see Section 1.4 for details).

assi
bute to a

st wi t h

A brief review of the geothermal situation, activities and achievements made by each Member
Country and a company profile and description of activities for each Sponsor (industry) Member
are provided in Chapté; with detils reported in the individual Country and Sponsor Reports
makingup Chapterg-18 and 1921, respectively.

Mor e i

nf ormati on about the GI A0bds

mongillom@eap.org.nor by visiting the GIA websitesww.ieagia.org

1.3 Structure of the GIA

activities

The GIA is supervised by an Executive Committee (ExCo), which consists of one Member and
one Alternate Member designated by each Gaititng Party and each Sponsor. There is one

Contracting Party for each country, usually a government department or agency. The ExCo meets

regularly twice each year to exchange information, discuss activities and progress in each of the
Annexes and in e&cof the participating countries and industries, and to plan future actifties
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the organization Decisions are made by majority vote (unless otherwise specified in the 1A), with
each Contracting Party and each Sponsor allowed one vote. In 2002AtExGd decided to

increase the scope of its activities. Consequently, it created a dedicated Secretariat, which began
operations in March 2003 and is funded by a-shstred Common Fund.

Table 1.3 Annex number, name, description and status for drafitampleted Annexess of December 200

Annex Title

Number Description Status

Shallow Geothermal Resources

The GIA ExCo made the decision in October 2000 to close this Annex after it
I reached the draft stage. Its major topic, which was associdtetheiapplication Closed
of geothermal heat pumps, is now included in Annex-\Difect Use of
Geothermal Energy, which was initiated in September 2003.

Deep Geothermal Resources

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

v completion of much of its work, and because of the overlap of the remaining September 2006
activities with those in Annexes Ill and VII. The unfinished studies were
transferred to Annexes Il and VII.

Sustainability of Geothermal Energy Utilization

This proposed Annex would investigate alternative scenarios for energy produ
from representative geothermal resources with the goals of (1) defining metho
requirements for sustaining production from these resources, and (Ayftess

the longterm economic sustainability of such production not only for represent

resources but for the worldwide geothermal resource as a whole. Draft

The issue of Asustainabledo energy p
importance over the pafgw years. Consequently, during 2006, the GIA ExCo
made a preliminary decision to initiate a sustainability Task in Annex . Howe\
if activities expand in the future, it is possible that this Annex would be activatg

Geothermal Power Geneation Cycles

This proposed Annex would develop scenarios as a basis for comparison of cy
plant performance and availability, economics and environmental impact and

Vi mitigation. The output would be a database and guidelines of best practice.

Draft

A draft of this Annex was prepared in 2001, and it is currently being updated a
revised due to growing interest in the topic.

Geothermal Market Acceleration

Geothermal electricity production and direct heat use are well developed and
economically viake in many parts of the world, however, there are large untapp
resources in many countries. The ExCo explored ways to hasten geothermal
development, or market acceleration, in these countries during the last few ye
and decided that a more paative approach was needed, possibly including:
identifying a few regions with high geothermal potential, collating resource
assessments on a few sites and discussing with key players (government, utili
developers, financiergfc) the barriers tonogress in their regions. Consequently
this market acceleration Annex was drafted.

Closed

In October 2004, following the | EAD
acceleration type of 1A, the ExCo made the unanimous decision to close this A

GIA research results are disseminated through participation at international conferences and
workshops, and publication in scientific and technical journals and conference proceedings (details
in Chapters 6). In addition, information is made more widelyeMaa bl e on t he GI A6s pub
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website, through promotional material produced by the GIA Secretariat, and via IEA publications

and the IEA websitenfww.iea.org.

In 2007, 11 countries, one international organization ané¢hindustries formally participated in
this programme (Table 1).

1.4 The Executive Committee

Officers

In 2007, Chris Bromley(New Zealanjiwas electeés Chairmanto replace Dr David Nieva
(Mexico) who desired to stegown from an Officer roleDr Ladislaus Rybach (Switzerland) and
Dr Allan Jelacic (USAXxontinued teserve as Vice&Chairs for Policy and Administration,
respectively.

Membership

There were several changes in the ExCo composition in 2006EC Member,Dr Jeroen
Schupperswas replaed byMr Andreas Piontekthe Iceland MembeBr Helgi Torfason, was
replaced byDr Jonas Ketilsson; the Alternate Member from Japan (NEDO)XChioshiAkasaka
transferred from NEDO, so was replaced by Mr Yoshinori Makino (NECID)Rudolf Minder
replaed Dr ThomadMégelas Alternate Member for Switzerlaridr Lothar Wissing became the
ExCoMemberfrom Germany, exchanging positions with Dr Dieter Rathjen, who became
Alternate memberFrance joined the GIA in 2007, with Dr Patrick Ledru appointed as ExCo
Member and Dr Fabrice Bossier as Alterridember

The list of ExCo Members and Alternates as at Decembeéf i2q@ovided in Appendix B.
Meetings

The ExCo held two Meetings in 20@0 conduct business, including the discussion and review of
ongoing taks and planning of future activities.

17 ExCo Meeting 223 March 2007, Nice, France

The 17" ExCo Meeting was held a22-23 March 2007, ahe Hotel La Perouse, Nice, France,
with the support of ADEMEand BRGM Nice was the chosen locatitimcelebate France
becoming the GI Alhere were 8leparticipakite, mdluding ERCo Members
and 6 Alternate Members, 7 Observers, 5 invited Guests and the GIA Secretary.

The ExCo unanimously approved the electiorGiiris Bromley as the new Chédreplacing David
Nieva),and Allan Jelacic and Ladislaus Rybach as Mit®irmen.

Chair David Nieva reportetthathis invited presentatlon to the CERT at IEA Headquarters in Paris

in support of the GI A6 s“5ggarrennaswellirezaivedindthate xt ensi on
the CERT had approved the extensiorhe GNS Science (New Zealand) contract for operating

the GIA Secretariat was un%ermmously continued for

All four GIA Annexes held meetings on Wednesday 21 March 2Q®ié four Annexes reported

on their activities at the ExCo meeting, as did the European Commi$8i@ountry Members

and the 3 Sponsor (industry) MemheFsance presented their first Countgport, notinghe
renewed activity in geothermal research and @eaif a new geothermal department in BRGM to
structure all French geothermal activitidgsSGSprojects are proceedingith Soultz (France) and
Cooper Basin (Australia) progressingll and Landau/Germany)plaming acombined electricity
generation (2.581W,, with 1.5 MW, production) and heat use (5.1 M\grojectto come ofline

in late 2007.
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The ExCo decided to begitihe geothermakustainabilitystudies as a new Task in Annex I, rather
thanstartan entire new Annex V, though theaft Annex \* Sustaimble Geothermal Energy

Productiorwas kepfiopeno f or p o s s itwds alsoflacitied to add a mew Annext i on .
VIII Task on geographic representation of direct use data using Google Eaticlynamics was
conditionally approved as thmewOperding Agent for Annex I} EGS

The importance of induced seismicity was stressethe result aheeventsexperienced at Basel,
Switzerland in December 2006. The Ex@pproved the production afGIA documento be
submitted to the IEA OPEN Bulletimhich explainsinduced seismicity andmphasizethat there
are still several R&D questions needing investigation.

The Secretary provided a report on the operation (work accomplished and budgets) of the
Secretariat for the 2@year and the 200year toMarch 20@, presented a work plan and revised
budget for the remainder of 2D0and gave an update on the Common FQuhtinued growth in
GIA membership was discussed, with interest from Hungary and Spain reported.

The IEA Secretariat report was preseraed the GIA confirmed its participation in the IEA
Ministerial Fair being held in Paris, in May 2007

The ExCo agreed to hold th81ExCo Meeting inVlainz, Germany on25-26 October 2007, in
association with the First European Geothermal Ree@ieience However, a later offer from
BESTEC to host the Meeting at their offices in Kandel, Germany was later accepted by the ExCo.

18 ExCo Meeting 286 October 2007, Kandel, Germany

The 18" ExCo Meeting was hosted by BESTEC, and held at their offic&sndel, Germany, on
25-26 October 2007.The meeting was held in conjunction with the First European Geothermal
Review, Mainz, Germanyhus allowing ExCo Meeting participants to take gfive papers were
presented by GIA participants)Twentythree people attended, including: 10 ExCo Members, 4
Alternate Members, 8 Observers and the GIA SecretArfieldtrip to the Landau EGS site was
alsoprovided by BESTEC.

ExCo approved production of a standalone Executive Summary of the 2006 Annual Report and

CD-Rom with all GIA Annual Reports (1992006) forinformation dissemination and promotion

purposes.The importance of producing geothermal costs information was stressed, with the ExCo
deciding to design a ficost tabled to which Members

The GIA continued to pursue the Membership of the major geothermal countries not yet Members,
and the Secretarnyould beparticipating in the IEA NEET Workshop in Beijing, China, as part of

this effort. ORME Jeoterma(Turkey) confirmed its intereshijoiningas a Sponsor Memhend

the ExCo agreed to invite thenMembershignterest on the part of Hungary and Spain are to be
followed-up.

Annexes | and Il held meetings on 24 October 2007. Reports from Annexes |, IIl, VII and VI,
the ECand10CountryandSponsor reports were presented and di s
environment al procedureso developed in Annex | wer

Annex Il were presented for consideration aneslv Task Leaders provisionally apted.

Secretariat work plans and budgets for the remainder of 2007 and for 2008 were submitted along with
the Common Fund report, atitese wer@nanimously accepted by the attending ExCo Members.

It was recognized thalhé GIAhadcontinued its activeelations with the IEA Secretariat, having
contributed a geothermal section for the IEA ETP 2008 bpakjided documents and posters for
the IEA Ministerial Fair(Paris, France)participated in the IEA Demand Side Technology
Workshop (Paris, France) andnfirmed its participatioin the IEA NEET Workshop in Beijing,
China,on 1-2 November
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The IEA Secretariat representative presented a report which included information on IEA
activities and publications. They thanked the GIA for its input into IEA malilbns and
activities, and especially for participatitag the IEA Ministerial Fair and Demand Side
Technology Workshop

The ExCoreiteratedhe importan