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IEA Geothermal Energy

Message from the Chair

As the International Energy Agency (IEA) Geothermal
Implementing Agreement (GIA) approaches the end afitend
five-year term it has been a time for reflection ostpa |
accomplishments, pending issues and future directions. @urin
this period, the GIA has grown in membership and congelida
as a group, with sufficient governmental, academic angsinidl
representation to act as an effective agent for the gifomof
geothermal energy utilization around the world. Its mensiip
includes— still with some important exceptions— the geothlerm
pioneers, the largest geothermal electric power producers
leading users of geothermal heat for direct applicatiand
companies, countries and institutions associated withdime of
the most advanced geothermal research programmes.

Although the coordination of participants’ geothermal resear
programmes remains at the core of its activitiesGhA has evolved in other important dimensions.
It has largely increased its visibility to the interdspeblic through the installation in 2004 of the
GIA Webpage. In addition, it has joined forces with th& Becretariat in order to produce
electronic and printed material with reliable statsstiod general information on geothermal
technology, and to channel it though the Agency’s informatetwork and appropriate forums.

Of the pending issues, there is one of particular cartoeme and, | am sure, to other members of
the Executive Committee. If one observes the patiegeothermal utilization around the world, one
finds enormous contrasts between countries which have érgited from their geothermal
resources— in some cases generating from them a gabt of their nation’s electricity and their
heat for direct use— and those which have not yet developeddsources. The former consider
geothermal technology mature and are perfectly awate wftues as a reliable, competitive and
environmentally benign technology; some of them are eveturieg into the commercial

application of emerging geothermal technology. Some obtter have geothermal resources with a
potential equivalent to those of the most productive geotidields in the world, but still show

little inclination to make use of their indigenous resourths clearly indicates that the barriers to
geothermal development are varied in nature, and thatftieeo$ development of the technology and
availability of indigenous resources are perhaps not tet important factors. A reasonable
hypothesis is that there is an acute lack of awareneasgasome decision-makers of the potential
benefits of geothermal technology, as well as of #intries’ indigenous resources. | believe that
the IEA, the GIA and other organizations which share tissiom of promoting the utilization of
geothermal energy around the world should adopt, asfdheir primary concerns, the task of
improving the awareness of geothermal technology amongstatemakers around the world, at
least to the level accomplished by promoters of gtrezwable energy technologies.

In conclusion, | recommend to you this comprehensive amapait on the GIA activities for
2006. In particular, the executive summary provides an illumiganapshot of the current
worldwide status of geothermal energy development, iid emqeeleration and exciting future.
With concerted efforts to remove barriers, both exal perceived, the next five year term should
see geothermal taking an even more prominent positiglobal renewable energy portfolios.

David Nieva
Chairman, IEA-GIA Executive Committee
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Executive Summary

Drill rig at the EGS project “Deep Heat Mining” in thigyoof Basel, Switzerland
(photograph courtesy of Geopower AG Basel, Switzerland).

INTRODUCTION

2006 was one of the IEA Geothermal Implementing Agreeme{&I#\) most successful years
yet. In addition to continuing its international collabomctivities to support and advance
geothermal energy use worldwide, the GIA prepared its E@tf @ferm Report and new Strategic
Plan as part of the application procedure for extendingperation for a'35-year term. This
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2006 Annual Report describes these activities and the acj@vements of IEA Geothermal and
its participants for the year. Of particular notéhis 25 % growth in GIA membership with the
joining of our first 3 industry Sponsor Members: ORMA&chnologies, Geodynamics and Green
Rock Energy, thus taking membership to 14. The curtantssof the Member Countries’
geothermal energy policies, uses, market situationoecms, research activities, education and
international activities is discussed and our 3 new Smoklembers are introduced and their
activities described.

This Executive Summary begins by setting the context intwthie IEA-GIA operates. It presents
a brief introduction to the world’s current energy sitratthe current contribution that
geothermal resources are making to the global energyysugul the potential significant
contribution that geothermal resources could make in fultiiecludes a brief description of the
GIA and a synopsis of the information described in detahe Annex, Member Country and
Sponsor reports provided in Chapters 2-6, 8-18 and 19-21, regpectivfew highlights of GIA
Members’ 2006 activities are provided and the major aelments of the GIA’s research pursuits
are presented. Finally, the GIA’s plans for 2007 atéred.

Geothermal Energy in the World Energy Scene

The global demand for energy continues to accelerdiiée awareness of climate change issues
encourage a worldwide desire to greatly expand the useasf,alenewable energy resources.
Providing affordable, reliable and clean energy to mestthegpidly expanding needs is an
enormous challenge, and geothermal energy can be agmeificant part of the solution.

In 2005, the worldwide total primary energy use was estidniat be about 479 EJor 133,000

TWhy, equivalent to 11,435 Mtoe (IEA, 2007a). This enerdization corresponds to an average
annual power consumption of 15.2 FWassuming 24 hour per day usage. Current estimates
(Stefansson, 2005) indicate tmest likelyworldwide total technical potential for geothermal
resources (restricted to the continents) is abouf'8/f (205 Eg/y). Of this total, 210 G\M6.5

El/y or 65 Eg/y) are for resources with temperatures > 130 °C tHrabe developed for electricity
generation using conventional methods, and 4.4 {440 EJ/y) are for resources130 °C and
considered mainly for direct heat uses. More optimésttimates increase these numbers by factors
of 5-10! Itis very important to note that the abovérestes do not consider 1) the contribution
binary generation can add utilizing the hot water dis@thfigm conventional plants (co-generation)
and the water from the lower temperature geotherrealirees (100 - 130 °C), 2) the cascaded use
of hot water discharged from geothermal power stafamdirect heat applications or 3) the huge
geothermal energy potential available within drilling dejpthtte earth’s crust via enhanced
geothermal systems (EGS) development. Recent stadieate that over 200,000 EJ are
extractable within the USA via EGS techniques (about 2j688s the USA’s 2005 annual primary
energy consumption!), with more than 100 Gif/cost-competitive generating capacity developable
within the next 50 years given reasonable R&D investn\fit,(2006). Similar estimates of 100
GW, capacity have also been made for the Rehai and Yanghejitigermal fields of China (Wan,

et al, 2005) and for regions across India (Chandrasekhar amdi@isakharam, 2007).

Consequently, geothermal resources have the potentiakarzonsiderable contribution towards
meeting the world's current and future energy needsth®amal energy also has characteristics
which make it extremely valuable for both electricity gration and direct heat use, including:
extensive global distribution, environmentally friendhacacter, independence of season, immunity
from weather effects, indigenous nature, contributiatetelopment of diversified power,
effectiveness for distributed application and sustd#naévelopment capabilities. Though
geothermal usually operates as a baseload proviedabficity with availability and load factors
typically well above 90%, it can also operate in a ladlbfiing capacity, albeit at lesser efficiency.

Status of Worldwide Geothermal Energy in 2006

In 2005, 24 countries worldwide were generating electriciiynfgeothermal resources, with a
total installed capacity of more than 8,900 lVi&d electricity generation of about 54,330 GWh/y
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(data from Bertani (2005), revised using 2005 GIA data fdaitd and USA). During the period
1980-2005, the worldwide geothermal installed capacity inatd®sa factor of about 2.3, at a very
steady rate of 200 MW (Figure ES1). However, in the last few yearsttggonal development has
begun to accelerate. In the period 2005-2006, ttedl@tscapacity in GIA Member Countries alone
increased by 522 M\ (9.5%), to 6,000 M}/ and generation grew by 2,350 GWh/y (6.7%), to
37,205 GWh/y. Table ES1 presents the 2006 data foM&mber Countries along with the most
recent (2005) published data available for the remaitingpuntries with geothermal generation
(Bertani, 2005). Geothermal growth in GIA Member &des during 2005-2006 amounted to
increases of about 5.9% and 4.3%, relative to the @@@global capacity and generation, respectively
(Table ES2). The lower percentage growth in generalative to installed capacity is because not all
new installed capacity generated power for entire caferears.

Table ES1 Geothermal power installed capacity and electricityegation for GIA Member
Countries in 2006, plus 2005 data for 16 other countries for ZB¥¥afi, 2005).

Installed Annual Energy % of % of
Country Capacity Produced National National
[MW] [GWhy] Capacity Energy
Australia* 12 7 Negligible Negligible
Austria 1 3.2 Negligible Negligible
China- Tibet 28 95.7 30 30
Costa Rica 163 1,145 8.4 15
El Salvador 151 967 14 24
Ethiopia 7 na 1 n/a
gﬁgggloupe Island 15 102 9 9
Germany* 15 0.2 Negligible Negligible
Guatemala 33 212 1.7 3
Icdand* 422 2,631 24.9 26.5
Indonesia 797 6,085 2.2 6.7
Italy* 810 5,200 1.0 19
Japan* 534.24 3,228 0.2 0.3
Kenya 127 1,088 11.2 19.2
Mexico* 953 6,685 2.2 3
New Zealand* 450 3,210 55 7.6
Nicaragua 77 270.7 11.2 9.8
e Ganea | 1
Philippines 1,931 9,419 12.7 19.1
gggul\%iagluel Island 16 90 25 n/a
Russia 79 85 Negligible Negligible
Thailand .3 1.8 Negligible Negligible
Turkey 20 105 Negligible Negligible
USA* 2,831 16,250 0.3 04
Total 9,452 56,679 9.5 11.7*%*
Total GIA Countries 6,000 37,205 5.7%* 6.6**

na = not availablet GIA Member Countries; ** Average values excluding negligible contributions.

Geothermal energy provides a major contribution to #i®nal generation of many countries,
with seven countries now having more than 10% of theirliadtaapacity from geothermal and
six obtaining more than 15% of their electricity from tp@omal (Table ES1). The average
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contribution to national installed capacity for GIA MegniCountries with “non-negligible”
installation/generation was 5.7 %, with the correspondirgage contribution to national
generation being about 6.6%. The corresponding worldvatiees were 9.5% and 11.7%,

respectively (see Table ES1).

The total GIA geothermal generation of 37,205 GWh/giivalent” to a savings of about 32.0
Mtoe (using IEA (2007b) conversion for geothermal: 1 GWh68L0* Mtoe) and avoided CO
emissions of 30.4 Mt (using GIA (Mongillo, 2005) conversibrGWh ~ 817 t of Cg). The
equivalentsavings for the worldwide total generation of 56,680 GVihAbout 48.7 Mtoe and

avoided CQ emissions of 46.3 Mt.

Worldwide Geothermal Installed Capacity 1975-2006
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Figure ES1Worldwide geothermal installed capacity for the period 18786 (the 2006 data
point [red triangle] includes GIA data for 2006 and 2005 datd6oother countries (Bertani,
2005); the trendline was calculated using data for 1980-2005).

Table ES2 Worldwide installed geothermal capacity (1975-2G0&) electricity generation (1995-2006)

Year 1975 1980 1985 1990 1995 2000 2005 2006**
Geothermal Installed
Generating Capacity 1,300 | 3,887| 4,764 5,837 6,798 7,974  8,930* 9,452
(MW,)
Increase Over Previous
Five-Year Period ) 2,587 | 877 1,068 | 966 | 1,176 956 522*
MW ¢ 99) | (22.6) | (22.42)| (16.6) | (17.3) | (12.0) (5.9%
(Percent)
Electricity Generation ) ) ) ) s d
GWhiy 37,744} 49,261 54,329 56,679
Increase Over Previous
Five-Year Period ) ) ) ) ) 11,517| 5,068 | 2,350*
GWhly (30.5) | (10.3) (4.3%
(Percent)

* Change from 2005 to 2006 (only changes in GIA Member Countryinieltaded)
** 2005 values incorporate corrections for Iceland and USA 2085 data

*** The 2006 values are indicative and consist of 2006 dat8 IA Members and 2005 data for the other

16 countries with geothermal power (Bertani, 2005)

When considering the contributions of renewable energgurces it is not only useful to know
their installed capacities; more important is thentcbution efficiency” with which they provide
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the power, i.e. the ratio of the energy generatedetinttalled capacity. This ratio takes into
account the “availability factor”, i.e. the amounitine that the renewable generator is available
to produce power. As shown in Table ES3, the contribwficiencies for the various
renewables in the 30 OECD countries in 2005 were: 7.8/GMV, for geothermal (6.2 for GIA
Member Countries in 2006), 5.4 GWh/MWér solid biomass, 3.7 GWh/MWor hydro, 1.9
GWh/MW; for tide/wave/ocean, 1.8 GWh/M\tbr wind and 0.4 GWh/M\Wfor solar PV (IEA
2007b). Geothermal’s very high availability factor maitesluable for baseload generation. It is
interesting to note that though wind installed capamity generation are both growing at
extremely rapid rates, geothermal is 3.4-4 times mdfieitnt” in its generation, i.e. geothermal
provides 3.4-4 times more electricity per installed megiawa

Table ES3 Installed capacity, electricity generation andidoution efficiency for renewable
resources in OECD Countries for 2005 (data from EO®7b) and GIA Members for 2006.

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

Geothermal

GIA Members 2006 6,000 37,205 6.2

OECD 2005 5,100 37,300 7.3
Solid Biomass 20,000 108,400 5.4
Hydro 345,600 1,270,500 3.7
Tide, Wave, Ocean 300 565 1.9
Wind 50,800 93,700 1.8
Solar PV 3,800 1,605 0.4

As of May 2005, 72 countries were utilizing geothermal entgglirect use applications,
including: space, greenhouse and aquaculture pond heating; tagaictitying; industrial uses;
bathing and swimming; cooling; and snow melting (@eh al 2005). The total installed capacity
was 28,269 MW, and the thermal energy usage 273,372 TJ/y or 75,940 GiMaly (Table ES4).
Over 50% of direct use installed capacity was contribbyegeothermal heat pumps. In 2006, the
10 GIA Member Countries had a total installed thermalgoaapacity of 16,317 MWand utilized
137,745 TJly.

Table ES4Worldwide direct use categories and their development 1995-2@05 (f
Lundet al.,2005).

Capacity Utilization
Category (MW ) (TJly)

2005 2000 1995 2005 2000 1995
Geothermal heat pumps | 15,384 5,275 1,854 87,503 23,275 14,617
Space heating 4,366 3,263 | 2,579  55,25f 42,926 38,230
Greenhouse heating 1,404 1,246 1,085 20,661 17,864 15,742
Aquaculture pond heating] 616 605 1,097 10,976 11,733 13,493
Agricultural drying 157 74 67 2,013 1,038 1,124
Industrial uses 484 474 544 10,868 10,22( 10,120
Bathing and swimming 5,401 3,957 1,085 83,018 79,54p 15,742
Cooling/snow melting 371 114 115 2,032 1,063 1,124
Others 86 137 238 1,045 3,034 2,249
Total 28,269 | 15,145 8,664 273,372 190,609 112,441
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Direct use installed capacity has nearly doubled evgmsars since 1995 and the corresponding
energy use has increased by a factor of almost 2.5200fuse is equivalent to an annual
savings of about 13.1 Mtoe in fuel oil (using the IEA (200dnversion for geothermal: 1 TJ ~
47.8 toe) and 31.2 Mt in avoided g€missions (using GIA conversion (Mongillo, 2005): 1TJ ~
114t CQ). GIA Member Country utilization in 2006 was equivalenah annual savings of 6.6
Mtoe and avoided CQemissions of 15.7 Mt.

THE IEA-GIA- AN OVERVIEW

The IEA-GIA provides a flexible framework for wide-rangimgernational cooperation in
geothermal R&D, with its overall Mission for th& Term (2002-2007) beingto advance and
support the use of geothermal energy on a worldwide scale byoaviag barriers to its
development It brings together national and industry programroegxXploration, development
and utilization of geothermal resources, with a focussserabling specific expertise and
enhancing effectiveness by establishing direct coaperkiiks among geothermal experts in the
participating countries and industries. The GIA’s presetivities are directed principally toward
the coordination of the ongoing national programmes, vattiributions from industry members.
New studies and activities are initiated and implemewtezh needs are established.

The GIA’s general scope of action, as specified in itsdomghtal operating document, the IEA
Implementing Agreement for a Cooperative Programme ath@emnal Energy Research and
Technology (GIA), consists of international scientdatlaborative efforts tocompile and
exchange improved informatiam worldwide geothermal energy research and development
concerning existing and potential technologies and pes;tievelop improved technologits
geothermal energy utilization; aimdprove the understanding of the environmental bereffits
geothermal energy and methods to avoid or minimizenits@mental drawbacks. Objectives
during the & Term have been specifically focused to: expand Ré&Rloration, increase the
number of participants, increase outreach to non-Megtagntries with large geothermal energy
potential; evaluate market stimulation mechanismstongdissemination of information about
geothermal energy and use the IEA’s reputation to hedgdge limited R&D funding.

The project activities, called “tasks”, are defined arghnized in “Annexes”, which are appended
to the IEA GIA document. Participants must take part inast one Annex. Table 1.2 in Chapter
1 lists the Annex titles and involvement of the partioipan them. The GIA is supervised by an
Executive Committee (ExCo) and its decisions are bgpdn all Members. The ExCo consists of
one voting Member from each Member Country and Sponsor

During the GIA’s current term, the Annexes have operatetér the “task-sharing” mode of
financing, in which participants allocate specified resousoelspersonnel to conduct their portion
of the work at their own expense. Though exact figuresiat available, the total Annex work
conducted under the auspices of the GIA is estimatedvtolieen well over US$ 310,000 per year
plus several man-years (GIA, 2006a).

In March 2003, the GIA Secretariat was establisheddwaige the GIA ExCo with administrative
and other assistance. It is funded through “cost-sHasivigereby all Members contribute to a
Common Fund according to the number of “shares” tlaey theen allocated by the ExCo.

2006 was the GIA's last entire year of operation inttsent (2% 5-year term, which ends on 31
March 2007. The GIA has been very active and achiegedat deal through the particularly
successful pursuit of its current mission. However, thfer€cognizes that there is still a
considerable amount of work remaining to ensure thahganal energy makes the significant
contribution towards meeting the world’s acceleratinggndemands it is capable of.
Consequently, the GIA ExCo unanimously voted to applyedHE# to extend its operation for a
third 5-year term, taking its activities into 31 March 20Tais request entailed the preparation of
a detailed End of" Term (2002-2007) Report (GIA, 2006a), which presented and assessed t
GIA's 2™ Term activities and achievements, and the developriienhew Strategic Plan (GIA,
2006b) for the § Term period 2007-2012; submitted to the IEA Secretari@0oDctober 2006
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and 9 November 2006, respectively. The final decision @GtA's extension request will be
made by the IEA Committee for Energy Research and Teadwm(RZERT) at its next meeting in
February 2007.

COLLABORATIVE ACTIVITIES

The Annexes

In 2006, the participants in the IEA-GIA worked in five bilo@search areas, specified in the
following Annexes:

* Annex |- Environmental Impacts of Geothermal Energy Dmpraent

Annex lll- Enhanced Geothermal Systems

» Annex IV- Deep Geothermal Resources (closed September 2006)
* Annex VII- Advanced Geothermal Drilling Techniques

* Annex VIII- Direct Use of Geothermal Energy

Annexes |, lll and IV were initiated in the original implenting agreement in 1997, and have
continued programmes into the current term, as has Aviliewhich was started in 2001. In
September 2006, Annexes |, Il and VIl were extended by x@oHEor a further 4 years, to 2009;
while Annex IV was closed as a result of the completiomuch of its work, with remaining
unfinished studies transferred to the closely alliedéxes Il and VII. Annex VIII was officially
initiated in 2003, though it did not begin its activitiesiuBeptember 2005, and its first term of
operation continues to 2007. Four additional Annexes: || 8vidleothermal Resources, V
Sustainability of Geothermal Energy Utilization, VI Geatmal Power Generation Cycles and IX
Geothermal Market Acceleration, were previously drafeth |l and IX subsequently closed.
The possibility of initiating Annex V continues to be dissed, and the draft description of Annex
VI is being revised. The status of the Annexes is ptesen Table 1.1 (Chapter 1).

A brief discussion of some of the GIA’s activitieglanajor highlights for the Annexes active in 2096 i
presented below. Details are available in Chaptedlin the Annex Reports included in Chapters 2-6.

The Geothermal Resources Council Meeting 2006

The Geothermal Resources Council (GRC) Annual Meetingisnajor international events at
which geothermal RD & D topics are discussed, with majophasis on information
dissemination. The GIA presented several papetssatriteeting, held in San Diego, California,
USA, on 10-13 September 2006, covering topics including: sadlidity of geothermal energy
use, predicting subsidence, low temperature geothermabgaveht in Korea, geothermal well
cost analyses, cooperative research on induced seismiEiySnand the status and prospects of
geothermal energy in Europe. Two of these GIA papersg€tyand Mongillo (2006) and
Bromley (2006)), worGRC Best Paper Awards.

The RE 2006 Japan Congress

The GIA patrticipated at the important 2006 Renewable Brn@omgress held in Chiba, Japan, on
9-13 October 2006, in two ways. First, two GIA papers \weesented at the forum: one on the
growing role and status of the GIA (Muraok#a al, 2006) and the other on utilization strategies to
promote beneficial environmental effects (Bromletyal, 2006). Second, three GIA documents
which provided information on geothermal energy and destithe GIA and its activities were
distributed by the IEA Secretariat at their exhibititemsl.
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GIA Participation in IEA Activities

As mentioned above, the GIA provided the IEA with threeudnents for distribution at their RE
2006 Japan Congress exhibition booth. In addition, a GIA Eg@@sentative participated in the
IEA RE Heating & Cooling Seminar held in April 2006. Cobditions for the IEA Global Energy
Technologies Perspectives and the IEA Cutting Edge 2007 @Bi#6c) books were also prepared
and an article on geothermal energy and the GIA wasgheliin the IEA OPEN Bulletin #35
(Nieva, 2006).

Geothermal Energy Use and the Environment

The environmental impacts of energy use are a globakoond@hough geothermal is regarded as
benign, there are some environmental effects assogiitteds use that must be addressed. Annex
I- Environmental Impacts of Geothermal Energy Develagrigentifies the possible environmental
effects and works to develop and implement techniquestd avminimize their impacts.

Enhanced geothermal systems (EGS) are presently saemaer option for extending the access
of geothermal resources to almost anywhere on eartelhasyfor expanding the capabilities of
existing geothermal developments. The development amdtapeof EGS reservoirs can
generate felt induced seismic events, and this “inducechiséig’ has been identified as an
important issue. Annex | convened its third internatiovakshop on “Geothermal Induced
Seismicity” in January 2006, and subsequently produced two fampatocuments: a protocol for
dealing with induced seismicity issues (Jelacic, 2006); dadhde paper” (to be published) that
presents an up-to-date review of current knowledge of sefgrmniduced during EGS creation and
operation with several EGS case histories (Majeal., 2006).

Geothermal fluids contain small quantities of €@nsequently, it is naturally emitted from
thermal areas as well as from geothermal power sttidnnex | is investigating the
development of methods for monitoring such emissions irr éodeelp quantify the long-term
effects of CQ emission from geothermal developments.

Artificial Stimulation to Access Geothermal Resources

Enormous volumes of high temperature, water-poor, rocglabally extensive. In order to
access and use the vast amounts of geothermal enetginednn them, Annex IlI- Enhanced
Geothermal Systems (EGS) is investigating the devedopf new and improved technologies
for artificially stimulating these resources to enaldmmercial heat extraction for electricity
production and, in some cases, co-generation of heditéat use applications. These techniques
can also be applied to enhance energy production at existivgntional geothermal developments.

The successful development of EGS is currently oneeoifrthjor challenges facing the geothermal
community. Many investigations have been conducted ipuhguit of this energy source during
the past 30 years. Annex Ill has collected much of tleermdtion obtained during these
investigations into a Project Management DecisionsAast (PMDA) handbook, which is a
classifier that defines the data needed for and heiiple the developer through, each phase of an
EGS power development. International requests for copite ?#MDA continued through 2006.

In 2006, EGS projects involving Annex Il were being pursnefiustralia, Germany, France,
Switzerland and the USA. Success appears imminent at-Souktz-oréts (Alsace, France) where a
joint international EC effort, involving Annex liis being conducted. Three wells have been drilled to
about 5,000 m, with good connection between the fisiells. Though further hydraulic fracture
stimulation was desired in the third well, this efforisveéopped after a magnitude 3.4 induced
seismic event caused by this type of stimulation hattedeep Heat Mining project in Basel,
Switzerland, in December 2006. However, constructighefirst stage pilot plant is expected in
2008. Successful circulation tests have also beamebtat the Cooper Basin (Australia) EGS project,
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and drilling of a 8 well will begin in 2007, with plans to begin installatiofthe first stage power
station in 2008. The Landau project in Germany israksking excellent progress (see below).

Deep Geothermal Resources

Temperatures of geothermal resources increase with degtieing able to access their deeper
realms can potentially extend an existing development’s ptioduife, generate more electricity
more efficiently, and even allow development of theegalty lower temperature geothermal
resources available over much larger regions of thedwatibwever, there are many challenges
associated with development of deep resources, includingeprehlith locating and modelling
them, technical difficulties in drilling to such depths, gemns with producing from low-
permeability zones, and complications arising fromdhemical nature of the fluids accessed.

Annex IV- Deep Geothermal Resources was designadkie these issues so deep geothermal resources
could be commercially developed. However, dubddartcreasing overlap of Annex IV activities with
those in Annexes Il and VII over the past few yeams, the completion of several of the tasks, Annex IV
was closed in September 2006, with a redistributfemfinished studies to Annexes Il and VII.

The final 2006 activities associated with this Annex wetated to the deep EGS projects at Grof3
Schonebeck and at Landau, where deep wells were sudledsfied to 4,400 m and 3,170 m,
respectively. An ORC binary plant was also ordered.émdau, where a combined 3 M\ower
generation and district heating development is expected aalgee by the end of 2007.

Reducing Geothermal Drilling Costs

Drilling geothermal wells is an essential and expensivegbgeothermal exploration,
development and utilization. Major benefits can be haedycing well drilling and completion
costs, which can account for more than 50% of the daypisa of a geothermal power project, and
Annex VII- Advanced Geothermal Drilling Technology isnking to identify, develop and
promote ways to do so.

A spreadsheet format well “costing database” coirtginost components of wells as planned and
as constructed is being developed; data from 9 new wels added to it, and a cost model was
developed. An important step towards helping reduce stprogress with Annex VII having
finalized the outline for a “best practices” geotherdrdling handbook. Annex VIl received
several requests related to drilling collaboration arekéhanging information among principal
investigators. Results from Annex efforts were pubtisineseveral papers and presented at three
meetings, including the GRC 2006 Annual Meeting and g Flemperature Electronics
Conference (HITEC 2006).

Using Geothermal Heat

Geothermal heat can be used directly for many applictiooluding: building and district
heating; industrial process heating; greenhouse heatidgemperature control for fish farming,
bathing and swimming; and snow melting. In fact,eébgh’s very shallowest depths (< 100 m
depth) can be used for home and building heating anthgdaoy employing geothermal heat
pumps- practically anywhere on earth. The growth in geothl direct use has been outstanding,
almost doubling every 5 years since 1995, and theregis f&ope for its continued growth.

Though many direct use applications are well develope@eorbmically viable, implementation
difficulties and unfavourable economics remain andptilide major challenges. Annex VIII-
Direct Use of Geothermal Resources addresses all aggehe direct use technology, with
emphasis on improving implementation, reducing costs ahaneing use.

Efforts have concentrated on the collection of physindl chemical data for the natural features of
the participating countries; and their evaluation andpasison has begun as part of the programme
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to help characterize the geothermal resources. Analydigterpretation of discharge temperature
and discharge rate data for several thousand Japarneggihgs has allowed permeability mapping
to depths of 1 km for most of Japan (Muraaizal, 2006). Preliminary results demonstrating the
use of Google Earth for GIS-type data presentation weyeeveouraging.

NATIONAL ACTIVITIES

The geothermal programmes of the countries participatithe GIA provide the foundation for

the cooperative IEA geothermal activities. Thesgypammes are directed toward the exploration,
development and utilization of geothermal resources. ndssis of the country activities is
included in Chapter 7, with a comprehensive descriptidheocurrent status of geothermal
activities for each of the participating countries and&feprovided in Chapters 8-18.

During 2006, Contracting Parties from ten countries and tinegéan Commission (EC)
participated in the IEA-GIA. The Member Countries wevestralia, Germany, Iceland, Italy,
Japan, Mexico, New Zealand, the Republic of Korea, Sigize and the United States.

Contributions of GIA Members to Power Generation and Direct Use

In 2006, the 8 GIA Member Countries with geothermal gdiverdad an installed capacity of
about 6,000 MWy or about 63% of the total global geothermal capacig;462 MW, and
generated 37,205 GWhly, or about 66% of the total geotiigeneration of 56,680 GWh/y (Tables
ES5 and 7.1). The United States was by far the lapgedticer, generating about 16,250 GWhly,
with Mexico second with 6,685 GWh/y and Italy third wit2® GWh/y. The percent of national
installed capacity provided by geothermal in the 6 IEA-Glémber Countries with non-
negligible power development ranged from 0.2% for Japan 882fbr Iceland, with an average
of about 5.7%. The contribution of geothermal to natigealeration in Member Countries ranged
from 0.3% for Japan to 26.5% for Iceland, with an avera@e6b.

All 10 GIA Member Countries utilized geothermal inedir applications, with a total installed capacity
of about 16,315 M\)y and total thermal energy used approximately 137, 34b(38,2655Wh/y)
(Tables ES4 and 7.2). The three largest users thfeyatal heat by far were Japan (43,232 TJ/y), the
USA (33,740 TJ/ly) and Iceland (25,080 TJ/y). Howetre non-high enthalpy geothermal countries,
Germany (6,685 TJ/y) and Switzerland (5,987 TJ/y) ladgbvery high utilization, mainly due to the
large and growing geothermal heat pump usage.

The equivalent fuel oil savings by GIA Member Countfiegeothermal power generation and direct
use amounted to 38.6 Mtoe with avoided,@@issions of 46.2 Mt.

Table ES5 Total geothermal installed capacity, electricity gatien and direct use in GIA
Member Countries in 2006.

Electrical o o Installed Annual
Installed Annual Energy % of % of Thermal Energy
Country ; Generated National | National
Capacity (GWhiy) Capacity | Energy Power Used
(Mw) (MW ) (T3ly)
GIA Member 6,000 37,205 5.7+ 6.6+ 16,317|  137,74%
Countries
Worldwide Total** 9,452 56,679 9.5 11.7 31,809 318,224
GIA % of
Worldwide Total 63 66 - - 51 43

* Average % of 6 GIA Member Countries with non-negligibémngration.
** Worldwide totals include 2006 data for GIA members (G2A06) and 2005 data for the other 16
countries (GIA, 2006; Bertani, 2005; Luetlal, 2005).
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GIA SPONSORS

As mentioned above, one of the major highlights forGh%& in 2006 was the initiation of industry
Sponsor membership, with three companies joining: Of@ehinologies from the USA, and
Geodynamics and Green Rock Energy from Australia.

Ormat, based in the USA, is a leading company involngte geothermal and recovered energy
(i.e. electricity generation from “waste heat”) busie Ormat not only designs, manufactures and
sells equipment (e.g. binary power generators known asat@nergy Converters), but develops,
builds, owns and operates geothermal and recovered energymants. Their strategy is to
continue building a geographically balanced portfoligebthermal and recovered energy assets,
and to continue to be a leading manufacturer and provideodfigts and services related to
renewable energy. Ormat has designed and supplied dibM\&, of geothermal power plants

in the past 25 years in the USA and several other ceanaind they currently have nine projects,
totaling 169 MW generating capacity, under construction in the USA, Gualteand Kenya.

Their revenues in 2006 amounted to US$ 268.9 M.

Geodynamics is an Australia based corporation pioneeril®ydg8elopment in Australia. Its goal
is to produce 1,000 M\\Wbf baseload electricity from the large known hottuaed rock (HFR)
geothermal resource at Cooper Basin, South Australisstréiegthen its aim, the company has
acquired the global rights to the Kalina binary cycle metbgy which it plans to use in the
geothermal and industrial waste heat industry. Geodigsggnoduced the first high temperature
(> 200 °C) geothermal flows in Australia at their Habarste, demonstrating the extraction of
deep underground heat in 2005 (15 MW oduction). Geodynamics was listed on the Australian
Stock Exchange in September 2002 and was awarded the Sust8imatil€ompany of the Year
2005 Award.

Green Rock Energy is a public company also based in Aastrad listed on the Australian Stock
Exchange, with funding mainly obtained from shareholdiris. focussed on the development of
renewable, clean, conventional and EGS geothermal epeoggets with a strong commercial
objective. Green Rock is currently involved in two prgjeche a joint venture in Hungary to
develop geothermal energy (electricity and direct haatungary using refurbished oil wells; the
other aims to develop EGS to supply the electricitylaed BHP Billiton’s copper operation at
Olympic Dam, South Australia. Promising results haaenbobtained from a slim exploratory well
near the Olympic Dam mine and a hydraulic fracturirayamme is planned for the well in 2007.

PLANS FOR 2007 AND BEYOND

Although the final decision regarding the GIA’s extensidll not be made until the IEA
Committee on Energy Research and Technology (CERTisnre€ebruary 2007, the GIA felt
confident enough of its prospects for continuation 8F &-year term, that it developed a new
Strategic Plan 2007-2012 (GIA, 2006b), which will not only carg many of the GIA’s current
tasks, but expand its efforts through revised and new olgedbeginning in 2007.

Assuming the GIA will be extended for & Berm (2007-2012), the GIA’s efforts over the next 5
years will be guided by its neMission:

To promote the sustainable utilization of geothermal energy throughout 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 know-how, by providing high quality
information and by widely communicating geothermal energy’s strategic, economic and
environmental benefits.
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To realize this Mission, the GIA has set the followBtgategic Objectives

1. To actively promote effective cooperation in geotherRa&D through collaborative work
programmes, workshops and seminars

2. To collect, improve/develop and disseminate geothernejg RD&D policy information for
IEA Member and non-Member countries

3. Toidentify geothermal energy RD&D issues and opportuniied improve conventional and
develop new geothermal energy technologies and methodskaith them

4. To increase membership in the GIA
5. To encourage collaboration with other international omgins and appropriate IEA
implementing agreements

6. To broaden and increase the dissemination of informatiogeothermal energy and the
GIA’s activities and outputs to decision makers, finarssiersearchers and the general public

With the above in mind, the GIA plans that its four acBmmexes |, I, VII and VIII, will continue
and form the foundation of a very vigorous and full redearogramme in 2007 and beyond.

The GIA will continue its efforts to improve and enbarthe visibility of its work and results, to
promote geothermal energy as an important global resewaergy resource, and to encourage
its sustainable use worldwide. We recognize the impatahexplaining geothermal energy, and
stressing the contributions it can, and is making, ésiheto non-experts, particularly decision
makers. Consequently, dissemination of policy and othemmetion will be emphasized.

New national and industry membership will continue to beyed to help contribute different
perspectives and ideas, expand the experience and expertjsanobiserease GIA’s global
influence for growing geothermal energy utilization.

The GIA plans to maintain its participation in IEA Revable Energy initiatives, like the
Renewable Energy Workshops and NEET efforts, andrttsibate to the IEA OPEN Bulletin.

The GIA foresees the organization and its future aigs/to continue growing into the future.
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IEA GEOTHERMAL R&D PROGRAMME
Chapter 1

50 MW, well at Salton Sea Geothermal Field, Imperial Val@glifornia, USA with scientist
posing for scale (photograph courtesy of M.A. Mongillo).

1.0 The IEA Geothermal Research and Technology Programme

The IEA’s involvement in geothermal energy began in 19 thre launching of two 3-year long
studies which were completed in 1981. There then ensued ad Bigris in IEA geothermal
activities until the IEA Implementing Agreement for adperative Programme on Geothermal
Research and Technology, or Geothermal Implementing AgreefG1A), was officially
established on 7 March 1997, with an initial term of fivarge In November 2001, the IEA
Renewable Energy Working Party (REWP) and the |IEA Cdtembn Energy Research and
Technology (CERT) approved the extension of the GlAafdl! 5-year term, taking its activities
to 31 March 2007.

In 2006, with the end of the current term of operatios tean a year away, the ExCo assessed its
2" Term efforts and achievements. It was recognizedtibagh significant advancement had
been made, considerable work still remained to makégentl energy the premier source of
future energy it is capable of being. Consequently, t#eERCo made the unanimous decision to
apply to the IEA to extend the GIA’s operation foraS3year term, which would extend its
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activities to 31 March 2012. A brief discussion of thé&'Giplans for 2007 and beyond is
provided in Section 1.5.

The GIA provides a flexible framework for wide-rangingemational cooperation in geothermal
R&D. It brings together national geothermal programmesgxpitoration, development and
utilization of geothermal resources, and focuses omdssg) specific expertise and enhancing
effectiveness by establishing direct cooperative linksrajigeothermal experts in the
participating countries and industries.

The general scope of GIA's activities was defined inchetl of the Implementing Agreement
document at the time of its formation in 1997. It cam#mto provide basic guidance for the
organization and consists of international scientifitaborative efforts to:

» Compile and exchange improved informatioron worldwide geothermal energy research
and development concerning existing and potential technelagie practices

» Develop improved technologie$or geothermal energy utilization

» Improve the understanding of the environmental benefitof geothermal energy and
methods to avoid or ameliorate its environmental desokb

The GIA’s present efforts are directed primarily &wds coordination of ongoing national
programmes, with contributions from industry (Sponsor) lvens1 Activities encompass a range
of geothermal topics from “traditional” uses like power efaion and direct use of heat, to
leading-edge technologies pertinent to enhanced geothermsternsy(EGS) and advanced
geothermal drilling techniques. New studies are alsouaged and implemented when the needs
are established.

As of December 2006, 10 countries: Australia, Germanyarcklitaly, Japan, Mexico, New
Zealand, the Republic of Korea, Switzerland and the QiStates, the European Commission
(EC), and three industry Sponsors: Geodynamics, Greek Rwergy Limited and ORMAT
Technologies Inc. were Members of the GIA.

1.1 Strategy and Objectives

The most likely global technical potential for hydrothersystems located along tectonic plate
boundaries has been recently estimated to be 20§, Ednsisting of about 6.5 By for

electricity generation and 140y for direct heat use; with more optimistic estimdtesmg 5-10
times larger (Stefansson, 2005). These estimates dochade the potential contribution from
low temperature binary generation or the vast potepbisdible through EGS development, which
amounts to about 200,000 EJ in the USA alone. For cosgpatthe world’s total primary energy
supply in 2005 was 479 gJIEA, 2007). ltis clear that the world’s vast and ubiqusto
geothermal resources are potentially capable of makuegyesignificant contribution towards
meeting the accelerating global energy needs well istdutture. The GIA’s ¥ Term Strategic
Plan 2002-2007 acknowledged this capability and the challesgesiated with meeting the IEA
World Energy Outlook forecasted growth of 40% in global gewtial electricity production for
the 10-year period to 2010, the desire to increase worldygiohermal direct use, and the
consequences of the Kyoto Protocol.

The GIA also recognized the importance of making geothkeenergy more cost-effective and
overcoming the difficulties associated with charazbeg the resource prior to major financial
commitment by investors. Barriers to market pen@matesulting from the public’'s general lack
of awareness and experience with geothermal technolagidshe institutional barriers linked to
the lack of experience with planning, regulation and obtaipirgic acceptance must also be
overcome. Though there are significant positive enviertal benefits from using geothermal
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energy on the global scale, local impacts must belglekentified and dealt with in an open
manner.

To meet these challenges, the GIA set ad't§&@m (2002-2007) Mission:

To advance and support the use of geothermal energy on aworldwide scale
by overcoming barriersto its devel opment.

To accomplish this Mission, the following six objecsweere defined:

» Expand R&D collaboration: The GIA Executive Committee (ExCo) will implement
additional new tasks where new areas of collaboratithibevuseful. Table 1.1 contains a
summary of current collaborative efforts under the GIA.

* Increase the number of participants: Many countries with significant geothermal resources
are not yet Members of the GIA. Many of them could maigortant contributions to the
GIA and assist with expanding worldwide geothermal developniEm. GIA encourages
new membership and encourages interested parties trttmnt ExCo or GIA Secretariat for
information about joining.

* Increase outreach to non-Member countries with large gébermal energy potential:
New regions are opening up as international energy marketsd, and the GIA will
embrace this opportunity to invite these non-Member cmsntio participate in its
programmes and explore ways to help accelerate developirtheir geothermal resources.

» Evaluate market stimulation mechanisms: The ExCo realizes that efforts to expand
geothermal heat and power markets in both OECD and norbQ@&antries require market
stimulation to create an increased market for geotHemeagy. (Note: the GIA’s draft
Geothermal Market Acceleration Annex (Annex 1X) was etbs October 2004 before being
initiated, when the IEA announced its intention to dithlthe Renewable Energy
Technology Deployment (RETD) Implementing Agreement. Gl is investigating
various options for working with the RETD.)

* Improve dissemination of information about geothermal enggy: The ExCo recognizes
that more emphasis is needed on the distribution of higlityjaal attractive information
products in order to promote the use of geothermal endrgg.GIA is actively pursuing this
issue, and as a part of its effort, is continuing to ldgvits public website, annual reports,
brochuresetc in order to provide information in a more accessibfgerstandable and
appealing manner.

» Leverage limited R&D funding: The R&D budgets of many of the GIA participants have
been declining, and the need for cost-shared collaboritincreasing. An affiliation with
the IEA brings added value to activities rather thanifisndThe IEA’s reputation for
technical competence and unbiased excellence can previelagie to obtain support from
industry and other multilateral organizations and fimalriostitutions.

1.2 Collaborative Activities

The GIA’s programme operates through participation iraboitative projects called “tasks”,
which are specific investigations incorporated withinrti@re general “topic” areas, called
Annexes. After approval by the ExCo, detailed descriptidmew tasks, or of completely new
Annexes including many new tasks, are appended to the IAchysion within existing Annexes,
or as new Annexes, respectively (Chapters 2-6). Each Amgfexied to by its annex number, is
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managed by an Operating Agent organization from one of the Bte@duntries or Sponsor
industry members.

In 2006, participants worked on five broad research tasksfisgen Annexes: |- Environmental
Impacts of Geothermal Energy Development; Ill- Enhancecti@rmal Systems, V- Deep
Geothermal Resources; VII- Advanced Geothermal Dglliiechniques; and Annex VIlI- Direct
Use of Geothermal Energy.

Annexes |, Il and IV were part of the original GIA analve continued programmes into thg 2
Term, as has Annex VII, which was started in 2001. Iniaddifnnexes |, lll and VII were
extended by the ExCo in September 2005 for further 4 yi@a2609; and Annex VIII will continue
through at least 2007. Annex IV was closed in Septe20i@8 as a result of the successful
completion of much of its work, with the transfer of nighed studies to other Annexes. Four
additional Annexes were previously drafted, though twihege, Annexes Il and 1X, were
subsequently closed. Annex V is still being considereddamex VI's draft description is being
revised for future consideration.

Table 1.1 Annex Title, Operating Agent and Status of GIA Annexd3exember 2006.

Title

Annex | 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; c.bromley@gns.cri.nz Continuing through 2004
Participants: EC, Iceland, Italy, Japan, Mexico, NealZnd, USA

1l Shallow Geothermal Resources Closed
Enhanced Geothermal Systems
OA: New Energy & Industrial Technology Development Orgarira(NEDO),

" Japan Active since 1997,
TL: I. Matsunaga; AIST, Japan; matsunaga-isao@aist.go.jp Continuing through 2004
Participants: Australia, EC, Geodynamics, GermanyeGfock Energy, Italy,

Japan, ORMAT, Switzerland, USA
Deep Geothermal Resources

Y OA: Forschungszentrum Jilich (F-J), Germany Closed
TL: Dieter Rathjen; F-J, Germany; d.rathjen@fz-juelich.de September 2006
Participants: Germany

\% Sustainability of Geothermal Energy Utilization Draft

VI Geothermal Power Generation Cycles Draft
Advanced Geothermal Drilling Techniques
OA: Sandia National Laboratories, United States Active since 2001

VIl TL: Steven Bauer; Sandia National Laboratories, USAusiti@sandia.gov Continuina throuah Z’OOC
Participants: EC, Geodynamics, Green Rock Energy,rideMexico, New 9 9 7
Zealand, ORMAT, USA
Direct Use of Geothermal Energy
OA: The Federation of Icelandic Energy and Waterworledaia Active since 2003

Vil TL: Einar Gunnlaugsson; The Federation of Icelandic Energy\fatdrworks, . g
- - Continuing through 200
Iceland; einar.gunnlaugsson@or.is
Participants: Iceland, Japan, New Zealand, Republic fd@witzerland, USA
IX Geothermal Market Acceleration Closed
GIA 2006 Annual Report
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Discussions regarding the initiation of Annex V- Susthitity of Geothermal Energy Utilization
continued, with a preliminary decision made to add a s\aidity task to Annex I, rather than
begin a completely new Annex at this time. A list of Ares, Operating Agents and indication of
their status as of December 2006 is provided in Table 11& camnplete details of objectives,
results and work planned for 2007 for the active Annexeprasented in the Annex Reports
included in Chapters 2-6. Table 1.3 presents a briefrsuynfor the current draft and the closed
Annexes.

Participants must participate in at least one Annex thigir involvement defined by activities
relevant to their current research and developmentgmoges. Each Annex is divided into Tasks,
and not all participants are necessarily active ifadks in those Annexes in which they
participate. The involvement of the participants inAneexes is shown in Table 1.2.

Table 1.2 Country participation, funding sources and periods of tiperéor the Annexes as of December 2006.

Annex I 1] v Vil Vil
Environmental )
S Impacts of Enhanced Deep Advanced Geothermal Direct Use of
Participating Country Geothermal Geothermal | Geothermal Drillina Techniaues Geothermal
Systems Resources 9 q Energy
Development
Australia G G
EC G G G
Germany G OA, G
Geodynamics I I
Green Rock Enerdy I I
Iceland G, | G OA, G
ltaly I I
Japan R OA R R
Mexico G G
New Zealand OA R, | | R
ORMAT Technologie I
Republic of Korea R
Switzerland G
USA N N OA, N U
Start Date 1997 1997 1997 2001 2003
Date Current Term of 2009 2009 2006 2009 2007
Annex Continuing To
End Date* Ongoing Ongoing Se%%rgber Ongoing Ongoing

G = Government; | = Industry; R = Research Ingifgbvernment funded); N = National Laboratory (goreent funded);
U= University; OA = Operating Agent; * = Ongoing meansined end date yet determinédSponsor (Industry)

Members.

During the 2Y Term of the GIA, the Annexes have operated under tis&-gharing” mode of

financing, whereby participants allocate specified resowedgpersonnel to conduct their portion
of the work at their own expense. Though precise figueeaat available, the “costs” associated
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with the total Annex work conducted under the auspiceseoBiiA during the 2 Term are
estimated to be well over US$ 310,000 per year plus severayeaas (GIA, 2006).

Table 1.3 Annex number, name, description and status for draft and deiflanexes as of December 2006.

Annex Title

Number Description Status

Shallow Geothermal Resources

The GIA ExCo made the decision in October 2000 to closétinex after it
I reached the draft stage. Its major topic, which vgas@ated with the application Closed
of geothermal heat pumps, is now included in Annex VIII- Dités# of
Geothermal Energy, which was initiated in September 2003.

Deep Geothermal Resources

The GIA ExCo decided to close this Annex in September 2086thaft successful Closed

v completion of much of its work, and because of the overfidipe remaining September 2006
activities with those in Annexes lll and VII. The unfinistetddies were

transferred to Annexes lll and VII.

Sustainability of Geothermal Energy Utilization

This proposed Annex would investigate alternative scenfmi@nergy production
from representative geothermal resources with the gé#l9 defining methods ang
requirements for sustaining production from these resquaney2) of estimating
the long-term economic sustainability of such productioronbyt for representative

resources but for the worldwide geothermal resource dokew Draft

The issue of “sustainable” energy production has grown agrédon and
importance over the past few years. Consequently, during 2@06]A ExCo
made a preliminary decision to initiate a sustainabllagk in Annex |. However,
if activities expand in the future, it is possible tHes tAnnex would be activated.

Geothermal Power Generation Cycles

This proposed Annex would develop scenarios as a basisniracison of cycles,
plant performance and availability, economics and enviratehenpact and

Vi mitigation. The output would be a database and guidelfrisssbpractice.

Draft

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

Geothermal Market Acceleration

Geothermal electricity production and direct heat use aliedeveloped and
economically viable in many parts of the world, howetlegre are large untapped
resources in many countries. The ExCo explored ways terhgsbthermal energy
development, or market acceleration, in these countries dhergst few years,
and decided that a more pro-active approach was needed)yossuding:
identifying a few regions with high geothermal potentialjating resource
assessments on a few sites and discussing with key p{ggeesnment, utilities,
developers, financiersfc) the barriers to progress in their regions. Congsgtyle
this market acceleration Annex was drafted.

Closed

In October 2004, following the IEA’s decision to initiate d@wn market
acceleration type of 1A, the ExCo made the unanimousidacio close this Annex

In March 2003, the GIA Secretariat was establisheddeige the ExCo with administrative and
other assistance, as well as to assist with expangiagtivities. It is funded through “cost-
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sharing”, whereby all Members contribute to a Commamdraccording to the number of “shares”
they have been allocated (see Chapter 1, Sectionrldéttils).

A brief review of the geothermal situation, activiteeed achievements made by each Member
Country and a company profile and description of actwife each Sponsor (industry) Member
are provided in Chapter 7, with details reported innildésidual Country and Sponsor Reports
making-up Chapters 8-18 and 19-21, respectively.

More information about the GIA’s activities may beabed by contacting the GIA Secretary at:
mongillom@reap.org.nar by visiting the GIA websitevww.iea-gia.org

1.3 Structure of the GIA

The GIA is supervised by an Executive Committee (ExCo)¢hvhonsists of one Member and
one Alternate Member designated by each Contractirty 8ad each Sponsor. There is one
Contracting Party for each country, usually a governrdepartment or agency. The ExCo meets
regularly twice each year to exchange information, disaasgities and progress in each of the
Annexes and in each of the participating countries and melsisand to plan future activities.
Decisions are made by majority vote (unless othergpseified in the |A), with each Contracting
Party and each Sponsor allowed one vote. In 2002, lh&@BCo decided to increase the scope of
its activities. Consequently, it created a dedicatedeS®at, which began operations in March
2003 and is funded by a cost-shared Common Fund.

GIA research results are disseminated through participatiinternational conferences and
workshops, and publication in scientific and technicatjals and conference proceedings (details
in Chapters 2-6). In addition, information is made momtelyi available on the GIA’s public
website, through promotional material produced by the GikeBariat, and via IEA publications

and the IEA websitenfww.iea.org.

In 2006, 10 countries, one international organization and ihdestries formally participated in
this programme (Table 1.2).

1.4 The Executive Committee
Officers

In 2006, Dr David Nieva (Mexico) served as Chairman, antddislaus Rybach (Switzerland)
and Dr Allan Jelacic (USA) served as Vice-Chairs fdidgyand Administration, respectively.

Membership

There were several changes in the ExCo composition 6. 200e ExCo Member from Italy,

Aldo Baldacci, changed his job position, leaving the Ex@urider position vacant; Guido
Cappetti, the Alternate Member, will fill in until aplacement is appointed. The Alternate
Member from Germany, Norbert Stump retired and was cegdlay Lothar Wissing. A new
Alternate Member for Australia, Tony Hill, was appoahfellowing the 2005 change in
Australia’s Contracting Party to PIRSA. The joinirfgloree new Sponsor Members in 2006
increased the ExCo accordingly, with ORMAT Technologgsomting Dan Schochet as ExCo
Member and 2vi Krieger as Alternate; Geodynamics apipgirDoone Wyborn as ExCo Member,
with an Alternate to be appointed in future; and Green Roekdyrappointing Adrian Larking as
ExCo Member and Alan Knights as Alternate.

The list of ExCo Members and Alternates as at Dece@®@8 is provided in Appendix B.
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Meetings

The ExCo held two Meetings in 2006 to conduct business, inclaldédiscussion and review of
ongoing tasks and planning of future activities.

15" ExCo Meeting 16-17March 2006, Paris, France

The 18" ExCo Meeting was held on 16-17 March 2006, at IEA Headquamt®aris, France, with
the excellent support of the IEA Secretariat. ThenewW@é attendees, including eight ExCo
Members and three Alternate Members, five ExCo Annex iMer®bservers, two IEA Legal
Office representatives, the IEA Secretariat participaimvited Guests and the GIA Secretary.

One of the ExC0’s initial decisions was to unanimoasjsee to apply to the IEA for extension of
GIA operations for a'85-year term. Consequently, continuity of ExCo Officers waemed
important for the preparation of the End of 2nd Term ReinT) and development of th& 3
Term Strategic Plan. The 2005 Officers therefore agre@eontinue in 2006, and the ExCo
unanimously approved the re-election of David Nieva asr@aai and Allan Jelacic and
Ladislaus Rybach as Vice-Chairmen.

The IEA Secretariat representative informed the EXtmgthe requirements for application to
extend the GIA for a'8Term. Consequently, plans were made for the distribatiovork
associated with the production of GIA EoT report anchiwg Strategic Plan for 2007-2012, both
due in October 2006.

Annexes |, lll and VII held meetings on Wednesday 15 Maggd6. These three Annexes and
Annexes IV and VIl reported on their activities at tixCo meeting, as did the European
Commission and the 10 Country Members. ORMAT Technolpgiee became the first GIA
industry member in February 2006, presented a Sponsor eptiré hurdles and key factors for
successful investment in geothermal development. A repdtie Grf Schonebeck project, a
German EGS project in a deep sedimentary environmeatpregented as the major contribution
in Annex IV. The importance of sustainability in geothal development was reiterated and it
was decided to keep the draft Annex V- Sustainable GeothEmeegy Production “open” for
possible future initiation. It was also decided to produdeati GIA policy paper on sustainability,
to be presented at the Geothermal Resources AnnuahiléeiSeptember 2006. The ExCo again
discussed geothermal marketing and decided to pursue comramsagith the IEA RETD IA
regarding participation.

Induced seismicity associated with EGS was recognizad asportant issue, and an outline for a
white paper on induced seismicity was produced as an outcokmmex I's 3¢ workshop held in
February 2006, in Stanford, California, USA. A new webpag&GS induced seismicity was
also set up through the Lawrence Berkeley National leabior at:http://esd.Ibl.gov/EGS

The issue of increasing GIA membership was discussedrandd®s possible membership was
reviewed by a senior BRGM representative. Geodynaarid Green Rock Energy, two
Australian geothermal companies, submitted letters efést to join the GIA at the meeting, and
the ExCo unanimously invited both to join. At thquest of the IEA Legal Office, the ExCo
unanimously renewed the invitations to governments afi&tirance, Indonesia, Turkey, Russia,
Poland, Sweden, the Philippines, and India to join thfe G

The GIA agreed to provide a comprehensive geotherrtieleatn the form of an “interview” with
the GIA Chairman, for the IEA OPEN Bulletin (Nieva, 2008he GIA also confirmed its
participation in the IEA REWP Heating and Cooling Sembeang held in Paris, in April 2006.
The ExCo agreed to the GIA’s participation at the ddpenewable Energy Conference 2006 (RE
2006 Japan) with the presentation of a paper on the GlAsadtivities.

The Secretary provided a report on the operation (work guligirad and budgets) of the
Secretariat for the 2005-year and the 2006-year to March pag&nted a work plan and revised
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budget for the remainder of 2006, and gave an update on th@@ofFund. The IEA Secretariat
report was presented and CERT's approval of ORMAT's QdArSor Membership was
mentioned. The GIA was thanked for its input toRemewable Energy RD&D Prioritidmook.

The ExCo agreed to hold the"lExCo Meeting in Reno, Nevada, on 7-8 September 2006.
However, the ExCo later decided to change the venue to i8gn,[Talifornia, in order to allow
meeting attendees to participate in the Geothermal ResoG@auncil 2006 Annual Meeting.

A new format for the 15ExCo Meeting Minutes was developed to reduce theisiie. All
presentations/reports are now linked to their correspgrfilies stored in the GIA Members Section of
the GIA website, thus avoiding the need for them to Baded as Appendices in the Minutes
document. This allows the Minutes to remain fully catgglbut reduces their physical size by ~ 40%.

16" ExCo Meeting 7-8 September 2006- San Diego, California, USA

The 18" ExCo Meeting was hosted by ORMAT Technologies, at thveriTand Country Hotel,

San Diego, California, USA, on 7-8 September 2006. Téetimg was held in conjunction with
the Geothermal Resources Council 2006 Annual Meeting (B8RB), thus allowing ExCo
Meeting participants to take part in this large inteorai conference. There were 25 attendees,
including 9 ExCo Members and 3 Alternates, 12 ExCo Obsemvelgling the IEA Secretariat
representative and the GIA Secretary, plus 1 invited tGuegeldtrip to several geothermal
developments in California’s Imperial Valley was alsovided by ORMAT.

Membership in the GIA continued to grow in 2006, with 2 mewmpanies joining as Sponsors
since the last ExCo Meeting: Geodynamics and Green Roefgy, both based in Australia. In
addition, a BRGM representative informed the meetingRhence’s membership in the GIA was
looking very positive, with BRGM as the Contractingtiar

The preparation for GIA’s application for extension wasegor activity and was reviewed. The
GIA End of 2% Term (EoT) report was reported to be proceeding avedlwould be submitted to
the IEA on 30 October 2006. Ideas for tffeT@rm Strategic Plan were discussed, including
Vision and Mission statements; and objectives woulditred at education and outreach, policy
positions on topics like induced seismicity, and continutmttefin R&D coordination.

Annexes VIl and VIII held meetings on 6 September 2006.oRefrom Annexes I, Ill, VIl and
VIIl, and the Country and Sponsor Members were predeatd discussed. Much of the Annex
work since the last ExCo Meeting had been relateddpgpation of Annex contributions for the
GIA EoT report. The decision was made to close AnneXDi&ep Geothermal Resources, and
redistribute unfinished activities appropriately, mgid Annexes Il and VII. Discussion of
Annex V- Sustainability of Geothermal Energy Utilizatimontinued and data from several
developed fields was offered for use by some Members.ci&ide was made to set up a Task in
Annex | to initiate sustainability studies and see vaealoped before opening a new Annex.
Since there was growing interest in power generatiotesythe decision was made to update the
draft Annex VI- Geothermal Power Generation Cycles datson for further discussion. An
induced seismicity white paper and draft protocol docunwen¢ circulated and discussed and it
was noted that the white paper was already being useddtdeolicy for Australian EGS
activities.

The Common Fund report was presented; and work plans andbéutgie remainder of 2006
and for 2007 were submitted and unanimously accepted bit¢éneliag ExCo Members. The
GIA had continued its active relations with the IEAc&etariat, having produced a revised draft
version of the GIA 1A document with the assistanctedf Legal Office; completed a geothermal
article for IEA OPEN Bulletin #35 (Nieva, 2006); providedrouents on the IEA Energy
Technologies Perspectives book and contributions to théRiEnewable Energy: RD&D
Priorities book; and participated in the IEA Seminar onHting and Cooling in April 2006.
The GIA also provided several documents to the IEA fsiribution at their Japan RE 2006
exhibition booth.
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The IEA Secretariat representative presented a refxach included information on IEA activities
and publications. They thanked the GIA for its input i2a publications and activities, and
especially for participating in the RE Heating and I®gpSeminar.

ExCo Publications, Conference Participation, Etc.

The ExCo recognizes the importance of disseminatirggrimdtion on geothermal energy and
promoting the GIA and its activities in order to em@ge geothermal energy utilization and
increase the organization’s membership. In 2006, tAeEXCo was very active in support of
these goals. The GIA helped initiate a series of@mrational Induced Seismicity Workshops in
2005-20086, participating in thé*®eld in February 2006. Two major outputs were: a paper on
Induced Seismicity Associated with Enhanced Geothermal Systelmespublished in the
international journaGeothermics) and a draft discussion documé&mbtocol for Induced
Seismicity Associated with Enhanced Geothermal SystéhesGIA participated in the RE 2006
Japan Conference held in Makuhari, Japan, in October 208&nting 2 paper$he IEA
Geothermal Implementing Agreement — its growing role and statasddte new (%) term
(Muraoka,et al, 2006) andseothermal resources- utilization strategies to promote fiake
environmental effects and to optimize sustainakiBripmley,et al, 2006). There was also GIA
representation at the GRC 2006 Annual Meeting, with pagesented on sustainability,
subsidence and cooperative research on induced seismicitgf these paper§&eothermal
sustainability- a review with identified research ne@gbach and Mongillo, 2006) and
Predicting subsidence in New Zealand geothermal fields- a appebach(Bromley, 2006), won
GRC Best Paper Awards. Additionally, as the resuléf efforts, a session on induced
seismicity was included in the GRC conference.

The GIA provided the IEA with three documents which déscrthe GIA and discussed
geothermal energy, for distribution at their RE 2006 J&margress exhibition booth. A GIA
ExCo representative also participated in the IEA REiHg& Cooling Seminar in April 2006.
Contributions for the IEA Global Energy Technologiesspectives and the IEA Cutting Edge
2007 (GIA, 2006c) books were also prepared and an article dmegeeatl energy and the GIA was
published in the IEA OPEN Bulletin #35 (Nieva, 2006).

A comprehensive End of®Term report and a Strategic Plan for 2007-2012 were writehare
very useful documents describing the GIA and its future plans.

The GIA’s public website (www.iea-gia.org), continuedytow as a source for information
dissemination and discussion. A new topic entitled “P#Reports for Review and Comment”,
was added in Publications Section, and several draft segodt papers were posted for review and
discussion. Another new section, Geothermal InfoionéData, was also added under the
Geothermal Information Section.

Costs of the Agreement

The GIA has a dedicated GIA Secretariat, currently Emtat New Zealand, which is supported by
a part-time Secretary. The Secretary deals witlotigwing administration, assists with the
management of the organization and provides a signifieahbpthe information dissemination,
including the preparation of GIA documents and publicatidres@A annual reports and
development and maintenance of the GIA website.

The expenses for operating the GIA Secretariat, inclutiegecretary’'s salary and travel, and
other common costs of the ExCo, are met from an Exec@dmmittee Common Fund. This
Fund is administered by a Custodian, currently the NdtRemewable Energy Laboratory (NREL),
based in Golden, Colorado, USA, who also conducts an lamvigw of its financial operations.

The Common Fund is supported through cost-sharing, with egiVi&mnber paying an annual
contribution based upon a fair apportionment in the forrnallcated number of shares. The
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number of shares assigned to new Members is detatrbinthe ExCo acting in unanimity. The
apportionment for the current GIA Membership is showhable 1.4.

In 2005, the cost per Common Fund share was set by unanix@asiEcision at US$ 3,500/y, and
it remained at this level for 2006. The addition offmeembers, or the withdrawal of current ones,
will cause the total number of shares to vary, ang affect the share value, hence Members’
contributions. Contributions are made annually oalendar year basis.

Table 1.4 Common fund share apportionment among the GIA
Members as of December 2006.

Australia 2 New Zealand 1

European Commission 4 Republic of Korea 2

Germany 4 Switzerland

Iceland 1 United States

Italy 2 Geodynamics 1

Japan 4 Green Rock Energy 1

Mexico 1 ORMAT 2
Total = 31 shares

1.5 GIA Plans for 2007 and Beyond

As stated above, the GIA ExCo unanimously decided to apphe IEA to extend its operation
for a 3 5-year term, thus taking its activities to 31 March20This necessitated the preparation
of a detailed End of Term Report for the period 2002-2007 (@0A6a) and development of a
new Strategic Plan for 2007-2012 (GIA, 2006b).

Assuming the GIA will be extended for & Berm, the GIA's future efforts will be guided by its
newMission for 2007-20012

To promote the sustainable utilization of geothermal energy throughout 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 know-how, by providing high quality
information and by widely communicating geothermal energy’s strategic, economic and
environmental benefits.
This Mission is supported by sBtrategic Objectives

1. To actively promote effective cooperation on geatiaé RD&D through collaborative work
programmes, workshops and seminars

2. To callect, improve/develop and disseminate gewthleenergy RD&D policy information for
IEA Member and non-Member countries

3. To identify geothermal energy RD&D issues and opporasiénd improve conventional and
develop new geothermal energy technologies and methodéstaith them

4. Toincrease membership in the GIA
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5. To encourage collaboration with other internationgaoizations and appropriate
implementing agreements

6. To broaden and increase the dissemination of intomman geothermal energy and the GIA’s
activities and outputs to decision makers, financiesgarchers and the general public

With the above in mind, the GIA plans that its fourrently active Annexes: I, 1ll, VIl and VIII,
will continue as the basis of a very vigorous and fideeech programme in 2007 and beyond.

The GIA will continue its efforts to improve and enbarthe visibility of its work and results, to
promote geothermal energy as an important global resiewaergy resource, and to encourage
its sustainable use worldwide. We recognize the impatahexplaining geothermal energy, and
stressing the contributions it can, and is making, ésiheto non-experts, particularly decision
makers, consequently, dissemination of policy and otherrirdtion will be emphasized.

The GIA will continue to pursue new national and industeyrhership, which will contribute
additional perspectives and ideas, expand its experience antisexpase, and increase its global
influence for growing geothermal energy utilization.

The GIA plans to maintain its regular participation il\IRenewable Energy initiatives,
including: Renewable Energy Workshops, NEET efforts, amdributions to IEA publications
such as the IEA OPEN Bulletin.

The GIA foresees that the organization and its aa#vivill continue to growing into the future.
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IEA GEOTHERMAL R&D PROGRAMME
Chapter 2

Craters of the Moon thermal area, Wairakei geothefield, New Zealand (courtesy GNS Science)

2.0 Introduction

Although geothermal is generally regarded as a benigweadnie energy resource, with significant
advantages over fossil fuels with respect to carbon emssdhere are some environmental
problems associated with its utilization. To further tise of geothermal energy, possible
environmental effects, both adverse and beneficial teebe identified, and measures devised
and adopted to avoid or minimize the adverse impacts.gddls of Annex 1 are: to encourage the
sustainable development of geothermal energy resourcastoaomic and environmentally
responsible manner; to quantify and balance any advedseemeficial impacts that geothermal
energy development may have on the environment, anénafidways of avoiding, remedying or
mitigating adverse effects.

During 2006, the EC and eight Member Countries participatédnex |: Australia, Iceland, Italy,
Japan, Mexico, New Zealand, Switzerland and the USA.
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The Operating Agent for Annex | is GNS Science, WairadKeiv Zealand, a Crown Research
Institute owned by the New Zealand Government. The Aheader is Chris Bromley (GNS
Science, New Zealand).

2.1 Tasks of Annex I

There are currently four tasks in this Annex.

2.1.1 Task A- Impacts on Natural Features (Task Leader: Chris Bromley, GNS Science,
Wairakei, New Zealand)

This Task focuses on documenting known impacts of geotilelevelopments on natural
geothermal features such as geysers, hot springs andfasafhe aim is to provide a sound
historical and international basis on which to devisthots to accurately monitor changes and
avoid or mitigate the impacts of development on theséhgaotl features, which often have
significant cultural and economic value.

The participants in this Task are Iceland, New Zealaktize USA.

2.1.2  Task B- Discharge and Reinjection Problems (Task Leaders: Trevor Hunt and Ed
Mroczek, GNS Science, Wairakel, New Zealand)

Work in this Task focuses on identifying and determininthiogs of overcoming the impacts of
geothermal developments on aspects of the environmeattbtm natural features. This includes
the effects of gas emissions from geothermal powetglaffects of toxic chemicals in waste
fluid that is discharged both into the ground and intarsivend effects of ground subsidence.
Projects examine the problems associated with dispbsadste geothermal fluids and the effects
of CO,, Hg and HS gas emissions, and subsidence.

Iceland, Italy, Mexico, New Zealand and the USA paptte in this Task.

2.1.3 Task C- Methods of Impact Mitigation and Environmental Manual (Task Leader:
Chris Bromley, GNS Science, Wairakel, New Zealand)

The objective of the Task is to contribute to the feitofrgeothermal energy development by
developing an effective, standard environmental analystepso Field management strategies
that result in improved environmental outcomes will batified and promoted based on
operational experience. Successful mitigation schemeprtnade developers and regulators with
options for compensating unavoidable effects are alsgldentified, documented and promoted.

Participants in this Task include Iceland, Japan and Zé&aland.

2.1.4  Task D- Seismic Risk from Fluid Injection into Enhanced Geothermal Systems
(Task Co-Leaders: Ernie Majer, Lawrence Berkeley National Laboratory,
Department of Energy, United States; Roy Baria and Andre Gerard, European
Commission)

This Task addresses the issue of the occurrence of(laggkelt) induced seismic events,
particularly in conjunction with EGS reservoir developmént also in connection with regular
geothermal operations. The aim is to investigatestkegsnts to obtain a better understanding of
why they occur so that they can either be avoided tigatéd. Objectives are to assess and
generate an appropriate source parameter model, atiget@sodel in relation to the hydraulic
injection history, temperature gradients, stress figld the tectonic/geological background, using
stress modelling, rock mechanics and source paranatetations. Once various mechanisms of
the events are understood, the injection processgineer a geothermal reservoir, and the process
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of extracting heat over a prolonged period, may be madifieeduce or eliminate the occurrence
of large events.

Australia, the EC, Geodynamics, Green Rock Energy, J&jgam Zealand, Switzerland and the
USA participate in this Task.

2.1.5  Task E- Sustainable Utilization Strategies (Task Leaders: To be appointed)

This new Task was initiated in September 2006, with hckldlew Zealand, Switzerland and the
USA identified as participants.

The aim of this Task is to collate case historiesoflels of geothermal developments to see what
strategies have worked and what have not. The activitieimelude: modelling of long term
reservoir behaviour to select optimum future strategjieen different recharge and resource size
scenarios; comparing environmental gains with economitsdeom different sustainable
development scenarios; comparing different conceptual yrathnetical reservoir model
predictions; and investigating (with agreed scenariog) term reservoir behaviour, recharge
factors, recovery times, and optimised cyclic or stagptation strategies.

2.2 Work Performed in 2006
2.2.1 General

+ Papers were presented by Task participants on improved resmg@nvironmental
sustainability strategies at the annual New Zealand @&eoti Workshop (NZGW) in
November 2006 (Auckland, New Zealand) and at the InternatReradwable Energy
Conference (RE2006) held in October 2006 (Chiba, Japan)edhiarsustainability issues
led to agreement at the September 2006 IEA GIA Executimendittee Meeting to establish a
new task (Task E) and seek more participants in this are

» Atinternational conferences (Annual Stanford Geotla¢iviorkshop [SGW]), Geothermal
Resources Council (GRC) Annual Meeting, NZGW and RE200geieterm research and
development needs were discussed with industry represestatiekiding research into:
induced seismicity, monitoring natural €&nd convective heat flux, classifying thermal
feature vulnerability, testing mitigation and remediatinethods, and developing
bioremediation methods to remove toxic elements froathgemal water discharges.

+ Collaboration between geochemical researchers iarideltaly, New Zealand and the USA
to study means of monitoring natural £&nissions from thermal areas, in order to quantify
the net long-term effects of geothermal development alvedjlwvarming through CO
emissions, culminated in a draft paper.

» Application of surface heat loss methods from steamingngtevere adapted for underground
coal fire research and presented at a conference in.China

* Annex | participants took part in GIA Executive Commitkéeetings and in the associated

Annex | meetings held in April 2006 (Paris, France), iarBeptember 2006 (San Diego,
USA) to discuss progress on the existing tasks and plaroimgv tasks.

2.2.2  Task A- Impacts on Natural Features
Thermal feature impacts due to geothermal developmemtrious countries were compared.

Submitted further commentary on appropriate geothermaypmhd planning regulations
designed to help regulators to manage effects on theeatakés in a practical manner. Methods
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to quantify surface heat and gas flux changes through stegnunigd were refined and results
submitted to the Journal of Volcanology and Geothefeskarch (JVGR).

2.2.3 Task B- Discharge and Reinjection Problems

Waste water disposal options, including groundwater dispdsap injection, shallow injection,
and chemical treatment were debated at various intenahtonferences including: GRC 2006,
NZGW 2006 and New Zealand Environment Court hearings folikato Regional Council
geothermal policy and plans.

Potential causes of subsidence in geothermal fields iweestigated and methods to improve
predictive capabilities of subsidence models were fuithestigated and presented at the GRC

2006. The use of interferometric synthetic aperturerrfAN&AR) for geothermal subsidence
monitoring was investigated and a paper submitted taRIVG

2.2.4  Task C- Methods of Impact Mitigation and Environmental Manual

A draft position paper for GIA Executive Committee consitien titledThe Benefits of a
Balanced Approach to Geothermal Environmental Managemasteviewed and improved.

2.2.5 Task D- Seismic Risk from Fluid Injection into Enhanced Geothermal Systems

The multi-party collaboration, mainly among Australi&-Erance, New Zealand and the
USA, continued its efforts to advance understanding ofdadiseismicity mechanisms, and
to provide strategies and robust hazard assessment methaltkdssathe issue of large
induced earthquakes from injection/production activitidgéorkshops were held in February
at the 2006 SGW, in Stanford (USA), and in Septembersaeaial session of the GRC 2006,
in San Diego (USA). A white paper on induced seistyiassociated with EGS was
completed and a protocol proposed for dealing with induced se&rants was proposed that
points out some possible steps the geothermal developéalsambo handle these issues. The

protocol includes a proposed “traffic light” system for ntoring and reacting to different
levels of induced seismicity.

2.3 Highlights of Annex I Programme Work for 2006

The highlights of Annex | activities in 2006 included:

* The induced seismicity workshop convened at the SGW ifdBthrUSA, in 2006

* The special session on induced seismicity organised atRe2B06, San Diego, USA

» The environmental and resource sustainability stratpgesented and discussed at NZGW
2006 and the RE2006 Japan congress

2.4 Work Planned for 2007

2.4.1 Task A- Impacts on Natural Features

» Examine changes in gas and steam emissions from nigainales

» Distinguish natural and induced variations in thermal diggsa

» Model causes of groundwater effects from deep pressure change

GIA 2006 Annual Report
29



IEA Geothermal Energy

» Develop methods of ranking thermal features and ecasgstar protection

» Classify vulnerability of thermal features to resérypvessure changes

2.4.2 Task B- Discharge and Reinjection Problems

» Investigate cost-effective8 and Hg removal from production steam

» Examine geothermal G@apture for horticulture or bottling

» Study CQ sequestration by injection or chemical fixing

» Look into arsenic/boron removal from waste water bydgical or chemical processing
» Investigate protection of potable water aquifers fiartfield reinjection effects

» Improve methods for prediction of subsidence and effeaiglance or mitigation

2.4.3 Task C- Methods of Impact Mitigation and Environmental Manual

» Provide environmental policy advice

+ Test the use of targeted injection to rejuvenate failgdege

» Test the use of targeted injection to stop subsidence

* Review international geothermal environmental polieied procedures

2.4.4  Task D- Seismic Risk from Fluid Injection into Enhanced Geothermal Systems
» Determine mechanisms for induced seismicity

+ Differentiate induced from natural causes

» Predict likelihood of damaging induced earthquakes

» Devise avoidance or mitigation schemes

2.4.5 Task E- Sustainable Utilization Strategies

The exact studies to be conducted in this new task amrently being considered, and may
include:

« Comparison of development histories to learn from previoigtakes

» Modelling of long term reservoir behaviour to seleciropin strategies given different
recharge and resource size scenarios

2.4.6  Discussion of Task Efforts
The task work proposed above is dependant on the time smdces being made available by
participants and on the cooperation of geothermal develtprompanies. Progress in any

particular task would be accelerated by the following:

» Improved availability of funding, the availability of datred time of participants, and securing
the interests and motivations of those willing tbatwrate.
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» Direct funding (through sponsorship) of expenses assoaidtiedpecific activities such as
bringing together researchers, enhancing websites, pamadtresearch results, and other
means of information dissemination

The following Annex | activities would especially bendfam supportive direct or in-kind
funding:

* Preparation of an international geothermal environmenté@ol document (elaborate on
existing documents)

* Induced seismicity and/or sustainability workshop and prings publishing costs

» Field trials using targeted shallow reinjection of fhaitds to recover/enhance thermal features
» Field trials of injection as a means of suppressingidebse

» Field trials of gas injection in geothermal wells

» Field trials of injection/production methods to influerice rate of induced seismicity

» Field trials of water treatment to remove toxic eletaen

2.5 Outputs for 2006
2.5.1 Reports Lodged on IEA-GIA Website for Comment and Review

* Hunt, S. and M. Malavazos (200Bjaft Report-Cooper Basin HDR Hazard Evaluation:
Predictive Modelling of Local Stress Changes due to HFR Geo#th&mergy Operations in
South Australia

* Majer, E. and R. Baria (2006)raft Protocol for Induced Seismcity Associated with Enhanced
Geothermal Systems

* Majer, E. and R. Baria (200&)duced Seismicity Associated with Enhanced Geothermal
Systems

* Rybach, L. and M. Mongillo (2006¥eothermal Sustainability- A Review with Identified
Research Needs

2.5.2 Publications

Battocletti L. (2006) Measuring the economic, environtak and social benefits
of nine geothermal heating system and power generatijects.Transactions Geothermal
Resources Council, Vol 30. 2006 Annual MeetBeptember 11-13. San Diego, USA. (CD).

Baisch S., R. Weidler, R. V6ros, R. Jung (2006) A Conedphwdel for post-injection seismicity
at Soultz-sous-Forét$ransactions Geothermal Resources Council, Vol 30. 2006 Annual Meeting
September 11-13. San Diego, USA. (CD).

Baria R., E. Majer, M. Fehler, N. Toksoz, C. BromlBy,Teza (2006) International cooperation to
address induced seismicity in geothermal systePneceedings 31Workshop on Geothermal

Reservoir Engineeringstanford University, Stanford, California, January &faary 1, 2006,
SGP-TR-179.
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Boothroyd I., G. Browne (2006) Invertebrates of geottadisninfluenced aquatic and terrestrial
ecosystems: longitudinal and lateral linkag&mceedings 28 NZ Geothermal WorkshdgD),
4p.

Boothroyd I., S. Hay, S. Turner (2006) Uniqueness and dliyafsgeothermally influenced
aquatic ecosystemBroceedings 28NZ Geothermal WorkshiED), 4p.

Bromley C.J. (2006) Predicting subsidence in New Zeada@othermal fields — a novel approach.
Transactions Geothermal Resources Council, Vol. 30. 2006 Annual Megdipigmber 11-13.
San Diego, USA. (CD).

Bromley, C.J. (2006) Significant geothermal feature symad vulnerability rankings. At
Environment Court technical mediation meetings betwesnr@hment Waikato, Contact, MRP,
DOC, Geotherm, and Taupo District Council, April-May 20@6resolve policy and plan issues.

Bromley C.J., M. Mongillo, L. Rybach (2006) Sustainablésatiion strategies and promotion of
beneficial environmental effects- having your cake and eittng. Proceedings 28Nz
Geothermal Workshgd 5-17 November, Auckland, New Zealand (CD).

Bromley C.J., L. Rybach, M.A. Mongillo, I. Matsuna(2006) Geothermal resources - utilisation
strategies to promote beneficial environmental effaad to optimize sustainabilityroceedings
RE2006 Renewable Energy Conferer@etober 9-13, Chiba, Japan (CD).

Eneva M., J. Combs (2006) Application of INSAR to subsigemonitoring
in the geothermal fields of Imperial Valley, Califaaniransactions Geothermal Resources
Council, Vol 30. 2006 Annual Meetin§eptember 11-13. San Diego, USA. (CD).

Hochstein M.P., C.J. Bromley (2006) Heat flux measuremiemot groundinternational
Conference on Coal Fire Research, Beijing, ChiB@ November 2005, arftRSEC Ecological
Book Series, Vol 4 on Coal Fire Research (in press).

Hole J.K., C.J. Bromley, N.F. Stevens, G. Wadge (200f)sifience in the geothermal fields of
the Taupo Volcanic Zone, New Zealand, measured by RSiurnal Volcanology &
Geothermal Researdisubmitted).

Hunt S., C. Morelli, P. J. Boult, M. Malavazzos, TllH5. Sinadinovski (2006) Seismic hazard
assessment through predictive modelling of local stiessges due to hot fractured rock (HFR)
geothermal energy operations in South Austrdliansactions Geothermal Resources Council,
Vol 30. 2006 Annual Meetin@eptember 11-13. San Diego, USA. (CD).

Kaya E., M. O’Sullivan (2006) Modelling of injection ingeothermal systemBroceedings 28
NZ Geothermal WorkshdD), 6p.

Luketina K., B. Dickie (2006) Waikato Regional GeotherPalicy: on the home straight.
Proceedings 28Nz Geothermal WorkshdED), 5p.

Newson J., M. O’Sullivan (2006) Numerical modelling of dfifects of geothermal pressures on
the Alum Lakes, Wairakei, New ZealanBroceedings 28NZ Geothermal Workshq€D), 6p.

Majer E., R. Baria (2006) Cooperative research on indwgsthiity in EGSTransactions
Geothermal Resources Council, Vol 30. 2006 Annual Meediegtember 11-13. San Diego, USA.
(CD).

Quinliven, P., J. Muir, J. Randle (2006) Clean developmmthanism: geothermal development
experience with CDMProceedings 28NZ Geothermal WorkshqED), 11p.
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Rutqvist J., E. Majer, C. Oldenburg, J. Peterson, D. ¥62206) Integrated modeling and field
study of potential mechanisms for induced seismicityhat Geysers geothermal field, California.
Transactions Geothermal Resources Council, Vol 30. 2006 Annual Megipggmber 11-13.
San Diego, USA. (CD).

Rybach, L. and M. Mongillo (2006) Geothermal sustainigbHia review with identified research
needsTransactions Geothermal Resources Council Annual Mee&h¢2006) (CD), 1083-1090.

Sanyal S., S. Butler, F. Tornatore (2006) Arsenic@ltdLake — solving a geothermal mystery.
Transactions Geothermal Resources Council, Vol 30. 2006 Annual Megipggmber 11-13.
San Diego, USA. (CD).

Sorey M., R. Sullivan R. (2006) Quantitative analydesarm spring waters
at the Hot Creek Fish Hatchery, Mammoth Lakes, Califoffransactions Geothermal Resources
Council, Vol 30. 2006 Annual Meetin§eptember 11-13. San Diego, USA. (CD).

2.6 Websites Related to Annex I Studies

+ |EA-GIA website: www.iea-gia.org
*  Website hosting the results of the three IEA-GIA @rad induced seismicity workshops,
containing presentations and links to sources of inédion and data:http://esd.Ibl.gov/EGS/

Author and Contact

Chris Bromley, GNS Science, Wairakei Research CeRtreate Bag 2000, Taupo 3352, New
Zealandg.bromley@qgns.cri.nz
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IEA GEOTHERMAL R&D PROGRAMME

Chapter 3
Annex III- Enhanced Geothermal Systems
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Resistivity contour map and well trajectories, EG®dtigations during second year of NEDO Geothermal
Development Promotion Survey at Otari geothermal figdgan (courtesy NEDO).

3.0 Introduction

Enhanced Geothermal Systems (EGS) energy technologiedban conceived to extract the
natural heat contained in high temperature, water-matsrin formations that are either too dry
or too impermeable to transmit available water afulisates. Necessary permeability can be
created by hydraulic fracturing or stimulation, whiokidlves the high-pressure injection of a fluid
into the reservoir to crack and enlarge pre-exidtiagtures. The objective of the EGS Annex is
to address new and improved technologies, which can betaisetificially stimulate a geothermal
resource to enable commercial heat extraction.
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The countries and organizations that participated in Anriéx 2006 were: Australia, Germany,
Italy, Japan, Switzerland, USA, the EC, Geodynantizeen Rock Energy, and Ormat
Technologies.

The Operating Agent for Annex Il is the New Energy ardluBtrial Technology Development
Organization (NEDO), Japan. The Annex Leader is Isatstvhaga (AIST, Japan).

3.1 Tasks of Annex III

The work undertaken in Annex Ill is divided among fourvectiasks. Task A, which involved
the evaluation of the economics of EGS systems, uasessfully completed in 2001.

3.1.1 Task B- Application of Conventional Geothermal Technology to EGS (Task
Leader: Joel Renner, Idaho National Laboratory, USA)

This Task is aimed to modify conventional geothermaéltgment technology, such as
horizontal drilling, fracture detecting and mapping, and pagpor application to EGS energy
development.

3.1.2 Task C- Data Acquisition and Processing (1'ask Leader: Thomas Mégel, Geowatt
AG, Switzerland)

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

3.1.3  Task D- Reservoir Evaluation (Task Leader: Tsutomu Yamaguchi, AIST, Japan)

The overall object of Task D is to compile and make aldwat kind of methods, techniques, and
tools are effective for reservoir evaluation; andthstablish the evaluation method that can be
applied to develop a new EGS site.

3.1.4 Task E- Field Studies of EGS Reservoir Performance (Task Co-Leaders: Peter
Rose, EGI University of Utah, USA; Andre Gerard, EEIG, EC)

The objective of Task E is to conduct Enhanced Geothesgsaéms (EGS) research and
development with an emphasis on reservoir management anebiesahancement technologies.
This topic covers a broad area, including fracture- tiedss-analysis, hydraulic and chemical
stimulation, fluid-flow modelling of hydraulic and cheal stimulation processes, tracer
technologies, and geophysical methods. This is a colitibe task between the EGS projects at
Soultz-sous-Foréts (France) and Coso, California JUSA

3.2 Work Performed in 2006

3.2.1 Task B- Application of Conventional Geothermal Technology to EGS

The US Department of Energy continues to fund reseaopbgs bridging between hydrothermal
technology and technology that is more specific to EobduGGeothermal Systems development.
Results of these projects are summarized in “EGS RroBeview” (see Highlights of Annex
below), and also described in the EGS sessions diriressactions Geothermal Resources Council
Annual Meeting 200&nd the Proceedings of tiairty-Second Workshop — Geothermal Reservoir
Engineeringheld at Stanford University, USA.

GIA 2006 Annual Report
35



IEA Geothermal Energy

Spreadsheet methods of analysis of tracer tests in hgtnoal and EGS systems have been
completed and are available under publicatiorstpt//geothermal.inl.gav

DOE research continues studies of fractures in existing thehroal systems to gain a better
understanding of the structural and geochemical chahgemay occur in artificially generated
geothermal systems.

The TOUGH family of reservoir simulators continuedéomodified to include chemical reactions
and mechanical properties of the reservoir rock. TOUWRRACT is being coupled to FRAC-3D
to provide a coupled flow-chemical mechanical code thabearsed in hydrothermal and EGS.

The DOE, in conjunction with the US Navy and the USI@goal Survey, is funding the
development of improved methods for determining locatibmsicroearthquakes caused by
operations in existing hydrothermal fields or resultiragyf well stimulation. These methods will
be utilized in the planned EGS stimulation project altbso, California geothermal field.

DOE is also funding several projects that will provideupsto-date review of current petroleum
industry stimulation practices.

Both laboratory studies and theoretical considerations stiggg hydraulic stimulation of rocks
produces electric currents in surrounding rocks that eatetected through properly instrumented
SP studies. The DOE is funding several projects fgam the phenomena in collaboration with
researchers in Japan.

3.2.2 Task C- Data Acquisition and Processing

During the year 2006 no specific work was conducted withinTask. However, a handbook that
facilitates the planning of specific EGS project stepspmnuides an overview to the state of art of
commercially available services was completed in 200%s Enhanced Geothermal System
Project Management Decision Assistant, or EGS-PMBAlgscribed on the IEA-GIA website
underhttp://www.iea-gia.org/geothermal_information.agere a downloadable flyer is also
available. Approximately 10 copies of the PMDA havenbelered by various institutions.

3.2.3 Task D- Reservoir Evaluation

A final report of Task D activities was compiled and madailable on CD-Rom and has been
distributed to many IEA members. The final report catssdf two sections: “Circulation and Heat
Extraction” and “Monitoring”. Both sections include tresence of experience and knowledge
which has been obtained at the Japanese Hijiori andnDH®R fields. The Task D has now
fulfilled its mission and finished its activities. kabd participants believe that this final report

will be a great help in developing new EGS sites.

3.2.4 Task E- Field Studies of EGS Reservoir Performance

Work in this task focused on the development and demonstiativovel mineral dissolution
agents for use in the chemical stimulation of near-b@lé geothermal formations. Laboratory-
derived data were used to calibrate reactive-transpwvtrflodels. Laboratory and numerical
simulation studies of calcite and silica dissolution ¢atk that the combination of sodium
hydroxide and the chelating agent nitrilotriacetate (NiBASffective for simultaneously dissolving
amorphous silica and calcite near the well bore.

Field experiments to verify the laboratory findings wenaducted at the Coso, California, and
Soultz, France, geothermal fields. On 16 June 2006, 15,000 gdl0 wt% solution of NTA was
injected into Coso producer well 32A-20, which had recdatlgd due to calcite deposition.
Electric output of the well recovered to the same lagdt was at the beginning stage of
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production. These experiments indicate that NTA camleffactive chemical agent for the
dissolution of well bore calcite.

Comparison between various parameters and costs &iteadissolution experiments using NTA
and HCl indicates the use of NTA can be more costgffe, when the entire test costs are
compared.

Experiments at the Soultz-sous-Forét geothermal fieldandér are continuing.

3.3 Highlights of Annex III Programme Work for 2006

EGS

Program Review Report
December 2006
A

Prepared for the US Department of Energy
by the National Renewable Energy Laboratory

Authors: R. Gerald Nix, Joel Renner', Teresa Nealon, and Bruce Green

" Idaho National Laboratory

DOE funded research related to the application of conveltgeothermal technology as well as
EGS specific research is summarized in “EGS Prograne®Rev
(http://www1.eere.energy.gov/geothermal/egs prog_reviewatml

3.4 Work Planned for 2007
3.4.1 Task B- Task B- Application of Conventional Geothermal Technology to EGS

Most of the DOE research will be completed by the erfBeptember 2007.
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3.4.2 Task C- Data Acquisition and Processing

In 2007, discussion and review of the EGS-PMDA will be perémtmThere was a strong wish
expressed at the Annex Il meeting in Nice, France, on 2tiV2007, to have basic information
on EGS technology available among the interest groAfikough some of the interest groups in
EGS are now private companies/institutions, an exchanlgasaf information is seen as very
important since fundamental R&D work is still neededriodthe EGS technology to a
breakthrough.

3.4.83 Task E- Field Studies of EGS Reservoir Performance

Laboratory work will continue to investigate the dissdntof calcite and silica under a wider
range of simulated geothermal conditions. After treratterization of each reactant is studied
separately, experiments will be conducted with both reactaatent within the reactor in order to
verify that the dissolution process is unchanged whenrhithrals are present simultaneously.

Work will continue to complete the analysis of the perfamge of the chelating agent NTA and
other mineral dissolution agents used in the 2006 field expetriat¢he Soultz-sous-Forét
geothermal field.

3.5 Outputs for 2006

The EGS-PMDA was covered by two presentations in tmeeveork of the launching conference
of the European ENGINE program.

Other publications include:

Carlson S. R., J. J. Roberts, L. R. Benedetti, arld Retwiler (2006) Rapid fluid flow
experiments in Desert Peak quartz monzo@RC Transaction30, pp.327-332.

Garg S. K., J. W. Pritchett, and J. Combs (2006) Chaizatien of geothermal reservoir
conditions using electrical surveys: some preliminaryltesGRC Transaction30, pp.419-424.

Ghassemi A., and S. Tarasovs (2006) Fracture slip in respomgter injectionGRC
Transaction 30, pp.333-336.

Ghassemi A. and S. Tarasovs (2006) Fracture slip and opamiegponse to fluid injection into a
geothermal reservoiProceedings, $1Workshop on Geothermal Reservoir Engineertgnford
University SGP-TR-179.

Karner S. L. (2006) Correlating laboratory observatigifsacture mechanical properties to
hydraulically-induced microseismicity in geothermal reses. Proceedings, 31Workshop on
Geothermal Reservoir Engineeringtanford University SGP-TR-179.

Kovac K. M., T. Xu, K. Pruess, and M.C. Adams (2006) Reachemical flow modeling applied
to injection in the Coso EGS ExperimeRtoceedings, 31Workshop on Geothermal Reservoir
Engineering Stanford University SGP-TR-179.

McLin K.S., K.M. Kovac, J.N. Moore, M.C. Adams, andXu (2006) Modeling the geochemical
effects of injection at Coso geothermal field, CAngarison with field observationBroceedings,
31 Workshop on Geothermal Reservoir Enginegrignford University SGP-TR-179.

McLin K. S., J.N. Moore, J. Hulen, J.R. Bowmanl, Br&d (2006) Mineral characterization of

scale deposits in injection wells; Coso and Saltong®ethermal fields, CAProceedings, 31
Workshop on Geothermal Reservoir Engineeriiginford University SGP-TR-179.
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Maris V., P. Wannamaker, and Y. Sasaki (2006) Three-dimeaisiorersion of magnetotelluric
data on a PC; methodology and applications to the @asiermal fieldGRC Transaction30,
pp.145-149.

Mella M., K. Kovac, T. Xu, P. Rose, and J. McCullq&006) Calcite dissolution in geothermal
reservoirs using chelantSRC Transaction30, pp.347-351.

Mella M., P. Rose, J. McCulloch, and C. Buck (2006) A Traest using ethanol as a two-phase
tracer and 2-naphthalene sulfonate as a liquid-phase &tbe Coso geothermal fiel@RC
Transaction 30, pp.919-921.

Mella M., P. Rose, M. Adams, N. Dahdah, J. McCullaaid C. Buck (2006) The Use of n-
propanol as a tracer at the site of the Coso engihgeahermal systerfroceedings, 31
Workshop on Geothermal Reservoir Engineerbignford University SGP-TR-179.

Moller N., C. Christov and J. Weare (2006) Thermodynamadels of aluminum silicate minerals
solubility for application to enhanced geothermal syst@raceedings, 31Workshop on
Geothermal Reservoir Engineeringtanford University SGP-TR-179.

Nicholas C., N.C. Davatzes and S. H. Hickman (2006Stad faulting in the Coso geothermal
filed: update and recent results from the East FlankCarse WashProceedings, $1Workshop
on Geothermal Reservoir Engineerjriganford University SGP-TR-179.

Park J., D. Norman, K. McLin, and J. Moore (2006) Modelingaous silica precipitation near
Coso injection wellsProceedings, $1Workshop on Geothermal Reservoir Enginegrignford
University SGP-TR-179.

Pritchett J. W. (2006) Using electrical survey technidqoeadentify drilling targets in basin and
range geothermal prosped&RC Transaction30, pp.453-457.

Pruess K. and M. Azaroual (2006) On the feasibility of usimgercritical C@as heat
transmission fluid in an engineered hot dry rock geothksystemProceedings, 31Workshop
on Geothermal Reservoir Engineerjrigianford University SGP-TR-179.

Rose P., M. Mella, and J. McCullough (2006) A Comparisdmydfaulic stimulation experiments
at the Soultz, France and Coso, California engineerattigienal system$roceedings, 31
Workshop on Geothermal Reservoir Engineerbignford University SGP-TR-179.

Tang C., J. A. Ria, and J. M. Lees (2006) Shear-wavitisgl a diagnostic tool to monitor fluid
pressure in geothermal fieldroceedings, $1Workshop on Geothermal Reservoir Engineering
Stanford University SGP-TR-179.

Wannamaker P. E., W. M. Doerner, and D. P. Hasterok J2DGftic faulting and multi-scale
geothermal fluid connections in the Dixie Valley- Cehiavada Seismic Belt Area, implications
from MT resistivity surveyingProceedings, 31Workshop on Geothermal Reservoir Engineering
Stanford University SGP-TR-179.

Wannamaker P. E., D. P. Hasterok, and W. M. Doerner (2a88jiife magmatic input to the
Dixie Valley geothermal field, and implications for list-scale resource exploration, inferred
from magnetotelluric (MT) resistivity surveyinGRC Transaction30, pp.471-475.

Weijers L., P. E. Van Dyke, and A. Robertson-Tait (90D&ating extensive and complex

fracture networks for enhanced geothermal systems:emiew of oilfield stimulation and
diversion technique&RC Transaction30, pp.367-373.
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3.6 Websites Related to Annex IIT Work

Habanero project, Australidattp://www.geodynamics.com.au/IRM/content/default.htm
Germany’s Resourcedittp://www.tab.fzk.de/

GeneSys-Project, Germankitp://www.bgr.de/

Hijiori project, Japan:http://www.nedo.go.jp/chinetsu/hdr/hijiorinow/html

Deep Heat Mining, Switzerlanchttp://www.dhm.ch

EGS-PMDA promotion onhttp://www.iea-gia.ch

DOE technical projectshttp://www.eere.energy.gov/geothermal

EGS Program Reviewhttp://www1.eere.energy.gov/geothermal/egs_prog_review.html
Coso stimulation Project, USAttp://www.egs.egi.utah.edu

Soultz European HDR Projechittp://www.soultz.net/

Authors and Contacts

Isao Matsunaga, AIST, 1-1-1 Umezono, Tsukuba, Ibaraki, JapEisunaga-isao@aist.go.jp

Thomas Mégel, GEOWATT AG, Dohlenweg 28, CH-8050 Ziirich, S:iénd:
megel@geowatt.ch

Joel Renner, Idaho National Laboratory, P.O. Box 1625 pléalls, Idaho, USA 83415-3830;
joel.renner@inl.gov

Peter Rose, Energy and Geoscience Institute at thestdity of Utah, 423 Wakara Way suite 300,
Salt Lake City, Utah, USA 8411@rose@egi.utah.edu

Tsutomu Yamaguchi, AIST, 13-1 Onogawa, Tsukuba, Ibaraldnjgyamaguchi@aist.go.jp
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Chapter 4

Production test at Gro3 Schénebeck, Germany (from Hueeigals,2006).

4.0 Introduction

The Deep Geothermal Resources Annex began as onearfdimal Annexes in 1997. It was
initiated as a four-year international collaborative paogunder the IEA Geothermal
Implementing Agreement. In 2001, the GIA Executive Conamittpproved the continuation of
this Annex to 2006. Review of Annex VI activities in 20@6ulted in its closure.

The aim of the Deep Geothermal Resources Annex wakltess the issues associated with
commercial development of deep geothermal resources asdggiater than 3,000 m.

Activity in this Annex declined considerably since 2008hvhe only major projects pursued in
2006 being the joint effort at Soultz-sous-Forét (an EGeptapn Alsace, France) and those in
Germany. This situation evolved as a consequencerofxdng “overlap” of Annex IV
investigations with those in Annexes Il and VII.

The work of Annex IV was very closely related to thisonex Il (EGS) because enhanced
geothermal systems studies are being pursued in sevgiasevhere the desired high
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temperatures are reached at much greater depths (> 4,@68mi) the “normal” high-
temperature geothermal fields. Also, the major workninex IV began to concentrate on the
“creation” of geothermal reservoirs at depths greatan 8,000 m, e.g. the application of EGS to
create deep geothermal resources in Germany's sedimbatng. In addition, studies associated
with “drilling and logging technology” for deep geothermabwgzes moved into the realm of
Annex VII. The effect of this evolution was a declinedinnex IV activities, with a concurrent
growth in those of Annexes Ill and VII.

As a result, the ExCo officially decided at its"IMeeting, held on 7-8 September 2006, that since
2006 was the last year of the Annex’s current term,  agpropriate to close it and transfer the
remaining continuing investigations appropriately inteeotAnnexes. The final decisions on
which Annexes the continuing Annex IV activities will Im@ved to are being considered by the
ExCo and Annex Leaders.

During 2006, only Germany actively participated in Annex |

The Operating Agent for Annex IV is ForschungszentruncdimbH, Germany. The Task
Leaders for 2006 were Dieter Rathjen and Lothar Wissing.

4.1 Tasks of Annex VII

The investigations in this Annex were divided into thredasis.

4.1.1 Task A- Exploration Technology and Reservoir Engineering

The objective of Subtask A is to carry out collaboratasearch on exploration technology,
including geothermal modelling; geophysical, geological andhgamical exploration; and on
reservoir engineering, including reservoir characteoragind reservoir modelling.

4.1.2 Task B- Drilling and Logging Technology

The objective of Subtask B is to carry out collaboratesearch on drilling and logging
technologies, including the reviews of drilling and loggiagorts of deep geothermal wells; and
exchange of information on improvements in drilling aogbing tools.

4.1.3 Task C- Reservoir Evaluation

Subtask C seeks to exchange experience on materials anidtdesramong the group. Published
and unpublished information is gathered on past, presehplanned experiences, and tests and

research on materials in deep and aggressive geothernsshsysthe information is then
summarized in a database.

4.2 Work Performed in 2006
4.2.1 Germany

The most significant work was conducted in the North GerBasin on the Grold Schénebeck
project and at Landau.

* GrolR Schoénebeck
The Grol3 Schoénebeck study is part of an interdisciplipanjgct that seeks to develop geothermal

technologies required for extracting hot fluids (> 100 Cages (> 50 t/h) sufficient to
economically generate electricity in sedimentary basiree goal is to build a geothermal power
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demonstration plant that will run a 750 kW binary generatal demonstrate sustainable
production. The initial results from this ongoing invgation were described in the 2004 and
2005 GIA Annual Reports. In 2006, the second well was diileddepth of ~ 4,200 m and there
are plans to conduct stimulation tests in 2007.

« Landau

The second borehole was completed in 2006 to a deBth70 m, and stimulation tests between the first
and second boreholes were successful. A binary GiR€was ordered, with plans to install it in 2007.

4.2.2 EC Soultz-sous-Forét (Alsace, France)

Germany continued its participation on the European Seuoliz-Foréts project in 2006, working
with France, Italy, Switzerland and the EC to develgpientific geothermal pilot plant.

4.3 Work Planned for 2007

None, since the Annex has been closed.

4.4 References

Huenges, E., Saadat, A., Brandt, W., Legarth, B., TiscinelMoeck, I., Holl, H., Zimmermann,
G. (2006) Current status of the EGS Grol3 Schdnebeclcprajbin the North German Basin:
main achievements and perspectives. Presentation ma@2@IA Executive Committee
Meeting held in Paris, France, 16-17 March 2006.

4.5 Websites Related to Annex IV Work

Germany

»  Bad Urach projectttp://www.geotermie.de/bad_urach.htm

» EU-Project in Soultz-sous-Forétsmww.Soultz.net

* Federal Institut for Geosciences and Natural Ressuncannover, Germany:
www.bgr.bund.de

» Federal Ministry for the Environment, Nature Conservatind Nuclear Safety:

www.bmu.bund.de

Forschungszentrum Jilich, Project Managementw.fz-juelich.de/ptj/

GeoForschungsZentrum Potsdam, GREvw.gfz-potsdam.de

GeneSys-Project, Germarhttp://www.bgr.de/

Germany’'s ResourceBttp://www.tab.fzk.de/

Institut fir Energetik Leipzigwww.ie-leipzig.de

EC Soultz-sous-Foréts (Alsace, France)

*  Soultz European HDR Projedtttp://www.soultz.net/

Authors and Contacts

Dieter Rathjen, Forschungszentrum Jilich, Jilich, Germdmgthjen @fz-juelich.de

Lothar Wissing, Forschungszentrum Jilich, Julich, Gegmawissing@fz-juelich.de
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IEA GEOTHERMAL R&D PROGRAMME

Chapter 5
Annex VII- Advanced Geothermal Drilling Technology

Drilling the Magma Energy exploratory well in 1989 at Ldvgjley, California, USA, showing
the 26-inch bit with the 36-inch hole-opener above it {@ayrof John Finger).
5.0  Introduction

The objective of advanced drilling technology is to prteangays and means to reduce the cost of
geothermal drilling through an integrated effort whichoiwes developing an understanding of
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geothermal drilling needs, elucidating best practices fastering an environment and
mechanisms to share methods and means to advanceehaf gite art. Drilling is an essential
and expensive part of geothermal exploration, developraedtytilization. Drilling, logging, and
completing geothermal wells are expensive because of higietatures and hard, fractured
formations. The consequences of reducing cost areioffmessive, because drilling and well
completion can account for more than half of the capdsi for a geothermal power project.

Geothermal drilling cost reduction can take many forerg,, faster drilling rates, increased bit or
tool life, less trouble (twist-offs, stuck pipetc), higher per-well production through multi-laterals,
and others. Activities in the Advanced GeothermalliBglTechnology Task will address aspects
of geothermal well construction, which include:

» Develop a detailed understanding of worldwide geothermisihdrcosts

« Compile a directory of geothermal drilling practices aod they vary across the globe

» Develop improved drilling technology

The objectives of the Advanced Geothermal Drilling Annex a

* Quantitatively understand geothermal drilling costs fesound the world and identify ways
to reduce those costs, while maintaining or enhancing ptiedy

» Identify and develop new and improved technologies for fatgmitly reducing the cost of
geothermal well construction to lower the cost ofteleity and/or heat produced with
geothermal resources

» Inform the international geothermal community about tliegiéng technologies

» Provide a vehicle for international cooperation, figlstsetc. toward the development and
demonstration of improved geothermal drilling technology

Annex VIl of the Geothermal Implementing Agreement ien developed to pursue advanced
geothermal drilling research that will address all aspgfageothermal well construction.

Participants in this Annex are: Mexico, Iceland, thedgean Commission, New Zealand, and the
United States.

Sandia National Laboratories (USA) is the Operating Ag@ménnex VII. Stephen Bauer
(Sandia National Laboratories, USA) is the Annex Leader

5.1 Tasks of Annex VII

Annex VIl has three Subtasks, described below. As spedaifite Annex VII Charter, all
Participants in the Annex are considered to participati Bubtasks.

5.1.1  Task A- Compile Geothermal Well Drilling cost and Performance Information
(Task Leader: Jaime Vaca, Comision Federal de Electridad (CFE), Mexico)

This activity is a compilation of drilling cost inforrian associated with the development,
construction and operation of geothermal wells. Thisrmétion/data will be maintained in a
single database, so that all participants can usédetify key cost components that might be
reduced by new technology or by different drilling practieta could include R&D cost, project
cost, operation and maintenance cost, and overall teseogy. It will include information on
wells for both electricity and direct-use applicatigingluding geothermal heat pumps), and will
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include information from 1990 to date. The key modificasonght in this time period, based on
the realization that operators do not want to openlgesbasts, is to collect depth-time data, from
which, performance may be estimated

5.1.2  Task B- Identification and Publication of “Best Practices” for Geothermal Drilling
(Task Leader-High Temperature Drilling: Jaime Vaca, Comision Federal de

Electridad (CFE), Mexico)

The Participants plan to identify and catalogue the tedgred that have been most successful for
drilling, logging and completing geothermal wells. A compldandbook will contain drilling
practices for both direct use (low temperature) andretatgeneration (high temperature) wells.
The complete Handbook will eventually include, but ndlifbéed to: design criteria for the

drilling and completion programs, drilling practices fostcavoidance, problem diagnosis and
remediation during slimhole drilling, trouble avoidancellwesting, geophysical logging, and
wellbore preservation.

5.1.3 Task C- Advanced Drilling Collaboration (T'ask Leader: Stephen Bauer, Sandia
National Laboratories (SNL), USA)

The Participants will monitor and exchange informatiordolling technology development and
new applications in their respective countries. Theidaaints will also identify activities and
projects for collaboration, and then collaboraticangl will be developed. For example, the

Participants anticipate identifying opportunities to filst in one country a technology/system
that is being developed in another participant’s country.

5.2 Work Performed in 2006
5.2.1 General
« Completed IEA-GIA Annex VII Contribution for GIA End @ Term (2002-2007) Report

» Completed written reports for spring and autumn Annex Vitmgs held in association with
the ExCo Meetings

5.2.2 Review of Annex VII Activities as Discussed at Spring Annex Meeting (Paris,
France)

Parties interested in Annex VIl of the IEA Geotheringblementing Agreement met at the IEA
Headquarters, Paris, France on 15 March 2006.

Key Points from Meeting:

» Each of the five active participants in the Annex wagresented: Iceland, Mexico, New
Zealand, the United States and the European Commission

» Each task was discussed, with a view towards maintainsopstantive path forward
5.2.2.1 Task A- Compile Geothermal Well Drilling Cost and Performance Information

A costing database system is being developed by CRE.system is spreadsheet based and
includes details of cost components of wells as plannéd@mstructed. New CFE wells will be
incorporated into the database system first (about 3&ifoyear and the next 1-2 years), and

older wells will be entered into the database in tirAgrogress report was to be presented at the
September meeting.
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5.2.2.2 Task B- Identification and Publication of “Best Practices” for Geothermal Drilling

The outline for the Handbook was finalized, and has bleeg on the web, commented upon
internationally, and responded to. The outline washfd out; case histories are to be collected, in
part being solicited through web. A draft was to kEspnted at September meeting.

5.2.2.3 Task C- Advanced Drilling Collaboration

Requests for collaboration have been received; and wenesdéz!, and information exchanged
between principal investigators.

Roy Baria, representing the Soultz HDR Project, etsBandia National Laboratories in January
2006 and presented a tatkurrent Status of EGS Technology with a Particular Referentteto
European HDR ProgrammeAn information exchange took place pertinent to the gedgalys
response observed during the Soultz injection testing.

A Geothermal Research Session was organized at thecam&ock Mechanics Association
Annual Meeting held in June 2006, at Golden, Colorado, .USA

5.2.2.4 Meetings Announced

High Temperature Electronics Conference (HITEC 2006), sponsored by the International
Microelectronics and Packaging Society (IMAPS); th8. Air Force Research Laboratory,
WPAFB; and Sandia National Laboratories. To be beld5-18 May 2006, in Santa Fe, NM,
USA. Contact was: Randy Norman (Sandia National Laboes); contact: ranorma@sandia.gov.

ENhanced Geothermal Innovative Network for Europe (ENGINE, http://engine.brgm.fr)
is a co-ordination action supported by tife Besearch and Development framework of the
European Union. The main objective is a co-ordinatigdh@fresent European research and

development initiatives fddnconventional Geothermal ResourceandEnhanced Geothermal
Systems from resource investigation and assessment staggythto exploitation monitoring.

5.2.2.5 Technical and Programme Presentations

Three presentations were made during the spring AnnleM&#gting in the spirit of fostering
international communications and technology sharing:

» European Union Program: ENGINfresented by S. Thorhallsson, Iceland GeoSurvey

« Downhole Motors and Ideas Concerning Geothermal Drillingsented by Evgeny Murtola,
Swiss Federal Institute of Technology (ETH)

e Current Direction of Sandia's Drilling Research Effopresented by S. Bauer, SNL, USA

5.2.3 Review of Annex VII Activities as Discussed at Autumn Annex Meeting (San
Diego, USA)

Key Points from Meeting:

* Annex meeting attendees: Barry Goldstein (AustraliakeNVialavazos (Australia); Adrian
Larking (Green Rock Energy), Doone Wyborn (Geodynamlaghar Wissing (Germany);
Yoonho Song (Korea); Jaime Vaca (Mexico), David NievaXido); Chris Bromley (New
Zealand); Lucien Bronicki (Ormat Technologies), Matlickrt@t Technologies); Ladsi
Rybach (Switzerland); Allan Jelacic (United Stateg)v& Bauer (United States), Douglas
Blankenship (United States), Randy Normann (United States

» Each task was discussed, with a view towards maintainsapstantive path forward
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5.2.3.1 Task A- Compile Geothermal Well Drilling Cost and Performance Information

Jaime Vaca presided. The Costing Database system @eveloped by CFE (includes data for
the first 9 wells of 30) was presented by Jaime Vadee database will incorporate older wells in
time. Jaime Vaca also presented a Cost Model. trasashared recent well cost data. The
database of well data has been significantly expandedhisthéw information.

5.2.3.2 Task B- Identification and Publication of “Best Practices” for Geothermal Drilling
Jaime Vaca presided. The Handbook Outline has been éidalithe magnitude of task of

completing the draft realized, as such, the draft habeen completed as planned. Significant
contributions relative to Mexico have been submitted.

5.2.3.83 Task C- Advanced Drilling Collaboration

Steve Bauer presided. Requests for collaboration weeéveecand discussed, and information
was exchanged between principal investigators.

5.2.3.4 Meetings Participated In

* A Geothermal Research Session was organized and hefdeaic&n Rock Mechanics
Association Annual meeting 2006.

* The High Temperature Electronics Conference (HITEC 2G@)nsored by International
Microelectronics and Packaging Society (IMAPS), th8. Air Force Research Laboratory,
WPAFB and Sandia National Laboratories was held ori8l8lay 2006. The co-organizer
was Randy Normamanorma@sandia.gov

e The European Union PrograBNGINE (http://engine.brgm.jrworkshop was attended by some
Annex VIl participants. A link from the IEA-GIA websito theENGINEwebsite was setup.

5.2.3.5 Technical and Programme Presentations

Three presentations were made during the autumn Avithéteeting in the spirit of fostering
international communications and technology sharing:

» Diagnostics while Drilling and Advances in Rock Reduction Methgd3ouglas Blankenship,
Sandia National Laboratories.

‘/ Strain Gages & Cylindrical Cover Electronics

R R o) ¥ -
Service Connections )
with Captured Centralizers

Figure 5.2 Diagnostics while drilling measurement sub feamibinttom hole assembly dynamics
measurements of weight on bit, torque on bit, 2-axislipg, 3-axis acceleration, rotary speed
(magnetometers), pipe and annulus pressure and tempenatLinggh-temperature electronics

(225 °C sustained operation).
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Cost Model Geothermal Wells Project (Cerro Prieto Geotheiffielt! Case)y Jaime Vaca,
CFE (Mexico).

BREAK EVENT POINT
WELL 212
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Figure 5.1 Example of well cost versus production for Cierro terigell.

High Temperature Electronics: Tools, Techniques and Perspsativthe Futury Randy
Normann, Sandia National Laboratories.

(@) (b)

Figure 5.3 (a) 315°C microprocessor circuit on ceramic board; (b) sstate, explosion-proof,

25-350 °C battery technology.

The meeting ended with a general discussion on “Thoughtisddfuture”. The following
continuing issues facing geothermal drilling were idedifvith requests for them to be
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addressed: (1) Drilling in hard hot rock (better bit§2);Drilling in deep in granitic basement;
and (3) Flat time.

5.3 Highlights of Annex VII Programme Work for 2006

» Progress in each of the Tasks was recognized; with tegtex new well cost data on recent
wells identified as important

* The association &ENGINEwith Annex activities

» The continuation of Annex VII studies as a result thi-EA being extended to 2012

5.4 Work Planned for 2007
5.4.1 Task A- Compile Geothermal Well Drilling Cost and Performance Information

CFE will continue to solicit performance data from mgters. CFE and Annex VII participants
will begin to discuss, assimilate and analyze informmatio

The outputs will consist of a more comprehensive catipil of cost data as it continues to be
collected and a report will be made to the GIA Execufieenmittee.

5.4.2 Task B- Identification and Publication of “Best Practices” for Geothermal Drilling

A full draft of the Handbook will be developed for reviemdacomment, and a report produced for
the GIA Executive Committee.

5.4.3 Task C- Advanced Drilling Collaboration

International collaborations for technology sharind bé solicited, coordinated, and planned.
Examples of possible collaborations include: instrust@t demonstrations and evaluations,
information exchanges through visits to foreign sites (ongioingach year). Organize
international exchange programs, possibly in associatitbnother international travel activities,

for information exchange and sharing. The resultsheilfeported to the GIA Executive
Committee.

5.5 Outputs for 2007

Results from Annex VII studies were presented at thresings:

* High Temperature Electronics Conferen@diTEC 2006), Santa Fe, New Mexico, USA
» ENbhanced Geothermal Innovative Network for Europe (ENGINE)

» Geothermal Research Council Annual Meeting 2006, San Diedidor@ia, USA

Publications for 2006 included:

Blankenship, D. A. (2006) Development of a high-temperaliagnostics-while-drilling system.
DEA WorkshopGalveston TX, USA.
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Blankenship, D.A., J.A. Henfling, A.J. Mansure, R.D.atmon, S.D. Knudsen, and D.J. Chavira
(2006) High-temperature diagnostics-while-drilling systdransactions Geothermal Resources
Council, Vol 30. 2006 Annual Meetin§eptember 11-13. San Diego, USA. (CD).

Boro, H., and G.E. Melosh (2006) Application of real-tidigital rig data to wellbore stability at
Awibengkok geothermal field, West Java, Indoneransactions Geothermal Resources Council,
Vol 30. 2006 Annual Meetin@Geptember 11-13. San Diego, USA. (CD).

Garcia-Gutierrez, A., E. Santoyo, and and G. Espino8a6{2Non-Newtonian convective heat
transfer coefficients of Newtonian geothermal drglifuids. Transactions Geothermal Resources
Council, Vol 30. 2006 Annual Meetin§eptember 11-13. San Diego, USA. (CD).

Henfling, J. A. (2006) Development of a HT diagnosticstevdrilling (DWD) tool. High-
Temperature Electronics Conferen&anta Fe, NM USA.

Jaimes-Maldonado, J.G., and S. Cornejo Castro (2006)Dahe underbalanced or mud drilling
fluids at Tres Virgenes geothermal fielBransactions Geothermal Resources Council, Vol 30.
2006 Annual MeetingSeptember 11-13. San Diego, USA. (CD).

Knudsen, S.D. (2006) Conformal coatings for 225° C applicatibiigh-Temperature Electronics
Workshop Santa Fe, NM, USA.

Mansure, A.J., S.J. Bauer, B.J. Livesay, and Sy R2006) Geothermal well cost analyses 2006.
Transactions Geothermal Resources Council, Vol 30. 2006 Annual MeStptember 11-13.
San Diego, USA. (CD).

Normann, R.A., D.A. Blankenship, A.J. Mansure, J.A. flleg, S.D. Knudsen, and D.J. Chavira,
(2006) Applications for HT power electronic systems withia drilling industry2006 SAE
Power Systems Conferenddew Orleans LA, USA.

Normann, R.A. (2006) 225°C MWD tool electronics including Hittdries. DEA Workshop
Galveston TX, USA.

Normann, R.A. (2006) Update: high-temperature electronidgesting Drilling Engineering
Association 4th Quarter 2006 Meetjrdouston, TX, USA.

Philippacopoulos, A.J., P. Gutierrez, L. Capuano, anBevindt (2006) Structural integrity of well
cementsTransactions Geothermal Resources Council, Vol 30. 2006 Annual MeB8&ptember
11-13. San Diego, USA. (CD).

Raymond, D.W. (2006) Advanced drilling dynamics simulaboilling Engineering Assoc.
Quarterly MeetingHouston, TX, USA.

Raymond, D.W., J.W. Grossman, G. Chahine, K. GlasBJak, and K. Bertagnolli (2006)
Development and testing of a PDC bit with passively pmgacavitating nozzlesTransactions
Geothermal Resources Council, Vol 30. 2006 Annual MeeSiegtember 11-13. San Diego, USA.
(CD).

Raymond, D.W. (2006) Laboratory simulation of drill bit dgmes. DEA WorkshopGalveston
TX. USA.

Salazar-Mendoza, R., and A. Garcia-Gutierrez (2006) Re$tdm the averaging model for

cuttings transport in horizontal drillingransactions Geothermal Resources Council, Vol 30. 2006
Annual MeetingSeptember 11-13. San Diego, USA. (CD).
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Spielman, P., R. Hernandez, and H. Nguyen (2006) Reverseatiooubf foamed cement in
geothermal wellsTransactions Geothermal Resources Council, Vol 30. 2006 Annualnigleeti
September 11-13. San Diego, USA. (CD).

Speilman, P., W. Rickard, and W. Teplow (2006) Puna geotherm&alree Hawaii — 2005 drilling
program.Transactions Geothermal Resources Council, Vol 30. 2006 Annual Me®&ptember
11-13. San Diego, USA. (CD).

Tuttle, J.D. (2006) Recent developments: drilling fluids aednent additivesTransactions
Geothermal Resources Council, Vol 30. 2006 Annual MeeSiegtember 11-13. San Diego, USA.
(CD).

5.6 Websites Related to Annex VII Work

» Sandia geothermal programméttp://www.sandia.gov/geothermal
* National Renewable Energy Laboratorfttp://www.nrel.gov/geothermal/
* ENGINE: http://engine.brgm.fr

Author and Contact

S. J. Bauer, Dept. 6211 MS 1033, Geothermal Research DeparSandia National Laboratories
Albuquerque, NM, USA 87185-1038jbauer @sandia.gov
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IEA GEOTHERMAL R&D PROGRAMME
Chapter 6

The Pearl in Reykjavik. Hot water storage tanks withstéargant on the top
(courtesy Einar Gunnlaugsson).

6.0 Introduction

The Direct Use of Geothermal Energy Annex was initimed 9 September 2003, when the
agreement entered into force.

Geothermal energy can be used directly as heat for aplications such as building and district
heating, industrial process heating, commercial usesasigheenhouse heating and temperature
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control of water for fish farming, bathing and swimmiagd many other purposes. Many
applications are well developed and are economicalbjesiavhile others are challenged by
implementation difficulties and unfavourable economithe Direct Use Annex will address all
aspects of the technology with emphasis on improving imgdgation, reducing costs and
enhancing use.

The objectives of Annex VIII are to:

+ Define and characterize the direct use applicationgdothermal energy, with emphasis on
defining barriers to widespread application

» Identify and promote opportunities for new and innovativeiagibns

+ Define and initiate research to remove barriergnttance economics and to promote
implementation

e Test and standardize equipment
» Develop engineering standards

The Contracting Parties who officially agreed to paéite in this Annex as of the end of 2004
were: Iceland and Switzerland. In 2005, Japan, New Zedlamd)SA and Korea confirmed their
participation in the Annex, increasing the total particguatd six countries. Non-GIA Members
have shown interest in participating, however, the Sliitially pursuing avenues for them to
join the GIA before allowing participation.

The Operating Agent for Annex VIII is The Federationaalandic Energy and Waterworks,
Reykjavik, Iceland, and the Annex Leader is Einar Gunnizargs

6.1 Tasks of Annex VII
There are five tasks defined for this Annex. Work hagestdor four of these tasks.

6.1.1 Task A- Resource Characterization (Task Leader: Hirofumi Muraoka, National
Institute of Advanced Industrial Science and Technology (AIST), Japan)

The aim of this task is to define the available geotiaéresources in the various participating
countries.

6.1.2 Task B- Cost and Performance Database (Task Leader: Yoonho Song, Korea
Institute of Geoscience and Mineral Resources (KIGAM), Republic of Korea)

This task focuses on collecting, analyzing and dissemin#ie characteristic cost and
performance data for installations in participatingrdoes, with emphasis on establishing a
baseline and then validating the improvements frormvative components and better designs.

6.1.3 Task C- Barrier and Opportunity Identification (Task Leader: Yoonho Song,
Korea Institute of Geoscience and Mineral Resources (KIGAM), Republic of
Korea)

Based on Tasks A and B, this task will define the eesnivhich must be overcome to gain
widespread use of geothermal heat for various applicatibns.research activities necessary to
take advantage of these opportunities will also be definddnitiated. This task has been
operated in parallel with Task B.
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6.1.4 Task D- Equipment Performance Validation (Task Leader: To be appointed)
The aim of this task is define and test critical andwative equipment; such as submersible and
line shaft pumps, compact heat exchangers, down-hole xaetrgers, non-metallic piping, heat

pumps and other equipment to characterize performanearious applications and for various
geothermal brines. Work in this task has not yet begdma task leader has been appointed.

6.1.5 Task E- Design Configuration and Engineering Standards (Task Leader: John
Lund, Oregon Institute of Technology (OIT), USA)

The work here is to develop and characterize standatdiesigns for various applications, with

the goal of minimizing the engineering related taaas applications. Develop engineering
standards for designs, equipment and controls.

6.1.6  Expected Results

The primary results of Annex VIII will be improvemerih systems and equipment, reduction in

cost of delivered heat and an increase in the numimbrentt use applications. Cooperation

between the countries and increased exchange of tecandtacientific information within the

field of direct use of geothermal energy will be benafifor all partners. Specifically, the results

of this Annex shall include:

» Development of an international database on direct udieagmns by each of the
participating countries. The database will be basestammdardized instruments and reporting
techniques

* Reports on state-of-the-art in direct use of geotheemaigy, including areas needing
improvement

» Cooperative research to accomplish the needed improvemen

» Participant reports on the status of research and devetojmeew and improved technology
that shall be presented in appropriate journals and msetin

6.2 Work Performed in 2006

An Annex VIII meeting was held on 6 September 2006, at Tamd Country Resort &
Convention Center, San Diego, in association withl8{eGIA ExCo Meeting. Participants from
all the countries except USA attended the meeting. Thk eamducted is reported by Task.

6.2.1 Task A- Resource Characterization (Temperature and Chemistry)

Data on temperature of the geothermal manifestatiodschemistry from Korea, Iceland, Japan
and New Zealand had been collected and a first evatuanade. The results show that
differences in chemistry are related to the differenktypes and geological environments.

6.2.2 Tasks B and C - Barriers and Opportunities (Costa and Performance)

A questionnaire was prepared and distributed to participating Blembrhe data was evaluated
and results presented at the meeting.

6.2.3 Task E- Design Configuration (Engineering Standards)

The collection of available information has begun.
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6.3 Work Planned for 2007
6.3.1 Task A- Resource Characterization (Temperature and Chemistry)

More data will be made available from New Zealand, &wiand and the USA. The data
evaluation will continue.

6.3.2 Tasks B and C - Barriers and Opportunities (Costa and Performance)

The questionnaire requires revision and further evaluafitine data collected will be performed.
If new participants (possibly Australia, France and P9l@id, they will complete the
guestionnaire and this new data will be compiled.

6.3.3 Task E- Design Configuration (Engineering Standards)

Collection of available descriptions will continue drallisted, regardless of language.

6.3.4 Expected Outputs for 2007

A simple standardized database will be identified tiaatbe used to show the direct use
applications by each of the participating countries.

An Annex VIII meeting is scheduled in association with 18 ExCo Meeting to be held in
March 2007.
Author and Contact

Einar Gunnlaugsson, Federation of Icelandic Energy and Watds\WReykjavik, Iceland;
einar.gunnlaugsson@or.is
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NATIONAL & INDUSTRY ACTIVITIES

Chapter 7
A Synopsis of National and Industry Activities

6" power plant unit (30 M\ at Svartsengi, Iceland (photograph by Oddgeir Karlsson,
permission of Albert Albertsson, Hitaveita Sudurnesja)

7.0 Introduction

This chapter is based on the EC, national and industrytsguarsented in Chapters 8-18 and 19-
21, respectively. It provides a synopsis of the geothkestate of affairs in the Member Countries
and the EC, and introduces the three new Sponsor Membermived in 2006. The Member
Country reports include information on national policy;rent status of geothermal energy use,
both for electricity generation and direct use; markeeld@ment; stimulation and constraints;
economics; research activities; education and internaitogeration; while the Sponsor reports
contain information on the companies and their activities.

The status of geothermal installed capacity and etégtgenerated in the Member Countries and
the EC in 2006 are provided in Table 7.1, and the geathdirect use installed capacity and energy
used are presented in Table 7.2. Estimates ofaeni fuel oil savings and avoided £$nissions are
presented in Table 7.3.

7.1 The Context

Geothermal energy is used for the generation of elégtaind for direct heat applications such as
district and space heating, agricultural drying, industriet@sses, green house and aquaculture
pond heating, bathing and swimming, and snow melting. In 208&ricity was being generated
from geothermal resources in 24 countries, with a bostdlled capacity in excess of 8,900 MW

GIA 2006 Annual Report
57



IEA Geothermal Energy

generating about 54,330 GWh/y (generation data from B€&80b), revised using 2005 GIA
data for Iceland and USA). Geothermal energy provideavarage of about 8.9% of national
capacity and 11.0 % of national generation in those 18 Gesintith non-negligible development,
or approximately 0.3% of the 18,235 TWh of electricity gatesl worldwide in 2005 (IEA,
2007a). Though worldwide geothermal capacity grew relsitateladily, at about 200 MYy (Figure
ES1) for the 25-year period 1980-2005; growth hasrbegeaccelerate in the past few years.

In 2006, GIA country members had over 6,000 MM\installed capacity and generated about
37,205 GWh/y (Table 7.1), or about 67% and 68% of total glpdathermal capacity and
generation relative to 2005 values, respectively. Gewidlezontributed an average of about 5.7%
of Member’s national capacity and 6.6% of their genamatio

Table 7.1 Geothermal power installed capacity and electrgitiyeration in
GIA Member Countries and EC for 2006.

Installed E{:rgt‘r‘ifi‘{y % of % of
Country Capacity Generated Natlon.al National
[MW (] Capacity Energy
[GWhy]
Australia 0.12 0.7 Negligible Negligible
EC? 855 5,698 - -
Germany 0.15 0.2 Negligible Negligible
Iceland 422 2,631 24.9 26.5
ltaly 810 5,200 1.0 1.9
Japai 534.24 3,228 0.2 0.3
Mexico 953 6,685 2.2 3
New Zealand* 450 3,210 55 7.6
USA 2,831 16,250 0.3 0.4
Total 6,000 37,205 5.9 6.6°

3 Does not include Iceland; Estimate using Italy Country Report and Bertani
52005);5Average % of 6 GIA Member Countries with non-negligibdeeration;
Totals exclude EC valuebYear to March 2006; * 2005 data

There is considerable potential for growth in geothesteatricity generation using both conventional
and EGS techniques. Considering the mounting interesbthermal as a renewable energy resource
and the recent acceleration in its development, itSsilple that several percent of the total global
electricity could be provided with geothermal energ2®50.

As stated above, geothermal energy is used in a widawaefidirect heat applications. This
diversity and especially the very large individual use indher temperature range (heat pumps,
space heating, hot pookstc) make it very difficult to obtain complete/accuratémates of
installed capacity and utilization on an annual basis nibst accurate data are especially
collected and published for the World Geothermal Corsgiewvhich are held every 5 years, with
the most recent held in 2005. In 2005, the installed tHgyaveer was estimated to be about
28,269 MW, with 72 countries reporting the use of 273,372 TJ/y, or 75048/y (Table ES4)
(Lund, et al, 2005). The installed thermal power nearly doubled leet895 and 2000, and again
between 2000 and 20085i¢l.), accompanied by correspondingly large increasedlizatibn (Table
ES4). This significant growth is expected to continuéing the future, especially with the rapid
worldwide expansion in the use of geothermal heat pumps.

Data for 2006 are reported for GIA members in Table Th2a few cases the data presented are

for 2005 (Lundgt al, 2005) or has been estimated based on indicativeafageswth. The total
installed capacity was about 16,317 MWith approximately 137,745 TJ/y of energy used.
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Comparison with GIA Members’ 2005 data: installed capacidy090 MW, and > 69,000 TJ/y,
shows extremely large increases in 2006. These incraaspsedominantly contributed by Japan
and the USA, and are due to more comprehensive dataticviles well as real growth.

Table 7.2 Geothermal direct use in GIA Member Countries in 2006
(data in parenthesis is for 2005).

Installed Thermal Power | Annual Energy Used

Country (MW ) (TJHy)
Australia (110) (2,968)
EC 2,491 16,590
EC 7,329 na
Germany (505) 6,865
Iceland (1,844) 25,080
ltaly (607) 8,000
Japan* 3,526 43,232
Mexico 164 (1,932)
New Zealand** (308) 9,670
Republic of Korea** 32 271
Switzerland 781 5,987
USA*** 8,440 33,740
Total for GIA® 16,317 137,745

() = from Lund.et al (2005):® Using IEA conversion factor: 1 TJ (heat) = 47.8 toe;
* Year to March 2006; ** 2005; *** Estimated using 8%riease on 2005 values;

! Excludes Switzerland and Iceland and does not include heat paapsiot available
2 Heat pumps only, excludes Switzerland and Icel3fidtal excludes the EC.

Table 7.3 Equivalent fuel oil savings and avoided £#nissions in 2006.

Country Equivalerzltvllig:)lgo#il Savings Avoided(ﬁ?/lto)zTEmissions
Secncty | Biee | toar | Seavay [ B | o
Australia negligible 0.14 0.14 negligiblg 0.34 0.34
EC 4.90 0.78 5.69 4.65 1.87| 6.52
Germany negligible 0.33 0.33 negligible 0.78 0.78
Iceland 2.26 1.20 3.46 2.15 2.86 5.01
ltaly 4.47 0.38 4.85 4.25 0.91 5.16
Japan* 2.78 2.07 4.85 2.64 4.98 7.57
Mexico 5.75 0.09 5.88 5.46 0.2 5.68
New Zealand 2.76 0.46 3.22 2.62 1.10 3.72
Republic of Korea 0 0.01 0.01 0 0.08 0.03
Switzerland 0 0.29 0.29 0 0.69 0.68
USA 14.0 1.61 15.6 13.3 3.85 17.2
Total for GIA? 32.0 6.58 38.6 30.4 15.7 46.2

* Year to March 2006! Excluding geothermal heat pumﬁsTotaI excludes the EC

% |EA conversion for electricity generation: 1 GWh = 0.008&6e (IEA, 2007b)

#1EA conversion for direct use: 1 TJ = 47.8 til®d()

T GIA conversion for electricity assuming oil thermal gowlants: 1 GWh = 817,000 kg GO
(Mongillo, 2005)

P GIA conversion for direct use assuming oil thermal paplents: 1 TJ = 113,610 kg G@bid.)
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In 2006, the GIA Member Countries are estimated to hawetishe equivalent of approximately
39 Mtoe and avoided about 46 Mt of €€émissions, assuming total fuel oil replacement (Table
7.3). Note that the values provided in Table 7.3 wereaulzdtd from the data in Tables 7.1 and
7.2 using the IEA conversion factors for equivalent @ikesavings and the GIA conversions for
avoided CQ emissions (Mongillo, 2005) for the sake of uniformity.

Many of the characteristics of geothermal energy miasksignificant importance for generating
electricity and for direct use applications, includiegtensive global distributiomakes it
accessible to both developed and developing countries; carstagnably developegdrovides
baseload electricity supplindependent from weather and seasonal eff&mtsemissions of
pollutantssuch as particulates and greenhouse gases, especiglipdi@enous so provides
increased security and reduced dependence on imported furels,légsens problems caused by
their price fluctuationgprovides more diversity in energy supmffective for distributed
applicationin both on and off grid developments, especially usefuliial electrification
schemes; andontributes to more employment and opportunity for industry anid¢hé
populationthrough equipment supply and plant construction and servicing.

To maximize these benefits, barriers to the developwfageothermal energy must be overcome.
This requires an improvement in the understanding ofrthieamental benefits and how to avoid
or minimize the drawbacks; the ability to better chtmaze geothermal resources; the
improvement of technologies for the use of geothermalgy; and the distribution of information
about geothermal energy and its benefits to governmaedtsstry, the utilities and financial
communities; and the general public. Success in thesewendgavill make geothermal
development more cost-effective, help it acquire a lgugearof the marketplace and increase its
use.

7.2 Review and Highlights of National Activities
7.2.1  Australia

Australia’s geothermal generation in 2006 amounted to 0.7/6%dm a 120 kW binary
generator utilizing 98 °C water. However, supportive fabend state government geothermal
legislation and funding continue to foster major growirtgrest in the geothermal sector. At the
end of 2006, 16 companies were involved in geothermal igedsins in 110 geothermal license
areas (a 57% increase since 2005) covering about 62,0006% of which are located in South
Australia. The principal geothermal research is aietdgiGS, since current exploration results
indicate the necessity for fracture stimulation t@ategroducing geothermal reservoirs. More
than US$ 448 M in work programme investment has been cordrfott®002-2012, and at the
end of 2006, five geothermal exploration companies werdl lstehe Australian Stock Exchange
with a total market capitalization of about US$ 129 Mddfal and state grants amounting to
about US$ 3.1 M were awarded to five geothermal compsm@®gress geothermal exploration
and demonstration projects in 2006; and in the term 2000-exe2006, the federal government
has awarded US$ 17.6 M to promote progress for commigingaeothermal and associated
technologies. Three companies undertook drilling in 2006, twibhmore planning to drill in

2007. Results are extremely encouraging, ranging frordisitevery of anomalous temperature
gradients of 50-81 °C/km, to the production of 210 °C wateR0086, the Australian Geothermal
Energy Group (AGEG) was formed with a membership of 2&igouent agencies, industry and
university members that support commercializing Austraj@@thermal resources. They also
provide financial and intellectual support for Australial&@embership.

7.2.2  European Community
The European Union has set legislation for promotiorioéwable electricity generation with the

objective of producing 21% of the EU15’s electricity with neables by 2010. In 2006, the EC
also recognized the importance of heating and coolingrefiewable energy, and began an
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impact assessment. There are few countries witkiftth with the high temperature geothermal
resources required to generate geothermal power usingrdmmal means. In 2006, the EU had
an electrical installed capacity of about 855 Ménerating a total of about 5,693 GWhly. lItaly
was the major contributor, with 810 MM®5%) and the remainder from Portugal (the Azores),
France (Guadeloupe), Germany and Austria (note thandes not an EU member). The
installed thermal capacity for the 25 EU countries alzaut 9,820 MW, of which 7,329 MW,

was from geothermal heat pumps. The EU is one ahiger groups of countries to have
developed heat pump technology, with the EU25 estimated &atmut 600,000 units installed,
equivalent to about 7,328 M}V In 2006, one new geothermal project was selecteGor
support: HITI, or High Temperature Tools and Instrumeaitss to develop geophysical and
geochemical sensors and methods to operate at up taldstitperature (> 380 °C). The EGS
pilot plant at Soultz-sous-Foréts is proceeding, withgited of bringing a 1 MWscientific pilot
plant on line by the end of 2007; then increasing productidrsd1W, within the following year.

7.2.3 Germany

The German Federal Government has set the goal of releesvedrgies contributing 12.5% of the
gross electricity consumption by 2010 as part of theatesfy for sustainable development. The
use of geothermal energy for power generation began in Ggrméme end of 2003, and about
0.2 GWh/y was generated in 2006. The relatively favourgdadehermal conditions found in the
Upper Rhine Valley and the Fore Alp Region (Munich) mtiese areas of interest for future
geothermal development. The project at Unterhachipgpiseeding well; with temperatures of
about 120 °C and flow rates of 100-150 I/s obtained, the iglaxpected to produce up to 3.35
MW, and 28 MW, of heat. Projects like that at Landau also look pasitive, and with their
success demonstrating the feasibility of exploiting deephgawmial in Germany, about 80 projects
with a total investment of 80 billion € could proceed iv@#&. The use of geothermal heat
pumps is also growing very rapidly in Germany, and in 2006 thare24,000 were installed,
bringing the total to about 100,000 units for private amdroercial use. Government funding for
geothermal projects has continued to increase, with ddodtM€ provided in 2006.

7.24 Iceland

Iceland’s location on the mid-Atlantic Ridge endowsiitwabundant geothermal resources, and
over 50% of the primary energy supply in the country is pieviby them. In 2006, geothermal
energy provided about 25,080 TJ/y for direct use applicatioalsiding space heating to almost
90% of all of Iceland’s homes. There has been an expaimsenergy intensive industry that has
increased electricity demand, and led to the construof two new geothermal power stations
(total capacity of 180 M\, both of which began production in mid-2006. These development
are cost competitive with hydro. In 2006, the total ihetiacapacity in Iceland was 422 M\&nd
2,631 GWh/y was generated. There has also been a govésupported effort to investigate
geothermal potential in areas previously identified akl“cegions”, with success leading to the
implementation of a geothermal heating system in al $ovaih in west Iceland. Geothermal
research is focussing on categorizing known high tempergéatbermal areas for future
electricity development and exploration is being condudédcate geothermal resources near
districts without space heating. A consortium of India companies has begun the Iceland Deep
Drilling Project (IDDP), a research project aimedlalling to depths of 4-5 km to investigate the
economic feasibility of extracting energy and chemifiais supercritical hydrous fluids
(temperatures of 400-600 °C). Iceland’s United Nations Usityegeothermal school continued
with high demand, and a new international student pnodira English) in sustainable energy will
begin at the University of Akureyri in 2007.

725 ltaly
Italy has the longest history of geothermal power geroeratithe world, beginning at Larderello

in 1913. In 20086, Italy had an installed capacity of 810 MWH generated almost 5,200 GWhly.
All geothermal development is located in Tuscany, whareets 25% of the demand, or 1.9% for
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the entire country. Italy also uses geothermal forighog direct heat for spas, space and district
heating, greenhouses and fish farming, and in 2006 it sugimd 8,000 TJ/y. About 36,000 t/y
of CO, were also produced from a geothermal well for use irfoibet industry. Two of Enel’'s
innovative AMIS HS and Hg abatement plants were installed in 2006 in thereiaarea. In
agreement with the European Directive for promotiregube of renewable resources for
electricity generation, Italy provided 2.7% of its elagityi using renewables in 2006. A system of
Green Certificates also encourages renewable energsatieneby making the value of the kwh
generated equal to the sum of the base price of thgyeteound 5 €-cent/kWh) plus the market
value of the Green Certificate, which was 12.5 €-cent/kW2006. These Green Certificates
make it feasible to continue geothermal developmenaly. [tGeothermal research is focused on
developing advanced methods for reducing drilling risk anehitigating corrosion problems in
wells and surface plant equipment caused by chlorinengrigsthe steam produced from deep
wells. Italy is involved in several geothermal explaraand development programs in Central
and South America and in the USA.

7.2.6 Japan

Japan has major geothermal resources; though their deveribpas experienced difficulties over
the past several years. Power development has beeddbecause of resource location within or
near national parks and because of concern about posdaes on the many developed hot
spring resort areas. In addition, geothermal energyevaeved from the category of “new
energy” in 1997, so lost a variety of incentives availéether renewables. Finally, in 2003,
the government terminated all R&D projects. Consequebdiyan’s geothermal power generation
has been steady, with an installed capacity of 534, lsiWdl generation of 3,228 GWh/y in 2006.
However, the Agency for Natural Resources and Energ\rR@Nand the Ministry of Economy,
Trade and Industry (METI) approved the addition of geotlaéenergy back into the category of
“New Energy” in 2006. It is expected that when this becdegslly enacted in 2007, the
Japanese geothermal power market will revive. NEDGatlepted two new fields for geothermal
investigations as part of its Geothermal Developneomotion Surveys programme that aims to
reduce survey risk and thus encourage power generatidre Ipyivate sector. In addition, a
famous hot spring resort area at Kusatsu Town, GuPnei@cture, won the METI and MOE
subsidy for a 1 MWhot spring power development project. Japan is contintsragtive
international geothermal development program with thé 20nmencement of a Master Plan
Study for Geothermal Power Development in Indonesia.

7.2.7 Republic of Korea

The geothermal resources identified in Korea to date haen the lower temperature variety,
mostly hot springs associated with localized, deeply ecieal fracture systems. However, recent
studies have identified a high heat flow anomaly in thheast of the country where the Pohang
geothermal programme is being conducted. A productiohdriééd here in 2006 reached a
depth of 2,383 m and had a bottom hole temperature > 9(h°&ddition, a proof-of-concept
study involving the use a groundwater source heat pumpectethto a river bank infiltration
municipal water supply pipeline is currently proceedingouigh low temperature geothermal
utilization has only recently started in Korea, governtiamad industry efforts for R&D and
encouragement of geothermal use are increasing. The goverexpenditure on geothermal

R&D in 2006 reached about US$ 7 M, with industry spending an additit8#1.15 M. There is
also a strong government subsidy programme for renevealargy, which provided US$ 11.8 M
for heat pump installations in 2006, twice that for 200Bis support has greatly assisted the rapid
growth in the use of geothermal heat pumps, with the nuofhestallations and energy used
doubling every year.

7.2.8 Mexico

Geothermal development for electricity production begjahe Pathé field in 1959. In 2006, Mexico
had the world’s third largest geothermal installed capa@b3 MW, and generated 6,685 GWhly,
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or about 3% of the nation’s total electricity. Cuthgnseveral feasibility studies are examining
the possibilities for extending Mexico’s geothermaldarction by both replacing some older
power plants and adding some new ones, viz: replacing 99iMifélled capacity of older units
with 125 MW, of new units at two fields, utilizing the same quantitgteam; and by adding 150
MW, of new capacity at three existing fields. The governroensiders geothermal to be a
mature technology, so there are no Government supperitines for geothermal development.
R&D is mainly focussed on development and exploitatian,an investigation of a hot brine
injection system at Cerro Prieto is being pursued.

7.2.9 New Zealand

The geothermal energy scene in New Zealand has be@myadtive recently, with about 1,000
MW, of additional capacity development looking feasible.re€tiheat use has been relatively
static, though geothermal heat pumps could undergo consielgrabith. In 2006, the installed
capacity was about 450 M\\br about 5.5% of New Zealand’s total capacity. tGeonal
generation was about 3,210 GWh/y and provided about 7.6%abftneration. However, there
has been a significant increase in industry expenditurgmaration, drilling and development;
and New Zealand’s two major geothermal operators anedyplans to spend about US$ 1.5
billion on near term power projects, of which about USEEM/y will be spent on commissioned
research. Geothermal direct use has remained r&jasteady for the past decade, and amounted
to about 9.7 PJ/y in 2005. However, in 2006, a large single disednstallation of 20 M\ywas
installed for timber drying. Government policies curngethcourage increased development of
renewable resources, including geothermal energy. rément funded research has remained
relatively stable at about US$ 1.5 M/y.

7.2.10 Switzerland

The nationaSwissEnergyprogramme, which supports renewable energies, providesiiportive
framework for geothermal R&D in Switzerland. The Sv@Eothermal Association (SVG), the
key player and coordinator for geothermal energy developmenise, completed its
reorganization in 2006 and now acts as the Swiss Gewh€&ompetence Center under the label
GEOTERMIE CH. Though there is no power generation iiizéwand from geothermal
resources, there is significant direct use, which hadaitattalled capacity of 781 Myand heat
production of 5,987 TJ/y in 2006. Geothermal heat pumps, whidhtnaied 650 MW, and 4,272
TJly, continue to grow at about 10%/y. This growthtimulated by financial support or tax
credits. Switzerland is presently developing heat pump qualigfs and engineering standards.
The DHM (Deep Heat Mining) project in Basel suffered gomsetback when it was suspended in
December 2006 due to microseismic activity caused agsét of reservoir stimulation by
hydraulic fracturing. A seismic risk study must nowchaducted before the government can
decide whether to continue or to abandon the projeotze®@ment funding for geothermal R&D
was about 1.0 M CHF (US$ 400,000) in 2006, with industry contributidg$ 10 M for the

DHM Basel project. There were significant effortg@othermal education and information
dissemination through university and technical schoolsemjrspecial courses, workshops and
fieldtrips, with well over 950 participants in total. Swétland was also very active in
international cooperative activities, including sevé&dIR&D programmes.

7.2.11 United States of America

There was a major resurgence in the United States geathgower industry in 2006. The
Geothermal Energy Association reported that over 1,92Q bf\lWew capacity was under
development in 2006, including projects in their initial depetent phase. Actual construction on
8 projects in five states amounted to 131 MVWhis expansion was driven by the federal
Production Tax Credits and state Renewable Portfolio 8tead In addition, Alaska’s first
geothermal power plant went on-line with an installed ciypaf 0.4 MW.. There was further
good news with the modification of the Energy Policy 82005, which extended the production
tax credit for geothermal to 31 December 2008. A newnaoré comprehensive survey of US
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geothermal resources that includes low-temperature resoand technological advances that
have occurred in the past 25 years is being conducted \SBS. A major study of EGS by
MIT concluded that with reasonable investment, 100,000.MWmore, of cost-competitive
capacity could be provided in the next 50 years. The USBiteigs remains the major geothermal
developer worldwide, with an operating capacity of 2,831 MW generation of 16,250 GWhly
(0.4% of US total) in 2006. Direct use continues to gmeith estimates for 2006, including
geothermal heat pumps, indicating an installed capaci#y8pd40 MW, and use in excess of
about 33,740 TJ/y. Geothermal heat pumps dominate geothdirata use, contributing about
73% of the energy used in 2006. The US Department of E(iB@k) Geothermal Technology
Program (GTP) works in partnership with industry, universiind other Federal entities to
conduct geothermal research to: 1) understand the potefrified geothermal resource, 2) develop
the technology to access and capture geothermal er®rgyst-effectively convert geothermal
energy to electricity and 4) facilitate implementatiord deployment of technology by the private
sector. The GTP provides most of the research fupdihigh amounted to about US$ 23.3 M in
2006. The US has a wide ranging outreach and education prograimexd at providing accurate
information on and promoting geothermal energy, and intémgrgeothermal research and
developing educational products, mainly implemented througBélopowering the West
programme.

7.3 Review and Highlights of Industry Activities

7.3.1 Geodynamics

Geodynamics is a Brisbane, Australia, based corparptaneering EGS development in
Australia. Geodynamics’ goal is to produce 1,000 M\zero-emission, baseload electricity
from the large known hot fractured rock (HFR) geothémesource at Cooper Basin, South
Australia. To strengthen its aim, the company has asdjtlire global rights to the Kalina binary
cycle technology which it plans to use in the geotheandlindustrial waste heat industry.
Geodynamics was listed on the Australian Stock Exchan§eptember 2002 and has had
significant financial support from the federal governntbrdugh grants amounting to AUS$ 11.5
M (~US$ 9 M). Geodynamics has geothermal exploratiemsies in the Cooper Basin (South
Australia) and Hunter Valley (New South Wales). In 2@0fgservoir enhancement programme
at the Habanero test site (Cooper Basin) incredsechain reservoir by 52% and established a
second parallel reservoir. An improved numericalmesemodel using Habanero data suggests
that a planned multi-well HFR system with a 280 Mstation would have an economic lifetime of
> 50 years; and an application for a federal governmant gmounting to AUS$ 75.4 M was
submitted for the first 40 M\\stage of this project. The HFR testing program eedayed due to
drilling problems with Habanero 2. Consequently, a nel, Wiabanero 3, will be drilled as soon
as practicable and its success should lead to the aféataof a proven geothermal reserve and
commencement of commercial development of the firdl¥, stage. Geodynamics research
projects include development of thermal and fracturdeting programs. Geodynamics raised
AUS$ 17 M from a share placement in April 2006. Geodynamwas awarded the Sustainable
Small Company of the Year 2005 Award. Geodynamics’ fudstiwities include the purchase of
a new drill rig for about AUS$ 32 M, which is expected tgibeoperations drilling Habanero 3 in
mid-2007.

7.3.2 Green Rock Energy

Green Rock Energy Limited (Green Rock) is a public comtiated on the Australian Stock
Exchange, with funds mainly obtained from shareholders. cohmpany is focussed on
development of renewable, clean, conventional and EG8eyemtl energy projects with a strong
commercial objective. Green Rock is currently involiretivo projects. One is a joint venture
project with the Hungarian Oil and Gas Company (MOL) aneixian Icelandic geothermal
company) to develop geothermal energy (electricity aretitheat) in Hungary using refurbished
oil wells. The first project, in Ortahaza, HungaBg% interest), succeeded in producing enough

GIA 2006 Annual Report
64



IEA Geothermal Energy

heat for direct heat applications, but was insufficterjfroduce commercial power; hence it was
abandoned. The join venture is now evaluating its nejéglrin Hungary. The second project
(100% Green Rock) aims to supply the electricity needdH5f Billiton’s copper operation at
Olympic Dam, South Australia. A fully cored well wadldd to 1,935 m about 8 km from the
mining facilities. Results indicated a compressionaksstregime possibly useful for facilitating
horizontal fracturing at the greater depths whergtatures are high enough to generate power.
Green Rock now plans to conduct a stimulation programrteei exploration well using hydraulic
fracturing techniques, then drill new deeper wells for p@8er development.

7.3.3 Ormat Technologies, Inc.

Ormat Technologies, Inc. is a leading company involagtie geothermal and recovered energy
(i.e. electricity generation from “waste heat”) busge Ormat designs, develops, builds, owns and
operates clean, environmentally friendly geothermalrandvered energy based power plants
using equipment they design and manufacture. Ormat’s busicteées consist of two parts:

the “electricity segment” develops, builds, owns and atgsrgeothermal and recovered energy
power plants in the USA and geothermal plants in other cesntind sells the electricity
generated. The “products segment” designs, manufactulesels equipment (e.g. Ormat Energy
Converters, OECs) for geothermal and recovered energlyiely generation and provides
services related to engineering, procurement, congtnyctperation and maintenance of
geothermal and recovered energy power plants. In 2006, Gadatvenues of US$ 195.5 M
from the electricity segment and US$ 73.4 M from thaelpct segment; and net ownership
interest in generating capacity increased by 51.M@®tmat currently has 9 projects under
construction in the USA, Guatemala and Kenya; four uddeelopment in the USA; and is
conducting geothermal exploration in Nevada and Idaho. R&Ditées include: collaboration in
the use of geothermal fluids produced in oil and gas veeits shared programmes with the DOE
in EGS at Desert Peak (USA). Ormat has designedupplied about 900 M\Wof geothermal
power plant in the past 25 year, most of which is stitiperation.
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Figure 8.1 Geothermal licences in Australia for 2001-2006.

8.0 Introduction

Concern about climate change, rising costs of fossis fagld evidence of enormous hot rock
resources are key factors stimulating growth in geothkenergy research (exploration), proof-
of-concept (appraisal) and demonstration (pilot developnpeojgcts in Australia.

Since the grant of the first geothermal exploratioerice (GEL) in Australia in 2001 through
year-end 2006, 16 companies have joined the hunt for reteaad emissions-free geothermal
energy resources in 110 licence application areas covediB@00 kn in Australia (Figure 8.1,
above). This represents a 57% increase in applicatidhs last year. The associated work
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programs correspond to an estimated investment of AUS$HBon (39% increase since year
end 2005) over the period 2002-2012, and that tally excludes deplogrogtts assumed in the
Energy Supply Association of Australia’s scenario for 6(8%5 GW) of Australia’s baseload
power sourced from geothermal resources by 2030. This prdgliess encouraging geothermal
drilling, temperature logging and flow testing programSouth Australia in the term 2004-2006,
the dissemination of information that publicises the pagntial for Australia’s geothermal
resources, and the implementation of legislation tofglarvestment frameworks to explore for
and sell geothermal energy in a number of Australiasgigtions.

Australia’s geothermal resources fall into two categporhydrothermal (from relatively hot
groundwater) and hot fractured rock i.e. Enhanced Geotti@ystems (EGS).

Currently, the only geothermal energy being used in Aistibenerated by a 120 kW
geothermal plant located in Birdsville, Queenslandoutees hot hydrothermal waters at
relatively shallow depths from the Great Artesian (Earaga) Basin.

Current and forecast investment to explore for, and demadaeshe potential of geothermal energy
in Australia is predominantly for EGS.

In 2006, government grants from the Australian Federal anth Swstralian governments for
geothermal energy projects totalled AUS$ 3.92 million (33$million). In the term 2000-2006,
the Australian Federal Government has awarded AUS$ 22i8mtitl foster progress towards
commercialising geothermal energy resources and reltbddlogies. In the 21 month period
through December 2006, the South Australian Government hadeadvaUS$ 759,000 for
geothermal drilling projects. Details of these awardsprovided in Table 8.1.

Additionally, the Australian Federal Government'’s fivaryunding (AUS$ 58.9 million) for an
Onshore Energy Security Programill enable the national geoscience and geospatial irsftbom
agency (Geoscience Australia) to acquire pre-competitite and conduct research in support of
geothermal energy exploitation. Geoscience Australiztiasulted with industry, State and
Territory governments, and academic experts in develdgEngothermal energy project plan.

A summary of the activities of the sixteen Australian lgeohal explorers at year-end 2006 is
provided as Attachment 8.1.

A summary of exploration and proof-of-concept projectshilase reached the drilling phase by
year-end 2006 is summarised below. The five projectsatgrbby four companies that have
already entered the drilling phase afidocated in South Australia and include: Geodynamics
Limited’s Habanero project; Petratherm’s ParalanaGalthbonna projects; Green Rock Energy’s
Blanche Project; and Scopenergy’s project in the sastte# South Australia.

This report documents progress in 2006, and key achievesiero¢s2000, when licences to
explore-for geothermal resources were first introducedustralia.

8.1 Exploration and Proof-of-Concept Projects
8.1.1 Geodynamics

The most significant advancement in terms of demorrsiréie potential of hot fractured rock
energy is Geodynamics’ drilling, fracture stimulateomd flow testing of two wells that are 500 m
apart near Innamincka in the Cooper Basin, in nortifmsth Australia: Habanero 1 (total depth:
4,421 m) and Habanero 2 (total depth: 4,357 m). The Hab&neject was the first, and remains
the most advanced Hot Rock “proof of concept” project intralia. Flow of geothermally heated
formation waters (20,000 ppm total dissolved solids)ratgimum rate of 25 |/s to surface at (up
to) 210 °C was achieved in 2005. The geothermal reserwivaer-saturated, naturally
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fractured basement granite, with a temperature of 250 43@0 m (reported by the operator),
and permeability that was effectively enhanced with fir@cstimulation.

Two fractured reservoir zones are present in the htadoavells: an upper less permeable zone at
4,200 m, and a lower more permeable zone below 4,300 nobgtruction in Habanero 2 (the
intended production well) interfered with a planned flost t& the main fractured reservoir below
4,300 m while the less-productive upper fractured resezeoie at 4,200 m remains accessible.
To conclude a circulation test of the main fracture z&@@odynamics drilled a sidetrack borehole
around the blockage in Habanero 2. The sidetrack pregtéss depth 100 m above the target
reservoir when the drill bit became stuck. Attemptsaeclude drilling operations in the
Habanero 2 sidetrack were abandoned in June 2006. Geddgmaow plans to drill Habanero 3
in 2007. Habanero 3 will have an 8 %2 inch open hole seotier target reservoirs (compared to 6
inch for Habanero 2). Following the drilling of Habam®, a flow test with tracer injection
between Habanero 1 (the intended injection well) and iaba3 (the intended production well) is
planned as a further step towards demonstrating commeiaddity.

The horizontal extension of stimulated reservoirbatG@ooper Basin site lends itself to multi-well
developments. Geodynamics’ HOTROCK 40 project entaftsvell, 40 MW, power station.

The 7 wells include 3 injection wells and 4 productiotisvep to 1 km apart. This will be an
important milestone for the demonstration of EGS frmnfractured rock in Australia and a
stepping stone towards commercialising vast renewaldl@missions-free baseload geothermal
energy supplies to meet Australia’s future energy requimesn&eodynamics believes that a
successful test between Habanero 1 and 3 will leadde-kcale development of an area of more
than 1,000 kfhwhere rock temperatures, stress conditions and roglegiies are extensive and
favourable for geothermal energy production.

8.1.2 Petratherm

Petratherm has drilled two wells to establish trergnadients down to about 600 m above
exceptionally high heat producing granites in South Austr&tiesults from both wells were
encouraging, with the Callabonna and Paralana si#pgctvely exhibiting 68 and 81 °C/km
thermal gradients. In June 2006, the phase-2 drilliogram at Paralana was successfully
completed with the geothermal test well being extended to lp@@'és. Temperature logging of
the well suggests a world class thermal resource itelb@d Paralana, with extrapolations
indicating 200°C can be expected at a depth of 3.6 km above basementgraititn insulating
strata susceptible to fracture stimulation. Petratirefers to this play concept hsat exchange
within insulator(HEWI).

Petratherm next plans to drill and fracture stimulatdirist injection well at Paralana to
approximately 3.6 km depth and then drill and fracture sttelwd second well. The company
then plans to create an underground HEWI system witbitbigation of water between the two
Paralana project wells to demonstrate hot rock enexguption from an initial small scale power
plant to supply up to 7.5 MWo a growing electricity market 10 km away at thedey

Uranium Mine. This plan is the subject of a Memoranaditdnderstanding between Petratherm
and the owners of the Beverley Mine, Heathgate Ressurc

8.1.3 Green Rock Energy

Green Rock drilled Blanche No. 1 to 1,935 m (718 m of sedinaenatd,216 m of homogenous
hot granite) 8 km from the giant Olympic Dam mine in 8ohatistralia in 2005. The target
granite is interpreted to persist to depths of 6,000 mavarea of about 400 Krand represents a
potential geothermal resource in excess of 1,000.M@dres and wireline logs from Blanche No.
1 suggested natural fractures exist. Owing to lack of ditijeof a suitable drilling rig, Green
Rock deferred the drilling of at least one deep well tal#ish the basis for flow tests in 2006.
The company now hopes to secure a rig in late 2007.
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8.1.4  Scopenergy

In the first quarter of 2006, Scopenergy drilled 3 slim-teés near Millicent and Beachport in
southeast South Australia to determine geothermal gradiandtconfirm several large scale heat
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Figure 8.2 (a) Geothermal licences, applications and gazettal aeas December 2006.
Figure 8.2 (b) Map of extrapolated temperature at 5 km depth interpbateoss Australia. The
map is based on available (in places sparse) datmthanot be a true reflection of geothermal
gradients on a regional basis. (Figure courtesy of Pramopr&, ANU).
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flow anomalies previously measured in 19 petroleum expboratells and 26 water wells in the
vicinity of its tenements. In mid-2006, the company cotepléemperature logging of its 3 wells:
Heatflow 1A, 3A and 4. Poor recovery of core samfotea unconsolidated sediments and highly
variable lithology affected the reliability of thernminductivity measurements and hence, estimates of
heat flow. Scopenergy is now considering whether to unéest8kD seismic program to better

define drilling targets prior to drilling its first pdoaction scale hole to reservoir depth.

8.1.5 Highlights and Achievements
Highlights and achievements to the end of 2006 are summarizfollows:

» Strong interest expressed by yet more new entrantshiatgeiothermal sector bodes well for
continued growth and competition.

» Expected passage of legislation in other Australian jurisdtf@Vestern Australia and
Northern Territory) will also stoke the sectors’ gtbw

+ Atyear-end 2006, 16 companies have joined the hunt fowedie and emissions-free
geothermal energy resources in 110 geothermal licence @reering ~62,000 kfrin
Australia. This represents a 57% increase in geothédiceates in the last year. Most (90%)
of the areas applied for are located in South Austrdlie balance include: 5 geothermal
licence area applications in New South Wales; 5 in Quaetisand 1 in Tasmania.

» To year-end 2006: 76 geothermal exploration licenses (GEM been granted in South
Australia; 4 exploration licences (ELs) for geothermaileration have been granted in New
South Wales; and a single, large exploration licence gk been granted in Tasmania.

*  Over AUS$ 569 million (US$ 448 million) in work program intragnt is forecast for the
period 2002 — 2012. Approximately AUS$ 90 million (US$ 70 milliohthés forecast was
invested in the term 2002-06; 99% of which was spent in Souslraia. This current
forecast (for the term 2002 — 2012) represents an incoédddS$ 159 million (US$ 125
million) over the forecast stated for year-end 200Bese forecasts exclude capital
expenditure associated with demonstration power plants.

» 10 tenements were released for tender in the state en@aead in December 2006 with a
closing date in early April 2007.

» 31 gazettal areas were released for tender over the statie of Victoria in April 2006. At
the close of tender in October 2006, 20 applications hadlbégad which are now in the
process of being assessed. Licence offers are expedtectmounced in April 2007.

e Strong public interest and investment was sustained in ge@heompanies listed on the
Australian Stock Exchange (ASX), with the majority of genthed capital raisings
oversubscribed. At year-end 2006, 5 geothermal exploresslisigd on the Australian Stock
Exchange (ASX) — Geodynamics, Petratherm, Green Rodlgir@eothermal Resources
and Eden Energy. The ASX market capitalisation foretttegeothermal explorers at year-
end 2006 was about AUS$ 172 million (US$ 129 million). Therdmntion of geothermal
projects to the ASX market capitalisation of Pacifydrd’s diverse portfolio of energy is not
estimated.

* To year-end 2006, two upstream petroleum companies helfiGagihcornerstonesquity in
Geodynamics Ltd (Woodside Ltd and Origin Energy Ltd). Thgstream petroleum
companies bring considerable commercial and operatfespécially drilling) experience to
the geothermal sector.
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* As noted above, Geodynamics, Petratherm, Scopenergytomiddrilling operations in 2006:

o Geodynamics continued its Habanero well operations in.2006

o Petratherm established prospective geothermal gradieitssCallabonna (68° C/km)
and Paralana (81 °C/km) sites, and deepened its Paralkna w807 m and
confirmed a gradient suggesting that 200 °C can be expectatbpthaof about 3.6 km.

0 Scopenergy drilled 3 slim-hole wells and conducted teatpez surveys in those wells
near Millicent and Beachport in southeast South Austrdliee next phase of work in
this area is expected to be either a 3-D seismic gte®ptimise the location of
deeper drilling targets) or the first production scalke o reservoir depth.

o Pacific Hydro confirmed anomalously high temperatureligras of 50°C per km with
temperature logging of abandoned petroleum wells nedittsville Track Ridge
(SA) in 2006.

o Geothermal Resources set plans in 2006 to start drilliajow wells in its Frome
Project area (Arrowie Basin, SA) in March 2007.

» Eden Energy set plans in 2006 to start drilling shalloWisvite the Renmark area in the
second half of 2007.

» Following South Australia’s lead, Queensland, Victoria, MesAustralia and the Northern
Territory implemented reviews of geothermal legislai@nead of gazettal of prospective
geothermal acreage).

* The Australian Government has provided AUS$ 58.9M over fivesyisghe Onshore Energy
Security Program to Geoscience Australia for pre-coitiygetiata acquisition, which
specifically includes geothermal energy. A geothermatg@nproject plan has been
developed after consultation with industry, State Governarathicademia stakeholders.

* In 2006, Australian Federal and State grants totalling ~$\8IS million (US$ 3.1 million)
were awarded to 5 geothermal companies (to progress gaalhexploration and
demonstration projects).

* Inthe term 2000-December 2006, the Australian Federal Govatiivag awarded AUS$
22.3 million (US$ 17.6 million) to foster progress towardsymercialising geothermal
energy resources and cognate technologies. Detailsaidgd in Table 8.1.

* Inthe 21 months between April 2005 and December 2006, the Sosttalian government
has awarded AUS$ 759,000 (US$ 600,000) for geothermal drillnjggbs. Details are
provided in Table 8.1.

» The Australian Geothermal Energy Group (AGEG) formed in 2006 AGEG provides
financial and intellectual support for Australia's memivgrn the IEA's GIA. The current 29
member organisations of AGEG include representatives: ftdraompanies with geothermal
licences and pending application for licence in Austr&éderal, State and Territory
government agencies responsible for investment attraatidicence regulation for the
geothermal sector; university experts conducting resesitbhimplications for the
geothermal energy sector; companies providing serviciketgeothermal sector; and an
aligned lobby group — the Renewable Energy Generatorasifalia (REGA). The members
of the AGEG have a common interest in commercialisingt/alia’s geothermal resources at
maximum pace and minimum cost.

The Australian Government’s 2004 White PaBecuring Australia's Energy Futudtassified hot
dry rocks as a technology in which Australia was a madeatdr and the Australian Federal
Government support for geothermal exploration (research),iagbfjroof-of-concept) and
demonstration projects manifest the view that geotakemergy has potential to contribute
significantly to Australia’s baseload electricity suppliwithout generating greenhouse gas
emissions. Initial drilling results indicate that Aadig’'s EGS resources are among the best in the
world.
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In July 2006, the Council of Australian Governments (CoAG) &ékeClimate Change Group
(CCCQG) to provide options for the development of tecbgploadmaps. CCCG supported the
development of five energy technology roadmaps, one whwhill be for geothermal energy. It
is expected that this roadmap will be developed during 200 preesented to CoAG in early 2008.
The roadmap will identify goals and milestones forrémearch, experimental development and
demonstration of geothermal technologies. Furthernitondl] support the development of a
broader roadmap for the geothermal energy industry in #isstr

Figure 8.3 Drilling of Paralana 1B DW1 geothermal well in June 20@8aRna, South Australia.
Well recorded bottom hole temperature of 20%t a depth of 1,807 m
(photograph courtesy of Petratherm Ltd.).

8.2 National Policy

8.2.1 Strategy

There has been a steady increase in all forms of edsievenergy supplies in Australia over the
period 2000-2006, fostered by government initiatives. In 200dkgalian Federal Parliament
passed the Renewable Energy (Electricity) Act. Thiss&w the introduction of the Mandatory
Renewable Energy Target (MRET) Scheme that requiredditicaal 9,500 GWh of renewable
electricity by the year 2010, enough power to meet thidential needs of 4 million people. The
MRET Scheme operates through a system of tradablexRéieeEnergy Certificates (RECs) that
are created by renewable energy generators at thef rafREC for each MWh of electricity
generated from an eligible renewable source. The &e@ewernment is currently reviewing the
MRET Scheme with the view to increasing the target.

In 2004, the Australian Federal government released a rengyepolicy White Paper, “Securing
Australia’s Energy Future”. Included in this policy was ititeoduction of the “Low Emissions
Technology Development Fund” (LETDF) that will provilelS$ 500 million (US$ 395 million)
to companies that can demonstrate new technologies thaignificantly reduce long term green
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house gases. A number of additional renewable energy pregr@noutlined in Section 8.4. The
energy white paper classified hot dry rocks technolagy ‘anarket leader” (highest category)
technology for Australia. Market leader technologies@rhnologies where Australia has a
strategic interest.

See:www.pmc.gov.au/energy future

8.2.2 Legislation and Regulation (including acreage releases)

Five states (South Australia, New South Wales, Queenslasthania and Victoria) have
legislation in place to regulate geothermal explorationdiavélopment. Geothermal energy
exploration in South Australia falls under fRetroleum Act, 200@hilst in New South Wales and
Tasmania it is governed by thMining Act, 1992andMineral Resources Development Act, 1995
respectively.

8.2.2.1 South Australia

A paper outlining proposed amendments toRaoleum Act 2008 now open for public

scrutiny and comments on a number of issues. It is prdgbaethe size of a geothermal licence
granted is at the Minister’s discretion, based on tbpgnent's demonstrated project plan. This
proposal will include maximum licence areas of 10,008 fama GEL and 1000 kfrfor a
Geothermal Retention Licence (GRL) or a Geothermad&tion Licence (GPL). The closing
date for comments is 29 June 2007. To download the proposatenents visit:
http://www.pir.sa.gov.au/byteserve/petrol/environmental/decuments/green_paper_ petact2000

dec06.pdf

8.2.2.2 Victoria

Building on theEnergy Resources Act, 20@hich was passed in Victoria in April 2005, the
Regulatory Impact Statement and Geothermal Energy ResourcelstRes2006 (GE
Regulationsxame into effect during 2006.

The geothermal legislation and regulations are intendagdly to high-end (scale) geothermal
operations. Under the new GE Regulations, exploration fseare not required where the
geothermal resource is less than 70° C or less than 1@fsmdepth. Low-end operations operate
under existing environmental, water and planning laws.

The primary objectives of the GE Regulations aredwigle commercial certainty and a workable
framework to facilitate large-scale, commerciallesgtion and development of Victoria’'s geothermal
resources. The GE Regulations also seek to ensureskisab health and safety and the environment
are eliminated or minimised so far as practicableoSgary objectives of the GE Regulations are to
support the Government’s aim of expanding the Stateé&sweble energy sector and to support
alternative power generation sources, thereby rediotgria’s greenhouse gas emissions.

The entire State of Victoria was gazetted on April 2006, totalling some 31 geothermal
exploration areas. The bidding process was open fanaiths, with the closing date being"11
October 2006. The 20 received bids were assessed agaerst seiteria, including the proposed
work program and associated expenditure. Successful apgplar@nexpected to be announced in
April 2007. If no bids are successful for a given area, thisnacreage will be able to be applied
for on a “first-come, first-served” basis.

8.2.2.3 Queensland

Legislation for the production of geothermal energy inégpséand was progressed in 2006 but has
yet to be finalised.

Ten areas were gazetted for geothermal exploratioederdber 2006 with a closing date in April 2007.
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8.2.2.4 Western Australia

The Western Australian Government has recently approvedtaffteng of a Bill to amend the
Petroleum Act 196(WA) to accommodate the exploration and production ofrgental energy
so that the Act would become the Western Austradiemmoleumand Geothermal Resources Act
The Cabinet decision followed from an earlier announcetmg®remier Alan Carpenter that the
State Government would legislate in 2007 to provide a tdgat framework for companies to
pursue large-scale geothermal energy projects in Westetralias

Studies to pinpoint high potential HDR resources arenwedeand these areas will be released for
competitive bid as soon as the amended legislation and tiegslare in place

8.2.2.5 Northern Territory

The NT Government is in process of developir@emthermal Energy Billvhich will provide
secure tenure for the controlled exploration and developaig@othermal energy resources in
the Northern Territory. The proposal is to developdtlone legislation that will provide
exploration tenure in a similar form to mineral explanatienure but with the development
securities more akin to the NFetroleum Act That is, the company that discovers and assesses
the heat resource will have the right to develop thlel.fi

A public discussion paper was released late in 2006 seekingeoi® on the proposal. A number
of submissions were received which were all positive tdev&eothermal exploration and
development. Some legal issues dealing with Native Witle raised. The Northern Territory is
currently obtaining legal opinion on these.

The draft legislation is based on other State legislagind the Northern Territory’s mining and
petroleum legislation to ensure conformity and conscstéor explorers and developers within the
Territory. Details of the legislation have yet tofimalised but will draw strongly on existing
State geothermal laws while attempting to keep the psage simple as possible.

The legislation will be developed and administered by tHesIDivision of the Minerals &
Energy Group of the Department of Primary Industry, Fisseand Mines. It is hoped that the
legislation will be passed this year and operative late in.2007

8.2.3 Progress Towards National Targets for Renewable Energy and Emissions

The Federal Government’s Mandatory Renewable EnergyeT&/RET) is 9,500 GWh of new
renewable electricity by the year 2010. Current arsmjysijects Australia’s greenhouse gas
emissions at 109% of 1990 emissions levels over the periodZB which is slightly above
the 108% Kyoto target. However, Australia remains cotenhito meet its Kyoto protocol target
(seehttp://www.greenhouse.gov.au/projectiprnehe combined effect of current Australian
Federal, State, Territory and local governments pgaliaied programs is expected to cut annual
emissions by 87 Mt C{by 2010, and further measures will help meet the target.

The Victorian Government implemented the Victorian Rexide Energy Target [VRET] scheme
in late 2006, whereby energy retailers are required tdpaeca minimum of 10% renewable
energy by 2016. This equates to a cut in greenhouse gas esasiyhmillion tonnes and it is
estimated this will lead to AUS$2 billion in new investrigeand 2,200 jobs.

8.24 Government Expenditure on Geothermal Research (Exploration), Proof- of-
Concept (Appraisal), Demonstration and Development Initiatives

Australian Federal and South Australian State government expendn geothermal research
(exploration), proof-of-concept (appraisal), demonstradinth development initiatives, including

grants to industry, totalled just over AUS$ 3.92 million (USBr8illion) in 2006. Detailed
descriptions of these grant programs are outlined indde®t4.1 under Support Initiatives and
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Market Stimulation Incentives. There has been a tftaist more than AUS$ 23 million in
Australian Federal and South Australian State grants éopehiod 2000 to end December 2006

(Table 8.1).

8.2.4.1 Federal Government Grants

Since 2000 the Federal government has provided over $ 27miillgrants under a range of
energy technology support programs. The various gaaetsted in Table 8.1, which also
includes grants provided by the South Australian government.

A part of the Federal Government’s AUS$ 58.9 million (USdmillion) funding over five years
for Australia’s Onshore Energy Security Program wildirected towards the advancement of
geothermal energy projects. This program is discussgteater detail in Section 8.7.2.1. As the
program only started in late 2006, there was minimahfied outlay during this reporting period.

Table 8.1 Federal and State grants awarded for geothermal RPDnRAustralia 2000-December 2006

00

- . Amount
Grant Date Recipient Project ($AUS)
RECP 2000 Pacific Power/ANU Hunter Valley Geothermaldetoj $ 790,000
START 2002 Geodynamics Ltd Habanero Project $ 5,000,0
REEF 2002 Geodynamics Ltd Habanero Project $ 1,800,0
. Kalina Cycle to produce 13 MW from waste heat
GGAP Mar 2005 Geodynamics Ltd the Mt Keith Nickel Mine in WA ai 2,080,000
REDI Dec 2005| Geodynamics Ltd Habanero Project, Coopsin B8A $ 5,000,000
REDI Dec 2005| Scopenergy Ltd Limestone Coast Geothemod®, SA $ 3,982,855
PACE 2 | Apr 2005| Petratherm Ltd Paralana Geothermal Pr&jAct, $ 140,000
PACE 2 | Apr 2005| Scopenergy Ltd Limestone Coast GeothemogicB SA $ 130,000
PACE 2 | Apr 2005/ Eden Energy Ltd Witchellina Project, SA £1,000
SA Grant| Jun 2005 University of Adelaide Induced seismicigp@o Basin, SA $ 50,000
SA Grant| Dec 2005 Geodynamics Ltd Evaluation of Austrglian Hot Fractured Rock $ 40,000
geothermal energy industry
PACE 3 | Dec 200§ Geothermal Resources ILtd  Curnamona Geaftfaroject, SA $ 100,000
PACE 3 | Dec 200§ Green Rock Energy Ltd Olympic Dam GeothdPnogct, SA $ 68,000
REDI July 2006| Geothermal Resources Litd  Frome GeothemojglcP $ 2,400,000
REDI Dec 2006 Proactive Energy Novel regenerator for ada_ptin_g supercritical cycle% 1,224,250
Developments Ltd to geothermal power application
PACE 4 | Dec 200§ Torrens Energy Ltd Heatflow Exploration in didel Geosyncline $ 100,000
PACE 4 | Dec 200§ Eden Energy Ltd Renmark (Chowilla) GeotHdPragect, SA $ 100,000
. High Temperature Borehole Image logging of
PACE 4 | Dec 200§ Geodynamics Ltd Habanero 3, Cooper Basin, SA $ 100,000
Total | $23,126,105

00

8.2.4.2 State Government Grants

South Australia
A total of AUS$ 759,000 in South Australian PACE drilling grdrds been provided to seven
companies exploring for geothermal energy (Table 8.1) smecPACE initiative commenced in
July 2004. In December 2006, three PACE Round 4 grantsrgtélliS$ 300,000 were granted
to Geodynamics Ltd, Eden Energy Ltd and Torrens Energy Theise grants assist in addressing
critical uncertainties in frontier geothermal exploratiegions and include partial funding of
drilling, temperature logging and thermal conductivity gses.
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The South Australian Department of Primary Industries asoiRees (PIRSA) also allocated
AUS$ 40,000 (US$ 28,000) for the Centre for Independent Econaostdenefit analysis on
Australia’s Hot Fractured Rock (HFR) industry (see Rafees) and another AUS$ 50,000 (US$
39,500) for the Australian School of Petroleum at Unitgisi Adelaide research of potential
hazards associated with the fracture stimulation db E€3ervoirs in Australia’s Cooper Basin
(Section 8.7.2.4).

Western Australia

The Department of Industry and Resources, Geologicakgiras undertaken a study project on
“Geothermal Energy Potential in Selected Areas ofté/asAustralia” through consultant
Earthinsite Pty Ltd. The aim of this project is taprand identify the most suitable areas within
the Canning, Carnarvon and Perth Basins that may have pbfentiot Dry Rock (“HDR”)
geothermal energy development as well as to develojahlestlataset for further detail studies.
The study has evaluated the quality and quantity of avaitaltisurface temperature data for the
purpose of evaluating the potential for HDR geothermaiggnia portions of the Perth, Carnarvon
and Canning Basins. Calculations have been made ti#hérmation temperature where
sufficient suitable temperature data exist. By coinigithese results with estimates of mean
annual surface temperature at each well locatiormatgs of the equilibrium geothermal gradient
at each location have been derived.

The estimates of equilibrium geothermal gradient hiage been used, together with Geological
Survey of Western Australia (GSWA)-furnished estimatedepfth to basement, to predict the
temperature at the top of the basement and the demblatvell location to the 20T isotherm.

A compilation of published in-situ stress data for #levant parts of the Perth, Carnarvon and
Canning Basins has also been made and the relevanceefésalts have been assessed in terms
of possible HDR developments. Calculations have also ineele of the heat generation capacity
for a range pf geochemistries likely to characteriseiveent rocks in the study areas. The study
has been completed and awaits publication.

8.2.5 Industry Expenditure on Geothermal Research (Exploration), Proof-of-Concept
(Appraisal), and Demonstration (Pre-competitive Development) Projects

All Australian geothermal industry field expenditure tteda classed as research and is estimated at
AUS$ 29.1 million (US$ 23 million) for the calendar y2806. This represents an 11% increase of
AUS$3 million (US$2.4 million) from the previous year.9&% increase (to AUS$ 45.4 million

or US$ 35.9 million) is forecast to be expended in 2007.okést, current and projected
expenditure for 2007 are highlighted in Figure 8.4.

8.3 Current Status of Geothermal Energy Use in 2006
8.3.1 Electricity Generation

Geothermal energy is currently produced at one smahpipower station at Birdsville in western
Queensland, which is supplemented by diesel powered gerseratee fluid is 98 °C and derives
from the Great Artesian Basin (also referred to a&tloenanga Basin) that overlies the Cooper
Basin. The water is run through a gas filled Organic Rardyioke heat exchanger (Figure 8.5)
which heats and pressurises the gas which drivesiaeuahd alternator to produce electricity.
The partly cooled water is channelled into a pond for futheling and reticulation into the
town’s water supply and the lagoon. The gross capacttyegblant is 120 kW and has 40 kW
parasitic losses, which equates to a net output of 80 kWplahewas shutdown from December
2004 to December 2005 for upgrading to meet compliance ofaiast Standards regarding
handling of isopentane and is now operating. Total pgegeration in 2006 was 2,034,615 kWh,
of which 715,182 kWh was provided by the geothermal power plEnt equates to 35% of total
power output.
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Growth in geothermal licences and expenditure in
Australia - 2000 to 2007
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Figure 8.4 Geothermal Licence applications and exploration expaedidn 2000 to 2007,
with a forecast for 2007 (source PIRSA).

In November 2006 Ergon Energy commenced a feasibility shidywhether it can provide
Birdsville’s entire power requirements and relegateettisting LPG and diesel-fuelled generators
to be used only as a back-up at peak times such as thed &maisville races which attract large
crowds for several days. The feasibility report is lyighe end of March 2007.

8.3.2 Direct Use

Direct use of geothermal waters has been an importartesofienergy in the city of Portland in
western Victoria. Water pumped from a 1,400 m deep baeehperature of 58 °C at rates of
approximately 60 I/s with a nominal capacity of 3,600 kW and id tsheat many of the
municipal buildings and public facilities. Direct uddhas resource has been temporarily
suspended pending the outcome of restorative operations bartheshich are in the planning
phase. Geothermal waters are also used for spas a¢ Mear Barradine, at Lightning Ridge in
New South Wales and at Hastings in south east Tasmahée @re also two developments in
Victoria on the Mornington Peninsula (south of Melbourr&) another spa resort in Gippsland,
Victoria. There are no available estimates ofdimmunt of energy being produced at these
locations. Ground source heat pumps are also findorgased use in Australia in both
commercial and residential applications.
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Figure 8.5 Organic Rankine Cycle Turbine and Oil Separator, Bitids\@ueensland.
Courtesy of Ergon Energy

8.4 Market Development and Stimulation
8.4.1 Support Initiatives and market Stimulation Incentives

There are a number of Federal and State government suppatives designed to support and
accelerate commercialisation of renewable energynt#opgies and R&D in general including
geothermal energy.

The following projects have been supported so far:

*  START Program- The R&D Start program was introduced in 2002 by the Federal
government to assist Australian industry to undertake résead development and
commercialisation. In 2002, Geodynamics received an R&t §rant of $5 million to
develop a deep underground heat exchanger to harness hatkdgeothermal energy.

* Greenhouse Gas Abatement Program (GGAP)- In 2005, Geodynamics Power Systems
Ltd received AUS$2.079 million under REDI to demonstrate fiptieation of the Kalina
Cycle to produce 13 MW from waste heat at the Mt KeittkBli Mine in WA. This project
awaits the instigation of related work by the operéBdtPB) of the Mt Keith Mine.

*  Renewable Energy Commercialisation Program (RECP)- A grant of $0.79 million was
awarded to the ANU and Pacific Power in March 2000 forl@hadrilling in NSW Hunter
Valley — seenttp://www.greenhouse.gov.au/renewable/recp/hotdryrockitme.
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Renewable Energy Certificates (RECs)- The MRET Scheme operates through a system of
tradable RECs that are created by renewable energyagerseait the rate of 1 REC for each
MWh of electricity generated from an eligible reneveasburce.

Renewable Energy Development Initiative (REDI) Program- This Federal government
initiative is a competitive, merit based grants progsaipporting renewable energy
innovation and its early stage commercialisatione AS$ 100 million program
commenced in 2003 and will provide individual grants from &B8 000 to AUS$ 5 million
over seven years. The following geothermal companies been supported so far under the
REDI scheme:

o In 2005, Geodynamics received AUS$ 5 million for the aoresibn and operation
of a high efficiency Kalina cycle generation plant base@xisting geothermal
wells near Innamincka, South Australia.

0 In 2005, Scopenergy Limited received AUS$ 3.98 million for afod-concept
geothermal energy project on the Limestone Coast.

o0 In 2006, Geothermal Resources Ltd received AUS$ 2.4 milliadentify (with
geophysical methods and drilling) and map the compositignafites in the
Curnamona Craton region of South Australia.

o In 2006, Proactive Energy Developments Limited received AU3$ million
under REDI for the development of a novel regenerataadapting supercritical
cycles to geothermal power applications.

Greenhouse Low Emissions Technology Demonstration Fund (LETDF)- The AUS $
500 million LETDF is a merit based programme designelbtoonstrate break-through
technologies with significant long term greenhouse gas riedyattential in the energy
sector. Key criteria for this award are the poteritiabduce Australia’s total carbon dioxide
emissions by at least 2%. The Fund was announcecietteral government in June 2004
and will leverage at least AUS$1 hillion in additional pteyinvestment in new low emission
technologies. The Fund will operate over the period 200-2619-20.

Renewable Energy Equity Fund (REEF)- The REEF program was introduced by the
Federal government in 1997 and is a specialist renewable drehmology research fund. In
2002, Geodynamics Ltd received an AUS$ 1.8 million grant ffamfund to develop a deep
underground heat exchanger to harness hot dry rock geathemargy at its Habanero site in
the Cooper Basin, South Australia.

PACE- thePlan for ACceleratingexploration was launched in April 2004 by the South
Australian government and includes funding for collabweagixploration programs that will
address critical uncertainties in mineral, petroleumgeathermal exploration. The
AUS$22.5 million program (of which AUS$ 10 million has beenigiested for direct drilling
initiatives) will be operative until at least 2009. Aaicof AUS$ 759,000 in South Australian
PACE drilling grants has been provided to 7 geotheaxplorers: Scopenergy (AUS$
130,000), Petratherm (AUS$ 140,000), Green Rock (AUS$ 68,000), GeettResources
(AUS$ 100,000), Eden Energy (AUS$ 21,000 and AUS$100,000, Geodyn&uig$ (
100,000) and Torrens Energy (AUS $100,000). B&p://www.pir.sa.gov.au/sector5.shtml

Renewable Energy Support Fund- Sustainability Victoriaoffers a Renewable Energy
Support Fund that helps to pay 50% of the capital costefaraperations (such as fish farms,
horticulture and swimming pool heating). See:
http://www.sustainability.vic.gov.au/mwww/html/1155-home-pagp.a

8.4.2 Development Cost Trends

Drilling costs for high temperature non-sedimentargets remain a challenge to be managed,
especially while there is significant competition folimited fleet of fit-for-purpose rigs. With
each EGS well drilled in Australia, knowledge gained héllapplied to foster more efficient
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operations in hostile, deep and hot hole conditionfydlireg the development of increasingly
resilient drilling assemblies. With increasing numhErsompanies planning to drill EGS wells,
the opportunity will arise for one or more companiesdmmit to long-term arrangements for
drilling rigs that can be expeditiously mobilised, commissipmiecommissioned and transported
in a relatively low number of truck loads.

Substantial increases in the cost of consumables agldcating are also a challenge to efficiency.
AGEG is compiling forecasts of trouble free geothermell wosts and actual well costs to gain an
appreciation of expected drilling costs for the Austratjiaothermal sector.

8.5 Development Constraints

Whilst geothermal energy resources in Australia havepasntial, geothermal power generation
is not yet price-competitive, and remains to be demnatesl to be economic at price levels that
may be realised with the addition of costs to consigaéenhouse gas emissions in the cost of
electricity from emissive fuels such as coal andnadiyas.

8.6 Economics

8.6.1 Trends in Geothermal Investment

Assuming success in demonstration and proof of concepigpspthe Electricity Supply
Association of Australia concluded that 6.8% of all Austtalpower could come from
geothermal by 2030 under a scenario that emissions aredettu¢0% of 2000 levels by 2030.

The forecast 6.8% represents 5.5 GW in generating ¢gfiacn EGS. At roughly 2% growth,
Australia’s power demand will grow from approximately 5&/@urrent generation capacity to
approximately 80 GW in 2030.

Figure 8.6 illustrates the current costs of power gener&tion alternative fuels, including
geothermal, coal, wind, gas and nuclear energy. Atbint in time, coal and gas are the most
competitively priced fuels for electricity generation.

In a global market with carbon pricing, geothermal gnés likely to be a significant growth
industry. The anticipated cost of EGS energy in Austteigbeen estimated at $49-$60 per MWh
(ESIPC, 2006). Without carbon pricing, many forms afvamtional energy generation such as
coal and natural gas are more cost effective.

Investors have continued to support capital requirementgebthermal projects, and funding has
continued to increase in 2006, with Geodynamics, Petrati@&een Rock Energy, Eden Energy
and Geothermal Resources raising AUS$ 20.78 million fsabilic share subscriptions during the
year. As at 31 December 2006, the market capitalisatithrese five companies amounted to
about AUS$ 172 million (US$ 129 million). There are strong miiiois that investors remain
willing to back geothermal energy projects.

8.6.2 Trends in the Cost of Energy

Estimated costs to generate electricity from varioetsfand plant-types are indicated on Figure
8.5. Australia’s vast coal and gas reserves and resoare an important factor behind our very
competitively priced domestic power supplies. Public opipmis suggest that a majority of
Australians would be willing to pay some price to heguce greenhouse gas emissions.
Certainly, the cost of energy is likely to rise in excesthe underlying rate of inflation (CPI) if
the cost of reducing emissions is factored into theegi@ower supplies. The precise timing and
level of price increase is, however, uncertain.
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Figure 8.6 CO, emissions (kg/MWh) on the vertical axis versus ctistgenerate electricity
(AUS$/MWh) on the horizontal axis to indicate relativetscand C@emissions from various
fuels, with and without carbon capture and geosequestration (Gfgcity factors (CF) are the
proportion of annual hours online generating electricityur&a Electricity Supply Industry
Planning Council 2006 Annual Planning Report,

http://www.esipc.sa.gov.au/webdata/resources/files/APR_Final for_&/qoki

8.7 Research Activities

8.7.1 Focus Topics

The principal focus topics of Australian research relate t

» High grading of locations with high potential for the elepment of Enhanced Geothermal
Systems (Herbighgradingrefers to the use of interpretive maps to delinearevthree key
independent geologic factors: reservoir permeabilityt @arce and heat trap, are all likely
to occur as a means to rank the relative certaintyeoésttent of EGS play-trends)

120

» Assessment of technologies (including numerical simulagohnigues) with high potential to
minimise costs and maximise efficiencies in the developafeEnhanced Geothermal Systems

» Environmental impacts of developing Enhanced Geothernsa¢®, including potential
induced seismicity that can be associated with theufractimulation of geothermal

reservoirs

These research directions are aligned with GIA Annkgesl 11
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8.7.2 Government Funded Research
8.7.2.1 Geoscience Australia

Geoscience Australia conducted considerable stakeholdsultation to develop a plan to
enhance understanding of Australia’s geothermal enesgyirees under the auspices of the
Federal Government's five year (2006-2011) Onshore Enem@yi8eProgram. Key activities

will include: the consolidation of existing geothermatlagiéhe acquisition of additional, infill (pre-
competitive) geothermal and cognate data (including nesmtideconductivity and heat flow
measurements); assessments leading to a new detailieddbated rock model (map) with refined
gridding techniques, and constructing an information systetthéodissemination of geothermal
and associated data.

8.7.2.2 Australian National University - Australian Capital Territory

Research has focused on development of a new databasgpefature measurements made in
5722 wells across Australia that has been used to conistirctved maps of the spatial
distribution of temperature in the Australian crust. Tinsk was undertaken by Dr Prame
Chopra and Fiona Holgate. The new database, Austhermi@s bpon the earlier work of
Somervilleet al. (1994) by greatly improving data quality control and by inclgdemperature
data from a further 1430 wells. Whilst there has beeresEnhancement of the overall spatial
coverage, the bulk of the new data are still largely dedtwithin the same provinces that
dominate the dataset published by Somereillal. (1994). As a result, data distribution across
the continent still tends to be rather patchy andjifiae with some regions well represented and
others not (see Figure 8.1b). Furthermore, theseadatget to be integrated with a predictive
model that may define potential “sweet-spots” and accorddgnot yet represent all prospective
trends. An Arc/Info GIS coverage has been built fromAbstherm04 database (Chopra and
Holgate, 2005).

The crustal temperature maps produced in this study riewgelspatial variations in temperature
across continental Australia. Lowest temperaturesrogbere basement is exposed at the surface
such as in the Yilgarn Block, Gawler Craton and Lachlzld Belt. High temperatures are
associated with thick sedimentary basin cover and the idfpresence of high heat production
granites under the sedimentary sequences. Particular esamgiele the Cooper-Eromanga,
Macarthur and Canning Basin regions.

Other smaller areas of relatively elevated crustaptrature that may represent future HDR
targets include parts of the Sydney, Perth and MurrapBad/hilst representing significant
improvements over the previous Somerwiteal (1994) map, the new crustal temperature maps
continue to be influenced by artifacts caused by thegiydreterogeneous spatial distribution of
the subsurface temperature data across continentabhaisiore sophisticated geostatistical
methods and analysis on a province by province basioffex some improvements but further
temperature exploration data will probably be requiredgtafecantly improve the resource
analysis.

This geothermal work at the ANU has now been complettidtive departures from the university
of Drs Chopra and Holgate to Earthinsite Pty Ltd andsGeace Australia respectively.

8.7.2.3 University of New South Wales

The School of Petroleum Engineering at the UniversityY@i South Wales (UNSW) has made a
strong commitment to the development of renewable erardyhas been actively participating in
developing technology for the exploitation of geothermalgnin Australia since the first HDR
Conference held in Canberra in 1992. Together with GeuseiAustralia, it actively participated
in collecting geophysical and temperature data frdferdint parts of Australia and prepared a
heat map of Australia in 1994.
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Following this it carried out a major study to characteténperature, stress and natural fracture
systems of the basement in the Cooper Basin. As ptrisadtudy the School also developed an
innovative fracturing technology for the developmeng@dthermal reservoir. This study was
primarily funded by ERDC and industry. To commercialisetét@nology it formed a geothermal
company, Scopenergy Ltd, in January 2001 (currently owned bk& Qapital Partners) to hold
the major geothermal licences in Mount Gambier regiddoofth Australia. The UNSW School of
Petroleum Engineering has worked with Scopenergy on a nwhissues, including: (1)
characterisation of geothermal reservoirs in partianlaedimentary rocks; (2) geothermal
reservoir development by hydraulic fracturing; and (3) fflods and production estimation in
fractured sedimentary reservoirs. The program is beindefd by the UNSW, Australian
Greenhouse Office (AGO) and industry.

In 2005, the School developed a numerical simulation techfoquharacterisation of fracture
systems in geothermal reservoirs adopting a geostatiafipabach that incorporates field data.
Initial results are very encouraging and the School ieently working to advance this work. The
School has also developed a numerical geothermal résgimalator to estimate hot water
recovery. An important feature of this model is thaintulates fracture system with spatial
distribution and considers fluid flow between fractanel matrix.

8.7.2.4 Australian School of Petroleum, Adelaide University - South Australia

The South Australian Department of Primary Industries asoiRees (PIRSA) allocated AUS
$50,000 in June 2005 to the Australian School of Petroledsnigérsity of Adelaide to undertake
a research study of potential induced seismicity associatiedhe fracture stimulation of ESG
wells in the Cooper Basin and then undertake similatiess in other prospective EGS provinces.
The Cooper Basin study, led by Dr Suzanne Hunt, used predtidelling of local stress change
to forecast probable impacts from the fracture st of naturally fractured granites in the
vicinity of the Habanero wells drilled by Geodynamidhis study (Hunt and Morelli, 2006) is
fully aligned with the aims of the GIA for its menrbdo pursue collaborative efforts that address
issues of Significant concern to the acceptance of geothermal energy imajdneg Enhanced
Geothermal Systems (EGS) in particular. The issue is thereooer of significant seismic events
in conjunction with EGS reservoir development or subsequent heattex”

Outputs from the project included numerical models thegssspotential impacts (on the local in-
situ stress field) from the development of EGS reses\aid also the development of finite
difference models to assess the likelihood of damagertalgem wellbores and completions that
might possibly be caused by a seismic wave hitting lbberel at various depths. The one year
study was completed in June 2006 and is currently undergoingepéaw on the GIA website:

http://www.iea-
gia.org/documents/InducedSeismicityReportSHuntDraftOctober2@B&ios4Jan07.pdf

Key conclusions from Hunt and Morelli (2006) are:

* The Cooper Basin in South Australia is ideally suited t&EB@Gtivities in terms of natural
background seismicity levels.

» Reactivation of any basement faults in the region ligely in the vicinity of the Habanero
Site.

* Induced seismic events at the Habanero well sitesirtCtoper Basin fall below the
background coefficient of ground acceleration (0.5 g)etnenot exceeding the government’s
current building design standards for peak ground acceleratio

* The static stress damage zone would not be expected tamairapact on identified local

structural features. This is due to the nearby faultggdeeyond the reach of the induced
seismicity associated with EGS activity (Figure 8.7).
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The results and conclusions from this study were presextbtichael Malavazos, Chief
Petroleum Engineer, PIRSA at the GRC ConferencenrCiego in September 2006.
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Figure 8.7 Map of basement in the Cooper Basin showing wedtions. The inset bullet shows

the attenuation radiation distance from GeodynamicbaHaro 1 well site.
(After Huntet al, 2006)

8.7.2.5 Monash University -Victoria

Geothermal research has focussed on measuring andnméegait flow and temperature
distribution in the crust across SE Australia during 2006.

8.7.2.6 Northern Territory

On the basis of geology, existing physiography and h&tpotential, an area in the vicinity of
Katherine and within the zone covered by the existingmiorthern Territory (NT) power
transmission grid looks quite exciting. Hot Springs in theyBadion 100km north west
Katherine and at Mataranka 120 km SE of Katherine @#neith an interpreted presence of a
major crustal heat source in the region.

NT government geologists have had little opportunity to &rrdevelop the interpretation of the
heat source geology but the NT has good regional maggeidty and particularly radiometric
coverage which could be utilised by explorers to focus thsearch.

To assist in identifying geothermal opportunities in teerifory a review of the geothermal
potential of the Territory is being prepared by onAwstralia’s leading geothermal experts, Dr
Graeme Beardsmore. The result of this study will begred at Annual Geoscience Exploration
Seminar (AGES) at Alice Springs in March 2007. It willel® released as a CD containing a
summary report and GIS. The GIS is intended to be a tdotkitse by geothermal explorers,
containing multiple layers of information relevanthe assessment of geothermal potential.
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8.8 Geothermal Education & Conferences

The South Australian Department of Primary Industries asoiRees (PIRSA), as Contracting
Party to the GIA and the secretariat for the Australbeothermal Energy Group has developed a
geothermal web page that currently serves as a pubtel pmsalient information pertaining to
geothermal energy in Australia, including Australia’s GlAmbership. In 2007 the geothermal
web page will be developed and linked to Geoscience Aiastrabrtal. The current site is located
at: http://www.pir.sa.gov.au/geothermal

The Northern Territory proposes to develop web pagesatasfithe Departmental web site) for
geothermal education and information and will be seekdsig@ance from other State
Governments and companies as the site develops.

There is a growing awareness of geothermal energy imaliastind this is reflected in the inclusion
of geothermal energy within mainstream energy, petroleunmameral conferences, such as:

« On 15-16 February 2006, th& Mot Rock Energy Conference in Adelaide, South Australia
was attended by 70 professionals from the geothermalrsbasiness and government.
Twenty four papers were presented over the 2 day cortiere

e The Business Council for Sustainable Energy Conferaooe 3-4 May 2006, in Brisbane,
included a paper on HFR.

« The Australian Earth Sciences Convention in Melbouviiepria from 2 - 6" July 2006
included geothermal energy as a major theme. Sixteen papgeonthermal topics were
presented. For more information on abstracts and exterageuls go to:
http://www.earth2006.org.au

« The AAPG International Conference in Perth, Western Alisstiam 5" - 8" November
2006 (attended by more than 2600 delegates) included an altermegigg session in which
3 papers on geothermal energy were presented.

Dr Graeme Beardsmore (Monash University, Victoria)a&aday "Introduction to Geothermal
Energy" course in 2006 through the VIEPS coursework progralarie 2006.

8.9 International Cooperative Activities

Australia is a member of the IEA Geothermal ImpletimgnAgreement. Geodynamics and Green
Rock Energy are corporate members of the IEA GeotHémpdementing Agreement.

Geodynamics Limited and the Australian National Ursitg have formal agreements with
Japanese researchers in geothermal energy.

The French Bureau de Recherches Geologiques et MingfRéz\) has linkages with Intrepid
Geophysics and Petratherm. BRGM have expertise in thgration of state of the art rapid 3D
geological modelling with geothermal temperature andhibkcapacity latent in radiogenic
granites.
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Attachment 1 — Australian Geothermal Licence Holders (Alphabetical Order)

Clean Energy Australasia is a privately owned company which identifies, evaluatessaeks to
invest in geothermal and geosequestration exploratiopradidiction properties and facilities. The
company has lodged 11 geothermal exploration licence apptisgf GELs) comprising an area of
5500 square kilometres surrounding existing GELs in the hjgtagpective Cooper Basin
geothermal province in South Australia. For more inftiom visit:
http://www.cleanenergy.net.au

Eden Energy Ltd is a new diversified clean energy company that listeth@®ustralian Stock
Exchange in May 2006. Eden has interests in hydrogen storagaasgbit fuel systems,
including: the low emission Hythane® hydrogen-methanedhlamevolutionary cryogenic storage
and superconducting magnetic electrical storage devwe¢seam and abandoned mine methane;
conventional gas; low temperature pyrolysis researtthhiydrogen production; and geothermal
energy production. All these aspects of Eden’s busimegsaat of an integrated strategy to
become a major global participant in the alternate emaagket, particularly focussing on the
clean energy transport market, producing hydrogen withgutarbon emissions, transporting the
hydrogen to markets and providing the engines to poweobgd-based transport and energy
solutions. Eden is exploring for geothermal resources im#beuof target areas in South
Australia:

1. At Witchellina, northwest of Leigh Creek
2. North of Renmark, on the Murray River

3. Around Moomba in the Cooper Basin, adjacent to GeodigsafELs and at Bollards
Lagoon

4. At Mungeranie, in the southwest Eromanga Basin regigheoBirdsville Track

The company is taking a portfolio approach, aiming toaesimber of different geothermal target
types, ranging from: the deep hot fractured granidehnear Moomba and at Mungeranie;
relatively shallow (2-3km) heat sources associated lwitied radiogenic iron oxide and granite at
Witchellina; and enhanced permeability zones with elevaged flows in the Renmark Trough
associated. If successful, Eden will target electricitykats and clean hydrogen production. Eden
Energy was the recipient of a $100,000 PACE 4 grant inrBleee2006 to assist with drilling a
heatflow measurement hole near Renmark in 2007. For mfareniation, visit
http://www.edenenergy.com.au

Geodynamics Ltd has first mover advantage in Australia with its Habampeoject in the Cooper
Basin in NE South Australia and is the only proponent withogen resource in its tenements.
Geodynamics proof-of-concept Habanero project is éotathere rocks are claimed to be the
hottest in the world in a non-volcanic environmenttu@80°C at 5 km depth). The company has
created the world’s largest underground heat exchandegbypressure water injection in two
stages in 2003 and 2005. High rates of injectivity into tret bxchanger indicate the presence of
large areas of low impedance reservoir where the evobérature is 250°C (4.3 km). After
completion of the Habanero 2 well, flows of up to 25L/gwtt @utput temperatures of 210°C (at
surface) were measured in 2005. Since encountering prohlighmthe Habanero 2 production
wellbore, Geodynamics has set plans to drill HalmaBen 2007, and then carrying out a 6 week
circulation test to complete the proof-of-concept f@&3En the Cooper Basin. Geodynamics'’
geothermal tenements in the Cooper Basin cover 986lkraddition it has applied for
exploration licenses in Queensland and has two geothermatatxgh licenses in NSW. An
external consultants report indicate transmissiotsdosm Habanero to electricity markets within
the national grid to be less than 0.8 cents per kildwair. Geodynamics was the recipient of a
$6.5 million START grant in 2003-4 and a $5 million REDI gran2005. The company aims to
initially build a 40 MW, power station connected to the national grid based a#llg,and then
scale up to at least 280 MWFor more information visitttp://www.geodynamics.com.au
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Geothermal Resources Ltd holds two hot dry rock geothermal exploration projentaied

within high heat flow areas of South Australia. In boteesathe model is based on “hot”
radiogenic granites that are buried by a sufficient théskrof insulating sediments. The Frome
project lies within the Mesoproterozoic Curnamona Cratdiich is characterized by some of the
most radiogenic granites in Australia, associated witherous historic uranium occurrences. In
the project area a large body of granite, evidenced bgianal gravity low and non-reflective
seismic responses, is interpreted to lie beneath Béh&ires thickness of younger sedimentary
cover rocks. Geothermal Resources has been awarded D8APACE 3 grant by the South
Australian government to assist with deep drilling for ghigposes of obtaining reliable heat flow
measurements over the interpreted buried granite comfexCrower project situated in the SE
of South Australia lies along the northern onshore masthe Otway Basin where early
Palaeozoic granites of the Padthaway Ridge dip beneatbpamialurassic to Cretaceous
sediments. Rapid changes in thickness of the sedimentsldaubasement faulting and rifting at
the time of continental break up provide the opportuiityocally elevated geothermal gradients
and optimal depths of burial. Both projects are welltiedavith respect to existing power grids.
Geothermal Resources raised $3million in an IPO in Feb200§ and has subsequently been
awarded a REDI grant of $2.4 million to assist with thikk tésting of its Frome Project. The
Company plans to commence an eight hole drilling pragra its Frome Project in early March
2007 to establish geothermal gradients and heatflowmmieoe information please visit:
http://www.havilah-resources.com.au/geothermal_enemydmd http://www.geothermal-
resources.com.au

Granite Power Ltd (previously Proactive Energy Development Ltd) is aately held company
that plans to explore for hot rocks at intermediate daptpsoximity to the existing high voltage
grid to connection to Olympic Dam. Granite Power hasrenced geotechnical model building
in GEL207 Roxby Downs in SA, and field inspection work isipkd, with an ex- WMC project
manager to guide on past exploration drilling activity. Toenpany has also commenced
geotechnical model research for the Felton EPM in BE&anite Power has completed a
geotechnical model on the Bulli EL6360 in NSW, and is aiilyeseeking funding to drill a
3,000+m well there later this year. The Company hamived research grants for new heat
exchanger technology and new desalination technology, bethidf bear beneficially on the
economics of potential hot rock resources. The Compasyrecently granted an EL for
geothermal energy near Ulan, NSW. The Company pldist tlm AIM and/or the ASX in the
first half of 2007 and was the recipient of a $ 1.22 onllREDI grant in December 2006.

Green Rock Energy Ltd is a public company listed on the Australian Stock Excharehwvis
undertaking the evaluation and development of a hatadly ("HDR") geothermal power plant on
its geothermal exploration licences in central Southtralia in preparation for the construction of
power plants with a base load electricity capacity ofese than 400 MW. Green Rock Energy
holds a 100% interest in an area of around 3,000 km2 next tdBBkBn's world class Olympic
Dam mine in South Australia. In 2005, Green Rock drilleah&ti@ No 1, its first exploratory
diamond geothermal well, to a depth of nearly 2 kilomedratslocated only 5 kms from a high
voltage power transmission line connected to the natjpmaér grid which supplies electricity to
eastern Australia's major cities. The Company plaeary out a “mini-frac” program in the
granites in its Blanche No 1 well in 2007. The dataegaith from this program will provide the
Company with information to assist the design of thet Bf two deep wells to be drilled nearby
and the fracture stimulation program to set up a wateulation system between those wells. The
Company also has a 32% interest in a project in Hungaighwplans to produce geothermal water
for electricity generation and direct heat for induseiadl agricultural uses. Production testing of
water flow rates from existing wells has commencati@tHungarian Project. Success with this
testing could lead to the first geothermal power plar@eéntral Europe. For more information,
visit http://www.greenrock.com.au

Hot Rock Energy Pty Ltd is operator of Exploration Licence (EL) 6212 in the Sydnagi®
New South Wales. This licence area covers approxign&800 sg. kms and was granted in 2004
to Longreach Oil Ltd (50%) and Hot Rock Energy Pty Ltd (50%is currently undertaking a
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technical review of the Sydney Basin, incorporatinggbetrm, coal and water well data with the
aim of identifying areas of high heatflow. The outcarhéhe study will lead to the isolation of
certain areas of abnormally high geothermal gradienpsdvide the focus for shallow drilling in
2006.

KUTh Exploration Pty Ltd is a privately owned company that was granted SpEgjalbration
Licence (SEL) 26/2005 by the Tasmanian Department of MiErea,gy & Resources in August
2006 to explore for geothermal resources. The SEL, wioiebrs an area of 12,360 sq km, has
been granted for 5 years and covers a large aresspfaraa known to contain high heat flux
granites (with widespread extensions of granite under cogpped by gravity), a cover sequence
including coal measures and is on the Tasmanian powemgdrich is connected to the National
grid via Basslink. A variant geothermal target within 8t is the Tamar (electrical)
Conductivity Zone, a large scale and deep conductive dpavhich, if caused by the suspected
deep, brine filled fracture zone, could provide a readgiergeothermal target where it intersects
thermally anomalous granite. The company is undertakinactive field program in 2007
including heat flow measurements of a large number of egisitil holes and corresponding rock
thermal conductivity measurements, plus magneto-tedlamal perhaps seismic in order to refine
the geothermal map of Tasmania and the topograplineajranites under cover. Slim hole
drilling to ~1,000m on targets generated will follow. Thenpany is planning a float on the ASX
either late 2007 or in early 2008. For more informatioit: igtp://www.kuthenergy.com

Osiris Energy Pty Litd is a privately held Australian company that aims tate, define and
exploit geothermal resources suitable for power generatidrother ancillary uses requiring
energy in the form of heat. Osiris has received twdlggmal exploration licences in South
Australia (GEL 220 and 221) in the Cooper Basin in the nosttafahe State and will be offered
the Otway Basin GELA 223 in 2007. Osiris Energy Pty Ltcuisently an unlisted company, but
plans to list on the Australian Stock Exchanbép://www.osirisenergy.com.au

Pacific Hydro Litd is exploring for sediment-hosted geothermal resourcéiSouth Australian
extent of the Great Artesian Basin to support a 400MW cdioveat geothermal project. Pacific
Hydro holds 18 Geothermal Exploration Licenses coverjdg@knt in South Australia and has
successfully completed Year 1 of its GEL work programeineate the resource and define
exploration targets. In Year 2 (2006), downhole temper&iggeng in existing water bores
confirmed thermal gradients of 50°C/km, which are sohtleeohighest thermal gradients recorded
in Australia, with an indicative resource temperatfrabout 133°C at 2km depth. Further
temperature upside is expected from exploration wells taggite Hutton/Poolowanna reservoir
package in the area of a pronounced gravity low, inféoreeflect underlying high heat
production granite basement rocks. Re-interpretationtaflpam exploration seismic data has
identified potential low frequency zones interpreted as chaysgtms and faults which may
provide further temperature and permeability enhancement.

Petratherm Litd listed on the ASX in July 2004 and in May 2006 appointed Teaflisas
Managing Director. Mr Kallis has considerable expeaséeim the power industry and renewable
energy project development to complement the skills anabditjies of Petratherm’s board and
current operations management. In June 2006, successful2bebeg program was completed
at Paralana with the geothermal test well being exigificom 485 metres to 1807 metres.
Temperature logging of the well confirmed a world cthgsmal resource at Paralana with
temperatures of approximately 2 expected at a depth of 3.6 kilometres. Petratherm
successfully secured a PACE 2 grant of $ 140,000 to partigltyifs Paralana Project drilling
programme.

The company plans to drill Paralana 2 in either la@/ 2% early 2008 to a depth of 3.6 kilometres
and conduct fracture stimulation and flow testing.

Petratherm’s flagship Paralana Project aims to intialbvide electricity to the local market — the
growing needs of the neighbouring Beverley Uranium Miram around 7.5 MW building to 30
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MW, and then to expand to around 520 MW and supplying thieiaElectrcity Market, via two
entry points, namely, Port Augusta and Olympic Dam.

For further information, visithttp://www.petratherm.com.au

Red Hot Rocks Pty Ltd (RHR) is the geothermal subsidiary of Mobius Resourcesralizs Pty
Ltd. RHR was formed in 2006 to examine potential commlegmthermal projects. The
company participated in the 2006 applications for Geothefimaéments in Queensland and was
offered three of the available areas. Finalisatiothege offers is pending resolution of Native
Title issues. RHR policy is to seek involvement in ithdustry either as operator of specific
projects or in joint venture with partners. Furtiidormation is available from Domain Capital at
Level 16, 379 Collins Street, Melbourne, Vic 3000.

Scopenergy Litd is focused on searching for hot water in hot sedimentaks in proximity to
recent volcanic activity in the South East of Soutlsthalia, around Millicent. The company
holds contiguous Geothermal Exploration Licences totalling 684overing substantially all
of Australia’s most recently active volcanic provir{6eD00 yrs BP). Scopenergy commenced a
slim hole (100 mm) drilling program in January 2006, seetorgpnfirm several large scale heat
flow anomalies previously measured in 19 petroleum expboratells and 26 water wells in the
vicinity of its tenements. This program found thatmpoare recovery from unconsolidated
sediments impeded reliable heat flow estimation. Thepamy is now considering a production
scale hole to reservoir depth and/or a 3D seismic progyédmeiter define drilling targets.
Scopenergy's areas are well served by 275 kV and 132 kVhiissian lines. Scopenergy's
business model seeks to generate hydrothermal powematen at or above 170°C hosted in a
known deep aquifer of the Otway Basin, in proximity terdoolcanic activity and the existing
electricity grid. The company is the recipient of 4 ®illion Australian Government REDI grant
to fund an extensive drilling and 3D seismic program andsaisoessfully secured a PACE 2
grant of $ 130,000 to partially fund its South East drillinggpam that commenced in January
2006. Scopenergy is a privately owned company. For furtf@mation, telephone +61 2 9250
0133 (international) or 02 9250 0133 (in Australia).

Torrens Energy Ltd plans to explore for HFR/EGS Resources in the highly petispeSouth
Australian Heat Flow Anomaly (SAHFA). The Company hasn granted 14 GELs covering
over 6,700 krh  The existing power grid runs through, or is adjaceralt of Torrens’ Project
areas, and major roads, towns and the city of Adekmieléocated nearby. There are three project
areas, named the Torrens, Barossa-Clare and Adelai@et®®r The GELs of the Adelaide Project
are located a few kilometres north of the city, imitsthern suburbs. Torrens will explore for high
temperature resources, which will include activitiehsag 3D modelling, seismic work and a
comprehensive shallow drilling program to identify suitahhgets for deep drilling. Exploration
success for the Company will come in the form ofitteatification from shallow drilling of areas
of high heat flow. Torrens Energy Ltd has been awardgD8,000 PACE 4 grant by the South
Australian government to assist with its drilling fogtiheat flow in the Barossa-Clare Project.
The Torrens and Adelaide Projects lie in the Torrengélifone where thick sedimentary cover
overlies the world famous Olympic Domain where uraniigin rocks occur. The Company has
undertaken independent thermal conductivity measurementsksand heat flow estimation on
existing drillholes in the areas. The results of wsk confirm both the insulating properties of
the sediments as well as the presence of high osat Tlorrens has engaged the services of Hot
Dry Rocks Pty Ltd and GeothermEXx Inc, Australia’s andiB@&'’s leading geothermal
consultants, respectively.

Tri-Star Energy Company has made application for GELAs 264 and 265 in the westerat Gre
Artesian Basin of South Australia. The two GELAs cosmapproximately 1,000 km2 and are
located west of Marree in central South Australia. Upamtgithe work programme for each area
will include the investigation and review all relevariséing data to determine the geothermal
potential of the areas prior to completing a feasybilitd market study. Favourable results will
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support the drilling of an injection well and a producticgllwluring the term to underpin the
future development of an electrical generation plant.

For further information, please contact Tri-Star EnéZgynpany, which is one of the Tri-Star

Group of companies that has offices in Australia in Brisb&ueensland, telephone +61 7 3236
9800; and in the USA in Houston, Texas, telephone +1 713 222 0011.

Waterflea Pty Litd is a Newcastle based geothermal exploration companyghk¢c for ELA

2809 about 12 km southeast of the township of Awaba, nearNlakquarie in New South Wales.
Postal address: PO Box 683, Newcastle, NSW 2300.
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Attachment 3. The Australian Geothermal Energy Group (AGEG)

Preface

The Australian Geothermal Energy Group (AGEG) providearfcial and intellectual support for
Australia's membership in the International Energy AgsnGeothermal Implementing
Agreement. Members of AGEG include representatives:fro

» Companies with entitlements to undertake geothermal extor(research), appraisal (proof-
of-concept), demonstration and development projectsustralia

+ Companies and organisations providing services tgéothermal sector

« Government agencies responsible for investment attraatidicence regulation for the
geothermal sector

» University experts conducting relevant research
The members of the AGEG have a common interest in shaforgnation to commercialise
Australia’s geothermal resources at maximum pace and minicogtiin Australia’s competitive

energy markets.

An articulation of AGEG’s vision and terms of referefaéows.
AGEG’s Vision

Profitable renewable and emissions-free geothermagjgiieat least 15% of installed base-load
power generation capacity and meets more than 10% of Aastiadwer demand by 2050.

AGEG’s Terms of Reference

Reduce critical shared uncertainties at minimum costramdmum pace to foster the
commercialisation of Australia’s geothermal energyueses. Collectively:

» Promote effective cooperation on geothermal ReseBramonstration &Development
(RD&D) through collaborative work programs, workshops sewhinars

» Collect, improve, develop and disseminate geothermal Rpdlicy information
» Identify geothermal RD&D issues and opportunities to cenumlise geothermal energy
projects at maximum pace and minimum cost by: improgurgent geothermal technologies

and methods; and developing new geothermal technologiesethdds

+ Broaden and increase the dissemination of informatiageothermal energy and outputs to
decision makers, financiers, researchers and the ggndral
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Member Organisations

Representatives

Australia’s Contracting Party
for the IEA’s GIA

Barry Goldstein - GIA ExCom Member, Chair - Australian Geothermal Energy
Group and Director - Petroleum & Geothermal Group,
Primary Industries & Resources SA

and

South Australian Government

Tony Hill — GIA ExCom Alternate, Secretariat - Australian Geotial Energy
Group, and Principal Geologist, Petroleum & Geothermailigro
Primary Industries & Resources — SA

John Séderbaum Science & Technology Advisor -
Energy & Environment Division, Dept. of Industry, TourigResources

Australian Federal Government

Anthony Budd, Geothermal Project Leader, Geoscience Australia

Ralf Ernst, Geothermal Roadmap Project, Dept. of Industry, Toudstesources

Craig Midson, Resource Assessment Project, Australian Greenhouse Off

Clean Energy Australasia Pty Ltd

Joe Reichman CEO

Earthinsite Pty Ltd

Prame Chopra, Director

Eden Energy

Graham Jeffress Senior Geologist

Geodynamics Ltd

Adrian Williams , CEO

Granite Power Ltd (formerly named
Proactive Energy Developmernjt

Stephen de BelleCEO

Greenrock Energy Ltd

Adrian Larking , Managing Director

Geothermal Resources Ltd

Bob Johnson Chairman

Intrepid Geophysical

Des Fitzgerald Managing Director

KUTh Energy

Malcolm Ward, Operations Manager

Monash University

Graeme Beardsmore Senior Research Fellow, School of Geoscience

New South Wales State Government|

Brad Mullard , Director Sustainable Development, Department of Rgifredustries

Northern Territory Government

Tony Waite, Principal Geologist,
Department of Primary Industry, Fisheries & Mines

Osiris Energy Pty Ltd

lan Reid, Director,

Pacific Hydro Ltd

Terry Teoh, Development Manager — South Australia,

Panax Pty Ltd

Bertus de Graaf CEO

Petratherm Ltd

Terry Kallis , Managing Director

Queensland State Government

Russell D’Arcy, Manager Strategic Initiatives & Partnerships,
Department of Natural Resources & Mines

Red Hot Rocks Pty Ltd

John Shirley, Director

Renewable Energy Generators
Australia Ltd

Susan JeanesCEO

Scopenergy Ltd

Roger Massy-GreengDirector

Tasmanian State Government

Carol Bacon, Managing Geologist,
Department of Infrastructure, Energy & Resources

Torrens Energy Ltd

Chris Matthews, CEO

Tri-Star Energy

Vic Suchocki, Land Manager

University of Adelaide

Dr Martin Hand , Dept. of Geology & Geophysics
Professor Richard Hillis, Dept of Geology & Geophysics & Australian School of
Petroleum

University of New South Wales
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EGS potential in Europe (from Jeroen Schuppers EC rep8rEsdtutive Committee Meeting, Nice,
France, 22-23 March 2007).

9.0 European Union Policy

While the EU has set legislation on the promotion oftetéty generation from renewable energy
sources (with an objective of the share of electrfmityduced by renewable energy of 21% by 2010)
and for the promotion of biofuels (with an objectivebaf5% by 2010), the production of heating
and cooling from renewable energy has so far not beeubject of specific EU legislation.

On 14 February 2006, the EU Parliament adopted a report wimmeendations for the
Commission to work on heating and cooling from renewableces of energy. The Commission
is presently working on a possible initiative to proenoeating and cooling from renewable
energy sources. An Impact Assessment study was stai2é0én

The Commission launched a public consultation with theative to contribute to the above
mentioned Impact Assessment by providing a range of aordad new and innovative ideas
regarding the implementation and the impacts of differgres of policies and measures that
could be considered to promote heating and cooling froewable energy sources. This
information will be taken into account in the furtheegaratory work on this dossier.
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This public consultation addresses all renewable eneng@bto produce heating and cooling:
solar thermal, geothermal and heat pumps, and biomassjlass all types of measures/policies
in order to evaluate their potential. Furthermoreseaditors of activity (the public sector, industry,
energy services and district heating, tertiary and dtin)eare addressed.

9.1 Current Status of Geothermal Energy Use in 2006
9.1.1 Electricity Generation

Few European countries have the natural resources ngdessectrical generation of geothermal
energy. Total installed capacity in the European Uni@d@6 amounted to 855 M\Whith a total
generation of about 5,693 GWhly. Italy has the magi témperature geothermal resources in the EU,
(810 MW), and alone represents nearly 95% of total Europgeatitg.  The other countries are
Portugal, which is developing installations on the volcartbipelago of the Azores; France, which is
exploiting the Bouillante site in Guadeloupe; as agllGermany and Austria, which have been
developing this sector for a short period of time.

9.1.2 Direct Use

In the 25 member European Union at the end of 2006, mediutoaridmperature geothermal
energy represented a capacity of 2,491 MWr geothermal use of about 16,590 TJ/y), excluding
geothermal heat pumps. Hungary is the biggest user of medididow temperature geothermal
energy with, according to the Hungarian Associatiordeothermal Energy, installed capacity of
725 MW, Italy is the second ranked European Union countryofertémperature applications
with, according to the UGI (Italian Geothermal Union) #melEnel, a capacity of 500 My

France, ranked third in the EU with 307 MW stalled at the end of 2006, has developed urban
heating networks more (GEB, 2007).

The European Union is one of the main regions to kdaveloped heat pump technology. It is
estimated that in 2006 there were about 600,000 geothernigdumep units, equivalent to 7,329
MW,,. Geothermal energy use corresponding to this capa@fyithe order of 0.78 Mtoe.
Sweden has the largest number of heat pumps with meme2{#0,100 units, i.e. a cumulated
capacity of 2,431 M. It is ahead of Germany (90,520 units, i.e. 996 M\VWrance (83,860
units, i.e. 922 M), Denmark (43,250 units, i.e. 820 M\WAustria (40,150 units, i.e. 665 M\V
and Finland (33,610 units, i.e. 720 My\ibid.).

9.2 Research Activities in the European Union in 2006
9.2.1 New Activities

In 2006, one new geothermal research project has besresefor Commission support: HITI
(High Temperature Tools and Instruments). The prgjeated officially on 1 January 2007, but it
is financed from the budget of th® Bramework Programme (2002-2006).

The project aims to provide geophysical and geochengoaloss and methods to evaluate deep
geothermal wells up to supercritical conditions (T>38Q °®)percritical geothermal wells are
presently non-conventional but may provide a very efftoreay to produce electricity from a
clean, renewable source. A deep geothermal well isrtilyrbeing drilled for this purpose into
the Iceland volcanic zone, with Iceland a major pgodict in the Iceland Deep Drilling Project
(IDDP), which receives joint funding from Icelandic indysiind science.

Aimed to explore supercritical wells and to enhance pttagtuérom them, HITl is to develop, build
and test in the field, new surface and downhole tools pmaches for deep high-temperature

boreholes. The new set of tools and methods have hesarcto provide a basic set of data needed
to describe either the supercritical reservoir stru@ncedynamics, or the evolution of the casing
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during production. The set of new instruments shoulddiénigh temperature and pressure in a
highly corrosive environment. Slickline tools up to 3@and wireline tools up to 300 °C will be
developed due to the present limitation in wireline cafd@2e °C).

For reservoir characterization, the measured quangiteetemperature and pressure (for fluid
characterization, thermodynamic modelling of the nesieand thermomechanical modelling of
borehole integrity), natural gamma radiation and etsdtresistivity (for basement porosity and
alteration), acoustic signal (with borehole wall imaf@ reservoir fracturing and-situ crustal
stresses) and reservoir storativity and equilibrimon(fgeothermometers and organic tracers).
For casing and cement integrity, collar location, as agthickness changes due to corrosion or
plugging from mineral precipitation (from acoustic imaggain) will be measured. The new
tools will be testedh-situin existing Icelandic wells, including the IDDP hole.

9.2.2 EGS Pilot Plant

The aim of this project, located at Soultz-sous-Fodtsice, France, is to establish the world’s largest
and most efficient EGS system at a depth of abou05100The system will consist of one central
injection borehole and two symmetrically deviated petidn boreholes, each separated by about 500
m from the injection hole at depth (Figure 9.1). Thiéasa circulation loop has been designed in order
to enable permanent production from side wells GPK2ZGR1 with re-injection via the central well,
GPKa3. A total flow rate of 80 I/s was initially essiged, equivalent to a total thermal power of 50
MW}, and an electric power of 6 MWThe aim is to bring a 1.0 My&cientific pilot plant on line by

the second half of 2007, and to increase this to sdbrl& within the following year.

Soultz - summary of the programme

1997
circulation:
=10 MW(th)

3600 m |
150 °C

a— : 5000 m

Early experimental Exploration of deep
phase 1987-1997 reservoir 1998-2000

Figure 9.1 The Soultz-sous-Foréts EGS project in Alsace, Fraa@xpected to have the
scientific pilot plant on-line in the second half of 2007.
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Drill rig at Landau geothermal site (courtesy of Lotiéssing)

10.0 Introduction

The goal the Federal Government set itself is a rerlewahare in gross electricity consumption
of at least 12.5% in 2010. The medium term objectivehieiRederal Government is to increase
the share of renewable energies in the electrigjpply to at least 20%, and in primary energy
consumption to at least 10%, by 2020. In the long rurby.around 2050, about half of the
energy supply is to be met by renewable energies.

The Act on granting priority to renewable energy sesr&Erneuerbare-Energien-Gesetz, EEG) of
21 July 2004 makes it compulsory for operators of power grigaséopriority to feeding

electricity from renewable energies into the grid anpay fixed prices for this. The adoption of
the precursor to the Renewable Energy Sources Act inttiggéred a major increase in wind
power generation. The entry into force of the RenesvBblergy Sources Act in the year 2000 has
led to a similar boom in biomass and photovoltaics. Useeof geothermal energy for electricity
generation has also developed considerably. The Rereettablgy Sources Act has thus proved
to be an exemplary and successful tool of energy policy.
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In 2006, the use of renewable energies continued to dewlgpesitively. Their share in primary
energy consumption increased from around 4.7% in 2005t0@i5.3% in 2006 (calculated
according to the so-called physical energy content methodomparison with 2000 (2.6%), this is
more than double. The contribution to total final energy lguefectricity, heating, fuel) increased
to 7.4% in 2006 (2005: 6.6%). The importance of renewaisegies for climate protection remains
high: For 20086, their total G@eduction was calculated at around 97 Mt (through sutistitof

other energy forms in the electricity, heating and fudbsg); of which around 44 Mt G3aving
resulted from the Renewable Energy Sources Act (EEB¢a In 2006 alone, an additional £0
saving of around 11 Mt was achieved through the expaoki@mewable energies.

10.1 National Policy

The aim of the Federal Government is a sustainablgesapply, i.e. an energy supply which
ensures a reliable, economic and environmentally cabl@girovision and use of energy at all
times as described in th® Energy Research Programme of the Federal Governmert/4tion
and New Energy Technologies” set into force at July 2005.

Therefore, the Federal Government's policy aims at:
» A balanced energy mix of fossil and renewable enefgiemnsuring Germany's energy supply

» Further increasing overall industrial energy efficienogl ¢hus at the same time making a
contribution to the good economic performance and comyetass of German industry and
also to climate protection

» Further raising the contribution of renewable energientering the primary energy demand
and making them competitive as rapidly as possible

« Facilitating the phasing out of nuclear power step &y and without any adverse effect on a
reliable and economic electricity supply

» Reducing the output of energy-related CO2 emissions andhtbegyeenhouse-relevant trace
gases into the atmosphere as part of present and fioteineational commitments in the most
cost-effective manner possible

10.1.1 Geothermal Energy

Geothermal energy use in Germany is still in itsahBtage. The installed capacity amounted to
230 kW, for power production.

Due to the relatively favorable temperature charasttesi the geological situation and also the
economic structure, for the foreseeable future the Ugpare rift valley and the Fore Alp Region
near Munich is of interest for commercial geothermalgraplants. In the North German basin
and also in regions of crystalline rock, research maiims at establishing an economic operation
of geothermal heating plants even at low flow rates ahoMotemperatures.

Beside the use of deep geothermal resources the use ofldreat by ground coupled heat pumps
in of increasing interest in Germany. In 2006, more than 241880pump systems were installed,
making the estimated total number of systems more1h8,000 for the private and commercial
sectors as well as for public buildings. In consequéhesawareness of the possibilities of
geothermal power is increasing enormously in Germ&wery month about 2,000 systems are
going into operation.

Important for the further development of geothermal appbios are successful stories like the
project in Unterhaching near Munich, which completed guesd borehole at January 2007.
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Now two wells are available with a temperature about°C2énd a flow rate of 100-150 I/s for the
generation of electricity and the supply to a districtingasystem. The plant is expected to
produce up to 3.36 MW\and 28 MW, of heat.

Besides the Renewable Energy Sources Act (EEG), ther&eMinistry for Environment, Nature
Conservation and Nuclear Safety supports R&D in geotHerneagy with the 8 Energy
Research Programme of the Federal Government.

Research funding can make an important contribution to bgrggothermal electricity generation
closer to market maturity, by helping reduce the costisrgks involved in exploiting geothermal
energy must be further reduced. The decisive group of fmrsgeothermal electricity generation
is represented by drilling operations. Until borehotigbly demonstrate the extent to which
thermal energy and later electricity can be obtainpdp 80 % of the overall capital cost may
have been expended. Drilling work therefore represemitsad investment risk.

During the last three years, the funding of geothernaépis increased steadily: 2004, 5.9 M€;
2005,10.7 M€ and 2006, 14.0 M£.

In 2006, the geothermal part of funding was about 18 % of thkrestearch budget for renewable
energies.

10.2 Current Status of Geothermal Energy Use
10.2.1 Electricity Generation
In November 2003, the organic Rankine cycle was installdtbustadt-Glewe for electricity

production (150 kVYy and about 0.2 GWh/y was generated in 2006. This remaimmsip
geothermal power plant in Germany.

10.2.1.1 Rates and Trends in Development
The geothermal project in Unterhaching has completesetbend borehole successfully.
Consequently, the installation of a Kalina-Plant sthirtespring 2006, and is planned to go into

operation in autumn 2007, with 3.36 MWW stalled capacity and 28 M\\heat production.

The community of Bruchsal announced in July 2006 that it winigigll a geothermal power plant,
with construction to begin at the end of the year.

In Landau, the second well was completed to a depth of 8@ m, with the temperature of the
produced brine of about 140-150 °C. An ORC-turbine having aitpd 2.5 MW, has been
ordered. The plant will go into operation in 2007.

With the success of these projects, which proved #fdity of exploiting deep geothermal
resources in Germany, many new projects are planngubarly around the Munich

/Unterhaching area. It is estimated that about 80¢igoje Bavaria are planned, with a total
investment of about 3.2 billion €.

10.2.2 Direct Use
10.2.2.1 Installed Thermal Power
In 2006, the total direct use of geothermal energy was &t#66 TJ/y. The installation of heat

pumps was a booming business, with installations of 2)8@8 per month. It is estimated that
around 100,000 earth coupled heat pumps are now instatted total capacity of nearly 1 GW
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Large installations in a range between 2 and 11 M¥ist in Neustadt-Glewe, Unterschlei3heim,
Erding, Straubing, Waren (Miritz) and Wiesbaden.

10.2.3 Energy Savings

Due to the small amount of geothermal electricity gatian there are no figures for energy
savings available.

10.3 Market Development and Stimulation

The turnover in 2006 resulting from the constructioplahts for the use of geothermal energy is
about 580 M€. Figures are not currently available foglsitechnologies like heating pumps,
district heating or deep geothermal energy.

Financial sources for promoting the use of geothermafgrage given by soft loan programmes
of the KfW Promotional Bank and single programmes efftbderal States mainly designed for
private applications, e.g. heat pumps systems. In thimector, almost 140,000 plants were
supported through the German government’s market incentigeggnme, thus triggering
investment of 1.5 billion €.

Due to the current high demand, there is a significaoe [increase for the installation of heat
pumps and a shortage in the availability of drilling equipraent skilled staff.

For the deep drilling sector, some projects will postdahee to high prices and shortage of
drilling rigs.

10.4 Development Constraints

The average geothermal gradient in Germany is 30 °G&muiet low for deep geothermal
applications. Only in certain regions like the upper Rhibealley and the German mollasse
basin do higher geothermal gradients occur. Theref@e dielling down to 3000-4000 m is
necessary to reach temperatures above 100 °C requirglddtnicity generation. Associated with
this fact are high drilling costs which influence tleereomic success. Further constraints are the
finding risks for such depths and the complicated geolodiaaitares in some of the regions of
interest. In the northern basin of Germany the gewtalesources also have a high salinity.

Currently, the availability of drilling rigs is poor duettee huge demand by oil industry. The
prices are consequently high for drilling, so some ptsjare being postponed.

10.5 Economics

The production price of conventional generated elegtrisiabout 4-7 ct€/kWh and the consumer
prices are between 15 and 20 ct€. Prices for enavgydil, gas, coal, and electricity are
dependent upon world market prices.

Electricity generation by geothermal techniques is notgmpetitive without governmental
funding. Consequently, the simultaneous use of the bedistrict heating is essential for the
economic success of a project. For this reasoretiaehcy can be recognized to design projects
more for district heating than for electricity gengmat

The figures for future investments are quiet variabith some sources mentioning an investment
volume about 5.5-6.5 billion €.
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Geothermal electricity generation is being funded by 0/k/E for plants up to 5 M\Winstalled
capacity.

In 2006, 4,100 people were employed in the geothermal sector.

10.6 Research Activities

10.6.1 Focus Areas

With the calls for proposals published in the Federale@®a No. 179 on 21 September 2006, the
Federal Ministry for the Environment, Nature Conseoratind Nuclear Safety was setting new
priorities for research support in the renewables se®efating to geothermal energy, heat
generation will gain importance. It is also plannedrtavide some support to new and promising
technologies with a high potential for innovation. Supjgoaiso intended for international
projects and technologies for export. Hence, within the foa proposal, there is slight shift in
priorities from more basic research towards practipalication:

» Development of methods to minimize the finding risksvells

» Development of measurement methods and of devices foregaathwells with high pressure,
temperature and corrosion

« Improvement of drilling technology particularly for geetmal applications
» Improvement of energy conversion processes like GRlina-cycle
* Integration of geothermal energy into local heat andrétég grids

» Development and improvement of methods and procesfiesricing the management of the
resources and productivity like stimulation processes—processes and monitoring

10.6.2 Government Funded R&D Projects
10.6.2.1 Neustadt-Glewe

Neustadt-Glewe is the first geothermal plant generatmgratity in Germany. The heat
production has been operating very successfully since 2008oviember 2003, the organic
Rankine cycle was installed for electricity productidfter 5 years of operation and electricity
generation, an evaluation of operational parameters afabthermal heat plant will be carried out
and funded by 2 M£.

10.6.2.2 GroR Schénebeck

A hot water rock storage reservoir was prepared isedenentary North-German Basin for the
use of geothermal heat. In 2006, the second boreholeongseted to 4,400 m depth. The
project was funded by 14.3 M€,

10.6.2.3 Hannover (Horstberg II)

A study concerning the one-probe-two-layer-method wagedsout by two institutes. The goal is
to examine methods for extraction of geothermal heat fedimentary rocks. During hydraulic
tests, temperature and pressure logs will run as webiamic detection. The results are
interpreted by analytical and numerical models to getiimdbion on the thermal capacity and the
physical and economic life of the one-probe-two-laystean. The project was funded by 3.1 M€,
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10.6.2.4 Landau

The second borehole was completed in 2006 (Figure 10.iul8tion tests between the two
boreholes were successful. An ORC-plant is now orderédlzall be installed in 2007. The
project costs of 15 M€ was financed by private investons 88 M€ provided by government.

| |
Figure 10.1 Dirillrig at the Landau geothermal project site
(photograph courtesy of Lothar Wissing).

10.6.2.5 Bruchsal
This project is currently stopped.
10.6.2.6  Soultz-sous-Foréts (France)

This project is a European project on HDR and is fundetéizC, France and Germany and a part
by the industry. In the first phase, 3 boreholes welledito up to 5,000 m deep. Stimulation tests
were done with very good success. It was possible grgtentwo heat exchangers at two horizons.
The upper reservair is located at 3,000-3,600 m deptlelivers temperatures of 165 °C. The
lower reservoir, with depths of 5,000 m, showed tempersif 200 °C. The new reservoir at 5,000
m shows closer boundaries compared to the upper ogseNo leak-off to the upper reservoir has
been detected. The last planned borehole, GPK 4,nilad dithout problems to 5,200 m depth.

The cost accumulated by all parties has amounted to 3@i€funding by the German
Government being 6.4 M€.
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10.6.3 Industry Funded R&D Projects

10.6.3.1 Unterhaching

The second borehole has been completed at Unterhacidregy$iemens Kalina-plant is to be
installed in 2007 for heat and electricity generatiohe Project costs are estimated to be about 30
M€, financed by risk capital, governmental funding and sofidoal he water temperatures are
around 120 °C at 3,500 m and the production rate is betweesnéi2I50 I/s.

10.6.3.2 Speyer

The Speyer project was unsuccessful and has finished.

10.7 Geothermal Education

Education with the focus on geothermal issues is offeradhlvgrsities like University of
Bochum, RWTH Aachen, Technical University Berlin anaiugrsity of Potsdam. Additionally,
seminars and lectures are held by several instituindsassociations involved in geothermal
energy.

10.8 International Cooperative Activities

The Federal Ministry for Environment, Nature Constoreand Nuclear Safety Focus supports
the project in Soultz-sous-Foréts and participates ilBAeas member of the Geothermal
Implementing Agreement.
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Figure 11.1 Location of Iceland’s geothermal fields.(Based on iB8pret al, 1980).

11.0 Introduction

Geothermal energy provides over half of the primarygnsupply in Iceland. The principal use
of geothermal energy is for space heating, and almost 9@¥efergy used for house heating
comes from geothermal resources. Of the total @d@gtgeneration, about 26.5% comes from
geothermal energy. See Figure 11.1 for locations dhgemal areas in Iceland and Figure 11.2
for the distribution of geothermal energy utilization.

11.1 Highlights for 2006

Because of the location of Iceland on the Mid-Atlantidg®i, the geothermal resources are ample
and abundant. Over half of the primary energy supply iedbatry comes from geothermal
energy. The main use of geothermal energy is for spaaténly and almost 90 % of all houses are
heated by this energy source. Other sectors of dire@rasvimming pools, snow melting,
industry, greenhouses and fish farming. An expansioreietiergy intensive industry has led to a
rapid increase in electricity demand in the countrlgis has stimulated the development of
geothermal power production and resulted in the constructioaveplants. Two of the largest
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energy companies in Iceland, Reykjavik Energy and Hitav®itdurnesja, both started new power
plants for electricity production. The total capacityta#se two plants is 180 MW
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Figure 11.2 Electricity generation using geothermal energy inaluel1970-2006

11.2 National Policy

The national strategy is aimed at harnessing geothees@lrces whenever possible, respecting
the natural and human environment.

There has been a governmental effort to explore the greosh potential in areas previously
defined azold regions This effort has been quite successful and at preseriduction well is
being drilled for the heating of a small town in wiestland, Grundarfjérdur (about 900
inhabitants), where a geothermal area for utilizatias l@cated by gradient drilling.

In addition, foreign investment in power intensive indusrgncouraged and watch is being kept
on developments in the hydrogen fuel field.

Market reform in the electricity industry began on 1 July 2088\ the implementation of the EU
electricity directive. Full market opening for the indyss planned for by 2007. Other laws
concerning research and harnessing of geothermal emergurrently being modified.
Government expenditure on geothermal R&D was about 1M Eu2B06. Industry expenditure
amounted to 6-7 M Euros.

11.3 Current Status of Geothermal Energy Use in 2006

11.3.1 Electricity Generation

As a result of a rapid expansion in the energy intensolastry in Iceland the demand for
electricity has increased considerably. This hasydaeen met by increased geothermal
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electricity production. In the past years, Reykjavileigy has been constructing a new 80 MW
power plant at Hellisheidi for both electricity and katter production. This is one of the
geothermal fields in the Hengdlea where there are several geothermal fields, imgjutie
already harnessed Nesjevellir field. The electricitydpmbion was started in the summer of 2006.

At Reykjanes, Hitaveita Sudurnesja started power produictiamew power plant of 200 M\ih
June 2006.

In Bjarnarflag an environmental impact assessment fold8Ppower plant has been completed.
At the Krafla power plant a third 30 MMWinit is planned, but currently pending due to other projects

In 2006, Iceland’s geothermal installed capacity was 422, NtWireasing by 180 MWwhen the
new power plants in Reykjanes and Hellisheidi were patpndduction. Total geothermal power
generation in Iceland was 2,631 GWh/y in 2006.

11.3.2 Direct Use

The total direct use of geothermal energy in Iceland if6 2@ about 25,080 TJ/y, corresponding
to 6,970 GWh/y. Almost 90% of all energy used for spactrtges geothermal and its share is
still slowly increasing mainly due to the governmentadreto explore the geothermal potential in
areas previously defined agsld regions

Heating of swimming pools is also one of the most irgrdrtypes of geothermal utilization in
Iceland and the one with the longest tradition. Tlaeeetoday about 130 geothermally heated
swimming pools (surface area of 28,008).mMost of the public pools are open-air pools that ar
used throughout the year. There are plans for an exteattexblwgical outbuilding in northeast
Iceland in the near future.

Snow melting has been common in Iceland for the pag0Xfears and the total area covered is
about 740,000 fn

There has been no increase in direct industrial useotierenal energy in Iceland during the last
years and recently there has rather been a reductioneas the biggest industrial users of
geothermal energy closed.

A seaweed processing plant at Reykholar, W-Iceland,alseg 150 TJ/y annually for drying. A
plant for the commercial production of liquid carbon diex(CQ) has been in operation at
Haedarendi in SW-Iceland since 1986. Geothermal wasgsd used on a small scale for timber
drying and fish drying. The total geothermal energy usemhdlustrial purposes is about 1,200 TJly.

11.3.3 Energy Savings

The use of geothermal energy in Iceland provided a fueigsef about 700,000 tonnes of ol
equivalent (toe). The reduced/avoided,@issions amounted to about 2.226 Mt.

11.4 Market Development and Stimulation

The government gives grants to small projects in the denergy. However, for the last few
years emphasis has been on finding usable geothermalfaratpace heating in areas where
resources were previously unknown.

The high demand for electricity for intensive indusegulting from the favourable prices of
electricity has resulted in large-scale geothermal powezlajgment.

Development cost trends have been stable except foasesén steel prices. Performance
improvement has been dramatic and the time foiirdgithigh temperature geothermal wells has
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been reduced from 55 to 40 days. This has not yet affdatarbst for the energy companies as
the prices are unit prices and they have not beenged.

11.5 Development Constraints

Development constraints are mostly due to environmesgaés, though geothermal energy was
looked upon more positively than hydropower in a recent reltrewiew. Local issues do place
constrains on drilling sites and access to them.

11.6 Economics

Recent developments of geothermal resources have deatedshat geothermal power plants
can compete with hydro power plants in the country in progidiactricity for the industry of
aluminium smelters.

Government investment in geothermal has increased duelerdeedemand for the power
intensive industry.

The cost of energy has been stable.

11.7 Research Activities

11.7.1 Focus Areas

Research is focusing on known high temperature geothearess for the purpose of categorizing
them for future electricity production. In addition, geothal areas are being searched for near
districts that do not currently have geothermal spaetirig.

A consortium of Icelandic energy companies has begun trecpadjdrilling a 4-5 km deep drill

hole into the Krafla high-temperature systems to reQ8h600 °C hot supercritical hydrous fluid at a
rifted plate margin on a mid-ocean ridge. The main purpbie Iceland Deep Drilling Project
(IDDP) project http://www.iddp.is/pdfs/deepdrilling_gof 05.pdis to find out if it is economically
feasible to extract energy and chemicals out of higdrotal systems at supercritical conditions.

11.7.2 Government Funded Research

Deep drilling: The Government of Iceland decided at itstimgen 30 August 2005, to participate
significantly in funding the IDDP drilling and flow tiésg in 2006-2009. The total amount from
the government can reach 300 Million IKR (3.3 M Euros)

During the past six years, the Ministry of Industry hasn running a program to encourage
geothermal exploration for domestic heating in areas wgesthermal resources have not been
identified, so-calledold areas A total of US$ 1.9 M has been granted for this purpogeuaed
mainly for drilling 50-100 m deep thermal gradient explorativells. This method has proven to
be a successful exploration technique in Iceland.

11.7.3 Industry Funded Research

The National Power Company in Iceland funds a full msde chair in geothermal research at the
Natural Resources Faculty, University of Akureyri.

Individual heating companies as well as the cooperatienafgy producing companies funds
several geothermal research projects, the biggesteing e IDDP, which is also funded by the
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government. Each of the three biggest electricity compdrae signed a contract to participate,
each with up to 300 Million IKr to the IDDP. The drill is foreseen to start in 2008 at Krafla.

11.8 Geothermal Education

During the 27 years the geothermal training progratodaland operated under the supervision of
the United Nations University a total of 3&9lows from 40 countries have graduated. In 2006
there were 21 fellows from 12 countries trained. In thetdteof Science program in geothermal
research there are currently 9 students, with 8 havimgh&d so far. There is a great demand for
the admission to the training program. The Icelagdiernment provides the main part of the
funding of the geothermal training program.

The Natural Resources Faculty, University of Akureyifers BSc and MSc degrees in sustainable
energy utilization of the renewable energy sources aitphasis on hydro and geothermal energy.
The students attend several courses covering the hiagnesgeothermal energy and are trained

in different geothermal disciplines. A new MSc degnegyam in sustainable energy taught in
English will be offered for international students frora #utumn of 2007.

University of Iceland offers BSc, MSc and PhD degiregeophysics, geology and other
disciplines that form the basis for geothermal re$earc

11.9 International Cooperative Activities

Iceland is a member of the IEA GIA and leads the Aewex VIII- Direct Use of Geothermal
Energy. In addition, it is a member of the Internati@deothermal Association with two Board
Members, and now hosts the IGA Secretariat, having goséce September 2004.

Iceland is also a Member of the World Energy Courcigperates within the EU and Orkustofnun
hosts the UNU Geothermal Training Programme.
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NATIONAL ACTIVITIES
Chapter 12

W,

Figure 12.1 Two 20 MW, geothermal units operating in the Mt. Amiata area.

12.0 Introduction
This chapter outlines the development of the geotheratigitaes in Italy in the year 2006.

Geothermal resources in Italy are used mainly for mb#gt production and Enel is the sole
company operating in this sector of activities. Frbmlieginning of the last century, when the
first unit was installed in 1913 at Larderello, the geottad installed capacity has been
progressively increasing; reaching 810 Ma¥the end of the year 2005, and where it remairred fo
2006 because no new plants were commissioned.

In 2006, geothermal net generation reached 5,200 GWhl/y. Tliosgtepresents only 1.9% of
the total domestic generation, it meets about 25% ofldwricity demand in Tuscany, the Italian
region where all the geothermal plants are located.

In addition to electricity generation, geothermal fluidswsed as heat sources, mainly for spas,

space and district heating, greenhouses and fish farmmirn2p06, the supply of thermal energy
totalled about 8,000 TJly.
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12.1 The Electricity Market in Italy

In line with the European Directive (EC/96/92) relatingh® creation of a single market for
electric energy in Europe, on E8bruary 1999, the Italian Government approved a Decree Law
(n° 79/99) defining the basic rules for the new organizaifdhe Italian electricity market.
According to the new regulations, no individual operate alfowed to generate or import more
than 50% of the domestic overall consumption of eleetngrgy as from 1 January 2003.

In the period 2001-2003, in order to comply with this new legislaEnel S.p.A. sold 15,057

MW, of its generating capacity to other operators. Asrsequence, several international
competitors are now present in the Italian electritityket.

From 1 April 2004, the Italian Power Exchange has beeratipgr In the same year an
independent private company, called TERNA, was estaddifor the ownership and management
of the national high voltage electric grid (transmissietwork).

The electricity needs in Italy reached 337,800 GWh/y 062@n increase of 2.25 % on the year
2005. The contribution of the domestic production was ®6.&hile the remaining 13.2 % was
imported.

Domestic electricity generation is provided as follo82.:5 % comes from fossil fuels, 14.5 %
from hydro and 3 % from geothermal, wind and solar.

With the same Decree Law (n° 79/99), specific policiesevedso adopted for supporting the
development of renewable resources.

12.2 The Current Status of Geothermal Energy Use

12.2.1 Electricity Generation

All the plants in operation are located in Tuscany, iretfeas of Larderello/Travale-Radicondoli
and Mt. Amiata (Figure 12.1, this chapter title page).

As of 31 December 2006, 248 production wells were in operaiitbnavsteam network of about
160 km total length. In addition, 32 reinjection wellgeva operation with a total water network
of about 180 km.

32 units (with a capacity in the range 10-60 MWere in operation with a total installed capacity
of 810.5 MW, and a maximum running capacity of 711 MW

The net electricity generation in 2006 was 5,200 GWh/yhitpeest value so far produced

12.2.1.1 Drilling Activities in 2006

e Dirilling and completion of 1 new production well and of llilvawell for water production

»  Workover and deepening activities in 6 wells

» Drilling and completion of 5 deep exploratory wells (maximtepth 4,153 m) in the frame
of the “Deep Exploratory Program” launched in 2003 in tha aféarderello/Travale-
Radicondoli, with the aim of verifying the possibility/farther extension of the productive

horizons both areally and at depth

In 2006, the total drilling activity in Italy amounted16,714 m.
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In addition to the drilling activities in Italy, Enel hatso worked in El Salvador, where 2 wells
were completed for a total of 6,141 m drilled.

12.2.1.2 Power Plant Construction in 2006

There were no new power plants commissioned in 1taB0b6.

Figure 12.2 A 20 MW, unit with the AMIS hydrogen sulphide and mercury
emissions abatement system at the left.

12.2.1.3 AMIS Plant Construction in 2006

The AMIS abatement plants have been designed by Erainmve HS and Hg from plant
emissions. This technology makes possible a substeediadtion in the environmental impact of
the generation park, with a consequent improved accepbgrtbe local population (Figures 12.1
and 12.2). It eliminates the bad smell gBHpresent in the geothermal areas, which presenas a re
nuisance to the people living near the plants. IntexigiHg removal will prevent possible effects
of mercury build up in soils, water and food chain in theglterm operation of the plants.

In 2006, two additional AMIS plants were installed and oeerat the Larderello area.

The total investment for the above mentioned act&itias 95 million Euro.

12.2.2 Direct Uses of Geothermal Energy

In addition to the electricity generation, in Italy geothal fluids are also used as thermal sources.
In 2006, the total heat supplied was equivalent to about 8,090 T
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Most of the applications (60% of the supply) are devotdshtbing (temperatures < 40 °C), which
has a long tradition in Italy, dating back to Etruscash Roman times. There are also several
other uses including space and district heating, fishiffay,ngreenhouses and industrial process
heat.

Enel is engaged in geothermal direct uses, supplying theadgnt of about 1,100 TJ/y of
geothermal heat. Enel also sells about 36,000 t/y afyngare CQ, produced from a deep well
located in the Torre Alfina field (Latium), and used, afterification, in the food industry.

12.2.3 Avoided Emissions

The utilization of geothermal fluids for electricity gagation and direct uses provides a saving of
about 1.5 Mtoe (million tons of oil equivalent), avoidiagthe same time, emission to the
atmosphere of about 3 Mt of GO

It should be noted that the exploitation of steam-domihfidds reduces the amount of €O
naturally emitted from the soils in the geothermal srea that the total G@mission (natural
plus power plant emission) remains unchanged. For #h$enethe Cg@emission has not been
included by ARPAT (the Italian Agency for the protectadrthe environment and the territory) in
the greenhouse gas (GHG) inventory.

12.3 Market Development and Stimulation: Policies Supporting Renewable
Resources

With the Decree Law (n° 79/99), specific policies for suppgrthe development of renewable
resources were adopted in Italy. This provision gaseta the “Green Certificate” market.

As from the year 2001, all operators (importers andyzers of electricity from non-renewable
sources) had to supply a quota of their production frenewable sources into the grid within the
following year. The quota was initiallye. from the year 2002, set at 2% of the total energghymred
or imported, and exceeding 100 GWh (excluding cogepatatixiliary consumption and exports).

Applied to the whole Italian market, the 2% quota was attime equivalent to about 5,000 GWh.
This amount was large enough to effectively spur the markesidering that it had to be obtained
only from plants that began production or were re-powdnedt{e additional capacity only) after
the law had come into effect.

The conceived mechanism provides a great deal of fliggiloperators are allowed to meet their
obligations either by generating directly or by purcha$iag others, some or all of the necessary
“green” energy, or simply their rights (as in the spifithee “Green Certificates”).

According to the new Decree Law (n° 387/2003) issued on 3iadai004, the initial quota of
2% was increased to 2.35% for the year 2005, to 2.7% for &0d6 3.05% for 2007, to keep up
with international commitments for G@missions reduction.

As a consequence, the value of the kWh generated frawabtes is the sum of the base price of
the energy and of the market value of the Green Catttific(the latter is limited to the first eight
years of plant operation). In the year 2006, this meshaldad to an average market price of 12.5
€-cent/kWh of the Green Certificates, to be added tavkeage price for the sale of electricity,
which was around 5 €-cent/kWh.

The presence of the above mentioned Green Certifinzakss it's possible in Italy to proceed

with the exploration, development and utilization of deeplggratal resources, with the drilling
of very expensive wells up to 3,500-4,000 m depth.
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State incentives for the use of heat from geothesmaices are also provided. They consist of:

* Incentive to the end users of 10.33 €/ M\\in a permanent basis plus 15.49 €/ MW be
confirmed every fiscal year

» Incentive to developers for new supplies or for incredsxisting ones, that is 20.66 €/ kW

12.4 Environmental/Acceptability Aspects

The strong interaction occurring between geothermaliies and the territory, taking into
account that we operate in Tuscany, has placed a senwirarie to developing new projects.

Aiming at the retrieval of a constructive and mutuakiyeficial relation with the territory, Enel
has begun a number of initiatives with the intent of a¢hgea reduction in environmental
drawbacks and an increase in acceptability.

New design solutions have been developed to reduce theamoisésual impact of drilling pads,
gathering systems and power plants. Moreover, an innoya#ue for the abatement of mercury
and hydrogen sulphide (AMIS) was designed and put in operattbnv/ery positive results,
improving significantly the acceptability by local poptida.

In addition, it should be noted that, by law, Enel mustepeyyalty for each kWh generated from
geothermal resources to the municipalities and to thei@iwhere the plants are located. A
District law has recently doubled the royalty to thenmipalities of Tuscany. Starting from 1
January 2003, Enel paid:

» 0.1148 €-cent/kWh to the affected municipalities

* 0.0574 €-cent/kWh to the Tuscany District Authority

12.5 Economics

In Italy, the geothermal projects developed in recentsya relevant to deep resources, with
resulting huge investments in drilling activities (welfsto 3,000-4,000 m deep). Because of this
huge investment, the total capital cost can exceed Rm8IMW, installed, depending on well
depths, productivity, chemical composition of the fluidfie Green Certificates make the
development of new geothermal projects feasible.

12.6 Research Activities

Research activities have focused both on the implertientaf advanced methodologies (3-
D seismics) aimed at reducing the mining risk fae treep wells and on the methodologies
aimed at the solution/mitigation of the corrosion problémthe wells, the gathering
system and the power plants caused by the preseradddasfne in the steam produced from
deep wells.

These activities have been carried out in collaboratitim universities and research institutions
both in Italy and in Europe.

GIA 2006 Annual Report
116



IEA Geothermal Energy

12.7 International Activities

Enel is engaged in several geothermal exploration and develbpnegrams in Central and South
America as well as in the USA. In El Salvador, asearof La Geo (the Salvadorian geothermal
company which currently operates the geothermal fielddhakchapan and Berlin), Enel has
completed further development of the Berlin field, with thilling of wells and the construction

and start-up of a 44 MWpower plant.

Exploration activities have also been started in seegeals of Chile and Nicaragua.

Author and Contact

Guido Cappetti, Enel- GEM- Geothermal Production, Piady; lguido.cappetti@enel.it

GIA 2006 Annual Report
117


mailto:guido.cappetti@enel.it

IEA Geothermal Energy

NATIONAL ACTIVITIES

Chapter 13
Japan

Well N16-TE-2 in Tenei Village, Fukushima Prefecture. Wed was drilled to a depth of 1400.8
m and reached a temperature of 112.1 °C for a scall-power development by NEDO from
late 2004 to early 2005 (Photo by Yuko Kizaki, Geothermajisering Co., Ltd).

13.0 Introduction
13.0.1 Historical Background

Japan’s first geothermal power generation of 1.12 kW tookepla Beppu, Oita Prefecture,
Kyushu, in 1925. The practical use of geothermal energy emoed in 1966, with the
introduction of the first full-scale geothermal power plém¢ Matsukawa Geothermal Power Plant
of 9.5 MW, (23.5 MW, at present), lwate Prefecture, northern Honshu.

Japan, as a volcanic country, is blessed with potentathgenal resources for development.
However, the construction of geothermal power plants hers festricted due to factors such as the
restrictions in National Parks and huge numbers of psthexihot spring resort areas. Therefore, at
the end of the 1980s, only nine plants were operating, atfalecapacity of about 215 MW

The risks involved in initial investment also hinder geotie development. Thus, the
government has been promoting research and developmenplofation techniques in several
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geothermal areas. As a result, geothermal developmeeteral areas in the Tohoku and Kyushu
Districts reached the construction stage in the early 1980 than doubling the total capacity to
about 534 MW.

The government has, however, withdrew a variety of ingemto geothermal energy in the late
1990s, as Japan’s economy entered a deflation recessierpatéigularly since the Asian
currency crisis in 1997. In December 1997, the governmehndreitv geothermal energy from the
category of “New Energy” that was subsidized by sevenaklof incentives. Then, geothermal
energy was suddenly placed into free competition of thatridity market. In June 2001, the
government politically evaluated geothermal energy and dediesinot worthy to allocate
budgets for its research and development. Then, all thleagewl projects for research and
development were terminated in March 2003. In April 2003, 8 Renewable Portfolio
Standard) Law was put into effect, but not applied tactimventional type geothermal power
generation except for the geothermal binary cycle power gigoer

The lines of less incentive policies froze the geattadmarket in Japan and no new geothermal
power plants have been constructed since the late 199@gt éscthe installation of the
Hachijojima geothermal power plant of 3.3 MW 1999, the Kuju Kanko Hotel of 2 MWh

2000 and a demonstration binary power plant of 2 NfWwhe Hatchobaru geothermal power plant
in 2004.

This pessimistic attitude was changed by the governmersiatecin 2006, that geothermal energy
should be revived into “New Energy”.

13.0.2 Highlights for 2006

» Geothermal energy was approved back into the categoient Energy” by the Agency for
Natural Resources and Energy (ANRE) of the Ministry afrieeny, Trade and Industry
(METI) in 2006. It will be legally enacted in 2007, and flapanese geothermal power
market will soon be revived.

» Kusatsu Town, Gunma Prefecture, one of the famous hogsgsort areas, won the METI
and Ministry of the Environment (MOE) subsidy for the Wivhot spring power
development project (Press release at November 7, 2006).

+ The New Energy and Industrial Technology Development Gzgtian (NEDO) adopted two
new fields for the Geothermal Development Promotiarvé&s: West Okushiri-cho
(Hokkaido) and Hachimantai (lwate), and succeeded in (Magano).

e The Japan International Cooperation Agency (JICA) conweetithe Master Plan Study for
Geothermal Power Development in Indonesia from 2006.

13.1 National Policy
13.1.1 Strategy

ANRE, MET]I, is in charge of Japan's energy policy. MEfHites that the promotion of
geothermal energy development is extremely importantukedais one of the oil alternative
energies, and it is a clean, stable power supply of daesiduction that answers a social
request for reducing global environmental problems. Toerean inducement to encourage
private entrepreneurs at the early stage of the geoth@ower development, is aimed at.

To adjust the environmental contribution statistichefihternational standard for “Renewable

Energy”, the New Energy Committee of ANRE, METI, preed that the small-scale hydro and
geothermal energy would be better back in the Japanesificspategory “New Energy”, on 24
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March 2006. This motion was positively discussed in tHewing two meetings of the
Committee and adopted as an express statement on 26 MayR@bébly, this will be legally
enacted on “the Special Measures Law for the PromatidJtilization of the New Energy” (so-
called New Energy Law), during 2007.

13.1.2 Legislation and Regulation

The “Law Concerning Promotion of the Development anithiction of Alternative Energy”
was enacted in 1980 and the promotion strategy for geothenergy was described. While the
“Special Measures Law for the Promotion of Utilipatiof the New Energy (so-called New
Energy Law)” was launched in 1997, geothermal energy wdsded from the definition of New
Energy, which needs governmental support. Then the “Retewvbrtfolio Standard Law” was
enacted in 2003, and geothermal energy was included asiatdaenergy in this law, but
realistically restricted to binary-cycle plants.

There is no “stand-alone geothermal legislation” thahdsfgeothermal resources and governs
their use and development in Japan. For example, an djgplichgeothermal drilling is
governed by the Hot Spring Law and its implementatiapgoved by hot spring deliberation
committees in local governments.

13.1.3 Progress Towards National Targets

The numerical target on the geothermal electrical ¢gpiaas remained 534 MWor the

electricity power industries since FY2000. This meansttiebbjective for the moment is only to
maintain the current state. However, geothermal ensrgygdected to promote the developments,
considering the mitigation of regional environmental intfiyats clean nature, improvement of
economy and reduction of the risks of energy securityshgutely domestic origin. On the other
hand, no target is placed on the direct use of geothemeadjy, either qualitatively or
guantitatively.
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Figure 13.1 A chronological change of annual geothermal budgets amJap
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13.1.4 Government Expenditure on Geothermal R&D

A chronological change of government expenditure on geotherwelbgenent in Japan,
including the geothermal R&D, as well as the market sttmg subsidy, is shown in Figure 13.1.
The government expenditure has drastically been decrahsiimg the last several years, since
geothermal energy was excluded from “New Energy” in 1997.

13.1.5 Industry Expenditure on Geothermal R&D

In the current, less incentive situation, the markegémthermal power generation development in
the private sector is inactive, except for overseassiment by trading companies and that of
plant facility exports by turbine and generator makers.

13.2 Current Status of Geothermal Energy Use in 2006
13.2.1 Electricity Generation
13.2.1.1 Installed Capacity and Electricity Generated

The installed capacity of geothermal electricity geti@nan Japan at the end of March 2006 was
534.24 MW, including that of the companies’ own power plants (fifadrand Nuclear Power
Engineering Society, 2007; Figures 13.2 and 13.3 and Table ONRE has reported statistics
on the total installed capacity of electricity genierafor FY 2006 (from April 2005 to March
2006) on its Web site (Agency for Natural Resources ameddy, 2007). The total installed
capacity of electricity generation for the country atehd of March 2006 was 233,797 MW
where thermal power accounted &%.0 %, hydroelectric power 19.5 %, nuclear power 21.2 %
and geothermd.2 % (Figure 13.4)
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Figure 13.2 A chronological change of installed capacity and annwaiggrproduction of
geothermal power plants in Japan.
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Table 13.1 Operating geothermal power plants in Japan from April 2008&rch 2006.

Power plant operator Authorized | Annual energy
Name of power plant output production Start .Of
Power generator Steam supplier (MW) (MWh) operation

Mori Hokkaido Electric Power Co., Inc. Hokkaido Electric Power Co., Inc. 50.00 152,136 |Nov. 1982
Sumikawa Tohoku Electric Power Co., Inc. Mitsubishi Materials Corporation 50.00 357,736 [Mar. 1995
Onuma Mitsubishi Materials Corporation Mitsubishi Materials Corporation 9.50 60,306 [Jun. 1974
Matsukawa ;g:cr)g;gg(’irlzzf)wer & Geothermal gg:?g;gg(’irlﬁzower & Geothermal 23.50 127,053 |Oct. 1966
Kakkonda 1 Tohoku Electric Power Co., Inc. ;22%‘; gg‘?’lﬁz_"""er & Geothermal 50.00 193,131 |May 1978
Kakkonda 2 Tohoku Electric Power Co., Inc. ;22%‘; gg‘?’lﬁz_"""er & Geothermal 30.00 190,541 |Mar. 1996
Uenotai Tohoku Electric Power Co., Inc. Akita Geothermal Energy Co., Ltd. 28.80 193,268 |Mar. 1994
Onikobe Electric Power Development Co. Electric Power Development Co. 12.50 103,876 |Mar. 1975
Yanaizu - Nishiyama Tohoku Electric Power Co., Inc. Okuaizu Geothermal Ltd. Co., 65.00 400,546 |May 1995
Hachijojima Tokyo Electric Power Company Tokyo Electric Power Company 3.30 15,242 [Mar. 1999
Suginoi Suginoi Hotel Suginoi Hotel 3.00 6,175 [Mar. 1981
Kuju Kuju Kankou Hotel Kuju Kankou Hotel 0.99 8,414 [Dec. 2000
Takigami Kyushu Electric Power Co., Inc. Idemitsu Oita Geothermal Co., Ltd. 25.00 213,669 [Nov. 1996
Otake Kyushu Electric Power Co., Inc. Kyushu Electric Power Co., Inc. 12.50 72,314 |Aug. 1967
Hatchobaru 1 Kyushu Electric Power Co., Inc. Kyushu Electric Power Co., Inc. 55.00 372,835 [June 1977
Hatchobaru 2 Kyushu Electric Power Co., Inc. Kyushu Electric Power Co., Inc. 55.00 418,365 [June 1990
Takenoyu Hirose Trading Co., Ltd. Hirose Trading Co., Ltd. 0.05 0 |[Oct. 1991
Ogiri Kyushu Electric Power Co., Inc. 'C't'g_etsu Kagoshima Geothermal Co., 30.00 238,668 |Mar. 1996
Kirishima Kokusai Hotel Daiwabo Kanko Co., Ltd. Daiwabo Kanko Co., Ltd. 0.10 0 |Feb. 1984
Yamagawa Kyushu Electric Power Co., Inc. Kyushu Electric Power Co., Inc. 30.00 104,187 |Mar. 1995
Total 534.24 3,228,462
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Figure 13.5 A 2000 kW demonstration binary power plant in the Hatchobaathermal power
plant. Observers are from Ten’ei-mura. (Photo t&kBlovember 2004).

The total electricity generation for geothermal endrgyapan during FY2005 (from April
2005 to March 2006) was 3,228.5 GWh/y (Thermal andléar Power Engineering Society,
2007; Figure 13.2 and Table 13.1).

13.2.1.2 New Developments in 2006

The installed capacity of geothermal electricity geti@nan Japan is 534.24 MyVand that has

not changed since 2000. However, Kyushu Electric Poweri@n.has recently built a 2000 kW
demonstration binary power plant in the inside of the iziaru Geothermal Power Plant in 2004
(Figure 13.5)utilizing an abandoned production well in the conventipoaver generation due to
the pressure draw down. This plant consists of the @Rbtganic binary Rankine cycle system.
This is the first practical geothermal binary plandapan, and therefore, the demonstration
operation is continued from February 2004 to March 2006, imgjutie various demonstrations
for its technical and economical feasibilities. SBystem was approved as a first qualified facility
to take advantage of the Renewable Portfolio Standd*@)Raw from the geothermal sector in
Japan, 24 February 2005.

13.2.1.3 Rates and Trends in Development

The installed capacity for geothermal electricity gatien has remained almost constant in the
last several years, except for that of the Hatchobanodstration binary power plant. Recently, a
press release stated that a 1 M{dlina-cycle power generation plant is planned in Kusatsy-ch
Gunma Prefecture, central Japan, utilizing waste hot spiber of 95.4 °C under the support of
the METI and MOE subsidy (Press release at 7 Novemlix) 2(Bmall-scale geothermal power
plants will reduce the risk and lead-time for developmamd, will mitigate the conflict between
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the hot spring unions and geothermal developers whesphiog owners themselves will develop
their own plants. This will be an important approacthe near future.

13.2.1.4 Number of Wells Drilled

During 2006, 5 production wells were drilled for 5 geotherpmater stations (Matsukawa,
Kakkonda, Onikobe, Yanaizu-nishiyama and Hatchobaru)laethjection well was drilled at
Hatchobaru geothermal power station.

Two exploratory wells were drilled at Otari and 1 explonawell was drilled at Okushiri.
13.2.1.5 Contribution to National Demand

ANRE has reported statistics on the total electricityegation for FY 2006 (from April 2005 to
March 2006) on its Web site (Agency for Natural ResouacesEnergy, 2007). The total
electricity generation for the country at the end of 812006 was 973.6 TWh/y, of which
thermal power accounted for 59.3 %, hydroelectric powke#®.nuclear power 31.2 % and
geothermal 0.3 % (Figure 13.6). Thus, geothermal poweprbailed about 0.3 % of electricity
in FY2006.

Total
973.6 TWh/yr

Figure 13.6 Share of electricity production of individual generationrges in Japan
from April 2005 to March 2006.

13.2.2 Direct Use

To summarize geothermal direct use in Japan, speciatiatteshould be given to its huge number
of hot springs for bath use. As often discussed, thaganergy by the hot springs for bath use in
Japan is difficult to estimate because of the huge numbhbrg eprings, but these hot springs are
economically more important than any other geothereslurces for direct use in Japan.

Geothermal resources for direct use are classifieditteréhree categories: hot water for thermal
uses excluding bath use, geo-heat use including geo-heat pumpet apdrtys for bath use.
Estimating the energy contribution by hot spring bathisiselong-pending project in Japan. Lund
et al (2005) stated “...who do not keep accurate records of tatopes and flow rates of more
than 25,000 hot spring sources in Japan”. This is truegVmwve present here statistical
estimates of the energy contribution by hot springb#&th use.
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Installed thermal power is described here for the tbaéegories described above. The New

Energy Foundation (NEF) in Japan periodically conducts aiqoasire survey on hot water for

thermal uses to individual municipalities in Japanesib@90. The latest survey (th® 8vas

carried out in the year 2006 (New Energy Foundation, 200@}vekier, the numerical values on
the original tables in NEF (2007) are sometimes incbimeg strict sense, probably due to round-
off variations. Therefore, they are corrected herthbycheck on the spreadsheet type calculations.

The difference in the numerical values in the followinddsffrom those by the New Energy
Foundation (2007) comes from these correction procedures.

Questionnaires for hot water uses were sent to 267 muitiepa Japan and answers were

returned from 116 of them. The numbers of facilif@she various hot water uses in Japan as of

March 2006 are shown in Table 13.2 (New Energy Foundation, 200ig)total number of

facilities in Japan is 697. The facilities are gengmdiminant in northern and colder areas, but
are also known in southern Kyushu. Installed capacihobfvater uses in Japan as of March
2006 is shown in Table 13.3 (New Energy Foundation, 2007).totélanstalled capacity of hot
water use is 400.3 M\Afin Japan. The largest application of hot water utitiraits for road snow
melting and it is followed by house heating and welfargiti@s heating.

Table13.2 The numbers of facilities for the various hot watersuselapan as of March 2006
(New Energy Foundation, 2007).

. Sight- . _ |Welfare [Public |Road

Prefecture Horti- Industry seeing . Medical facility |facility |snow

culture I heating ) ) .

facility heating [heating |melting

Hokkaido 15 2 16 15 89 55 30 245
Aomori 6 2 1 1 1 4 2 38 3 15 74
Iwate 3 1 1 2 2 24 40
Miyagi 2 2 4
Akita 1 2 5 9 25
Yamagata 1 2 1 12 22
Fukushima 3 1 3 8 1 17
Tochigi 8 9
Gunma 2 2 3 1 4 14
Tokyo 1 1
Kanagawa 9 14
Niigata 1 1 1 1 3 7
Toyama 1 2
Ishikawa 1 1 4 6
Fukui 1 1 2
Nagano 2 1 1 1 8 2 10 2 16 43
Gifu 1 3 2 1 5 12
Shizuoka 5 7 5 5 26
Hyogo 1 1 1 3
Wakayama 1 1 1 3
Tottori 1 1 2
Okayama 1 4 1 8
Ehime 1 1
Nagasaki 1 2 3
Kumamoto 1 1
Oita 8 12 21 4 5 3 62
Miyazaki 1 3 4
Kagoshima 8 9 4 11 5 47
Total 48 3 30 93 8 192 86 121 697

A questionnaire survey for geo-heat uses including geo-heat puaspasiso conducted by NEF in
2006. The number of geo-heat use facilities in Japan as@h\2006 is shown in Table 13.4
(New Energy Foundation, 2007). The total number ofdlk#ities in Japan is 638, of which geo-
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heat pumps in a narrow sense are restricted into 11®arodhters are more primitive type
utilizations of soil air circulation. They are mgstised for house heating, followed by snow
melting. Installed capacity of geo-heat uses in Japasf,March 2006, is shown in Table 13.5
(New Energy Foundation, 2007). The total installed c&pa€igeo-heat uses is 13.3 MW

Estimating the energy contribution from hot spring bathisi® long-pending project in Japan.
The Ministry of the Environment annually publishes staistin the state of utilization of hot
springs in Japan, but many data are given as total numitieosit details of each hot spring

(Table 13.6; Ministry of the Environment, 2007). Then, wecha statistical approach to estimate
hot spring energy for bath use in terms of saving enfergfese data. First of all, it should be
noted that the Japanese commonly prefer thermal assetemperature 42 °C for bathing. In fact,
the Japanese are heating water up to the temped&ain most of their home baths using fuels
or electricity. Therefore, this provides a baseforesaving energy by hot spring bath uses in
Japan.

As of March 2006, there are 27,866 hot spring sources anJdble 13.6; Ministry of the
Environment, 2007). Of these, 8,742 sources are unusedearehtaining 19,124 sources are
used (Table 13.6); 31.37 % and 68.63 %, respectively.

A total discharge rate of natural springs and artesidis i8e831,640 I/min and that of pumping
wells is 1,929,660 I/min as of March 2006 (Figure 13.7). |assume that the unused hot spring
sources are evenly distributed in them, the dischargeofatsed natural springs and artesian wells
is 570,755 I/min, i.e. 68.63 % of the total discharge. Howekie unused hot springs in

Table 13.3 Installed capacity (M) of hot water uses in Japan as of March 2006
(New Energy Foundation, 2007).

Unit: MWt
. Fish Cattle . Sight- . |Welfare|Public |Road
Prefecture Horti- breed [shed Agri- Industry Food Hote_l segeing Houge Medical facility |facility [snow |Others |Total
culture |- . |culture process [heating " heating [use ) . ;
-ing heating facility heating |heating |melting
Hokkaido 10.93 5.29 3.11 2.97 0.04 3.25 1.73| 23.51 8.86 | 18.09 77.78
Aomori 1.36 0.23 0.01 0.38 0.03 0.10 1.63 0.21 3.66 0.57 2.38 10.56
Iwate 2.33 1.15 0.03 0.48 4.01 0.10 0.19 1.62| 14.29 24.20
Miyagi 4.47 0.89 5.36
Akita 0.47 1.17 0.16 0.89 0.06 0.55 1.67 4.97
Yamagata 0.03 0.42 0.14 0.27 0.00 1.72 2.58
Fukushima 0.36 0.63 0.11 0.12 0.89 0.02 2.13
Tochigi 0.00 1.95 1.95
Gunma 0.05 0.12 0.00| 16.49 7.26 ] 13.58 2.83 40.33
Tokyo 1.74 1.74
Kanagawa 2.32 10.61 1.74| 14.67
Niigata 0.17 0.12 0.09 0.00 84.60 84.98
Toyama 0.10 0.49 0.59
Ishikawa 0.08 0.03 1.86 1.97
Fukui 0.07 0.02 0.09
Nagano 0.47 0.43 0.00 6.74 8.92 1.10 1.28 0.26| 16.92 36.12
Gifu 5.74 0.95 1.88 0.10 6.29 14.96
Shizuoka 0.06 0.56 0.70 2.40 0.15 0.43 4.30
Hyogo 2.65 0.03 1.00 3.68
Wakayama 0.03 0.01 0.06 0.10
Tottori 1.34 0.06 1.40
Okayama 0.00 0.00 0.02 0.09 0.04 0.15
Ehime 0.01 0.01
Nagasaki 0.38 0.06 0.44
Kumamoto 0.21 0.21
Oita 4.41 0.89 13.59 1.04 | 23.34 1.84 2.45 2.23 49.79
Miyazaki 0.08 0.94 1.02
Kagoshima 4.90 0.82 0.19 4.64 2.24 0.04 1.26 0.08 14.17
Total 31.19 7.91 0.36 5.51 0.98 0.16 | 31.70] 10.23| 81.28 5.46 | 45.20| 28.36]150.17 1.74 { 400.25
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Figure 13.7 Annual discharge rate of hot springs in Japan from 1920@6
(Drawn from the data by Ministry of the Environment, 2007)

pumping wells should not contribute to the dischargedeseribed above because their pumps
could have stopped since they were abandoned. Thenstheudje rate of hot springs by
pumping wells is 1,929,660 I/min, i.e. 100 % of the totadttsge.

To conservatively estimate, hot spring sources less4B&C are here neglected and those higher
than 42 °C are only counted (Figure 13.8). As a percenfagenbers, the hot spring sources
higher than 42 °C are 57.47 %, and those lower than 42 °C are242 I5%he discharge rate is
constant with the discharge temperature, the 57.47%8®¥55 I/min is 328,013 I/min (19,681
ton/hr) and 57.47 % of 1,929,660 I/min is 1,108,976 I/min (66,539 fonftnis is reasonable for
the pumping wells. However, it is recently found thatdiseharge rate of hot springs clearly
increases with the discharge temperature due to tha effeuoyancy of water for the natural
springs and artesian wells (Figure 13.9; Muraetkal, 2006). When we use the fitting curve at
permeability 10> m? (Figure 13.9; Muraokat al, 2006), the discharge rate of a hot spring source
at the mean temperature 71 °C between 42 °C and 1000G.%l/min, and the rate at the mean
temperature 21 °C between 0 °C and 42 °C is 48.0 |/miacefidne, weighted by this ratio, it is
estimated that the percent of discharge rates of hioigspources higher than 42 °C is 95.18 % and
the rate of those lower than 42 °C is 4.82 %. Theri8%% of 570,755 I/min is 543,245 I/min
(32,595 ton/hr) for the natural springs and artesian welisreas 57.47 % of 1,929,660 I/min is
1,108,976 l/min (66,539 ton/hr) for the pumping wells.

A mean reference temperature at ground surface in dapasumed to be 15 °C. For the natural
springs and artesian wells, the thermal capacity is 30d8/,,. For the pumping wells, the
thermal capacity is 2,089.0 M\V The total thermal capacity of the hot spring bath iss8sl12.3
MW,

Then, the thermal capacity is 400.3 M\Wér the hot water for thermal use without bath use3 13

MW, for geo-heat use including geo-heat pumps and 3,112.3 fdhot springs for bath use.
The total thermal capacity of all direct use in Jap&@)525.9 MW,

GIA 2006 Annual Report
131



Number of hot spring sources

Discharge rate (L/min)

IEA Geothermal Energy

30,000

25,000

20,000

15,000

10,000

5,000
0

N O H M 1~ O oA ® 1 N~ O o€ M W N~ O «H M W

© © ~ K N N K © ® © O ©® O O 9 o o O O 9

o o o o o o o O O O O o O o o o o O O O

4 d a4 A d +d d d +d A o d d +d4 4d4 4 4 & & 9«

Fiscal year in Japan

Figure 13.8 Annual number of hot springs classified by temperatudgapan from 1967 to 2005
(Drawn from the data by Ministry of the Environment, 2007).
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Figure 13.9 A bi-logarithmic plot of the discharge temperature andndisge rate of the 3,686 hot
springs in Japan (Muraok# al, 2006). The fitting curve is given by one-dimensionakation
flow equation under the assumptions of the reservoir degth, discharge area 187 and
permeability 10 n?,
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13.2.2.2 Thermal Energy Used

As of March 2006, the thermal energy used and the utdizatpacity factors for thermal use,
excluding bath use, are shown in Table 13.7 (New Energy Found2€i67). The total hot water
thermal energy used was 4,887.9 TJ/y or 1357.8 GWh/y. Adrséiemtable, snow melting is the
largest type of hot water utilization, but the capaftfor is very low because it is only used in
winter. On the other hand, the capacity factor fosa#isonal uses is relatively high. The average
capacity factor for hot water use is 0.39.

The thermal energy used and the associated capadiysféor geo-heat uses in Japan, as of
March 2006, are shown in Table 13.8 (New Energy Founda&@di;). The total used thermal
energy for geo-heat applications is 67,857 GJ/y, 67.9 TI8.8 GWh/y. The utilization

capacity factor is again low in the snow melting andh fsigthe house heating and/or cooling. The
average capacity factor for geo-heat uses is 0.16.

For hot spring bath use, even if bath tubs are alwtgd With hot water, its utilization (capacity)
factor depends on visitors’ soaking hours and is notn According to the data in the fiscal
year 2005 on Table 13.6, the number of hot spring acemhations is 15,024, the accommodation
guest capacity is 1,413,088, and the annual guest accommoddtifh643,954 man-days. This
means that the mean guest capacity of a hotel igf@4sbns and an average hotel has 24.9 guests
every day through the year. Even if there is someosehbias and popularity bias from one hotel
to another, its utilization (capacity) factor is exgecto be very high. However, to conservatively
estimate, the annual day utilization factor relatedhéoseasonal and popularity biases is here
assumed to be 0.52. In addition, most of bath tubs eae®ll every day so that the hourly
utilization factor is assumed to be 0.75. Then, 0.52iptied by 0.75 makes 0.39 that is a very
conservative assumption for the utilization (capadégjor. Then, we obtain the annually used
thermal energy 12,585.6 TJ/y or 3,496.0 GWh/y in terms afgduels by natural springs and
artesian wells.

For the pumping wells, we must subtract energy consumfaiggumping from the thermal
capacity. The thermal capacity is 2,089.0 MWVhen we again assume the conservative
utilization (capacity) factor to be 0.39, we find the antivermal energy used is 25,692.7 TJly
from pumping wells. To conservatively estimate,dhpacity of a down-hole motor pump is
assumed to be 30 kW to lift 100 I/min of thermal waterisTan pump up 6,000 I’hr by the
energy consumption of 30 kWh. It is one of the worstiefficy assumptions for pumping. Then,
to lift 1,108,976 I/min of thermal water, we need 332,693 kWi electricity consumption. Itis
equal to 1.20 TJ/ly. We must here consider of the diftarén the energy quality in terms of the
toe-basis (toe = tonnes of oil equivalent) that thelypeced electricity of 1 TJ is equivalent to 70.4
toe and the produced heat of 1 TJ is equivalent to 35@Mmegillo, 2005). Then, 1.2 TJ in the
electricity basis is equivalent to 2.4 TJ in the heatshaWhen we subtract 2.4 TJ/y from 25,692.7
TJly, the annually used thermal energy is estimated 25 680.3 TJ/y or 7,136.2 GWh/y in terms
of saving fuels by pumping wells.

Summing up both hot spring bath uses, the annually used thesrargy of hot spring bath use is
38,275.9 TJ/y or 10,632.2 GWh/y. The utilization (capaditgjor is here assumed to be 0.39 for
a conservative estimate. Luatal.(2005) quoted the used thermal energy for bathing but the
value is obviously too small due to the limited availapif the data.

The grand total of the three categories of the userintil energy for direct use in Japan is
43,231.7 TJly or 12,008.9 GWhly.

13.2.2.3 Category of Use
We here summarize the direct use in Japan (Table 13.8hawé conservatively estimated the

used thermal energy of hot spring bath use in terms ofgawnergy for heating water up to 42 °C.
Nevertheless, as seen in the table, the hot spriiguisa represents the largest contribution,
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88.5 % of the direct use in Japan. Hot water use, excludthgube, is 11.3 %, or one magnitude
less than bath use; and geo-heat use including geo-heat utnp$4, three magnitudes less than
bath use. In other words, there is plenty of room foeld@ment in the other categories such as
geo-heat pumps.

Table 13.9 Summary of geothermal direct uses in Japan as of March 2006

Category Capacity (MWt) Use (TJ/year) Use (GWh/year) Ra tio (%) [Capacity factor
Hot water use (without 400.3 4,887.9 1,357.8| 1131 0.39
bath use)

Geo-heat use (including 13.3 67.9 18.9 0.16 016
geo-heat pump)

Hot spring bath use 3,112.3 38,275.9 10,632.2 88.53 0.39
Total 3,525.9 43,231.7 12,008.9 100.00 0.39

13.2.24 New Developments during 2006

As has been mentioned, the New Energy Foundation (MER)pan periodically conducts a
guestionnaire survey on two categories of direct usevatar thermal use without bathing and
geo-heat use including heat pumps. The two most regemys were carried out in 2002 and
2006. Therefore, we can only compare four years’ resettgeen 2002 and 2006. The hot water
thermal use without bathing decreased from 5,138.7 TJ/y int209887.9 TJ/y in 2006. The
main reason for this result is ascribed to the reability of the questionnaire surveys- they
decreased from 147 replies/260 recipients in 2002 to 116 r@glfecipients in 2006. The geo-
heat use including geo-heat pumps increased from 22.3nT2002 to 67.9 TJ/y in 2006, more
than a factor of three during the four years. Hot spriagbath use are constantly developed
every year (Figures 13.7 and 13.8). The number of mitgspources for bath use increased from
27,644 in March 2005 to 27,866 in March 2006, i.e. by 222, or 0.8 % apn@idlé discharge rate
of hot springs for bath use increased from 2,712,140 Ifmiiarch 2005 to 2,761,300 I/min in
March 2006, an increase of 49,160 I/min, or 1.8 % annually.

13.2.2.5 New Developments during 2006

The hot water thermal use, excluding bathing, appardatiyeased from 2002 to 2006 due to the
recoverability of the questionnaire surveys, but thisgary may not have changed much. The
geo-heat use, including geo-heat pumps, increased at dhetbout three during the four years.
This is equivalent to the rate of the 32.1 % every.y@dthough the present market for geo-heat
use is still small, this rate is promising a rapid eggamin the near future. The numbers of hot
springs for bathing were 13,079 in FY1962 and 27,866 in FY2005 (Tal@g 1Bwe simply

apply a linear trend (Figure 13.8), the mean annualnmenéis 344. The discharge rate of hot
springs for bathing was 930,110 I/min in FY1963 and 2,761,300 I/nkY2005 (Table 13.6). If
we simply apply a linear trend here (Figure 13.7), teamannual increment is 43,600 I/min.
This must be the largest and steadiest direct use markapan.

13.2.3 Energy Savings
13.2.3.1 Fossil Fuel Savings/Replacement
The total geothermal electricity produced in Japan is\ge818,102 toely (toe = tonnes of ol

equivalent) in FY2005, based on the IEA-GIA conversiotofat GWh = 253.4 toe in produced
electricity (Mongillo, 2005).
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The total direct use energy produced in Japan is saving 1582the/y in FY2005, based on the
IEA-GIA conversion factor 1 TJ = 35.2 toe in produced ljgkingillo, 2005).

In the grand total of geothermal power and direct usenJagaving 2,339,858 toe/y from April
2005 to March 2006.

13.2.3.2 Reduced/Avoided CO: Emissions

When we assume the oil thermal power plants as aifasttle total geothermal electricity
produced in Japan results in a reduction of 2,637,685 tonnesif @G Y2005, based on the
IEA-GIA CO, saving factor 817 kg/MWh in produced electricity (Mongillop3).

When we assume the oil thermal power plants as aitasttle total direct use energy produced in
Japan reduces G@missions by 4,911,640 tonnes/y in FY2005, based on the IEACGHA
saving factor 409 kg/MWh in produced heat (Mongillo, 2005).

In the grand total of geothermal power and direct usenJagoliced it C@emissions by
7,549,325 tonnes/y from April 2005 to March 2006.

Figure 13.10 The production test in the Otari geothermal area, Na§aefecture, Japan.

13.3 Market Development and Stimulation
13.3.1 Supportive Initiatives and Market Stimulation Incentives
The New Energy and Industrial Technology Development Gzgiian (NEDO) initiated the

“Geothermal Development Promotion Surveys” in propegeothermal areas where
investigation is hampered by survey risks, thereby expgditia development of geothermal
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power generation by private-sector companies. Thiganogtarted in 1980. The survey
program is composed of Surveys A, B and C, varying the scal content depending upon
regional potential and existing data. Surveys have beepleted in 57 areas as at the end of
FY2005. Since 1999, NEDO has carried out Survey C intensiiehyng at a further reduction of
survey risks and development lead-time for privateesammpanies to construct geothermal
power plants based on those preliminary results. Therefeothermal reservoir evaluation using
large-bore production wells for long-term production tesiscluded. The two areas selected for
the surveys for FY2006 are considered to have potentidddke for binary power plants smaller
than 10 MW. Although the capacity is rather small, each &asmparticular characteristics that
may promote further utilization of geothermal energy mdtrea. In the West Okushiri-cho, a
promising region is clarified from the result of a poe survey. In Hachimantai, a promising
region is clarified from the result of a previous survep. At Otari, during the second year study,
two production wells and one reinjection well were ddland an ample geothermal resource was
confirmed by a pumping test (Figure 13.10). A step-up to pgereration development is now
expected in this area.

The Japanese government has taken a leading roledevb®pment of geothermal energy
resources. The government has introduced a compensatiem $gs geothermal developers that
provide compensation for interest on bank credits to sugpuelopers undertaking well drilling,
a process that requires a large investment at an ezgly. sThere are two types of subsidies for
companies developing power plants, one aimed at the grdfiexploration wells, with a subsidy
ratio of 50%; and the other for the construction of pradonand reinjection wells, and facilities
on the ground, with a subsidy ratio of 20%. These sysstanted in 1983. Beginning in 2002,
binary facilities in geothermal power generation systevare rewarded with a subsidy ratio of
30%.

Actual subsidy record for FY 2006:

*  Production wells were drilled at: Matsukawa, 1 well; Kakkartdwell; Onikobe, 1 well;
Yanaizu-Nishiyama, 1 well, Hatchobaru, 1 well

* Reinjection well was drilled at: Hatchobaru, 1 well

» Facilities : renewal of geothermal turbine faciktySuginoi Hotel, new pipe laying at
Kakkonda, Onikobe, Yanaizu-Nishiyama, and Takigami

13.3.2 Development Cost Trends

The last construction of a geothermal power plant innJaes in 2000, except for the Hatchobaru
demonstration binary power plant. There are no recati$tgts on development cost. Therefore,
it is difficult to mention to the development cost trend$e trend of geothermal power plant
design is shifting to the relatively small scale whiges low enthalpy geothermal fluid and needs
shallower-depth wells. Therefore, the total costafstruction tends to decrease, but the unit
construction cost is increasing.

13.4 Development Constraints

The recent reduction of political supports to geothermatldpment is a primary constraint to
geothermal market promotion in Japan. Internationallgttggmal energy is categorized as
renewable energy together with solar, wind, hydro anthass energy. However, in Japan, only
solar and wind are classified as “New Energy” that enjmptection under the law concerning the
Special Measures Law for the Promotion of Utilizatafrthe New Energy enacted in 1997.
Geothermal energy was not included. Moreover, in 2001,ds8ewas added to the list of new
energy to be promoted by the New Energy Subcommitteeedidirisory Committee for ANRE,
but geothermal energy was not. According to the EnSupply and Demand Outlook presented
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by the government, future growth in geothermal energysisnasd to be zero. Consistent with
this perspective, in 2001, the METI decided to cut the ebtidget for geothermal energy
research and development (Figure 13.1). This decision way poiitical. However, the 2006
decision by ANRE, METI, to include geothermal energy hatkthe category of New Energy
should help reduce constraints on development.

13.5 Economics

Japan’s economy entered a serious deflation recessige lseginning 1991, after a long-lasting
growing stage since 1955. Particularly, it has come tmbre serious by sliding down to minus
growth since the Asian currency crisis in 1997. This hasdtically made governmental tax
revenues shrink and the government has withdrawn awafigtcentives from many fields,
including geothermal R&D. The Japan’s economy is graglvatlovering in 2007, and the
duration of economic expansion has reached the longest pétiatk in the post-war period.
However, the policy to be a small government will séthain for the near future.

13.5.1 Trends in Geothermal Investment

Geothermal power generation is economically margindapan, and therefore, investment in
geothermal developments is risky in the current situatioere governmental incentives are not
fully available. The market for geothermal power geti@medevelopment in the private sector is
currently inactive except for those of overseas investimg trading companies and those of plant
facility exports by turbine and generator makers.

13.5.2 Trends in the Cost of Energy

As Japan is an oil-importing country, the recent stespini the crude oil price is changing the
energy market regime. Geothermal power generation lemsdos®nomically marginal in Japan,
but, if the crude oil price will further rise, geothetrpawer generation will soon come to be
competitive in cost to the hydrocarbon thermal poweregstion.

13.6 Research Activities

There have been no full-scale national projects fothgemal R&D in Japan since April 2003.
However, the Geothermal Research Society of Japahastithbout 550 members, preserving a
high-level of motivation for geothermal R&D. Reseaadhivity is individually performed by
national universities, national institutes and the peiwector with their own budgets.

13.6.1 Focus Areas

Many researchers who are concerned with hot diy sgstems or enhanced geothermal systems
are cooperatively participating in the Cooper Basmjeet in Australia, including those from the
Graduate School of Environmental Studies in Tohoku Unityetke Civil Engineering Research
Laboratory (CERL) in the Central Research InstitutElettric Power Industry (CRIEPI) and the
Institute for Geo-Resources and Environment (GREEN)@rNational Institute of Advanced
Industrial Science and Technology (AIST). Geo-heat psysfems are currently one of the key
research issues in Japan, mainly investigated by Tohokursityvehe Graduate School of
Engineering in Kyushu University, the Research Institfitdaterials and Resources in Akita
University and AIST. Geothermal reservoir engineerangainly carried out by Kyushu
University and AIST. Geothermal exploration technicaesmainly studied by Tohoku
University, Kyushu University, Akita University and ATS Nationwide geothermal resource
assessments and databases are mainly conducted by AIST.
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13.6.2 Government Funded

Geothermal research at national universities and AdSupported by grants from the government.
The amounts used in geothermal research in Kyushu Univérstipku University and Akita
University are approximately 60 million Yen, 5 millionfyand 5 million Yen in 2006,

respectively. The amount used in geothermal reseaat#dST is dispersed in several research
groups and is approximately 20 million Yen in the year 2006.

13.6.3 Industry Funded

Information about funding for geothermal R&D in thevpte sector is not necessarily open to
public and is difficult to estimate. Japans’ turbined generators still have 75% share in the
world geothermal power plants and these makers may bsting in these R&D fields. The
electric companies and their institute, CERL in CRIE®P¢ funding geothermal R&D, but the
amounts are unknown.

13.7 Geothermal Education

Geothermal education is mainly conducted by Kyushu UniverBiigoku University and Akita
University at both undergraduate and graduate levidie. Geothermal Research Society of Japan
holds a forum on the geothermal energy for its enlightenrand dissemination to citizens once a
year.

An international group training course on geothermal energynfee months a year has been
conducted by the Earth Resources Engineering Departmiégtshu University at the request
from the United Nations (UNESCO) and financed by thaddpternational Cooperation Agency
(JICA) since 1970. This course was upgraded into an advangeskdo geothermal energy for
six months from 1990 to 1999, and further renewed into a coargeothermal energy and
environmental sciences from 2000 to 2001. Although manmtcies requested that the course be
continued, it was terminated in 2001 by the ODA budget decréagetal, 393 specialists from

37 countries have participated in these group training codtsesy their 32 years of operation.

A new geothermal course was initiated at Kyushu UniwensiOctober 2002 following the end of
the JICA course. It is a doctoral program in the Grag8ahool of Engineering entitled:
"International Special Course on Environmental Systems Eagitg". Twenty students are
admitted per year into the Graduate School of Engingetén of which are awarded with MEXT
(Ministry of Education, Culture, Sports, Science and Teldgy) Scholarship. Participants in this
course study under five advanced departments of the Gradimtel 8f Engineering: Earth
Resources Engineering, Civil and Structural Engineetinigan and Environmental Engineering,
Applied Quantum Physics and Nuclear Engineering and MariEngineering. Due to the
international nature of this course, all the educasaronducted in the English language.

13.8 International Cooperative Activities

In contrast with the retreat in incentives to domegtiothermal developments, the Japanese
government is enthusiastically undertaking the provisicassistance for accelerating geothermal
development in Asia. This will hopefully rebound on dioenestic geothermal market in the near future.

13.8.1 JICA master Plan Study in Indonesia

The Japan International Cooperation Agency (JICA) contettthe “Master Plan Study for
Geothermal Power Development in the Republic of Indahes the request of the Indonesian
government in 2006 (Figure 13.11). Geothermal resource poteiotiglower generation in
Indonesia are estimated to be 27,357 )Muidoubtedly the largest geothermal resource country in
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the world. The current installed capacity was 88If MW, as of 2005, only 3 % of the total
resource potential. In addition, Indonesia has sliddimnan oil-importing country since 2002

and the diversification of the primary energy sourses mecessary issue. Particularly, geothermal
energy is one of the potential candidates for oil-a#téve energy sources.

Figure 13.11 The kick-off Workshop for the Master Plan Study held
in Jakarta, Indonesia, on 18 May 2006.

o o Eﬁ:’m%‘“?( . i = e
Figure 13.12 Steaming ground in the Simbolon geothermal field,
Sumatra, Indonesia, on 2 September 2006.
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The Indonesian government drew up the National Energy Mamegétueprint 2005-2025 where a
challenging target of 9,500 Myih geothermal power capacity was planned for the yezs.200

attain the goal, the Indonesian government launched severglfieigs. The Geothermal Law was
enacted in 2003. Re-organization of the geothermalrgadfte government was made at the end of
2005. The Master Plan Study for Geothermal Power Dawvelopin the Republic of Indonesia aims
at the systematic support for these efforts by therlasian government.

The output of the Master Plan Study for Geothermal P@geelopment in the Republic of
Indonesia will be a database for systematic assesshegresentative geothermal fields in
Indonesia and a scenario for systematic geothermalopenents (Figures 13.12 and 13.13). The
project is scheduled in a relatively short term frontd122006 to September 2008, during 19
months.

Figure 13.13 Travertine terrace in the Sipoholon geothermal field, &tamIndonesia,
1 September 2006.

13.8.2 JBIC ODA Loans Activity in Indonesia

The Japan Bank for International Cooperation (JBIC) wibkshed in 1999 in order to
undertake lending the ODA soft loans to developing counwieth&ir economic and social
developments.

Recently, JBIC has enthusiastically been providing ObBf\leans to geothermal developments in
Indonesia at the request from the Indonesian governnk@ntexample, JBIC decided to lend: 5.9
billion Yen for the geothermal development in the Lahegdgeothermal field, Sulawesi, in
March 2004; 20.3 billion Yen for the geothermal developmetiterUlubelu geothermal field,
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southern Sumatra in March 2005; and 1.0 billion Yen fergeothermal development in the
Kamojang geothermal field, West Java, in March 200&ewise, JBIC seems to be going to
provide ODA soft loans for geothermal developments irredia almost once a year.
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NATIONAL ACTIVITIES
Chapter 14

Figure 14.2 Dirill rig for the production well, BH-4, Pohang geothatrproject.

14.0 Introduction

Although high-temperature geothermal resources for pgesmeration do not exist in Korea, and
even though it is only recently that the utilizatiorlaf-temperature resources was begun, there
can be seen increasing efforts for R&D and fosterirghgemal utilization at both government
and industry levels.

It is well known that the geothermal resources in Baee characterized by the absence of high-
temperature resources for power generation, and hogspie associated with localized, deeply-
connected fracture system mainly in the granite aRegently a geothermal anomaly was
identified on the basis of high heat flow and geothegrediient in the Tertiary sediment area of
the south eastern part of the Korean Peninsula, wheRpotieng low-temperature geothermal
development program is now being carried out.

Geothermal heat pump installation is now booming; thebeurof installations and the total
produced energy approximately double every year. Therstisreg subsidizing program for
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fostering renewable energy and the total estimateddsufus geothermal heat pump installation
in 2006 reached US$11.8 million, which is twice of the mesiyear.
Highlights for 2006 can be summarized as follows:

» A production well in Pohang low-temperature geothermalrsiehed the final depth of 2,383
m at the end of 2006 and the bottom hole temperature istedp® be higher than 9C

» A groundwater source heat pump connected to bank infltratunicipal water supply pipe
line has been installed as proof-of-concept and its pedioce is now being monitored

14.1 National Policy
14.1.1 Strategy

The Korean Government does not have an independent stfatempothermal yet, but does have
a “new and renewable energy policy”. In 2000, the governbegan to establish the foundation
for certification research and performance analysis an aim to promote the use of renewable
energy. The development of the Korean “new and renevgaistems” began by focusing
investment on the technology development in the threetsel areas with big market potential:
photovoltaic, wind power and fuel cells. The “Second 8&tan for the Development, Use and
Supply of New and Renewable Energy Technology (2003-2012)” waislished in 2003 along
with detailed promotional plans for the annual developraedtsupply of new and renewable
energy sources to achieve the goal of increasing thef nssvaand renewable energy to 3% of the
total primary energy consumption by 2006, and 5% by 2011.

14.1.2 Legislation and Regulation

The Alternative Energy Development Promotion Act wastthin 1987 and the New and
Renewable Energy Technology Development Project wascheed in 1988. In addition, the
Alternative Energy Development Promotion Act was arednd the Alternative Energy
Development and Use Promotion Act in 1997 to promotesieeof new and renewable energy
and to launch case supply projects (subsidizing programglbas to offer long-term low-interest
loans, tax benefits and government/public funds for thesg new and renewable energy.

Also the “Basic Plan for New and Renewable Energy Techp@avelopment & Supply” was
established in 1997 to promote the development andysofppbw and renewable energy technology.

14.1.3 Progress Towards National Targets

The total use of new and renewable energy at the e2@0&freached 4.88 million tons of oil
equivalent (toe), accounting for only 2.1 % of the totahpry energy consumption. According to
the “Second Basic Plan for the Development, Use and $opplew and Renewable Energy
Technology (2003-2012)” renewable energy’s share should re#chydthe 2006. However,
considering the small amount at the end of 2005, it seett® be easy to achieve this goal
without a special activating plan.

The status and prospect of geothermal energy stillmateseem significant because the
government program focuses on the three major sourcasvphaic, wind power and fuel cell.
Fortunately, however, the importance of geothermétation is being acknowledged by the
government and the public side and geothermal’s share of nséirkalating incentive is rapidly
increasing. Therefore, we expect some remarkable moges be made in the next five years.

Increases in geothermal heat pump installations aedjgmises are presented in Table 14.1. The

values are based on the officially reported installateomd we expect the actual number of
installations is much bigger than reported.
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Table 14.1 Geothermal heat pump installation and energy use9{2005)*.

Year 2000 | 2001 | 2002 | 2003 | 2004 | 2005
Installed Capacity (RT) 10 88 207 670 1,768 2,331
Annual Energy Used (toe) 122 393 1,355 2,558

* Values reported to New & Renewable Energy Centere&&nergy Management
Corporation (KEMCO).
14.1.4 Government Expenditure on Geothermal Research and Development (R&D)
In 2006, total investments by government reached some US$iahnicluding:
» Development of deep-seated, low-temperature geothernoalrces: US$ 3 million
» Information system for geothermal resources distribuine utilization: US$ 0.7 million
» Various geothermal heat pump utilization and demonstraiograms: US$ 3.2 million

Government R&D expenditure is increasing at an annual fd@20%, depending on the applied
subjects and Table 14.2 shows the statistics for #i¢heee years.

14.1.5 Industry Expenditure on Geothermal R&D
Industry expenditure is still quite small and mainly a tgpenatching fund to government R&D

funding which amounts 15% up to 50% of the total budget, dependitige size of the business.
In 2006, the total amount was estimated to be some US$riillion (Table 14.2).

Table 14.2 Geothermal R&D expenditure for the period 2004-2006.

Year 2004 2005 2006
Government 5,505 5,979 6,943
Industry 758 881 1,148
Total 6,263 6,860 8,091

14.2 Current Status of Geothermal Energy Use in 2005

14.2.1 Electricity Generation

There is currently no geothermal electrical power i@ in Korea.
14.2.2  Direct Use
14.2.2.1 Thermal Energy Used

In Korea, the annual statistics are to be availabléé&ghd of the first half of the next year, thus
the data is from 2005 utilization.

The installed thermal power at the end of 2005 was 31.65 Nwluding hot spa and geothermal
heat pump usage.
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Table 14.3 Geothermal direct heat uses in Korea as of 31 Deae?dios.

Use

Installed Capacity

Annual Energy Use

Capacity Factor

(MW ) (TJly=10" Jly)
Bathing and Swimming 13.53 163.29 0.38
Geothermal Heat Pumps 18.12 107.44 0.19
Total 31.65 270.73

The thermal energy used in 2005 is estimated to be aboutJ®y0nth capacity factors of 0.38
and 0.19 for hot spas and heat pumps, respectively (T4l8¢

Direct use in Korea currently includes only bathing @§pats) and heat pumps (Table 14.3).

14.2.2.2 New Developments in 2006

The low-temperature geothermal development programharRypis still on-going. A
groundwater source heat pump connected to bank infiltratinicipal water supply pipe line has
been installed as proof-of-concept and its performangew being monitored.

One production well at Pohang, the low-temperature gentiielevelopment site, reached the
final depth of 2,383 m at the end of 2006.

14.2.2.3 Energy Savings

Energy saving is still a negligible amount and therenarstatistics available.

14.3 Market Development and Stimulation

The Korean Government offers long-term low-interestdosenx benefits and government/public
funds for those using renewable energy. Subsidies féhgeoal installation through various

Table 14.4 Subsidy for geothermal installation for the period 2004-2006.

Year 2004 2005 2006*
. Capacity Capacity
Capaclty | gipnsidy’ | (No.of | Subsidy’ |  (No.of | Subsidy’
(No. of cases)
cases) cases)
. 793 RT 1,659 RT
Spreading Program (10) 1,886 (17) 3,642 (42) 9,541
Rural Spreading 402.5 RT 510 RT
Program ) 1,505 3) 1,770 9) 2,252
1195.5RT 2,169 RT
Total (15) 3,391 (20) 5,412 (50) 11,793

$ In US$ 1,000s (US$ 1 = 1,000 Won)
* Estimated values in 2006
** Note: Data correspond to starting year, so actual ojpastre to be one or two years later

renewable energy spreading programs amounted to US$ 11@&rmll2006 (Table 14.4). Also
from 2004, the Mandatory Public Renewable Energy Useémie into effect and states that “in
construction of all public buildings bigger than 3,00bimarea, more than 5% of the total budget
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must be used to install renewable energy equipment.” Gewthbeat pump installation is now
being accelerated with this act.

14.4 Development Constraints

14.4.1 Technical and Social Barriers

A barrier to the progress of geothermal heat pumprose the technical and scientific point of
view may be explained by lack of information on the riredrproperties of subsurface materials
and lack of scientific knowledge on hydro-geological ctiads influencing the heat
extraction/injection rate. Also the general perceptiat geothermal heat pump systems are of
high initial cost while there does not exist any guarantgedhple of performance since this
technology is at the very beginning stage. Therefigeple tend to consider that a natural gas or
an oil boiler is cheaper in initial stage, and durable

14.4.2 Environmental Issues

The “Groundwater law” states that the depth and purpodéharaholes must be reported on
prior to drilling. Also if somebody is to use grounderathey must undergo an environmental
impact evaluation and submit its result. It is affective for groundwater thermal utilization
even though subject to re-injection. The heat pump bssisociety claims that heat extraction
from groundwater will not affect the quality of the watnd thus, the thermal utilization should
be free from such regulation. Some arguments are stiltygm.

14.5 Economics
14.5.1 Trends in Geothermal Investment

Government investment in geothermal has steadily incresisesl 2003. Investment from
industry has also increased as a matching fund to thergoeat R&D budget. Government
investigation is being made though R&D expenditure and wausabsidizing programs; statistics
are available in Table 14.2 and Table 14.4, respectively

14.5.2 Trends in the Cost of Energy

Because 97% of fossil fuel is imported, energy cost ireKoeflects the recent high oil price. The
price of electricity, however, does not change much, pdugyto the high portion of nuclear
power generationZ40%) and partly due to government policy. The average ielecprice is

about US 7.5 cents/kWh.

14.6 Research Activities

14.6.1 Focus Areas

R&D activities in Korea are focused on 1) low-tempemygothermal water development, and 2)
geothermal heat pump applications. Almost all of tlsearch activities are initiated by
government funding.

14.6.2 Government Funded

R&D in geothermal investigations, exploration and extpt@n is led by Korea Institute of

Geoscience and Mineral Resources (KIGAM), the only gowent funded research institute in
the geoscience field in Korea. The Geothermal RessBoeup of KIGAM is leading the two
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major government funded R&D programs: “Development opdemated, low-temperature
geothermal resources” and “Information system of geathleresources distribution and utilization”.
RD&D programs on geothermal heat pump applicationsuadefl by the New & Renewable
Energy Center, Korea Energy Management Corporation (KEM@GQ2006, a total of 11 RD&D
projects were funded and US $3.25 million was granteaiach 46% of the total funding, which
means that government RD&D expenditure on shallow geothetitiwdtion is rapidly increasing.

14.6.2.1 Pohang Geothermal Project

The Pohang low-temperature geothermal development pritjedirst large-scale geothermal
program in Korea for district heating and cascade uiiimahas made remarkable progress in
2006. The production well BH-4 reached its final depth of 2,383 time end of the year (Figure
14.1). The original target depth was 2,000 m and the tempesatttire depth of 1,980 m was 82.5
°C. Since the well did not meet the basement at thé @é@ km, we decided to extend the well
and detected the basement at a depth of 2,265 m (Figurehigl @apter title page). The
basement rock is a kind of grano-diorite from major eteranalysis, and age dating will be made
(Figure 14.3). Detailed logging, pumping test and atleeessary borehole surveys will follow in
2007 to characterize the geothermal water reservoira Hetailed explanation of the Pohang site,
please refer to the 2005 GIA Annual Report.
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Figure 14.3 Updated sketch of geology of Pohang site out of coré cdtting and well logs.

14.6.2.2 Groundwater Source Heat Pump Connected to Bank Infiltration

In 2005, KIGAM initiated a government funded R&D program fompiling a map of thermal
properties of subsurface materials throughout its teyritoprovide basic design parameters to
geothermal heat pump installer. Geothermal heat pustgllation in Korea is rapidly expanding
but quantitative information on the thermal propertiesubsurface materials is not yet available.
As a consequence, the installed heat pump systemkelyetd be over-designed, which can make
the systems less competitive in terms of initial cadte R&D program aims at compiling
1:250,000 scale map of thermal conductivity by the end of 2007.

The R&D program also includes the demonstration of argfevater source heat pump using
alluvial and river water. In Korea, the amount ofigrdwater use for residence and industry
reaches up to 5 million tonnes per day- this will poggiibbduce a huge amount of thermal energy
for heating and cooling the buildings nearby. The thaa&t it does not incur any drilling cost when
connecting heat pump to existing groundwater well heguiper line, may offer great opportunity
for expanding geothermal utilization. This project igiea out in collaboration with K-Water

(new name for Korea Water Resources Corporation) anubsl business company installing
geothermal heat pumps.

One of the major achievements in 2006 was the instaillafithe heat pump as proof-of-concept;

directly connected to the municipal water supply pipe fiom the bank infiltration system.
There are several pumping wells along the Nakdong Rivéngi southeastern part of Korea,
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Figure 14.4 Schematic diagram of the bank infiltrated water sedreat pump system.

utilizing bank infiltration system to supply potable watea big town, Changwon City. The
maximum capacity of the system is to supply total of 18Dy@0day with 24 pumping wells,

while 60,000 ri¥day is currently pumped, processed and supplied. The puwptseapplication
was to demonstrate a way of utilizing the huge amolthtesmal energy contained in the
infiltrated groundwater. Since it is a demonstratioproof-of-concept installation, a small size
heat pump with a capacity of 15 refrigerating ton (R ulbotal 52.8 kW) was installed to supply
heat and cooling for a room with an area of 145ma three-story office building. We made a by-
pass at the main pipe line from a well with a capadi;000 n¥day to the heat pump as shown in
Figures 14.4 and 14.5. The temperature of the pumatl is 17-18C throughout the year and the
flow rate to the heat pump is 4-5.8/n, depending on the heating or cooling load. The pegiocen

of the system is now being monitored and we expect this &m important corner stone for expanding
geothermal heat pump installations, especially bz groundwater thermal energy.

Figure 14.5 Well head for bank infiltrated water supply (left) anstalled heat pump (right).
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14.7 Geothermal Education

There does not exist regular curriculum for geothermahiersity level in Korea yet. Public
recognition, however, is increasing and there are ddectare courses for HVAC and
architectural engineers to introduce general geotheppaistand state-of-the-art heat pump
technologies once a year. Also, there are many sealinars about general geothermal topics
reflecting increasing public recognition thanks to thenthegh oil price.

14.8 International Cooperative Activities

The major international cooperative activity of KIGAMparticipating IEA-GIA ExCo and
Annex VIII. KIGAM also maintains research collaboeatiwith Institute for Geo-Resources and
Environment (GREEN) of AIST, Japan, in the geophysisalloration of geothermal resources
and other geothermal related topics.

The Korean Technology Center for Geothermal EnergyR&8) was established in 2006, aiming

to foster geothermal utilization. KORGE opens therAdited Installer Workshop in conjunction
with International Ground Source Heat Pump AssocialBSKPA).

14.9 Websites

» Geothermal Resources Division, KIGAMhttp://geothermal.kigam.re.kr
+ Korean Technical Center for Geothermal Enerdptp://www.korge.org

Author and Contact

Yoonho Song, Groundwater and Geothermal Resources Divistmea Institute of Geoscience
and Mineral Resources (KIGAM), Daejeon, Koremng@kigam.re.kr
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NATIONAL ACTIVITIES
Chapter 15

Los Azufres Il geothermal project, Mexico (courtesyCaiE, Mexico)

15.0 Introduction

Geothermal energy is, by far, the most important nenseational renewable energy source
utilized in Mexico. Although there is some tradition flirect uses of geothermal energy, mainly
related to balneology, the most important use is fectatity generation.

Geothermal development for electricity generationtetiin Mexico in 1959, with the
commissioning of the first commercial plant in theth field (central Mexico). By December
2006, the geothermal-based installed net capacity farielgcgeneration was 953 MWranking
Mexico in third place worldwide.

15.1 National Policy
About 78.8% of the installed capacity for electricity gatien belongs to the two government-

owned utilities, namely the Comisién Federal de Eledadi(CFE) and Luz y Fuerza del Centro
(LyFC). CFE is responsible for all electricity geaiterd with geothermal steam. This primary
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energy source has been utilized for decades for poweragieme the technology is considered
mature, and it is set to compete on the same ba$issil-fuel, conventional hydro and nuclear
technologies.

CFE is currently doing feasibility studies to incretiseinstalled capacity and replace some of the
older power plants. The aim is to replace 75 MMvith 100 MW, in Cerro Prieto Field, using the
same amount of steam. CFE is also consideringasitrg by 25 MWthe installed capacity in
Los Humeros and taking steps to install 75 Mk\the partially developed Cerritos Colorados
field and undeveloped areas with geothermal potentiab@es). Also CFE is currently doing
feasibility studies for evaluation of the following mcis: 50 MW binary power plant in Cerro
Prieto Field: replacement of three 5 MWhits in Los Azufres Field with one 25 MWhit, using
the same amount of steam; Research and Development @f&det (brine) Injection System in
Cerro Prieto Field.

15.2 Current Status of Geothermal Energy Use

15.2.1 Electricity Generation

The Mexico's total installed capacity is 953 MWlistributed among the geothermal fields as
follows: Cerro Prieto (720 MY, Los Azufres (188 M\, Los Humeros (35 My and Las Tres
Virgenes (10 MW).

The total electricity generation with geothermal stéai2006 was 6,685 GWh/y. Electricity
generation from geothermal sources represents arouftl & @otal power production. The
geothermal contribution to electricity generation mrenthan 1.5 times higher than its contribution
to the installed capacity, reflecting the very higipacity factor.

There were no new geothermal developments in Mexico gl2006.

During 2006, CFE drilled 9 geothermal production wells en@erro Prieto field. For 2007, 9
production wells are scheduled for Cerro Prieto and jeation wells; 2 production wells are
scheduled for Los Humeros and 1 exploration well in the Acoogéothermal area.

In 2006, CFE conducted the following work over jobs: 11 in prodnatiells in Cerro Prieto
field; 3 in production wells and 1 in an injection well i thos Azufres field; 1 in a production
well in the Tres Virgenes field. For 2007, there arekvaner jobs are scheduled for 10
production wells in the Cerro Prieto field and 1 in a pradocivell in the Tres Virgenes field

15.2.2 Direct use

The total estimated installed thermal power in 2006 wasViW4,. The use was mainly for
balneology in 160 sites distributed in 19 states.

15.3 Market Development and Stimulation
15.3.1 Support Incentives and Market Stimulation Incentives

At present there are no incentives for geothermalldeweent in Mexico. The Comision Federal
de Electricidad, the larger of two national utilitisssreased its installed capacity for power
generation with geothermal sources from 853 to 953.MVZ003, and this is the only substantial
increase expected throughout 2007, although studies for mossilvldevelopments and
expansions in developed fields are underway (see below).
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15.4 Development Constraints

As mentioned above, power generation with geothermal gieempnsidered conventional in
Mexico, and thus it is set to compete on the same &adassil-fuel, conventional hydro and
nuclear technologies. Therefore, it is fair to say the main constraint for further geothermal
development in this country is its economic disadvantagastgaodern fossil-fuel generation
technologies. At least in one case, namely that df &herimavera geothermal field, which is a
fully proven resource, development has come to a fulllsopuse of concerns from the local
(State) government about possible environmental impacts.

15.5 Economics
15.5.1 Trends in Geothermal Investment

As mentioned above, although the target for geothermalafawent in the present federal
administration has been met, studies are underway in @REtéire developments in the order of
25 MW, in Los Humeros, 100 MWIn Cerro Prieto that will replace 2 of the older an{it5 MW\)
and 75 MW in Cerritos Colorados (La Primavera), 50 MiBihary power plant in Cerro Prieto
Field: replace three five MWnit in Los Azufres Field with 25 M\unit as well as the
development of new fields in Acoculco, San Pedro, Ladaalend Tacana.

15.5.2 Trends in the Cost of Energy

The average price for electricity has shown a sté@achease over last several years, with a last
increase of about 10.9% from 2005 to 2006.

15.6 Research Activities

Most geothermal research activities in Mexico are fatuse development and exploitation of
resources for power generation. Specifically, theyammeed to improve the knowledge of the
fields and thus the ability to predict their behavionder continued exploitation. Some effort is
spent in exploration of new areas with geothermal piatenPractically all geothermal research is
funded by the federal government.

15.7 Geothermal Education

The University of the State of Baja California (UAB@Ifers a Geothermal Training Program (10
month program) which, in addition to the program attby Iceland and the one previously
offered by New Zealand, has been utilized by CFE to saine of their young engineers. For the
most part, mechanical, electrical, chemical and gecddgingineers are trained on the job, as part
of their professional development in CFE and the Instifetinvestigaciones Eléctricas (lIE).
Periodic professional meetings (congresses, sematansalso provide a basis for continued
education of geothermal personnel.

15.8 International Cooperative Activities
Mexico, through IIE and CFE, has participated in the ds/of Annex I- Environmental Impacts
of Geothermal Energy Development and Annex IV- Deep GauoiddeResources, and is

participating now in Annex VII- Advanced Geothermal Dmidf Technologies of the Geothermal
Implementing Agreement.
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In 2006, IIE continued a project for the evaluation of bovd intermediate enthalpy geothermal
resources in Mexico and Central America, with the dipromoting direct uses of this energy
source. This project is partially supported by the i@gonal Atomic Energy Agency.

Authors and Contacts

Alejandro Abril, Comision Federal de Electricidad (CHEEgXico.
David Nieva, Instituto de Investigaciones Electric#is)(ITemixco, Mexicognieva@iie.org.mx
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NATIONAL ACTIVITIES

Chapter 16
New Zealand
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16.0 Introduction

The New Zealand geothermal scene is currently veiyeacThere has been recent installation of
new generation, with around 1000 Mf additional geothermal generation looking feasible and
commercially attractive in the next few years. WHilect heat use has been relatively static, some
market leaders are now installing geothermal heat puangghis looks like an area for considerable
growth. Various regional and district councils have beeare in the process of clarifying, the rules
and policies related to takes of water. Central Govemtinemains dedicated to the greater use of
renewable low-emission energy forms (including geotheemailgy), but is now trying to clarify its
wider energy strategies and means of encouraging furtredeeupt renewables.
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The installed capacity of geothermal electricity geti@nan New Zealand is currently 450 MW
or about 5.5% of the total capacity. Geothermal mné#i of peak demand, and about 6.5% of
total generation. Note that in the 2006 calendar ybas¢ are the latest official figures)
geothermal electricity generation was approximately 3@AM/y; while in 2005, direct heat use
amounted to 9.7 PJly.

16.1 National Policy
16.1.1 Strategy

Energy supply has been identified by the NZ governmentesfaine target areas for sustainable
development because of its strong correlation to econgioveth, potential environmental impact,
and because both consumers and industry are heawgtrefi its supply. The Government
regards geothermal energy as being a resource that cam\ptayrole in New Zealand’s future
energy mix. Cost of development is very similar ® tost of a range of other technologies and
resources, and the current wholesale cost of elegtataround 6 US¢/kWh. Consequently,
commercial drivers will see a significant uptake afthermal energy, provided access and
regulatory barriers are not overly constraining.

On 8 November 2005, the Prime Minister announced plans toogeadbrmal, comprehensive
New Zealand Energy Strategy (NZES) which is expected telbased in its final form during
2007. A draft NZES was released in 2006 for public consoittatbvering all aspects of the New
Zealand energy scene. ltis linked into parallel caasah on transport and climate change
initiatives. The NZES is broadly supportive of renel@amergy options, and emphasises the
important role that geothermal energy will play especiallglectricity generation (Figure 16.1).

]
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ey electricity generation costs {&MW )

M

L] 50 o000 1500 ol aEn
Generation capacity availabla [cumuistive MWy
s Conl including fuel st F40G.) Wind Including fusl at S058
CCET Including fusl af §T.80/G.) Geothermal Including fusl st $0G.]
COGT on LNG Inaluding fual at §10.80/3. Hydro Including fusl at SOGJ

Figure 16.1 Typical costs for new Electricity generation in Neaaland (from the NZES).
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Also linked to the NZES is the New Zealand Energy kfficy and Conservation Strategy. The
revision of the current document is discussed latenvblipe tied in to the completion of the
NZES, probably including a number of specific sethogets.

16.1.2 Legislation and Regulation

The Resource Management Act 1991 (RMA) is an all-encompgssiwironmental act that
attempts to apply reasonable constraints on developmightlelegation of decision making and
plan/policy statement development down to regional and dikdtiel. Support and concerns
about the RMA and its implementation have been exmtdssa wide range of interests. As a
result, the RMA has been reviewed and amended severs.tiOne amendment specifically
encourages positive consideration of renewable energgygsdjncluding geothermal projects).
Another addressed concerns about the balance betwéamahand local interests and the
allocation of natural resources. Work was also isitlain providing national guidance on
infrastructure issues. During 2006, the Ministry of Econdbgegelopment was scoping a National
Policy Statement and National Environmental Standardsaasrhission lines and will also
consult on generation. The results of these consuitatibould flow through to the
implementation of regional and district plans and pdligements developed under the RMA.
Eventually these plans and policy statements will bised to reflect direction given at the
national level.

The Waikato Regional Council, with a geothermal resobese including 80% of the high
temperature fields in New Zealand, has been reviewingngoribving geothermal policies and
plans under the RMA since 1998. An appeal process sawdisaltion of the Regional Policy
Statement and Regional Plan in 2006.

The Government has been looking for means to encoursigdulied generation (DG), with

several past geothermal projects representing exawigkegie DG projects. The Government is
considering reforms of the Electricity Industry Refofet which previously placed restrictions on
electricity distribution companies from investing in gextien and subsequently retailing that
electricity. Decisions around reforms may have sonpact on management structure for the new
Ngawha extension, and could see further investment byigtréodtors who had been active
investors in geothermal energy in the past.

Recent taxation improvements have included a clanfaity on geothermal well depreciation,
allowing depreciation of all wells and the abilitywoite off the cost of wells that are unsuccessful.

16.1.3 Progress Towards National Targets

There has been a long term emphasis on promotingyeafficiency and further increasing the
amount of energy produced from renewable resourcestegflatthe establishment of the Energy
Efficiency and Conservation Authority (EECA) as ancentity in 2002 to assist with the
implementation of the National Energy Efficiency angh€ervation Strategy (NEECS) announced
in 2001. This strategy had a 5 year term so has beerlgcttviewed over 2006. The strategy
included the specific goals of improving energy efficiehgy20% and increasing consumer
energy from renewable sources by 30 PJ by 2012 over levetsledcfor the year 2000. Progress
has been limited so goals will be revised. Perhape significantly, it has been recognised that
incentives for action by industry have been inadequatmsultation will soon identify a range of
incentives and controls that might assist achievenfahemew goals. The revised
implementation of the NEECS will follow release ot tNZES.

The Climate Change Response Bill enacted in 2002 in resfmhssv Zealand's Kyoto
commitments included a carbon emission charge, negotjietedhouse agreements (NGAs) for
at-risk industries and a bid-in Projects mechanism. Thrtutte end of 2006, several large
industries had negotiated NGAs and a number of reneveat@rgy projects (including geothermal
projects) had benefited from the Projects carbon &edibllowing a revised projection of New
Zealand’s greenhouse gas emissions during the Kyotadinsmitment period, a full review of
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climate change initiatives was commissioned. Thetesiithe review questioned the true
benefits of the overall climate change policy package2@6 the carbon charge portion of the
climate change package was dropped. It is still possidlativaited form of carbon charge may
be applied to the electricity industry.

16.1.4 Government Expenditure on Geothermal R&D

NZ government funded geothermal research amounts to about MZ&$ Zhe next phase of
research spending, commencing in 2007, is expected to lsnaita level.

16.1.5 Industry Expenditure on Geothermal R&D

Both of the major commercial geothermal operators, &iEnergy and Mighty River Power,
have recently announced plans to spend about NZ$ 2 hillithre near term on geothermal power
projects. A small percentage of this (approx NZ$ 1 Mihgacexpected to be directed at
commissioned research.

16.2 Current Status of Geothermal Energy Use in 2006

16.2.1 Electricity Generation

16.2.1.1 Installed Capacity and Electricity Generated

The total geothermal installed capacity in New ZealarD06 was 450 M\W/
The total electricity generated in 2006 was 3,210 GWhly.

16.2.1.2 New Developments in 2006

Wairakei Power Stations- The original Wairakei A and B Stations commissioneavbeh 1958
and 1963 continue to operate reliably. In 2005, a 14.4 K¥hat binary cycle station was
commissioned near the original stations to take adgaenof water brought down to the area for
reinjection purposes. This brought the total outpuhefdombined facility to 171 MW The
station and steamfield are owned and operated by QGdfrtacgy, who in early 2006 was offering
157 MW, into the market, due to a developing shortfall in steapply over the last 2-3 years.
However, Contact has been successfully drilling in the Tre 8ictor of the field, and has
connected a number of wells to fully load the statibhe station and steamfield continue to
discharge some brine and condensate to the Waikato, Rieeigh about 30% of all fluid from the
steamfield is now reinjected.

A further 55 MW, station was built by Alistair McLachlan and Mercuryegy in 1996, on the
western side of the Wairakei field (Poihipi Road). Thoghpi station was subsequently
purchased by Contact Energy. The station took advantagsghellaw steam zone in that part of
the field. The original consents were restrictive amidndit allow full output. Hence the station
tended to operate in day-night mode to maximize revesnently offering 29 MWduring the

day and evening and 10 M\ the early morning, typically averaging about 25 MMftput on
any day. All of the condensate from the statioritreee evaporated through the cooling tower or
reinjected.

Recently, Contact Energy has secured more favourahkeats (subject to an appeal) for the
combined operations of the Wairakei stations. Pipglim&ing the Poihipi and Wairakei stations
through the Te Mihi production area allow a more flexilgeration.

Recently, Alistair McLachlan (through the Geotherm Grdwgs proposed a further 55 MW
power station on the Wairakei field. Geotherm has obdainasents, purchased its own drilling
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rig and drilled one deep well on land owned by McLachéatjacent to shallow steam producing
wells for the Poihipi station). Results were unsatigiry and the investors have placed Geotherm
into receivership.

Development and operational consents have been an isha@HdContact Energy and Geotherm.
Contact Energy has been in the process of renewirgentnfor the operation of its existing
facilities for several years, with formal consent éggtlons lodged in 2001 after consultation and
studies. Consents were granted in 2005 that allow théngxis and B stations and a fully-loaded
Poihipi station to continue operation until 2026. Thesesents were appealed and have been
referred to the Environment Court. Evidence and relsuttare heard during 2006 and a decision
is expected in mid-2007.

Tauhara Developments- The Tauhara geothermal field is connected with the \Wiifield and

is affected by the exploitation of Wairakei. The Wairalevelopment and operation is
contributing to observed subsidence at Tauhara. lprifeess of Wairakei consent renewals, and
in the discussions and appeals around Environment VWagkathermal plan and policy
statements, the local Taupo community has developeebseg sensitivity to the subsidence issue.
This has led to strong community reaction to proposemmatinued operations, and some claims
of property damage due to geothermal withdrawal at Wairaltein there is evidence that other
non-geothermal causes are also involved. Neverthe@sserns have to be taken into account in
any consenting process. The recent Environmentt@eaision (April 2006) on injection-related
aspects of the changes to the regional plan and ptéitsnsent has given further weight to these
subsidence concerns.

In 2006 Contact Energy undertook some deeper drilling intddlobara field (one production

well, two injection wells, and 2 deep exploration well$he new exploration wells provide
renewed confidence in the extent and productivity of theéndia resource to the east, and Contact
has announced its intention of applying for consents tdafe@uhara further (~ 200 MYV

Ohaaki Power Station- Contact Energy continues to own/operate the Ohaaki pstation and
steamfield originally commissioned in 1989. Contact susfublg renewed consents for the
station and steamfield in 1998 allowing continued operati@913. While the station continues
to have a nominal capacity of 100 MVibllowing recent decommissioning of its high pressure
sets, its actual output has dropped from a peak of 3¢ k\ily 2004 to 30 M\Wor less in early
2006. Contact is drilling deep make-up wells and working exesting wells to keep the station
at a capacity of 45 MW(net). Three production wells were drilled at Ohaaki in6200

All geothermal fluid produced by the field is lost in caglitower emissions, discharged onto land
(where there were previously natural surface disclsqaes reinjected.

General operations at Ohaaki have been restricted bygemeat of reinjection returns and cool
fluids encroaching from the field margins or above, anddmcern over the possibility that
subsidence could lead to flooding of important Maori caltaites by the Waikato River.

Rotokawa Power Station- The Rotokawa power station is an Ormat geothermal comhioiyae
power station initially developed in 1997 at 29 M\t subsequently expanded by 6 MW
2003. The expansion included further brine units to take aatyamf the changing fluid
conditions within the field. The Rotokawa project isidiéd into two companies; Rotokawa Joint
Venture (a 50:50 joint venture between Tauhara North W&t and Mighty River Power) which
owns the steamfield, and Rotokawa Generation (100% Mighkir Rower) which owns the
generation plant. Mighty River Power operates bothttit®s and the steamfield.

Between October 2004 and February 2005, Mighty River Pomierdcthree deep reinjection
wells to test the western side of the Rotokawa regerand to help relieve the current shallow
injection target. At least one of these wells isrnused as an injector. In the process, other
structures were observed in the area that may form pioduatgets at some future date.

GIA 2006 Annual Report
161



IEA Geothermal Energy

Reduction in shallow reinjection has lead to a drop insprresat this level, and a hot spring
discharge (previously stimulated by reinjection) has ckase

The Rotokawa field could potentially support more than 250.Mi/generation, and Mighty
River Power has expressed interest in developing an ib@@&aMW,, including the existing
development. An application has been filed by TauharahNdwt2 Trust for a further 35 MW
Adjacent land owners over the resource have indicaged ititerest in development of the
geothermal potential.

Mokai Power Station- The Mokai power station was commissioned in 2000. Itéditkt in

New Zealand to be fully owned by a Maori trust (the Tpakd Trust, which subsequently placed
assets in the Tuaropaki Power Company), with Mighty RR@xer contracted to operate and
maintain the Ormat geothermal combined cycle statimiciwhas installed capacity of 55 MW
Mighty River Power has bought a 25% share in Tuaropaki Poamp@ny. All condensate and
cooled brine is reinjected. A 39 M\@xpansion of similar design was commissioned in 2005 and
operates in parallel with the initial station. Risprgssure in the shallow injection aquifer has
recently caused nearby thermal craters to fill withvaatter and overflow. A new deep reinjection
well has recently been drilled to relieve the pressure

There is a steamfield management committee that meitarly, and includes a Contact Energy
representative. Contact Energy has land interestspaveof the Mokai field with a view to a
possible further development of their own, but no finmppsals are known.

Kawerau Developments- The fields described above are all located in EnvironMéikato’s
region while the Kawerau field is located in Environmeay Bf Plenty’s region and is covered by
a different regional policy and plan. The Kawerau figis initially developed in parallel with
Wairakei through the 1950's for a direct heat supply to tlsernBa pulp and paper mill, and this
use continues today. The Tasman mill installed its D&MW, geothermal back pressure
turbogenerator in 1966. The new owners of the mill (Skog) invested in a replacement
turbogenerator which was commissioned in 2004.

There have been no known changes to the existing BagiofyFElectricity Ormat generators
located on either side of the Tarawera River. These installed in 1989 and 1993 and generate
a total of 6 MW into the local network using a portion of the otheenviinused brine associated
with the mill steam supply. Bay of Plenty Electriditgs expressed interest in further development
of generation on the Kawerau field. Currently about Hatfi@ brine is not used and much of it is
discharged to the river.

Ownership of various aspects of the Kawerau developers changed over the years. Some of
the wells and steamfield system had been developed lyithieal owners of the mill, but were
sold to the Crown in the late-1970s. As of 2005, the Crommed 102 wells on many fields along
with the Kawerau steamfield development and the steaptyscpntract with Norske Skog
Tasman. The Crown signalled its interest in the deweémt of its geothermal assets and
identified Mighty River Power (a state owned enterprasethe developer, partly because of a
Government policy on non-sale of assets. As a fiegt &t active development, in July 2005 the
Crown transferred all Kawerau geothermal assets imgudells to Mighty River Power. In a
back-to-back deal, these assets were on-sold to Ngatidretoa Geothermal Assets (NTGA) as
the holding company for some local Maori interestsghty River Power now operates and
maintains the assets on behalf of NTGA. Several pegductive wells were transferred to NGTA
in the process, so NGTA is now considering further lbgwveent options.

To the east of the mill is another large Maori larmtklunder the management of the Putauaki
Trust. The Trust was aware that there was a posgibflpart of the Kawerau geothermal field
underlying their property, so sought expressions of intéegeothermal development from
several parties. A contract was signed with MightyeRPower to explore and possibly develop a
power station using the resource and this has been prabsisse 2003. Mighty River Power
undertook further MT-TDEM and gravity surveys in the aaspart of the field to help delineate
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the productive reservoir and followed this with 6 deep exploratiells into the greywacke
basement. In August 2005, Mighty River followed this witlesource consent application for a
90 MW, power station and steamfield to be located on Pkiduast and Norske Skog Tasman
land. Consents (with conditions) were granted in Marcl® 20035 years, and appeals settled so
construction is in progress. A steamfield managementmgrgehas been entered into by Mighty
River Power, Norske Skog Tasman and Ngati Tuwharetodh&oal Assets with a view to
ongoing sustainable management and integrated developfiibatkawerau resource.

Ngawha Power Station- The Ngawha field is located in Northland. The Ngawha patation
was commissioned in 1998 and is also an Ormat binarg syation nominally 10 MWand
intended as a first stage to a much larger developmengsolirce consent application was made
for a 15 MW, extension in 2005, but was turned down because of conmeenpossible effects

on the local springs used for bathing. The owner ofN@wha station (Ngawha Geothermal
Resource Co, a subsidiary of Top Energy) subsequently gainednte to operate a temporary
supplementary injection trial (with up to 10% extra swefa@ater being injected) to show effects
on the springs could be avoided and this trial has beeessfally completed. In 2006 Top
Energy won its appeal through the Environment Court aptbiseeding with the 15 MW
expansion.

Top Energy is a lines company, and so there are liotigabn its ability to generate electricity
under current legislation (an arms-length company may teelve formed to own and operate this

larger station). Relevant laws are currently beingsmtered for revision by Government, and this
may assist Top Energy in its goals.

16.2.1.3 Rates and Trends in Other Developments

Mighty River Power made progress in the Mangakino areadftr land negotiations with a large
commercial forester, and so undertook further geosdemtdrk (including new MT-TDEM data)
backed up by three deep wells (and a re-drill), all witiesv to a possible power station
development. The wells have confirmed temperatures exgp280°C, but have failed to
identify permeability targets. Currently the projeahds being pursued.

Several parties have expressed interest in other geothdgm@bpments. These are still at
concept stage though it is known that Maori interestthe Tikitere and Rotoma-Tikorangi fields
near Rotorua have been undertaking some more detailéesstidighty River Power is known to
have undertaken some scientific exploration work at Atiaema Horohoro fields.

16.2.14 Number of Wells Drilled

It is estimated that about 15 wells were drilled in 2006 foduction and reinjection purposes.
16.2.1.5 Contribution to National Demand

Geothermal installed capacity amounted to about 5% wof Realand’s total capacity.
Geothermal power generation provided approximately 6.58ewf Zealand's total generation.

16.2.2 Direct Use

About 9.6 PJ of thermal energy was used in 2006; howevendtatied thermal power was not
reported.

16.2.2.1 Categories of Direct Use

The categories of direct use are provided in Table 16.thé&2005 calendar year. There may be a
reallocation between energy for bathing and energwéter heating in future assessments.
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Table 16.1 Energy used in various geothermal direct use categorie®@® (units are TJ).
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Geothermal and Council Regions 173} 73} = [T} i < < m o
Northland 6
Auckland 65
0 63
20 2
Bay of Plenty 2 412
Rotorua-Taupo
13 3 167 271 398 1,238 844
Bay of Plenty 19 5,315 786
Miscellaneous North Island
Gisborne 0.1
Hawkes Bay 3
Taranaki 0.2
South Island
Marlborough 0
Canterbury 30
West Coast 14
32 0 3 167 273 0 5,713 2,638 846

There are several direct heat applications cascaokectltie Contact Energy operation at Wairakei
geothermal power station. One company (NETCOR) resdinire for a tourist centre that includes
a Maori village and a replication of natural silicagees. A nearby hotel receives steam for heating
and a prawn farm beside the A station receives brirfesiiing pond water. The prawn farm supply
had to be modified following the installation of thadiy plant which cooled the brine supply to the
farm. The brine from the prawn farm is subsequenthhdiged to the Waikato River. The
Geotherm interests use a separate steam supply forghgeatenhouses growing orchids.

Despite concerns about possible subsidence, the Taulwin@meal resource which extends under
parts of Taupo continues to be used for direct heat applicati

A small quantity of brine provided by the Ohaaki geati@mpower development is used by the Ohaaki
Timber Kilns in a direct heat application; and at Mak@idthermal field, a large geothermally heated
glasshouse complex has been developed nearby the reéddwii.2xpansion site.

16.2.2.2 New Developments in 2006

Some of New Zealand'’s first geothermal heat pumps ang liestalled by early adopters, these
being in the high end residential market.

The most significant single installation was a 20 MNW¢at supply to the Tenon timber kilns at
Taupo. These kilns are fed from steam from the Taufedda

16.2.2.3 Rates and Trends in Development

Overall, direct use of geothermal energy has beeic #habugh the decade (with the exceptions
listed above).

Heat pumps are now being installed but still do not hayle Visibility (to accelerate interest) and
there are few people capable of installing them.
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Consenting requirements are driving greater attentiondnitoring and management of use.
There has been some recent investment in upgradinngXetilities

16.2.2.4 Number of Wells Drilled

There are currently no complete records of direct @ksdrilled in any year. An incomplete
survey of drillers indicates that many of these operatars mactive geothermal rigs, though one
driller reported increased drilling activity near Tanga (resource temperature around@pQ
requiring purchase and use of a third drilling rig.

16.2.3 Energy Savings
16.2.3.1 Fossil Fuel Savings

The calculation of fossil fuel savings/replacement itham a review of the fossil fuel mix in the
New Zealand electricity system. It is assumed thahatiginal generation will be fossil fuelled.

Electricity generation and geothermal direct heat use bese assessed at 9.7 PJ each; the total of
19.4 PJ is equivalent to 460,000 toely.

16.2.3.2 Reduced/Avoided CO: Emissions

The calculation of reduced/avoided Cé€missions is based on the £&nissions from current
fossil-fuelled power stations. In the case of direct bieg, it has been assumed that 80% of
heating would have been from gas and 20% would have beercfral. Fugitive gas emissions
(associated with current geothermal emissions) have deducted from the G@missions of the
equivalent fossil-fuelled plant. On this basis, the avold@gdemission for power generation is
1,300 kt/y and that for direct use is 520 kt/y, making d tfth,820 kt/y avoided COemissions.

16.3 Market Development and Stimulation

The “Projects to Reduce Emissions” initiative is maméd above. This scheme benefited a number
of projects in terms of allocating carbon credith®developers, but is no longer operational.

Development cost trends are discussed in Section 16.4.

16.4 Economics
16.4.1 Trends in Geothermal Investment

There is increasing investment in geothermal poweiostdevelopment in New Zealand. This is
especially driven by the expected long term price aftgtaty and the relative price of geothermal
generation compared to alternative forms of generatemKgure 16.1).

While there are direct use applications that are ecanarpiake of these options is still very limited.

16.4.2  Equipment, Project and O&M Costs

In total, it is thought that capital costs of geotherprajects may have increased by about 20%
over the last few years (after removing the effectxahange rate movements). This affects both
station plant and well costs and is associated witle@sing competition for steel partly driven by
China’s demand. The New Zealand Geothermal Assoniaths commissioned a report on this
topic which will be published in 2007.
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16.4.3  Trends in the Cost of Energy

The current wholesale electricity price is about 6 US¢i®Wased on fixed price contracts). The
wholesale price of electricity has risen dramaticaltgr the last four years. This has been due to
dry years causing supply concerns for hydro (with getoeratill highly dependent on hydro

generation with little storage), and to rising fofsél costs. Both gas and coal prices have
increased as more expensive resources have been cettecheet increasing demand.

16.4.4  Employment in the Geothermal Sector

A report reviewing geothermal personnel capability idewtifibout 350 personnel directly involved
in geothermal consulting or development. This number excthéesonstruction work force.

16.5 Research Activities

16.5.1 Government Funded Research
New Zealand Government provides approximately NZ$ 2thityeted at the following topics: deep

high temperature resources, use of low-enthalpy resolrettsr use of waste geothermal fluids and
environmental effects. In future, a focus will be adoledechnologies to improve sustainability.

16.5.2 Industry Funded Research

Industry funded projects on,H removal through bio-remediation from NCG waste frmwer
plant for glasshouse use, and arsenic removal from segdnanes

16.6 Geothermal Education

Both the New Zealand Geothermal Association andUthieersity of Auckland continue to
provide relevant seminars, the annual Geothermal Workslnapshort courses. Through 2006,
the Auckland University was actively preparing for theunegtion of their post graduate training

through a revitalised Geothermal Institute. The firsttBermal Institute diploma course will be
held in the second half of 2007.

16.7 International Cooperative Activities

New Zealand participated in several international g&atlal projects, including: Coso (USA),
Mutnowsky deep drilling (Kamchatka, Russia) and the lck@eep Drilling Project in Iceland.

In addition, New Zealand plays an active roll in the IEA@s a Contracting Party and with GNS
Science acting as Operating Agent for Annex |.
Authors and Contacts

Chris Bromley, GNS Science, Wairakei Research CeNerw, Zealand;c.bromley@agns.cri.nz

Brian White, New Zealand Geothermal Association, iWglbn, New Zealand;
brian.white@eastharb.co.nz
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NATIONAL ACTIVITIES

=

Drill rig at the EGS project “Deep Heat Mining” in thigyoof Basel, Switzerland
(photograph courtesy of Geopower AG Basel).

17.0 Introduction

The reorganization of the key Swiss player and coordim@tgeothermal energy development and
utilization, the Swiss Geothermal Association SVG, beasn completed. The SVG, an Affiliated
Member of International Geothermal Association (IGApwnacts as the Swiss Geothermal
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Competence Center under the label GEOTHERMIE CH. hitdingual (German/French)
Newsletter also carries the name GEOTHERMIE.CH.

Geothermal heat pumps still contribute the largestestuadirect use, which grows steadily by
about 10 % per year. Quality labels and engineering s@slaresently under development)
guarantee operation reliability and efficiency.

Increasing participation in international R&D efforts, ides in the IEA-GIA, can be reported:
Switzerland cooperated in 2006 in the EU projects EG&n8fic Power Plant Soultz/F, ENGINE,
I-GET and GROUNDHIT.

One negative, and important event in 2006, was that thestaSwiss geothermal project, DEEP
HEAT MINING in Basel, was suspended in December, duerthezake activity triggered by
water injection for stimulation.

17.1 National Policy

On the political scene the main change is that at&0has been introduced; its implementation-
e.g. for new gas-fired power plants- is currently beingusdsed in the Parliament. The Energy
Law already passed both chambers of the Parliament; amallitrclude promotional measures
like a “risk guarantee” for deep geothermal drilling étectricity production.

The governmental energy progr&wissEnergywhich supports renewable energies, provides the
general supportive framework for geothermal R&D. A newspHar the years 2006-2010 has
now been implemented. Further, more general informaimut Swiss energy policy is available
in previous Swiss Country Reports, which can be found ®t&A-GIA website under:
http://www.iea-gia.org/publications

Government funding on geothermal R&D was provided by thesSwéderal Office of Energy
(SFOE), and amounted to:

» Research and Development: 0.5 MCHF
» Activities of the SVG: 0.5 MCHF

Expenditure of industry provided significant contributionthis DEEP HEAT MINING project in
Basel (> US$ 10 M).

17.2 Current Status of Geothermal Energy Use in 2006

17.2.1 Electricity Generation

There is currently no geothermal electrical power i@ in Switzerland.
17.2.2  Direct Use

In 2004, a statistical survey was carried out on the subfegeothermal energy use in Switzerland.
The data for installed capacities, energy produced, fosdibnd CQ emission saving&tc are
included in the Swiss Country Update Report 2005 (availdalifeedEA-GIA website under
http://www.iea-gia.org/publicatiofs A new statistical survey (Geowatt AG, Zurichpyides the
numbers for 2006. Table 17.1 shows the numbers in direat 2896 (usage category, installed
capacity, and thermal energy used).
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The key achievement of Switzerland is still in the ofsshallow geothermal resources by ground-
coupled heat pumps. An evaluation of available glob@ daveals that Switzerland occupies a
prominent world-wide rank in installing and running geothernegt pump systems. In 2006,
more than 1,000 km was drilled for borehole heat exchan@gsthermal heat pumps are now
increasingly, and soon routinely, used for heating disasdor cooling

Table 17.1 Geothermal direct use in Switzerland in 2006.

Usage system Installed capacity Heat produced
(MW 1) (TJly)
Sffgapnugrgfss with borehole heat 650 4979
Groundwater-based heat pumps 75 438
Geostructures, tunnel waters 14 87
Deep aquifers for district heating 5 64
Spas, wellness facilities 37 1126
Total 781 5987

17.2.3  Fossil Fuel Savings

The heat production from geothermal sources (“direct)usebles the savings of fossil fuels.
The annual heat production in 2006, 5,987 TJ/y, corresponds savimg of 140,000 toe.

Geothermal energy use in Switzerland thus reduces tresiemiof CQby about 440,000 tons per
year. All direct use, except partly for spas/wellnesbased on electric heat pumps. Here it must
be emphasized that electricity in Switzerland is gen@ragarly completely Cofree, with 60%
hydro and 40% nuclear capacity.

17.3 Market Development and Stimulation

17.3.1 Support Initiatives and Market Stimulation Incentives

Financial support or tax credits of different kinds andssizan be obtained when installing
geothermal heat pumps, depending on the site. Locatieletlities, communities, various
entities provide support. This explains, at least patilyrapid development of the Swiss
geothermal heat pump market. Information about the wvasources of support can be
downloaded from the website of the Swiss Heat Pump Pramassociation FWS
http://www.fws.ch/under “Zahlen & Fakten” and “Férderbeitrage und Steuerverigiimsten” (=
support finances and tax reductions).

17.3.2  Development Cost Trends
Technological progress (e.g. measurable by heat pump3, ®€tter materials, and increasing

experience lead to progress on the learning curve; auduéb prices are constantly decreasing
(Figure 17.1).
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17.4 Development Constraints

For geothermal direct use in general, and for geothérestpumps in particular, there could be,
irrespective of already impressive achievements, evane rapid development. Architects as well
as engineers responsible for building energy supplies &reostiamiliar enough with geothermal
heating and cooling. Often the attitude is “I do notviin@w to design a geothermal system so |
will not apply it”. Therefore increased efforts in edima and post-graduate training are
undertaken (see below).

Cost development over time GEOWATT .)AG

BHEMP heating system price development in Switzerland 1980-2004
{corrected for inflation)

Figure 17.1 Installation costs of geothermal heat pumps decreagificantly over time
(for a typical, singe family dwelling). Diagram frommitp://www.fws.ch/

Strange enough, a bottleneck becomes evident at theasttl: the Swiss companies active in
drilling for borehole heat exchangers (more than twemyle so many orders that the waiting time
to get borehole heat exchangers installed can be up todnths.

The stopping of the Deep Heat Mining project in Basééed by authorities due to induced
seismicity also had repercussions on plans and expectatiout geothermal power generation
and EGS projects in Switzerland in the future. ThesSwision (Figure 17.2: 50 MVEGS plants
at 50 sites, mostly in densely inhabited areas) has tam#li basic questions about seismic risk
and heat extraction efficiency are answered.

The Deep Heat Mining Project in Basel attempted to kslisdn EGS facility for co-generation
(20 MW;, and 3 MW capacity to produce 20 GWh/y power and 80 GWh/y heat), witle thiken
deep wells (1 for injection, 2 for production). Theffiwell (Basel-1) reached target depth of
5,000 m on 27 October 2006. Stimulation started on 23 Nove2®&t pre-stimulation with
injection flow rates < 10 I/s, the main stimulationafphed for 3 weeks with 50,00C mater total
volume) on 2 December 2006 withp= 295 bar and R« = 63 I/s. Meanwhile the drilling rig
moved over to Basel-2.
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The stimulation caused thousands of microseismic ef@ntsservoir development. Early in the
morning on 8 December, a seismic event happened with MLEX&nt management actions

have been taken by the project developer (Geopower Aél)Baording to the “Traffic Light
Action Plan” (for details about the Traffic Light Proceesee the GIA websitattp://www.iea-
gia.org/publications.aspnder “Draft protocol”). Nevertheless an event with=3.4 took place

at 17:48, the event was not announced but widely felt iaré®2 The next day the local
Government stopped the project because of “frightening the gaggul (=public offence by Swiss
law); and the drilling rig and crew had to leave. Tjection has been stopped and water was
bled off. The hypocenters of the seismic events vaeratéd at 5 km depth near the hole’s bottom.

A Swiss vision...

AUSSICHTEN) °° EGS @ 50 Mwe

Fernwirmenetze /
)
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/
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Figure 17.2 Vision of 50 EGS plants, each with 50 MW provide 33 % of Swiss electricity.
“Fernwarmenetze”: existing district heating systems.

The induced seismic events hit a completely uninformeatepared urban population. Nobody
got injured but many citizens became upset. A large rumftdamage claims has been raised,
also from neighbouring Germany and France. Thegpraeveloper has 25 MCHF (US$ 20 M)
indemnity insurance. Until the end of 2006, about 60 MQUIE$ 50 M) has been spent for the
project. The extensive documentation of the stimulative seismic events created, and the
reaction of the local Authorities can be found (in Ganjnonhttp://www.bd.bs.ch/geothermie
Before the Government can decide whether the projealdskiontinue (under restrictions) or is to
be abandoned, a seismic risk study (“risk of triggeringrger quakes”) must be conducted.

17.5 Economics
Concerning geothermal heat pumps, their economy becamasw of generally rising fossil fuel

prices and the CQax, increasingly competitive. The geothermal opfasrheating alone is
already favourable; in summer it is the only systemdhatalso provide space cooling.
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No new cost comparison with other heating systems dexs performed in 2006, therefore the
data from 2005 are included here (Table 17.2).

There are no official statistics about the number opfeeemployed in the geothermal sector; from
the number of drilling companies, institutions aciivgeothermal R&D, a rough estimate yields
about 100-120 people.

Table 17.2 Cost comparison of heating systems in Switzerlagférience system capacity 10 kW),

from Hubacher/FWS 2005.

Heating svstem Efficiency | Investment Capital cost Operating cost | Total annual
gsy (n/SPF*¥) (CHF) (Annuity, CHF) (CHF) cost (CHF)
Oil boiler 0.85 18,000 1,741 1,483 3,224
Gas boiler 0.95 14,500 989 1,882 2,871
Biomass (pellets) 0.90 33,500 2,692 1,814 4,506
Geothermal heat
pump (with BHE) 3.4 30,500 2,055 872 2,929
heat s 2.6 25,500 1,876 1,110 2,986

17.6 Research Activities

The national activities financed by the Swiss Fedeffit€of Energy (SFOE) comprised:
* Feasibility study AGEPP (Alpine geothermal power prongt

» Software development “Groundwater Energy Designer”

» Establishment of a hydrochemical data base for deepeasjuif

+ Documentation and evaluation of failures with geothetmat pumps

» Economic feasibility study for an EGS installatiorGaneva

» Energy conversion processes for the use of geothéeaal

All research projects have to deliver their final mgathese can be downloaded from the SFOE
databasehttp://www.bfe.admin.ch/dokumentation/energieforschung/

The EGS project Deep Heat Mining Basel, financiallyrtiast focussed geothermal endeavour in
Switzerland, is organized and managed by the sharehalgrany Geopower Basel AG. The
project is financed from public and private sources; fimanstatus was 53.2 MCHF
(approximately US$ 40 M) at the end of 2005. The projecbhas suspended by the local
authorities; now a risk study (including seismic riskglsprovide the basis for deciding whether
the project ends or continues (with restrictions).

17.7 Geothermal Education

In 2006, significant efforts were undertaken for educationirsiodmation dissemination. Besides
regular courses at universities and technical schoels there numerous special geothermal
courses, workshops and excursions, including: specialrtgafor students (7 courses; 165
participants); postgraduate training (18 courses, 6 techeicatsions, 800 participants), this year
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mainly concentrating on western and southern Switzerldheé activities are planned and
implemented by GEOTHERMIE.CH and financed by the Swexeral Office of Energy (SFOE).

Since the establishment of the educational activitie€0D1, a total of 88 events have been
organized with over 3,000 participants. Figure 17.3 showdahelopment over the years. The
events take place in all parts of Switzerland: the Frepelaking Romandie, the Italian speaking
Tessin, and the German speaking Deutschschweiz.
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Figure 17.3 Geothermal educational events in Switzerland 2001 — 20@8v@AG Zurich).

17.8 International Cooperative Activities

First of all, the participation of Switzerland iretfEA Geothermal Implementing Agreement

should be mentioned. Thmnhanced Geothermal System Project Management Decision Assistant
(EGS PMDA), completed under Annex lll, Subtask C (Leadearas Mégel, GEOWATT AG,
Zirich), received international attention in 2006. The EGI®R can still be ordered through
http://www.iea-gia.org/publications.asp

The papeGeothermal Sustainability - the View of the InternationalrBpé\gency Geothermal
Implementing Agreement (IEA-G|Ajrepared by L. Rybach and M. Mongillo was presentéaeat
GRC 2006 Annual Meeting in San Diego, USA, where it receiviBdsa Paper Award.

Switzerland is also active within R&D programs of Beropean Union. Cooperation is ongoing
in the following geothermal projects:

 EGS Scientific Pilot Plant Soultz/F

» ENGINE
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Strong involvement is to be reported especially in tiogept ENGINE (“EManced @othermal
Innovative Network for Burope”): ENGINE Workshop no. 3 “Stimulation of reservarird induced
microseismicity” was organized by Geowatt AG Zurich aettl on 26 June-1 July in Ittingen/TG.
L. Rybach is a member of the ENGINE Executive Group gibverning board of the project

17.9 Geothermal Websites

« SVG/GEOTHERMIE.CH: www.geothermal-energy.ch
* BFE (SFOE): www.bfe.admin.ch
» CREGE: www.crege.ch

«  FWS/Heat Pump Promotion Associatiomww.fws.ch http://www.fws.ch/

*  Swiss Deep Heat Mining Projectvww.dhm.ch
» Geopower Basel AG:www.geopower-basel.ch
» Geothermal Explorers Ltd. www.geothermal.ch
* Geowatt AG: www.geowatt.ch
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Figure 18.9 Heat flow of the conterminous United States (SMYTMI

18.0 Highlights for 2006

18.0.1 Geothermal Power

The major highlight of 2006 for geothermal energy in thetddhBtates was the resurgence of the
geothermal industry. The Geothermal Energy Associd@iA) reported that 1,924.7 MVef

new geothermal power plant capacity was under developm#rg lonited States, if projects in
the initial development phase are included. One hundreédhirty one MW of capacity were
under actual construction at 8 projects in 5 states. Mdaijers for this expansion of U.S.
geothermal capacity include state Renewable Portgihadards and the federal Production Tax
Credit.

18.0.2 First Alaska Geothermal Power Plant

Chena Hot Springs now has the first geothermal power plaiaska. It is also the site of the
lowest temperature resource ever used in the UnitedsStatcommercial power. The UTC
Power geothermal power plant employs an organic Rankiie typroduce 400 kW of electricity
from two 200 kW units using 72 °C (162 °F) water from a 213 m (700 ft) deglp Whe
technology may also have application in producing etgttdrom other low temperature
resources and from hot water co-produced with oil andvglis in Texas and other states.
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18.0.3 Progress under the Energy Policy Act

A bill was signed containing modifications to the EnePolicy Act of 2005 (EPAct 2005). The

bill extended, among other provisions, the productigrctadit for geothermal and other
renewables put in service through December 31, 2008. In @oroplwith EPAct 2005, the

United States Geological Service (USGS) is conductingnaassessment of geothermal resources
which will consider lower temperature resources, biteeckinologies, and other advances that
have occurred in the past 25 years.

18.0.4 MIT Study

A comprehensive assessment of Enhanced GeothermainfSy&&S) was carried out in 2006 by
an 18-member expert panel assembled by the Massachnsgttge of Technology (MIT) to
evaluate the potential of geothermal energy from EQ#&oome a major energy source for the
United States. The panel concluded that, with a “rederavestment” in R&D, EGS could
provide 100,000 MY or more, of cost-competitive generating capacithenext 50 years.
Break-even levelized cost-of-energy could be achievedmit®il5 years.

18.1 National Policy
18.1.1 Strategy

It is the national policy of the United States to imgréé energy security by fostering diverse
sources of reliable and affordable energy. The DepattoféEnergy (DOE) Strategic Plan,
September 2006, states that keeping America economigaihgstequires reliable, clean, and
affordable energy, and that the best way to achiesashtihrough competitive energy markets,
science-driven technology, and supportive government policies.pfincipal tool for advancing
technology is investing in high-risk, high-payoff energsegrch and development that the private
sector would not or could not develop alone. The Depattmasues both alternative fuels and
energy efficiency technologies to reduce the energysitieand increase the fuel-flexibility of
the economy. DOE also pursues energy diversity by suppatévelopment of a suite of
electricity generation options that can promote readeraatn stable prices and a variety of
efficiency technologies that will improve energy prodkitt in all sectors of the American
economy.

18.1.2 Legislation and Regulation
18.1.2.1 Energy Policy Act Amendments

Under EPAct 2005, geothermal energy was awarded the futehi@/kWh federal tax incentive.
This production tax credit (PTC) was awarded for ten yeangw facilities placed in service by
31 December 2007. On 20 December 2006, President Bush signkavitih@Gulf of Mexico
Energy Security Ads part of H.R. 611 he Tax Relief and Health Care Act of 200@e bill
extended, among other provisions, the PTC for geotHemmabother renewables through 31
December 2008. The new law contains a provision eiktgride U.S. Internal Revenue Service
program for Clean Renewable Energy Bonds (CREB) throudbe8&mber 2008 and provides for
an additional $400 million of CREB bonding authority.

18.1.2.2 Renewable Portfolio Standards

California revised its Renewable Portfolio Stand®B$) that requires regulated utilities to
produce at least 20% of their electricity supply from veat#e energy by 2010, advancing this
goal from 2017. The Standard is currently for renewadnhent to increase 2%/y, beginning in
2003, to reach at least 20% by the end of 2010, with a g8aP6fby the end of 2020.
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The State of Washington passed its first RPS incebjneallot initiative. The initiative calls for
electric utilities that serve more than 25,000 custorneitse state to obtain 15% of their

electricity from new renewable resources by 2020. Idslisubject to the standard must use
eligible renewable resources, including geothermal energcquire equivalent renewable energy
credits, or a combination of both, to meet the folloyvannual targets:

* Atleast 3% of its load by 1 January 2012, and each yesedfter through 31 December 2015
o Atleast 9% of its load by 1 January 2016, and each yesedfter through 31 December 2019
» At least 15% of its load by 1 January 2020, and each yeaanftesre

In 2006, the Arizona Corporation Commission adopted finakrtd expand the state’s
“Renewable Energy Standard” to 15% by 2025, with 30% ofd¢hewable energy to be derived
from distributed energy technologies. The previous stangdas 1.1% in 2007. Arizona passed
the nation’s first Renewable Portfolio Standard in 1999.

18.1.3 National Targets

The Geothermal Technologies Program (GTP) of the Department of Energy (DOE) strives to
establish geothermal energy as an economically cornwveetiintributor to the Nation’s energy
supply. The goal of the Geothermal Technologies Program is todece costs and risk to a
level that will enable the commercial development of 4000 MW, of geothermal resources.
This level of development would supply a significant portibthe nation’s energy, and industry
development of this much resource would drive cost redudtiooagh learning curve effects,
enabling further development. The Geothermal Energgdaton has stated that geothermal
resources could support over 30,000 Md/generating capacity by 2025, which would meet 6%
of total U.S. electricity needs and be equal to 100 peofaht electricity generated in California,
Nevada and Idaho. The GEA estimated that one-hétfeoprojected 30,000 MWwvould be

highly dependent upon continued research and technology develaampotted through DOE’s
research program.

18.1.4 Government Expenditure on Geothermal R&D
Achievement of the Geothermal Technologies Prograrhrghies heavily upon projected

technology improvements from the R&D program. Thse&i Year 2006 budget by Subprogram
area is presented in Table 18.1.

Table 18.1 Geothermal program budget for Fiscal Year 2006.

Subprogram FY06 Appropriation
Technology Development 15,317
Enhanced Geothermal Systems 6,110
Systems Development 6,379
Resource Development 2,828
Technology Application 4,232
Technology Verification 1,547
Technology Deployment 2,685
Congressionally Directed Activities 3,750

Total 23,299
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18.2 Geothermal Energy Use in 2006

18.2.1 Electricity Generation

18.2.1.1 Installed Capacity and Electricity Generated

In 2006, geothermal electric power was generated in five dta®s: Alaska, California, Hawaii,
Nevada, and Utah. Total installed capacity was 2,830.6% M¥Vslifornia had 2,030.47 Myf

net-capacity producing power with approximately 461 Md\Mcapacity in California on standby;
i.e., not producing power (GEA, November 2006).

Table 18.2 Existing geothermal capacity by state in 2006 (GEA, Ndar2006).

States Generating Geothermal Energy and Existing Capacity (2006)

Alaska California Hawaii Nevada Utah

0.4 MW, 2492.1 MW 35 MW, 276.4 MW, 26 MW,

Total installed capacity: 2,830.65 MW

Total electricity generation in the United States in 2886 4,054.9 billion kwh (f&kwh) (Short
Term Energy Outlool§ February 2007, Table 8a, EIA). Renewable energy alggtgeneration
in 2006 was 362.93 hillion kwhAanual Energy Outlook 200Table 16, EIA), of which
geothermal was 16.25 billion kwh and conventional hydropo2#9.78 billion kWh.

18.2.1.2 New Developments in 2006

The year 2006 has been an active one for the UniteekQjabthermal industry. Some of the
projects completed, under construction or announced intthed®llowing:

Alaska

Chena Geothermal Power Plant Project- Chena Hot Springs, just outside Fairbanks, has the
first geothermal power plant (400 kWlectric) in Alaska (Figure 18.1). It is now also $ite of

the lowest temperature resource ever used for comrhposi@r generation in the United States.
The Chena Hot Springs resort is a semi-remote shtiehvused diesel generators to produce
electric power at 30 cents/kWh. The load is 180-280 kW andaityecost for diesel fuel in 2005
was $1000/day. The first 200 kWhit of the Chena geothermal power plant came oirline
August 2006. The UTC Power PureCycle® geothermal systemamsorganic Rankine cycle
(ORC) with R-134a refrigerant to produce 200 kW of electricitiie power cost is expected to be
about 7 cents/lkWh. The power plant runs off 72 °C (162va¢r from a 213 m (700 ft) deep
well. PreviouslyChena Hot Springs and tBepartment of Energjpintly funded an exploration
project to determine the power generating capacityetldep geothermal resource underlying
Chena Hot Springs. The second ORC generator came tatlniea 2006 and was producing 230
kW, gross (200 kWhnet) at year end. The second unit employs a dual coerdeystem with an
air-cooled condenser during the winter months to take salyarof the extreme temperatures (the
average winter day in Fairbanks is about -32 °C (-25 fiFsummer the unit will use a water-
cooled condenser identical to the first ORC unit.

The power plant at Chena Hot Springs Resort in Alaskaselasted as Project of the Year in the
renewable/sustainable energy category by Power Engigemagazine. The U.S. Department of
Energy and the U.S. Environmental Protection Agemsy ehose Chena Hot Springs Resort for a
2006 Green Power Leadership Award for significantly advayitie development of renewable
electricity sources through green power markets. Chen&ptotgs is being developed as a
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sustainable community with commitments to renewab&e@n energy independence and
environmental stewardship. All 44 buildings at the mgsacluding a greenhouse, hotel, cabins
and ice museum, are linked by a geothermal district pagistem. The 4,320t~ 400 )
greenhouse provides the resort's restaurant with ayafifresh produce on a year-round basis.

»  Commissioned July, 2006
« 1 system, 2" unit in Dec 06
» Lowest geothermal temp in world <165°F

«  Drivers: Off-Grid, sustainable geothermal
power and heat, for multiple applications

1‘ |‘!

UTC Power

A Unied Tecknologies Comoany

Figure 18.1 Unit 1 of Chena Power Plant (UTC Power).

Idaho

Raft River- Construction of Idaho’s first geothermal power plant beégahpril 2006 when

Ormat Nevada, a wholly owned subsidiary of Ormat Indisstdemmenced work at Raft River
undera contract with U.S. Geothermal in December 2005. ©Owilbsupply equipment and
construct a binary cycle geothermal power plant to dell® MW, to the Idaho Power Company
under a 20-year term power purchase agreement for thpHase of the Raft River Project. The
schedule provides for full commercial operations na ldi@n November 2007. U.S. Geothermal
Inc. held a groundbreaking celebration on Satur@@yluly. This was followed by the signing of
a renewable energy credit (REC) purchase agreemenmhpassing the first 10 years of Phase 1
of the Raft River project. Holy Cross Energy, a Catto cooperative electric association, agreed
to purchase the RECs associated with Phase 1 power poodinot 2008 to 2017. This
agreement will help Holy Cross meet its requirementieuthe Colorado renewable energy
standard, meet Holy Cross’ corporate environmentdbgoal is an important part of the financing
structure for the Raft River project development. plaat will also be eligible for the Federal
renewable energy Production Tax Credit which will bettvapproximately $1.7 million/y at
$19/MWh for every MWh of energy produced over the next 10 years

U.S. Geothermal deepened two existing injection wellgaat of its well improvement program
for the Phase One, 13 M\Weothermal binary cycle power plant. Work was atsopleted on

the two existing production wells. At the end of 2006, Rafer Rural Electric Coop, the local
utility, began construction of the 5.2 km power line théittvansmit power output to ldaho Power
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Company. Construction of the above-ground production gedtion pipelines was
approximately 95% complete, but further pipeline work wapesuded until spring 2007.

California

The Geysers- The Geysers Geothermal Field is located 120 km nor@anfFrancisco,

California. Commercial geothermal power has been getbcantinuously at The Geysers since
1960. The present generation level is about 900, M\ving declined from a peak of about 1,900
MW, in 1988. Following the injection of reclaimed water ifitee Geysers from the Lake County
Project starting in 1997 and the Santa Rosa Project start@3, the earlier decline in
productivity has been partially reversed, with an estohabtential increase of 100 M\bf

capacity and an extension to the life of the field.

Unit 15 Steam Field Project- Western GeoPower Corp announced the acquisition of a
geothermal lease covering 140 acres contiguous to itslBr8team Field located within The
Geysers Geothermal Field. The total area under lagéestern GeoPower at The Geysers
exceeds 500 acres and it is anticipated that one power pllapitogess steam production from
both leaseholds. A commercial power plant of 62 M¥pacity, known as PG&E Unit 15,
operated at the leasehold during 1979-1989. The plant wada®hlin in 1989 and eventually
dismantled, and the wells were plugged and abandonedndivisecognized that the Unit 15
plant was oversized for the available resource. Rsréason, the wells supplying the plant
experienced an unduly rapid decline in productivity, simtdathe decline experienced throughout
The Geysers at that time. Roads and drill pad infretsire are in excellent condition throughout
both leaseholds and a 115 kV transmission line connecggdperty to the transmission grid.

Bottle Rock- A 55 MW, geothermal power plant at The Geysers, dormant since w880,
approved to reopen by the California Energy Commissidre geothermal plant was shut after
only five years of operation when production began tdé&gause of a lack of steam. The Bottle
Rock Geothermal Power Plant will initially operate2@tMW, with plans to expand. The plant
will be operated by the Bottle Rock Power Corp. Powaegged by the plant will be sold to
Pacific Gas & Electric Co.

Nevada

Blue Mountain- Nevada Geothermal Power Inc. (NGP) initiated developrdeting at Blue
Mountain Nevada in early 2006. NGP then signed a 20-year FRawenase Agreement (PPA)
with Nevada Power Company for up to 35 Mu¥ geothermal power to be produced from a new
geothermal power plant to be built at the Blue Mountairttggmal site. Contract provisions are
in place which take into account the Production Tax Credit

NGP completed production testing of its first productiatil at the end of summer. Well testing
indicated that Blue Mountain is a major new geothermabgiry. Using conventional pumping
technology, this single production well would produce oveiM\8, gross output. The initial
power plant at Blue Mountain, to be named the "FaulknewileP Plant”, will be a binary cycle
geothermal plant with greater than 150 °C (300 °F) waten 8even production wells.

Pumpernickel Geothermal Site- NGP also entered into an agreement with Ormat Techieslo
Inc. for a power plant at NGP's Pumpernickel Geotherritel 8IGP stated that this relationship
with Ormat would expedite the development of a potential 20-80 feothermal resource at
Pumpernickel. The Pumpernickel exploration program wndlude a series of up to three 250 m
(820 ft) gradient wells to further define the geotheramadmaly, followed by a deep reservoir test
well to confirm the presence of a commercially \éadpeothermal resource.

Fallon- The U.S. Navy entered into a 50-year agreement with OFeekinologies to develop

geothermal energy on Naval Air Station property atdRalNevada. The contract will begin with
the development of a 30 MYWgeothermal power plant.
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Galena #3- Galena No. 3 will be a new geothermal power plant touike by Ormat in northern
Nevada. The power plant would increase the total outputisddpdm the Steamboat Known
Geothermal Resource Area (KGRA) to Sierra PacifiwédCompany by between 15 and 25 MW
bringing the total output of the Steamboat KGRA to appnaxely 90 MW. Galena No. 3 is
projected to come on line in 2008. The Galena No. 3grej#l be an air-cooled binary power
plant.

Reese River Project- The Nevada State Office of the BLM issued a geothernilthd permit in
December 2006 to allow for drilling on the Reese RRmmject, Lander County, Nevada. The
well is planned as an exploration slim hole to a maximunmhdafpt,200 m. The objective of the
well is to test the geothermal reservoir charadfesis The slim hole well program is partially
funded by the U.S. Department of Energy's GRED Il progr&millips Petroleum and Amax
Exploration drilled 52 temperature gradient holes asiteeduring the 1970s and 1980s. Data
showed that the 150 °C/km heat flow anomaly is approxindt8 km (3 mi) long by approx. 1.6
km (1 mi) wide. The center of the anomaly reachesrgerature gradient over 500 °C/km.
GeothermEx in 2004 estimated the resource to have a 9@#ahiity of generating 13 M\\and

a 50% probability of exceeding 30 MW

Utah

Blundel- PacifiCorp Energy signed a contract with CEntry Constnsc& Engineers of Salt
Lake City to expand its Blundell geothermal electric gatireg plant by approximately 11 MW
Blundell’'s current net generating capacity is 23 MVWhe contract calls for installation of an
Ormat Energy Converter, supplied by Ormat Nevada Il clrrent Blundell plant near Milford,
Utah, has been operating since 1984 and utilizes steanttffeoomderlying geothermal field to
power a steam turbine electric generator. The newglri@onverter will be installed adjacent to
Blundell and will use the heat from the brine to geteeaalditional power. The project is
scheduled to be on-line in November 2007.

18.2.1.3 Rates and Trends in Development

Geothermal power development is driven primarily by econsmiie., does the geothermal
developer or investor believe that the projected returimaestment will be sufficient to
justify the risks. The thrust is to maximize retuems minimize risks. Many of the projects
now underway illustrate these two objectives and thesecially true for the Raft River,
Idaho project where development began early in 2006 asdweH underway by the end of
the year with power-on-line scheduled for 2008. Riskafit River was reduced by having a
proven resource with production and injection wells in @liom an earlier development,
even though they required rework. These “sunk” costs also eddhe up-front financial
requirements. In addition, all of the power plants urddwelopment are modest in size (10-
30 MW,), at least in the initial stage. This reducesdhpital requirements and facilitates
obtaining investment capital.

There is a market for geothermal electricity, as enéedd by power purchase agreements (PPAs)
between developers and utilities. PPAs are often titgest response to demands in state
Renewable Portfolio Standards. Power purchase agresmay offer a premium above what the
utility might have to pay for natural gas and coal. Otkgenue sources for the geothermal
developer may be the PTC at 1.9 cents/kWh and the sellRgr@fwable Energy Credits (REC).
Most of the planned power plants will use binary-cycle gneonversion equipment. Even for
high temperature resources such as Blue Mountain, powemeagtsptimize for shallow wells
with lower temperatures, but which can use a binary erengyersion cycle.

A report Geothermal Resource Development in Nevada — ZBB8,) by the Geothermal Energy

Association (GEA) profiles geothermal power developmeminie state and concludes that
Nevada is on-track to be producing over 1000 M\geothermal power, quadrupling its current
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geothermal output, over the next 3 to 5 years. Thetrefades that this dramatic success is due to
four major factors:

» The state’s Renewable Portfolio Standard (RPS)
» Extension of the federal production tax credit (PTC) ttunhe geothermal energy
» The Bureau of Land Management'’s (BLM) efforts to redtgeéeasing backlog

* The Department of Energy’s (DOE) past support for doatesd drilling and technical
assistance

» The work of the Great Basin Center for Geothermat@nat the University of Nevada Reno

The Ormat Burdette plant near Reno, Nevada, which ceufiree in 2005 (Figure 18.2) is
probably typical of new geothermal power plants in Nevada.

s

Figure 8.2 20 MW, Burdette power plant (Ormat).

The next steps in geothermal development in the veryfaease will most likely be 1) add-ons to
existing projects, 2) expansion at or within the boundafiggoducing hydrothermal geothermal
reservoirs using stimulation techniques and 3) developmétdraified, but undeveloped,
geothermal resources. CalEnergy Generation is developingrojects in Southern California’s
Salton Sea geothermal area and has a contract witmpgegial Irrigation District for a new 215
MW, power plant. Additional commercial development of thareged 2,000 MWof available
resource at the Salton Sea may also occur.

The GEA reports that up to 1,924.7 N8 new geothermal power plant capacity is currently
under development in the United States (including projedtse initial development phase). Up

to 131.6 MW of capacity is under construction at 8 projects itefes. Unconfirmed projects
(some of which are likely to be developed within the riewtyears) raise these numbers to
2,376.7 MW of potential capacity. The Western Governors Assiaciain itsGeothermal Task
Force Repor(2006), stated that 5,600 M\&re viable for commercial development by about 2015.
Figure 18.3 shows the breakdown of the near-term poweluption potential in 11 western states
including Hawaii and Alaska.
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Negr-Term Power Production Potential

Western Governors’ Association (WGA)
Projected Commercial Development by 2015

MW # of Sites

Alaska 20 3
Arizona 20 2
Colorado 20 9
California 2,400 25
Hawaii 70 3
Idaho 860 6
Nevada 1,500 63
New Mexico 80

Oregon 380 11
Utah 230

Washington 50 5
Total 5,600 MW 138

20 MW
Figure 18.3 Geothermal power production potential by 2015 (WGA).

A new supply characterizatigpdated U.S. geothermal supply characterizati®etty and Porro,
Stanford Geothermal Workshop 2Q@Raracterizes and presents an updated assessmerihefrged
supply for use in forecasting the penetration of gesthkelectrical generation in the National Energy
Modeling System (NEMS). The new supply representaticorporates five specific resource types:
hydrothermal flash, hydrothermal binary, geothermadiflwio-produced with oil and gas, and two types
of Enhanced Geothermal Systems (EGS) resource — corVEGS associated with hydrothermal
resources at depths < 3 km, and conductive EGS pdtentiepths 3-5 km. This new representation
comprises 126 GW\bf resource potential nationally (89 G¥@ctross all resource types in Western
regions and 37 GWhnostly from co-produced potential in non-Western regiombupdated supply
features significantly lower levelized cost of engilgyOE) for hydrothermal resources and somewhat
lower LCOE for EGS than used previously. Furtherijrtbleision of a significant amount of relatively
low-cost co-produced resource from oil and gas vigitker accentuates these cost differences and
contributes to a significant increase in the amount dhgemal resource that is likely to be
technologically and economically accessible in the nexyé&ars. The representation is based on
recently available updated supply estimates for lilydrmal and convective EGS resources, and new
estimates for co-produced and conductive EGS resatoogdeted as part of the MIT study of EGS
resource supply and costs. Figures 18.4 and 18sGdlte the temperature information on which the
supply representation and the MIT study are based.

A comprehensive assessment of Enhanced GeothermainSystes carried out in 2006 by an 18-
member panel of experts assembled by MIT to evaluateotieatial of geothermal energy
becoming a major energy source for the United Staesstated in the report, the panel took a
completely new look at the geothermal potential of thadd States. With a “reasonable
investment” in R&D, the panel concluded that EGS coutd/ige 100,000 MWor more of cost-
competitive generating capacity in the next 50 yeaesfoRnance verification at a commercial
scale could be achieved within a 10- to 15-year period natienwThe Future of geothermal
energy: impact of Enhanced Geothermal Systems (EGS) on tleel Stéttes in the 2Tentury,
MIT, 2006). The MIT study estimated the stored therema&irgy in place from 3 to 10 km depth
as well as the recoverable EGS resource for threeeadiffeecovery factors (Figure 18.6).
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Figure 18.6 Estimated United States EGS resource (MIT).
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Figure 18.7 is from the MIT study (Figure 1.14) and showdebadized break-even cost of energy
by year using the MIT EGS model. When EGS break-eversdre greater than competitive
market prices for electricity, additional institutidimazestment is needed. For the example chosen
(Figure 18.7), this corresponds to the period from O tatatd years. The study also presents
other scenarios, but all show the EGS break-ever primssing the competitive market price at
approximately 10-12 years.

For its assessment, the MIT study group defined EGS ksling all geothermal resources that
are not currently in commercial production and whiafume stimulation or enhancement. This
definition excludes high-grade hydrothermal, but does inaodéuction-dominated, low-
permeability resources in sedimentary and basementtiormaas well as geopressured, magma,
and low-grade, and unproductive hydrothermal resources. itioadIT included co-produced
hot water from oil and gas production as an unconeealt EGS resource type that might be
developed in the short term. (Note: The U.S. Departnfdahergy has broadly defined Enhanced
Geothermal Systems (EGS) as engineered reserkairhdve been created to extract economical
amounts of heat from low permeability and/or porog@gthermal resources).
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Figure 18.7 Levelized break-even cost of energy using the MIT BE@8el.

18.2.14 Geothermal Wells

Summary information is not available for productiogedation and gradient wells drilled for
geothermal electric power in the United States. Howewer states, California and Nevada, do
provide readily accessible information on geothermalsaail their Internet sites. The California
Geothermal Annual Report is an excellent source forsvallls, completed, re-drilled or
deepened, and plugged and abandoned. Unfortunately, theurrent report is for the year 2004.
Utah's Internet site has an interactive map of the'stgieothermal wells and springs.

18.2.1.5 Contribution to National Demand

Geothermal electricity is currently being generate@atifornia, Nevada, Hawaii, Alaska, and
Utah. Geothermal electricity generation in 2006 was 16IR&nkWh, which was 0.4% of the
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total U.S. electricity generation of 4,054.9 billion kWBeothermal electricity generation was
4.5% of all renewable electricity production, which incleitigdropower $TEO, AEO 2007).

18.2.2 Direct Use

18.2.2.1 Installed Thermal Power

In 2005, Lund reported total installed direct-use capacii@a?.4 MW of thermal power (MY,
utilizing about 31,239 TJ/ly. Of this capacity, 617 MWAhd 9,024 TJ/y corresponded to
traditional direct use and the remainder to heat pump8@qMW,;, and 22, 215 TJ/y). Using
Lund’s overall escalation factor of 8%/y for all direceusitegories, the total installed capacity for
2006 is estimated to be 8,442.8 MW

18.2.2.2 Thermal Energy Used

Annual thermal energy use reported by Lund in 2005 was 31,28981875 GWhly) at a
capacity factor of 0.13 (Lund et &geothermics4 (2005) 691-727). Using an overall escalation
factor of 8%, the annual energy use for 2006 is estimateel 33,738 TJ/y (9,369 GWhly).

18.2.2.3 Category of Use

Direct utilization of geothermal energy in the Unitedt8$ includes the heating of pools and spas,
greenhouses and aquaculture facilities, space and distatihg, snow melting, agricultural

drying, industrial applications, and geothermal heat pur@psce heating and agricultural drying
have shown the largest annual energy growth rate of tbet dise categories, increasing in annual
use by 9.3% and 10.4 %, respectively, compounded over the yeeats5Lund et al, Geothermics
34). The combined capacity factor was 0.46 (excludingfeaps). The largest annual growth
has been in geothermal heat pumps, comprising 71% ofissah 2005. For the period 2000-
2005, the annual growth rate for heat pumps was 11.0%, arftefooinbined total, 8.0%. The
equivalent number of installed 12-k\eothermal heat pump units, typical of homes in thegdnit
States, was approximately 600,000 in 2005. In the United Statss$ units are sized for the peak
cooling load and are oversized for heating, except imtiéaern states; and are estimated to
average only 1,200 full-load hours/y for a capacity faof@.14 (Lund et alGeothermic84

(2005) 691-727). Lund estimated heat pump capacity in the Unaées$h 2005 to be 7,200
MW,, and geothermal energy use at 22,215 TJ/y. Using Lund’s aineteédse factor of 11%, the
geothermal heat pump capacity in the United States in 286@&pproximately 7,992 My\and
energy use was 24,659 TJly.

18.2.24 New Developments during 2006

New geothermal heat pump projects were reported altdadgtthroughout 2006. Three
interesting examples are:

General Theological Seminary- The General Theological Seminary of the Episcopal €him
Manhattan, New York City, is converting its present imgatooling system, which uses fossil fuel,
to a geothermal heat pump system. Drilling for aeseof wells for the new system began in fall
2006. The Seminary is planning to install a field of 22sneéneath the sidewalks surrounding
the campus. For each well, a steel casing will rum fitee surface down to the bedrock. From
there, an unlined bore hole, eight inches in diamigtelrilled to a depth of 455 m (1,500 ft).
Ground water, which maintains a temperature of about°®(85 °F) year-round, is pumped out
of the bore hole into a cellar mechanical room tabegt pump. The water is then returned to the
standing wells. The Seminary's system will provide 858 tif cooling to 260,000%bf buildings.
Construction costs will be offset in nine years.

St. John’s College- St. John’s College, Annapolis, Maryland, dedicated its secend
dormitory in January 2006. This new dormitory, like the finses a geothermal heat pump
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system. The system has 49 vertical ~45 m (150 ft) de#ip.wAn interconnected set of pipes runs
through the wells, and biodegradable antifreeze is pumped thttoeiglipes. In the summer, the
moving liquid absorbs heat from the air and sendswindibrough the wells. Pumped back up, the
chilled solution cools the air. In winter, because tloengd below the frost line never drops below
14.5 °C (58 °F), the moving liquid helps keep the buildiagna Air from the system is

circulated through interior ductwork, and each room rs@vin thermostat. The original cost of
the geothermal heat pump was around $294,000. That is $28@e@0han the estimate for a
traditional heating and cooling system for the 20,008dtm. Based on energy costs at the time
of construction, it was estimated that the system wand the college $4,500-$5,000/y in energy
costs, recouping the additional investment in about sissyea

The Creamery Brewpub and Grill- Klamath Basin Brewing Company, located in Klamath
Falls, Oregon, is the only known beer brewing comparlgerworld that uses geothermal energy
in the brewing process. The brewery opened in 2006raft@vation of the historic Crater Lake
Creamery Building, which was built in 1935. The Creamegniiub and Grill uses geothermal
energy for all its heating purposes. Uses include spat@besnow-melting and generation of
hot water for the brewing process. The City of Klamfadlls is located in a KGRA that has been
used to heat homes, businesses, schools, and insststitce the early 1900s. The Creamery
Brewpub and Grill is part of the Klamath Falls digtgeothermal heating system. The year 2006
marks the 28 anniversary of the district heating system, whichvioles heat to 24 buildings,
greenhouses, sidewalk snow-melting areas, and also provaeEs heat to the Klamath Falls
wastewater treatment planGKIC Bulletin December 2006).

18.2.2.5 Rates and Trends in Development

The major trend in development in direct use of geotheemalgy is the rapid growth of
geothermal heat pumps. Whether it is 11%/y (Lund, 2005) seicto the 20%/ year stated by the
Geothermal Heat Pump Consortium, the number of heat puntips United States is probably
doubling about every five years. There are many reaorthis popularity including:

» The technology can be used throughout the United States

*  GHPs are relatively simple with reasonable payback times

* There are state and federal incentives

» Promotion by the industry association

» High electricity prices

» Reputation as a green technology

18.2.3 Energy Savings

18.2.3.1 Fossil Fuel Savings/Replacement

Power Plants- The United States generated 16.25 billion kwh (58,500 Tdleofricity from
geothermal hydrothermal resources in 208B@ 2007. This amount of geothermal electricity
would displace about 4.118 million tonnes of oil (Mtoe) eqeirglassuming an efficiency of
35% for the production of electricity from oil. The edjuivalent factor used was 1 TJ is
approximately equal to 70.4 toe.

Direct Use- Annual thermal energy use for 2006 is estimated to be 33 78§9,369 GWh/y)

(Section 8.2.2.2). The fuel oil savings is estimabeoet 2.375 Mtoe, assuming an efficiency
factor of 35% for the production of electricity. Thésfor all categories of direct use including
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geothermal heat pumps. Because of the rapid growth inegemthheat pumps, they are also
discussed separately below.

Using an average unit size of 12 kW, the installed capatgeothermal heat pumps in the U.S.
in 2006 was 7,992 M\ Based on approximately 1,200 full-load equivalent operatingsy

and a coefficient of performance (COP) of 3.5 (Lund, 20@%)annual energy removed from the
ground was 6,848 GWh (24,659 TJ/y). The energy displacemehg heating mode, was at least
1.736 Mtoe assuming that the displaced energy was elgcgeierated from oil at an efficiency
of 35%. Any potential energy displacement was not estitiiar the cooling mode.

18.2.3.2 Reduced/Avoided CO: Emissions

Power Plants- In 2006, the electric power sector (total for sectoritteh 2,357 Mtonnes of
carbon dioxideAEO 2007, Table 18). Geothermal generation in the United States Byinua
offsets the emission of approximately 15.49 Mtonnes of cadimxide if it is assumed that
geothermal electricity would offset electricity genethby coal. The calculation assumes 16.25
billion kwh (million MWh) of geothermal electricity at net offset of 953 kg/MWh. Equivalent
offsets would be 13.0 Mtonnes for oil and 3.14 Mtonnes forabgias. Net offset factors are
from Lund et al Geothermics84 (2005) 691-727).

Direct Use- Annual thermal energy use for 2006 was estimated to be 9,368y388,738 TJ/y).
The carbon dioxide savings from this thermal energysisstimated to be 7.654 Mtonnes of
carbon dioxide for electricity produced from oil. Fomkgeneration of electricity, the carbon
dioxide savings from using geothermal energy for direct usécafiphs is 8.929 Mtonnes of
carbon dioxide.

18.3 Market Development and Stimulation

18.3.1 Supportive Initiatives and Market Stimulation Incentives

Renewable energy initiatives and incentives at the &dstrate, and local government levels are
catalogued and kept current on the DSIRE website. Esdtadlin 1995, the Database of State
Incentives for Renewables & Efficiency (DSIRE) isargoing project of the North Carolina
Solar Center and the Interstate Renewable Energy C€4LRIEC) with funding by the U.S.
Department of Energy.

18.3.1.1 The Energy Policy Act of 2005 (EPact)

Under EPAct 2005, the USGS was directed to update its 18&8sasent of geothermal resources
(Circular 790. The new assessment will consider the utilizatiblower temperature resources,
binary technologies, and other advances that have ocdartteel past 25 years. The USGS will
complete its initial report by September 2008.

The U.S. Internal Revenue Service (IRS) establishesivaprogram under a provision in EPAct
2005 for Clean Renewable Energy Bonds. In 2006, the IRQ#&b&800 million in these tax-
credit bonds for a total of 610 renewable energy profedbe located throughout the United
States. The lending authorities can be statecall overnments or electrical cooperatives. No
geothermal projects received funds in 2006.

EPACT 2005 also provided for the establishment of ategragram for expenditures made to
install renewable energy systems in connection withellahg unit or small business. The
amount of the rebate is 25% of the expenditures for fyuregiequipment made by the consumer
or $3,000, whichever is less. An analysis conductedé¥ttergy Information Administration
(EIA) of the potential impact of the program indicates tollowing results showed that rebates
could increase 2006 renewable residential energy consunfygtiseen 1 and 3 trillion British
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thermal units (Btu) above the EIA Reference Casddemats Annual Energy Outlook 200BEO
2006). By 2010, the estimated increase ranges from 7 toliohtBtu. For comparison, EIA
estimates total delivered residential energy consumptigs AEO 2006 Reference Case to be
about 12,000 trillion Btu from 2006 through 2010. Geothermai pemps account for the largest
share of the increase.

In August 2006, the U.S. Department of Energy announced &2illion Federal Loan
Guarantee Program. The program is intended to help smstingnt in projects that employ new
energy technologies. Under the loan guarantee programethertment will share some of the
financial risks of projects that employ new or sigrfidy improved energy technologies that
avoid, reduce, or sequester air pollutants and greenhowese daghe mid-1970s, the federal
government began offering loan guarantees for the developfeetwageothermal energy
projects. The Geothermal Loan Guarantee Program (Gh&P¥ome successes and some
failures in using the power of loan guarantees to spuhgeuotl energy development and
innovation. The GLGP projects resulted in the constmof several direct-use projects, plus
power plants totaling 140 MW Loan guarantees for geothermal energy developmeat wer
discontinued in 1988.

A Programmatic Environmental Impact Statement (PEI8hder development for the major
geothermal areas of the western United States by theiBlpartnership with the U.S. Forest
Service. The USGS will provide geological and analytscgdport. The final PEIS will be
completed concurrently with the updated USGS assessmesptiantber 2008. The development
of the PEIS is driven by two main factors. The fissthe industry interest in exploring and
developing geothermal resources and reducing the leasing backfederal lands. The second
driving factor is the growing need for greater renewagneration in a manner consistent with the
laws governing public lands. The PEIS should result in meothermal projects moving forward
without the holdups and backlogs of the past.

Under Section 225 of the Energy Policy Act of 2005, the Deyarts of the Interior and
Agriculture, on behalf of BLM and the Forest Service F3§ produced a Memorandum of
Understanding (MOU) to coordinate geothermal leasing andittierg on public lands and
National Forest System lands between the two agenthles MOU outlines the agencies'
respective roles, responsibilities, and authoritiessh includes a five-year program for
geothermal leasing of lands on National Forest lasdgedl as a program to reduce the
geothermal lease application backlog 90% by 2010.

18.3.1.2 The EPA Green Power Program

The EPA Green Power Partnership encourages organiztdigokintarilypurchase “green”
poweras a way of reducing the environmental impacts ageocigth electricity generation.
Green power is a marketing term for electricity tlsagénerated from environmentally preferable
renewable energy sources, such as solar, wind, geotheiomass, biogas, and low-impact
hydropower. The EPA “Top 25 Partners” are partners iGtieen Power Partnership whose
annual green power purchase is the largest nationwidebiBed, their purchases amount to
almost 4.4 billion kWh annually, which is approximatel$60f the green power commitments
made by all the Partners. Number 3 on the list in 20@6the U.S. Air Force at 457,500,000
kWh green power usage, which was 4% of its total elégttise. The sources were biomass,
geothermal, solar and wind.

18.3.1.3 Federal Purchases of Renewable Energy

EPAct 2005 requires that the Secretary of Energy seek tioeetigt of the total amount of electric
energy the Federal Government consumes during any yisag the following amounts are to be
renewable energy: 1) not less than 3% in fiscal years @00idgh 2009, 2) not less than 5% in
fiscal years 2010 through 2012 and 3) not less than 7.5%cal flear 2013 and each fiscal year
thereatfter.
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The Department of Energy last reported on federal pursteisgectricity from renewable energy
sources in November of 2005. The Department stated dintteathat the federal government
exceeded its goal of obtaining 2.5% of its electricitydsefrom renewable energy sources by 30
September 2005. Summary information is not yet availidol 2006. In September 2006, the
DOE Federal Energy Management Program (FEMP) providedtiregpguidance for FY 2006 for
Federal Government Energy Management and Conservatignafrs. The information collected
will be used to develop the FEMP FY 2006 annual reportadJitited States Congress.

18.3.1.4 GeoPowering the West

The GeoPowering the West (GPWitiative was started in 2000 by the Department of En&wgy
increase the use of geothermal energy in the UnitedsSt&PW works with the geothermal
industry, power companies, industrial and residential consyjras well as federal, state, and local
officials to provide technical and institutional support anst-shared funding at the state and
local levels. Networking is achieved through collabiweapartnerships with the National
Conference of State Legislators, the Western GovsrAsgsociation, Western Interstate Energy
Board, Western Electricity Coordinating Council, dhel Western Renewable Energy Generation
Information System. There are 14 active grants tte ®avernments and GPW Partners. These
awards are part of the GPW emphasis on fostering gemthprojects through State Working
Groups that have been created in 11 states throughout tihe Wes

18.3.1.5 Renewable Energy Systems and Energy Efficiency Improvements Loan and
Grant Program - USDA

The 2002 Farm Bill established the Renewable EnergeSysand Energy Efficiency
Improvements Loan and Grant Program to encourage agralytiwducers and small rural
businesses to create renewable and energy effigisteings. The funds are available to support a
wide range of technologies encompassing biomass, geothéydedgen, solar, and wind energy,
as well as energy efficiency improvements. A tofad35 grants totaling $66.7 million have been
awarded in 36 states since the program began, and in 20@% fost time, renewable energy
loan guarantees were made under the program. In Junel28D#, announced the availability of
$176.5 million in loan guarantees and almost $11.4 milligyramts to support investments in
renewable energy and energy efficiency improvementgbgudtural producers and small
businesses.

18.3.1.6 Bureau of Land Management (BLLM) - Department of the Interior

Half of the Nation’s geothermal energy production occurBemferal land, much of it in California
and Nevada. The BLM currently administers about 350 gautdideases. Fifty-five of those are
producing geothermal energy, including 34 power plafte BLM has been expediting the
application process for geothermal leases, issuing than 200 leases since 2001, compared to
25 leases during the period 1996-2001.

The Department of Interior announced proposed rulesatbald require more competitive leasing,
offer simplified royalty calculations and share curr@yaities with counties where production
occurs. The Bureau of Land Management’s proposed rule weglite competitive leasing for
geothermal resources on nearly all federal lands desigjfizr this type of development. If no

bids are received, then these resources would be offenecbntetitively for two-year periods.
Proposed regulations by the Minerals Management ServibtSjMvould establish a fee schedule,
in lieu ofroyalties, for the direct use of geothermal resourdeshwwould provide an incentive to
encourage the development and expansion of this altereatvgy source. The MMS rule also
would simplify the royalty calculations for electrig@neration by basing them on a percentage of
gross proceeds from the sale of electricity. Thedets of proposed rules were written in
response to EPAct 2005, which mandated comprehensive shiangasing and royalty policies

to encourage geothermal energy use without imposing addigoiministrative burdens on
industry or government agencies.
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18.3.1.7 National Forest Service - Department of Agriculture

Renewable energy development plays a significant raleeitUSFS implementation of EPAct
2005. The BLM and the USFS coordinate geothermal restaasig activities on National
Forest lands. The USFS provides the consent to leagsheaBiM issues the leases. The USFS
serves as lead agency for geothermal leasing availasialyses and decisions and conducts
analysis of geothermal activities on National Forastisa There are currently 116 geothermal
leases on National Forest lands. Five are producasgseproviding geothermal fluid for a 12
MW, power plant and a 45 Myyower plant.

18.3.1.8 Renewable Portfolio Standards (RPS)

At the state level, the most popular and effective pabols have been Renewable Portfolio
Standards. Generally, the Standards mandate thaestdperating within a state must provide a
designated amount or percentage of power from renewablees@s@ portion of their overall
provision of electricity. These have been adopted by#t8ssand the District of Columbia as of
the end of 2006. Many of them explicitly include geothermedtakity and some mention
geothermal heat pumps. States anticipate significanbedordevelopment benefits from
promoting renewables, particularly given the promisgeseloping home-grown energy sources.
States are also attracted to renewable portfolialsras by the prospect of greater reliability of
electricity supply in coming decades and the prospectdofieg air pollutants through a shift
toward expanded use of renewables (Pew Center R&sw¢: to the Top: The Expanding Role of
U.S. State Renewable Portfolio Standards

18.4 Development Constraints

Growth in geothermal electricity development in the ethiBtates continues to be constrained by
high front end costs, delays in leasing and permitting, ¢egiital costs, financial risk, local
opposition to development, and the potential for environrhgngacts. On the other hand,
rapidly rising U.S. energy costs have increased intarestd support for all forms of renewable
energy. The best hydrothermal geothermal sites e of scenic, but isolated areas. As the
geothermal industry expands and residential development istmidethese areas, land uses will
come increasingly into conflict. On a site-by-disesis, with geothermal development comes
concerns about scenic vistas, tribal sacred landsndnded seismicity.

Induced seismicity is an emerging issue which may or magnove to be a significant
impediment to the development of geothermal resourdbeiblnited States. Natural
microearthquakes occur in both undeveloped and developed hydratheservoirs. And larger
events do occur; for example, a magnitude 4.4 earthquakerezbirterhe Geysers geothermal
area occurred in May 2006 and tripped three Calpine geothplamés$ offline. A second quake,
magnitude 2.3, occurred six minutes later. The USGStegptirat a total of 37 microearthquakes
followed the initial event. The strongest quake the B®@er recorded in the area was a
magnitude 4.6 on 29 May 1987.

18.5 Economics

18.5.1 Trends in Geothermal Investment

In its handbookA Handbook on the Externalities, Employment, and Economics diéetl
Energy,GEA, October 2006) the GEA stated that the Californiergyn Commission had
estimated the levelized generation costs from new gen#iglants at 4.5 to 7.3 cents/lkWh. The

lower-end price figures cited for geothermal powerljikely on lower than average upfront
financing agreements, or consider only projects thabaiteas expansions of existing projects.
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Most geothermal developers contend that the cost fempngects is in a range of 5.5t0 7.5
cents/kwWh.

In its Geothermal Task Force Repdtige Western Governors Association (WGA) reportedttiet
Western States have a capacity of almost 13,00Q bf\yeothermal energy that can be developed
on specific sites within a reasonable timeframe. h@ftotal, 5,600 MWare considered by the
geothermal industry to be viable for commercial develapnby 2015. The 5,600 MVis

estimated to be developable at busbar costs in a rateeltized costs of energy (LCOE) of

about 5.3 to 7.9 cents/kWh and assumes commercial projantiing conditions and the

extension of a production tax credit (PTC). Lacking a RY€atalyze renewable energy
development, the WGA stated that LCOE values would be 213/kgvh higher.

The cost of geothermal electricity is not the samtha price paid by a utility to the seller,
although the distinction is not always made. For exangouthern California Edison (SCE) and
four of its largest renewable power suppliers announcedraement in 2006 establishing a fixed
price for SCE’s wind, solar, biomass, geothermal, amall$hydro power purchases through mid-
2012 starting in May 2007. SCE'’s agreements with Caithmesgf, Colmac, Ormat, and FPL
Energy established a five-year price of 6.15 cents/kWhinkhegases 1% annually starting in the
second year. Renewable facilities participating enareement supply approximately 45% of the
renewable energy SCE buys for its customers.

The 2,376 MW of potential capacity cited by the GEA cited earliecasently under
consideration will be strongly driven by the pricéeoéd under Renewable Portfolio Standards,
actual development costs, and the existence of a Pradde&ioCredit for geothermal projects.

18.5.2 Geothermal Power Plant Costs

Costs for a 50 M\Wgeothermal power plant are presented in Figure 18.8. TheeGtitnated that
a typical 50 MW power plant costs approximately $140 million, including sitestipment and
exploration costsA Handbook on the Externalities, Employment, and Economics of Geatherm
Energy GEA, October 2006).

Permitting

Exploration

Drilling

Power Plant
equipment &
construction

Steam Gathering

Transmission

Figure 18.8 Typical costs for a geothermal power plant (GEA).
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18.5.3 Employment in the Geothermal Sector

From a geothermal employment survey conducted by the (GEAthermal Industry Employment:
Survey Results and Analydifance, 2005), it was determined that the United Statebeyendl
industry supplied about 4,583 direct jobs in 2004. This correlgubto 1.7 jobs/MWof installed
geothermal power capacity. The GEA assumed a multipfii2r5 and concluded that the direct,
indirect, and induced job impact of the industry in 2004 woula Heeen 11,460. The GEA
further stated (Hance) that achieving the 5,600 M¥\geothermal production projected by the
WGA by 2015 would result in 9,580 new full-time jobs from geatrerpower facilities, and an
additional 36,064 person-years of manufacturing and consmusinployment. Also, according
to the GEA A Handbook on the Externalities, Employment, and Economics of Gealtenergy
October 2006), a typical 50 MMgeothermal power plant, costing approximately $140 million
would produce an economic output of nearly $750 million overed®s, of which over $20

million would be delivered directly to the federal, stated county governments where the plant is
located. That same 50 MMlant would produce 212 fulltime jobs and 800 person-years of
construction and manufacturing work.

18.6 Research Activities

18.6.1 Focus Areas

The DOE Geothermal Technologies Program conducts focesedrch to: 1) enhance the
performance of geothermal systems through the applicatiadvanced technologies; 2) reduce
risk and cost through improved reservoir engineeringjrdiitind conversion techniques; and 3)
expand the resource base with improvements in methofladorg new resources and cost-shared
exploration with industry. Technology improvements wittelerate the discovery and production
of geothermal power. The technologies being pursued aupepl into five major categories:

» Exploration and resource characterization

»  Well field construction and management

» Resource management

»  Productivity/permeability enhancement

» Energy conversion

Under the National Energy Policy of 2001 (NEP), the Depamtmof the Interior (DOI) and
Energy (DOE) are charged with characterizing the Natiamésgy resources and removing
obstacles to their development. In order to meet thilé idBndate and provide the geothermal
community with updated resource information, the USGS and 8ighed an MOU for
collaborative studies in support of geothermal resourcesesats.

18.6.2 Government Funded Research

18.6.2.1 Geothermal Technologies Program- Department of Energy

The DOE Geothermal Technology Program (GTP) works thighprivate sector to develop the
technology base that will enable private sectorstment in geothermal energy in the future. The
GTP is focused on partnerships with industry, universiiesother Federal entities to:

» Understand the potential of the geothermal resource

» Develop the technology to access and capture geotheneraiye
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» Cost-effectively convert geothermal energy to eleityric
» Facilitate implementation and deployment of technologyhleyprivate sector

DOE is working on developing new exploration tools witmagional laboratories including the
Idaho National Laboratory, Lawrence Berkeley Natiorethdratory, Lawrence Livermore
National Laboratory, Sandia National Laboratory, ardNational Renewable Energy
Laboratory. In the past, DOE also sponsored cost-sleaptdratory drilling projects with
industry resulting in the discovery of significant new fogtlermal fields for development by the
private sector. Other areas of R&D are fracturing sufzburface imaging to maximize the extent
and amount of energy that can be recovered from a gea@herservoir. DOE is also evaluating
the potential use of supercritical carbon dioxide as a wgrkiiid. Using carbon dioxide has the
potential for increased efficiency and possible seqaiisitr of the carbon dioxide in geologic
strata.

18.6.2.2 United States Geological Survey- Department of the Interior

The new USGS geothermal resource assessment, now ugderivaresent a detailed estimate
of electrical power generation potential and an evaluafitineomajor technological challenges
and environmental impacts of increased geothermal develtprithe results of the assessment
will also support the development of geothermal energydantifying uncertainties in the
assessment process and highlighting ways for future funrededrch to better constrain those
uncertainties and advance the state of geothermal kdgale

18.6.2.3 United States Navy- Department of Defense

Although the primary mission of the Navy's Geotherfadgram Office is to develop and manage
geothermal resources for the military, the Prografit©&nd the Geothermal Technologies
Program of the Department of Energy are cooperating @arels on Enhanced Geothermal
Systems using wells at the Coso power plant at China Caltidornia. The Navy's Geothermal
Program Office, located at the China Lake Naval Air e Station in California, manages and
develops geothermal resources for the military.

18.6.3 Industry Funded Research

The United States geothermal industry conducts littieares) and development since it is focused
on developing and operating currently defined hydrothermahgemal resources. For 30 years
the DOE geothermal research program has filled thisaraléhas coordinated closely with the
industry to insure that the research supported by the fegtsratnment is directed toward the
critical needs of the industry and the country. The GBAstated that the geothermal industry
supports a continued DOE geothermal research program to sitfizesear-term need to expand
domestic energy production and the longer-term need tohfedreakthroughs in technology that
could revolutionize geothermal power production.

18.6.4 Other Research

The following organizations conduct geothermal researgretisis having educational components:
18.6.4.1 Great Basin Center for Geothermal Energy, University of Nevada, Reno

The Great Basin Center for Geothermal Energy, patteotiniversity of Nevada, Reno, conducts
research directed towards establishing geothermal engrgy @conomically viable energy source
within the Great Basin. The Center specializes irectig and synthesizing geologic,

geochemical, geodetic, geophysical, and tectonic data, argl@sographic Information System
(GIS) technology to view and analyze this data andddyre maps of geothermal potential.
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18.6.4.2 Geothermal Laboratory, Southern Methodist University

The SMU Geothermal Laboratory is an educational aseareh arm of the Department of
Geological Sciences. The Geothermal Laboratory meavarious parameters relating to the
thermal field of the Earth and applies these obsematio areas such the geothermal resources,
plate tectonics behavior and the mapping of Earth'snlgoroperties at the surface and
subsurface levels.

Figure 18.9 (this chapter title page) shows the heatdlave conterminous United States where
one easily sees that the western region of the cohagigher heat flow than the eastern part.
This heat flow map was developed by SMU and used in tieSldy.

18.6.4.3 Geo-Heat Center, Oregon Institute of Technology

The Geo-Heat Center, Oregon Institute of Technologg, established in 1975 and is active in
research, technical assistance and information servigethermal direct-use and ground-source
heat pumps. The Center provides technical assistangedthermal projects in the area of
equipment and materials selection, feasibility studiesgdesiouble-shooting and economic
evaluations. The Center publishes @uearterly Bulletin technical papers, software and
monographs on geothermal energy.

18.6.4.4 Stanford Geothermal Program, Stanford University

The primary objective of the Stanford Geothermal Progsdtine development of reservoir
engineering techniques to allow for the production ofétgon's geothermal resources in the most
efficient manner possible. The focus currently is onjeetion into vapor-dominated reservoirs
such as The Geysers. Stanford sponsors an annual Geaithiéorkshop. The workshops, which
have been held since 1975, bring together engineers,istsemd managers involved in
geothermal reservoir studies and developments andderaviorum for the exchange of ideas on
the exploration, development and use of geothermal resoufites 31 Stanford Geothermal
Workshop was held 30 January-1 February 2006.

18.6.4.5 Intermountain West Geothermal Consortium

The Intermountain West Geothermal Consortium (IWGQ) indiated in 2006 and is comprised
of six institutions from four states and will be condugtiargeted studies of low, moderate, and
high temperature geothermal systems in Idaho, Oregoh, N&vada, and elsewhere. Language
in EPAct 2005 authorized the creation of the Intermouiéést Geothermal Consortium. The
IWGC is currently comprised of the Idaho National Ligtory, the Idaho Water Resources
Research Institute at the University of Idaho, the Beat Center at Oregon Institute of
Technology, the Desert Research Institute (Nevade)-tiergy and Geoscience Institute at the
University of Utah, and Boise State University.

18.7 Geothermal Education
18.7.1 Geothermal Technologies Program

The educational aspects of the Geothermal Technologoggd activities are implemented
primarily through its GeoPowering the West (GPW) progrdihe GPW provides State-based
technical assistance and education for decision-magelisymaker, utilities, regulators, and
other stakeholders. The GPW also identifies approptaaget audiences and produces
suitable information products. Its efforts reach alladion levels (K-12, university, and
research staff). Geothermal outreach publicationsbeaaccessed through the DOE
geothermal website.
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18.7.2 Geothermal Legacy Project

The DOE Office of Scientific and Technical Informati@STI) and the DOE Geothermal
Technologies Program, supported by Princeton Energy Resdoteesmtional, LLC, conducted a
project to collect DOE-sponsored reports and other docurimeptstant to the history of the DOE
geothermal program. Thousands of documents identified esthi®&rmal Legacy” documents,
many previously available in print only in a handful ofréwes, were converted to PDF and
electronically stored in a searchable database. Both@mal Legacy Project concluded
September 2006 with approximately 7,300 documents in the databdsvailable online.

18.7.3 Geothermal Education Office

The Geothermal Education Office (GEO) promotes publderstanding about geothermal
resources and its importance in providing clean sudiksrenergy while protecting our
environment. The GEO produces and distributes geottheduaational materials to schools,
energy and environmental educators, libraries, indusid/ttee public. The GEO collaborates
with education and energy organizations with common gaats, through its website, responds to
requests and questions from around the world.

18.7.4 Geothermal Resources Council

The Geothermal Resources Council (GRC) is a tax-exeraptprofit, educational association.
The GRC has members in 30 countries and actively seelxgp#md its role as a primary
professional educational association for the internatigeathermal community. The GRC
convenes special meetings, workshops, and confereneebroad range of topics pertaining to
geothermal exploration, development and utilization. In amdithe GRC periodically schedules
a basic, introductory course about geothermal resourcegesetbpment.

18.7.5 Geothermal Energy Association

The Geothermal Energy Association (GEA) is a tradecéstson composed of U.S. companies
who support the expanded use of geothermal energy and arepiteyegleothermal resources for
electrical power generation and direct-heat uses. GHE also conducts education and outreach
projects. In November, the GEA, Glitzier, a leadingdiospecialty bank; Bob Lawrence and
Associates; US Renewables Group; and Ormat hostedsh&dist Coast Geothermal Finance
Workshop. The workshop highlighted geothermal energy prageotsd the nation, policies and
issues influencing growth, and opportunities in geothkeemergy.

18.8 International Cooperative Activities

The United States is a Contracting Party to theatgonal Energy Agency Geothermal
Implementing Agreementriiplementing Agreement for a Co-Operative Programme on
Geothermal Energy Research and Technglsgyned on 7 March 1997. The DOE Geothermal
Technologies Program and its research organizatiatisipate in and host international
conferences and meetings. The Department of Energysi@ivof Geothermal Technologies,
participated in th&econd International Conference and Roadmapping Workshop on Mineral
Extraction from Geothermal Brindgld in Tucson, Arizona on 6-8 September 2006. This
conference was sponsored by the World Bank, Russiatn&eutl Society, the U.S. Department
of Energy, and the International Geothermal Association.
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18.9 Websites of Interest

A listing of some Internet websites for additiondbimmation on geothermal energy in the United
States is provided below (in no particular order):

» Federal geothermal progranmww.eere.energy.gov/geothermal/

The “Nevada Geothermal Update” is availablel#tp://minerals.state.nv.us/programs/prog-

0gg.html

California geothermal wellswww.consrv.ca/dog/geothermal/index.html

Database of renewable energy incentives for reneveslaegy: www.dsireusa.org

Geothermal Energy Association (GEA) references,répsrt: www.geo-energy.org

Direct use; Geo-Heat Cententtp://www.geoheat.oit.edu

Geothermal Legacy Projechttp://www.osti.gov/geothermal

Geothermal resource mapisttp://geothermal.inel.gov

Geothermal wells and springs in Utah:

http://geology.utah.gov/geothermal/interactive/index.html

*  MIT EGS studyhttp://web.mit.edu/newsoffice/2007/geothermal.hamdl
http://geothermal.inel.gov

» EIA Annual Energy Outlookhttp://www.eia.doe.gov/oiaf/aeo/index.html

» EIA Short Term Energy Outlookhttp://www.eia.doe/emeu/steo/pub/contents.html

* Geothermal Heat Pump Consortiutmtp://www.geoexchange.org

Author and Contact

Clifton Carwile, c/o Gerald Nix, National RenewabledEgy Laboratory, Golden, Colorado, USA;
clcarwile@msn.com
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SPONSOR ACTIVITIES
Chapter 19

Figure 19.4 Snubbing unit setup over Habanero 2, 20 March 2006.adtu@l snubbing unit was
set 33 m above ground level on a scaffold and 10,000 psi ratett Tiser pipe.

19.0 Introduction

19.0.1 Background

Brisbane-based Geodynamics is the corporate pionésti Fractured Rock (HFR) geothermal
energy in Australia. The Company’s goal is the devetagmf a large known HFR resource for
the generation of zero-emission, base-load elegtiitjd00 MW, and more).

The development of this geothermal resource locatéki€doper Basin, South Australia, will make
Australia a world leader in lowering greenhouse gassions. To underpin this aim, Geodynamics
has acquired rights to the high efficiency power gereré¢ichnology known as the Kalina Cycle.
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To reach its objectives, the Company has a businassfggussed on:

» Athree-stage plan for the development of the Cooper B#dmgeothermal electricity
project

» A development plan for Kalina Cycle electricity genematin the geothermal and industrial
waste heat industry

During the year 2006, Geodynamics:

» Had delays in its HFR testing program due a failedimgilcampaign using a snubbing unit to
drill around a blockage at depth in its second well Haba®ero

» Carried out flow tests indicating the presence ofgel@ermeable reservoir with large water
storage around the Habanero wells

» Completed a Reservoir Enhancement program which establiskessbnd parallel reservoir
and a 52% increase of the existing main geothermal @serv

e Completed front end engineering design for the demonstrplamt using Kalina cycle

* Measured high geothermal gradients at the Company’s Bulgaeratiph license in the
Hunter Valley, NSW

» Formulated the plan for a 280 MMwulti-well staged commercial HFR development with
connection to the National electricity grid

»  Submitted an application to the Federal Government forld®$A75.4 million grant from the
Low Emission Technology Demonstration Fund (LETDF) far finst 40 MW, stage of the
280 MW, project

* Raised AUS$ 17 million from a share placement in April 2006

» Assisted in an independent study of the economic benefissge scale HFR generation by
The Centre for International Economics which showestall'national benefits of more than
AUSS$ 10.3 billion

» Made significant contributions to a USA Department ofrgpelanning meeting on HFR
geothermal development in the US

* Was awarded Mootanna Geothermal Exploration License 2ht i@doper Basin

*  Was offered two new geothermal exploration tenemer8\mQueensland

* Was awarded Sustainable Small Company of the Year 2005

Geodynamics was listed on the Australian Stock Exchan§eptember 2002. The Company has
the support of the Federal Government through a previous$AUSmillion Ausindustry Grant

(2002-3) and an AUS$ 5 million REDI grant awarded in December 200 fBtage Two
demonstration plant.

In addition, Geodynamics has the invaluable support ofidbrnerstone investors, Woodside
Petroleum Limited and Origin Energy Limited- two of Austis largest energy companies. Both
shareholders have warmly endorsed Geodynamics appliatiargrant under the Federal
Government’s Low Emission Technology Demonstration Funttimrecent times promptly
provided resources for the Company’s independent driléwigw.
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19.0.2 Highlights- Geodynamics Progress Since Listing

Geodynamics’ progress since listing:

Listed on ASX as a renewable energy developer in Septe20b@

Owns 100% of Geothermal Exploration Licenses (GEL's)987,99 and 211 in the Cooper
Basin, in the north-east of South Australia

Major high temperature granite resource in GEL 97 anst&®s at a depth of 3,700 metres
and covers an area of approximately 1,008 km

Target granite temperatures of 250 °C plus, making i diest spot on Earth outside
volcanic centres

Contained, in place, thermal energy in GEL's 97 ande®®édwen 3,700 m and 5,000 m depth
is estimated at equivalent to 50 billion barrels of @dnsiderably greater than the energy in
total oil reserves of the USA

First deep geothermal injection well (Habanero 1) cotedlen October 2003 to a depth of
4,421m

Discovered over-pressured water (35 MPa) within the tgrgettes, i.e. project has its own
water supply

Created an enhanced underground reservoir using hydrandidation in late 2003. The
stimulated zone, or underground heat exchanger, is seves lrger than expected and is the
largest developed in the world to date

In January 2004, acquired global rights to high efficiencyrigatiower cycle with superior
power conversion efficiency for heat sources withinrtimege of 100 °C to 250 °C

Established Geodynamics Power Systems with a pawggneering team in Auckland NZ to
commercialise Kalina for HFR, conventional geotheramal waste heat electricity generation

First deep geothermal production well (Habanero 2), caegbie December 2004 to a depth
of 4,359 m

Produced first high temperature geothermal flows in Alistrdemonstrating the extraction of
deep underground heat in May 2005 (15 megawatts thermal p@gucti

Conditional award of AUS$ 2.1 million Greenhouse Gas AbaterRrogramme (GGAP)
grant for development of a waste heat Kalina Cycletplan

Completed scoping studies and front end engineering designX.6 MW Kalina Cycle
generation plant for Stage Two of the Cooper Basin prejed awarded a AUS$ 5 million
REDI grant from Auslndustry for this project

Modelling suggests that a planned multi-well HFR reseraodt power station at a scale of
280 MW, will have an economic life exceeding 50 years
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19.1 Status of Geodynamics’ Geothermal Activities in 2006
19.1.1 Cooper Basin HFR Geothermal Project
19.1.1.1 Reservoir Testing Programme

The 2005 flow testing program from Habanero 2 startéaténMay 2005. After producing
artesian flow rates of up to 25 I/s, it was shut dow® @ctober 2005. Artesian flow in Habanero
2 was coming from the top fracture system, but not fiteeriarger bottom fracture at the time.
The bottom fracture was blocked off by an obstruction.

The eight remote seismic monitoring stations conttowmsllect data which is manually
downloaded each month. This monitoring indicates thataedl smmber of acoustic events
continue to take place around the margins of the adtivaiee. Figure 19.1 shows the extent of
the activated zone in 2005 compared to the end of 2003figLine is colour contoured for the
number of events in a given area.
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Figure19.1 Seismically activated region on 2003 (left) compared to 20@32005 combined

(right). Scale in metres. The colour scaling referthé number of acoustic events
per lateral bin (200 m by 100 m bin).

During the top zone stimulation in August 2005, the Companyplesiad through pressure
monitoring at Habanero 1 that there was virtually yaraulic communication between the top
and bottom zones despite both zones extending horiofttahundreds of metres and only being
100 m apart vertically. This is a favourable result akearly demonstrates that parallel sub-
horizontal reservoirs can be independently developedalatuat was set during the initiation of
the project in 2002.
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19.1.1.2 Reservoir Modelling

During 2005/06, we considerably improved our understanditigedbngevity, scale-up and
performance of multi-well HFR geothermal systems. Wuosk was carried out by Q-con GmbH
in Germany. The thermo-hydraulic simulation was bBasea geological model with fracture
porosity and transmissibility parameters derived froseolmtions in the Habanero system. The
modelling was implemented with a commercial finitavedat software package (FEMLAR It
examined a flow field of wells spaced at 700 m and 1,000 nmaimgular (43 wells) and square
(41 wells) grid patterns as shown in Figure 19.2.

Figure 19.2 Temperature draw-down modelled with triangular and
square well patterns after 20 years for 43 and 41 wegdjsectively,
with a 1,000 m spacing between injection and productiorswélhe
original high temperature of the system is shown inaiétd lower
temperatures grading through yellow and green to blue tdat
temperature breakthrough at the production wells hagetdaken
place.
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Flow rates across the field were designed to produceeautrical output of 280 M\\at an
initial output temperature of 252 °C. The model wasawer 20 and 50 years to examine the
temperature drawdown over those periods.

The modelling showed that for the parameters and veddl fayout adopted, the temperature
reduction over 25 years would be 20 °C or less. Over &&ythe temperature would decline by
40 °C or less (Figure 19.3).

This has important (and favourable) implications fer ltfe of an HFR power station. For a given
geothermal fluid flow rate, the power generated declisgbafluid temperature falls. If the
temperature falls too far, then the whole economsishaf the project can be badly affected.
However, analysis of the temperature decline above showsamomic life of more than 50 years
which is very satisfactory.
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Figure 19.3 Model of temperature draw-down of an HFR reservaisisiing of a heat exchanger
between 4,200 m and 5,000 m depth connected to a well-fidltlwells arranged in square
pattern with 1,000 m well spacing. Solid line is the nledeemperature at 5,000 m,
dashed line is at 4,200 m.

19.1.1.3 Habanero 2- Well Intervention

The well intervention was designed to restore the coiumelsetween Habanero 2 and the Bottom
Zone reservoir by drilling a new 550 m long open hole satktfrom near the bottom of the
existing 7-inch casing. The decision was made to usiéeaetiit drilling approach using fully
under-balanced drilling with water.

Under-balanced drilling eliminates the problem of iding mud into the reservoir which has
caused damage to the fracture permeability during previdlisglriThis approach also favoured
the use of a “snubbing” unit over a conventionallidglrig. Use of a conventional drilling rig
would have delayed the program. It would also have redjaoesiderable modification to safely
control the resulting surface pressures. The deciggaalso made to use down-hole turbines to
drive the bit, rather than a more conventional surfesedrive”. These are all advanced but
established techniques. The snubbing unit (Figure 19.4thster title page) allowed entry into
the over-pressured well (35 MPa) through the well heabwitkilling” the well with heavy drill
mud, without the need to remove the Christmas tred figad assembly above the ground) and
without the use of a bridge plug, all major advantagesddiition evidence from other under-
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balanced operations indicated that considerable ireseamild be expected in the drilling rate of
penetration (ROP) compared to balanced drilling.

Blade Energy Partners (Blade) of Houston Texas were ¢ssioned to carry out the drilling
operation and a small team ably lead by Jim Carr afi®knd assisted by Dave Baillargeon of
Flow Drilling Engineering Limited of Canada carried dut preparation. This included the
manufacture of an elaborate support structure and scadfoltlinstallation of a complex pumping
system using pumps supplied by Halliburton. The pumps were eddoicontain the reservoir
overpressures and to cool the surface equipment iffflaw the reservoir became too great.
Following extensive planning, rig-up and commissioning of Ingb&nubbing Service's (ISS)
Snubbing Rig 15 together with ancillary specialised undérzed drilling equipment, Habanero
2 was re-entered on 10 March 2006.

An attempt to re-enter the previously drilled sidetrackith the objective of pushing down the
blockage caused by the sunken bridge plug, was not successfalaltsltre to trip through the
casing window (due to pinched casing or a misaligned whigstdgonsequently, a new
whipstock (a metal wedge cemented in the hole desigrai/tate the drill bit) was set inside the
casing to enable the drilling of a second sidetrack.ew casing window was successfully milled
at a depth of 3,845 m using the “one trip” whipstock system.

The drilling of sidetrack 2 was beset by technical diffies including two broken turbines
(requiring two additional sidetracks), stuck drill pipe e@seand the failure of seals in tri-cone bits
due to the high down-hole temperatures and long tripping fimeasd out of the hole (i.e. the time
taken to reach the bottom of the hole, and the tinfeibg the bit back to the surface). There were
a total of 19 bit runs before the drill bit becanretiievably stuck one joint off bottom with the
hole at a depth of 4,226m. This depth was close to thedéteé upper reservoir and
approximately 145 m above the target main zone.

The snub drilling equipment performed reliably at surfaddewever it was clear early in the
operation that this was going to be difficult drillingihe borehole breakout (spalling of small rock
chips off the borehole wall) was much worse than witlaticed drilling. This had been
anticipated ahead of the program, but its degree wasastiseated. In hindsight this was a
mistake. The slow tripping and cumbersome method &fngaconnections for the snubbing unit
added to this difficulty.

The snubbing unit was released on 30 June 2006.

Geodynamics put in place a program to ensure whateaasdd from this well intervention would

be captured. An “After Action Review” was carried oytNbanagement on 11-12 July 2006. In

addition, a Board initiated external review was held odu8¢ and 1 August 2006 chaired by non-
executive director Robert Flew.

Both reviews recommended that the next drilling camptilge place with a conventional drilling
rig operating under managed pressure drilling (MPD) fobtlik of the granite section. Drilling
through the main fracture system would require a systenbleapgdrilling under-balanced with
snub assist, but MPD may be the initiaddus operandéven at that depth.

It has been determined that a new well, HabanerolBbevdrilled as soon as practicable and that
the fracture network will be drilled with 5-inch dndipe rather than the 3%-inch used in Habanero
1 and 2. This higher specification pipe is considerablyemobust and less prone to twist-offs.
The hole diameter will be 8%-inch and cooling will bereeffective because higher circulation
rates can be achieved in the bigger hole.

Once connection to the main reservoir has been estatilis Habanero 3, the circulation testing

program will resume. The test of at least six weekatehr will include tracer injection. The
Company expects that this programme will provide treessary technical parameters to result in
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the declaration of a proven geothermal reserve dod #ie company to proceed to Stage Two of
its business plan.

19.1.2 Exploration not Associated with the Habanero Test Site
19.1.2.1 Cooper Basin, South Australia

Bulyeroo (GEL 97), Innamincka (GEL 98), Moomba (GEL 99) and Mootanna (GEL

211)- The Company’s Mootanna exploration license applicationasaspted by the South
Australian Department of Primary Industries and Resounc8eptember 2005. Mootanna
connects our flagship GEL’s 97 and 98 with the Moomba le¢G&L 99). There has been no
drilling to basement in Mootanna and it is unclear whregiranitic rocks amenable to HFR
development are present though temperatures in excess of 20th&ottom of the Cooper
Basin cover rocks are predicted. One well drilled byt&aim 2001 reached a depth of 3,050 m
with a bottom hole temperature of 173 °C only 16 houes aftculation stopped.

19.1.2.2 Hunter Valley, New South Wales

Bulga, (EL 5886); Muswellbrook, (EL 5560)- On the Bulga lease, two temperature monitoring
wells, GBD-1 and 2, were drilled using a diamond coriggo a depth of 300 m and completed with
plastic casing. The two holes are 4.3 km apart witim¢indnern-most hole showing a considerably
higher temperature gradient (70 °C/km in coal meastiras)the southern one (50 °C/km in coal
measures). The recorded temperature gradient in ttheermohole is also greater than those previously
measured in holes in the Company’s Muswellbrook teneraéiné thorth-west, whereas the gradient
recorded in the southern hole is comparable to therathdts. These new results come from relatively
shallow depths in the coal measures sequence and rtagt favestigation.

19.1.2.3 Queensland Geothermal Exploration Blocks

Geodynamics is preferred tenderer for two geothermairients in western Queensland. These are
known as Nappa Merrie (EPG6) and Tennaperra (EPG5). Bo#pproximately 600 kiin area.
The locations of the two successful Geodynamics basteown in Figure 19.5. Nappa Merrie
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Figure 19.5 Location of Tennaperra (EPG5) and Nappa Merrie (EPGéhgenal
exploration tenements in Queensland in relation to Geodigs’ geothermal
tenements in the Cooper Basin, South Australia.
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is on the border with South Australia, close to Geodyosirtenements at Innamincka. It covers
the extension of the Nappa Merrie Trough from South Alistireto Queensland. Granite within
the basement to this trough in South Australia contam®nly known geothermal resources in
Australia where Geodynamics is developing its prograitedtinero. To date, no wells have been
drilled in the Nappa Merrie tenement area.

Tennaperra contains a number of petroleum exploration amtishe depth to basement is quite
well known, being in the range 1,800 m to 2,500 m. Tentpergradients above the basement
are in the range of 45 to 60 °C/km. A number of wellselm the area have drilled into granite in
the basement.

The issuing of the two tenement licenses is yet twobepleted by the Queensland Government.

19.2 Planned Activities for 2007 (and Beyond?)

Geodynamics has been searching for a drilling rigatoymout its Habanero 3 drilling in mid-year
2007. Unfortunately there are no rigs in Australia, midhirdy contractors willing to mobilise a rig
to Australia for one well. As a result Geodynamias Hecided to purchase its own rig. The
company completed a global evaluation and selected anaativahS.-built rig ideally suited to
drilling the deep geothermal wells it has planned.

The rig will be operated for Geodynamics by an Austradianed specialist well servicing and
drilling contractor, Easternwell Group, who are firnetablished in the Cooper Basin where
Geodynamics is drilling. The new Lightning rig withst Geodynamics AUS$ 32 million, and
while Geodynamics has taken the step of acquiring aheg;ampany is not planning to have its
capital tied up in such an asset in the long term. A unitpaular design allows the rig to be
moved from one well to another within three days instéalde usual weeks, using around 30
truckloads instead of the normal 70. The rig's suppliexas-based LeTourneau Technologies,
has its Australian headquarters in Brisbane, ensuriglydamics access to skilled maintenance
and spare parts.

The rig is due to arrive in Australia mid-2007 and commehiténg Habanero 3 as its first
operation. Casing well head and Christmas tree havedvdered for delivery by July.

Once circulation testing is complete between Habahenrod 3 the company intends to commence
its first commercial development of 40 MW net. Thidl wdnsist of 3 injection wells and 4
production wells each drilled to 5 km. The aim is toehd® MW powered into the Australian
national grid by the end of 2010.

19.3 Comments on the Geothermal Market

19.3.1 Opportunities and Constraints from Geodynamics’ View

The Australian and state governments are becoming aawtalye of the problems of climate
change and the high per-capita {&nissions of greenhouse gases in Australia. Therers mo
support for renewable energy programmes, and a much gpeater awareness of geothermal
development in Australia. Much of this extra interest isidesd in Australia’s country report.

19.4 Company’s Research Activities (where they can be disclosed)
Geodynamics has been developing thermal modelling antiife modelling programs through its

consultant reservoir engineering company Q-con. dlsis supporting similar work being carried
out at the University of Queensland. The field operetiare being undertaken in a unique
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geological setting where temperatures are high becadamenic granites are buried under
insulating sedimentary cover. High horizontal stressesamrentre of the continent and high fluid
pressures in the natural granite fractures mean thigligonditions are also unique. The full
field program is classified as research.

19.5 Websites

* Geodynamicswww.geodynamics.com.au
* Letourneau:http://www.letourneau-aust.com
» Easternwell Grouphttp://www.easternwell.com.au

Author and Contact

Doone Wyborn, Executive Director, Science and ExploratBagdynamics Limited, Milton,
Queensland, Australigwyborn@geodynamics.com.au
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SPONSOR ACTIVITIES
Chapter 20

Well Blanche No. 1 at Olympic Dam, Australia.

20.0 Introduction
20.0.1 Background

Green Rock Energy Limited (“Green Rock”) is a public compastgd on the Australian Stock
Exchange and its funds have mainly been obtained from itstebiders.

Green Rock was admitted as a sponsor member of GlA@m2206. The Company is focusing
on the development of renewable, clean, geothermadepeojects with a strong commercial
objective. The company is pursuing engineered geotherstahsy (EGS) where water has to be
introduced into engineered fractures and conventional gewtheystems where hot water is
produced from water saturated natural geothermal reserv@iven suitable reservoir
temperatures, both types of geothermal energy depend oniagtsefficient sustainable water
flow rates to recover enough energy at the surface toeesmmercial success. The chief
challenges for both are the costs of drilling and pumfiingeothermal waters that are not self
flowing. For EGS, success is dependent on establishifigipnzy in fracture stimulation.
Because of this, the Company is participating in Annexdégmhanced Geothermal Systems), IV
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(Deep Geothermal Resources) and VIl (Advanced Geoth@®riting Techniques). Green Rock
also wishes to develop expertise in the use of directftrertdustry and agriculture as an adjunct
to commercial electricity production.

20.1 Green Rock’s Geothermal Energy Projects

Currently the Company has two principal projects, aventional geothermal energy project in
Ortahaza in Hungary (32% interest) and an EGS projediyatgiz Dam in Australia (100%
interest).

20.1.1 Hungary

Green Rock Energy is a participant in a joint venturttl thie Hungarian Oil and Gas Company
(MOL) and Enex the Icelandic geothermal consulting camgpga develop geothermal energy in
Hungary. The joint venture is refurbishing and flovtitesexisting oil wells, drilled and owned
by MOL, to access hot geothermal water encountered ddriltigg for petroleum, but which
discovered hot water in Triassic carbonate reservading aim is to produce electricity with
residual geothermal heat used for direct heating.
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Figure 20.1 The Ortahaza project in western Hungary.

The Ortahéaza project in western Hungary (Figure 20theidirst of what is expected to be a
number of geothermal energy projects to be undertakennigadty by the joint venture. Short
term water flow production testing has recently been coegblet Ortahaza No. 5 well, from
Triassic carbonates at a depth of around 3,000 m (Figu2ge 28s expected, the geothermal water
temperature at the bottom of the well was confirnzelet 146 °C and the formation water
chemistry exhibited relative low concentrations of aligsd solids. After the initial short term
production testing, acid was injected into the fractuaathonate reservoir to enhance the water
flow rates from the well. This acidizing substantiatigreased the water flow rates. Results are
still being assessed but it appears that while the conmdtgimumpable flow rates achieved from
Ortahdza No 5 are suitable for supply of energy for tireat applications they are considered to
be insufficient for commercial generation of electsicinder current conditions.
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As a consequence, most of Green Rock Energy’s expenditatesed on the Ortahaza well
testing program are expected to be refunded from the \Bari#t backed risk insurance Geofund.

The joint venture has started evaluation of its mextthermal energy project in Hungary.

Bk - Eer ’3’,},

Figure 20.2 Drill rig on Or

i :
el 7.

tahaza No. 5 well, Hungary.

20.1.2 Australian Projects
20.1.2.1 Olympic Dam Project

The aim of Green Rock’s Olympic Dam geothermal proje&outh Australia (Figure 20.3) is to
supply the current and proposed electricity needs of BHRoBIs copper operation at Olympic
Dam and the surrounding area.

The Company has already drilled a fully cored slim expboyatvell to a depth of 1,935 m at a site
about 8 km from the Olympic Dam mine facilities. Irations from the core and logs are that the
hot granites are subject to a compressional stresseegiich may facilitate horizontal fracturing
at greater depths required for production of electricitythe next six months Green Rock plans to
carry out a mini hydraulic fracturing (“mini-frac”) prograin the geothermal exploratory well to
provide an understanding of the magnitude and direction afittiéent stress field and geo-
mechanical fracturing properties of the hot granitesis hformation will assist in the design of
the hydraulic fracture stimulation program.

The Company then plans to drill new wells much deépr hot dry granite than the
already diamond cored slim exploratory well (1,935 mthgpnd circulate water through
fractured reservoirs engineered by them in the hpigdanite to provide hot water to
generate electricity.
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Figure 20.3 Location of the Olympic Dam geothermal project
in South Australia.

20.1.3 Future Projects

The Company has applied for additional geothermal lesirc South Australia and is reviewing
other potential geothermal projects within Australia arérnationally with the objective of
acquiring a portfolio of commercial geothermal projects.

20.1.4 Current Situation in Australia and Hungary
The situation in Australia is summarized in Australiajzant to the GIA.

In Hungary, which is not yet a member country of the Gi&re is no electricity production from
geothermal energy, but Hungary has a fiscal regime whiattractive for the production of
electricity produced from geothermal energy.

20.2 Future Challenges for the Geothermal Industry

One of the challenges faced by the geothermal energy igdsigitre high cost of drilling to the
depths required to obtain sufficiently high geothermal teatpees and the cost of downhole tools
which have in many cases been developed by the petrolelustripy  The lower profit margins in
the geothermal industry compared to the petroleum industry theathe geothermal industry can
not afford to bear as much failed exploration and evaluafidris means the geothermal industry
needs to work even smarter and use the best scientdicnation available, to reduce costs and to
limit wasted expenditure.

GIA 2006 Annual Report
211



IEA Geothermal Energy

The Company is in the early stages of developing knowihdS and fracture stimulation
technologies. It aims to assist the further developroetechnological improvements to assist
exploration for and exploitation of geothermal energy.

Author and Contact

Adrian Larking, Managing Director, Green Rock Energy, ¥\Resth, Australia;
alarking@greenrock.com.au
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SPONSOR ACTIVITIES

Chapter 21
ORMAT Technologies

» - o s o 'I
The 21 MW, Ormat geothermal power plant at Burdette, Nevada, W8#éd and operated by Ormat).

21.0 Introduction
21.0.1 Company Description and Activities

Ormat Technologies, Inc. is a leading vertically gngged company engaged in the geothermal
and recovered energy power business. We design, developduuilénd operate clean,
environmentally friendly geothermal and recovered gyxbiased power plants, in each case using
equipment that we design and manufacture. We conduct our busatiggges in two business
segments. In our Electricity Segment, we develop, build, and operate geothermal and
recovered energy-based power plants in the United States ahergead power plants in other
countries around the world and sell the electricigythenerate. In our Products Segment, we
design, manufacture and sell equipment for geothermal anceredoenergy-based electricity
generation, remote power units and other power genenatitgyand provide services relating to
the engineering, procurement, construction, operatiomeictenance of geothermal and
recovered energy power plants.
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In the past 25 years Ormat has designed and supplied abouV@06f geothermal power plant,
nearly all of which are still in operation.

Ormat has developed and manufactures organic vapor tuftone200kW, (non geothermal
applications) to 15 MW Initially focused on low temperature resources ordyl¢gav as 45 °C! in
Alaska), it has been expanded to a wide range of resourcgi@esdup to 225 °C in Hawaii).
Today, the Ormat Rankine Cycle (ORC) portfolio incluBeganic Rankine Cycles, Steam
Rankine Cycles and combinations of both.

Most of the projects that we currently own or operatelpce electricity from geothermal energy
sources.

In addition to our geothermal energy business, we havéagpedkand continue to develop
products that produce electricity from recovered energpanalled “waste heat.” We also own
and are constructing new recovered energy projects to edoand operated by us. Recovered
energy or waste heat represents residual heat thatesaged as a by-product of gas turbine-
driven compressor stations and a variety of industr@agsses, such as cement manufacturing,
and is not otherwise used for any purpose. Such residaatthat would otherwise be wasted,
may be captured in the recovery process and used by recowerggt power plants to generate
electricity without burning additional fuel and withoumigsions.

21.0.2 Business Strategy

Our strategy is to continue building a geographically balapoetblio of geothermal and
recovered energy assets, and to continue to be a leadimgfacturer and provider of products and
services related to renewable energy. We intemdpement this strategy through:

¢ Development and Construction of New Projects - continuously seeking out commercially
exploitable geothermal resources, developing and constructing netvegetal and recovered
energy-based power projects and entering into long-term pmwehase agreements
providing stable cash flows in jurisdictions where the raiguy, tax and business
environments encourage or provide incentives for suchlogwment and which meet our
investment criteria

* Developing Recovered Energy Projects - establishing a first-to-market leadership position
in recovered energy projects in North America and buildindhahexperience to expand into
other markets worldwide

*  Acquisition of New Assets - acquiring fromthird parties additional geothermal and other
renewable assets that meet our investment criteria

* Increasing Output from Our Existing Projects - increasing output from our existing
geothermal poweprojects by adding additional generating capacity, upgradarg pl
technology, and improving geothermal reservoir openatimcluding improving methods of
heat source supply and delivery

» Technological Expertise- investing inresearch and development of renewable energy
technologies and leveraging our technological expertisenttincmusly improve power plant
components, reduce operations and maintenance costpdesmpetitive and
environmentally friendly products for electricity geaton and target new service
opportunities

21.0.3 Highlights for 2006
In the year ended 31 December 2006, revenues from ourigtgctegment were US$ 195.5

million, constituting approximately 72.7% of our total eaues in 2006. Revenues from the sale
of electricity by our domestic projects were US$ 162.8 omilliconstituting approximately 83.3%
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of our total revenues from the sale of electricityd aevenues from the sale of electricity by our
foreign projects were US$32.6 million, constituting apprately 16.7% of our total revenues
from the sale of electricity.

The revenues from our product segment were US$ 73.4 million.

21.1 Status of Geothermal Activities in 2006
21.1.1 Active Geothermal Projects and Their Status

We increased our net ownership interest in generatipgaity by 51 MW between 31 December
2005 and 31 December 2006, resulting from the following:

* Anincrease of 19 M\Y/ attributable to the acquisition of an additional 79.0% oglmip
interest in the Zunil project in Guatemala

* Anincrease of 22 M\ attributable to the construction of the OREG 1 recalerergy
project

* Anincrease of 6 M\Y attributable to the Gould geothermal power plant

* Anincrease of 5 MY attributable to increased generating capacity of outiegis
geothermal power plants resulting from improvementeeéameothermal well fields of some
of our existing projects

* We experienced a 1 MWeduction in generating capacity at our Brady project astrof
cooling

*  During the fourth quarter of 2006, we completed the construcf the Desert Peak 2 project
in Nevada, which added 12 M6 our generating capacity. We have not yet declared thi
project commercially operational, which would trigger ouigatiion to provide the
contracted generating capacity under the power purclgasenaent.

In the year ended 31 December 2006, revenues from ouli@tgctegment were US$ 195.5
million, constituting approximately 72.7% of our totaleaues in 2006. Revenues from the sale
of electricity by our domestic projects were US$ 162.8ionijlconstituting approximately 83.3%
of our total revenues from the sale of electricity] eevenues from the sale of electricity by our
foreign projects were US$ 32.6 million, constituting apprately 16.7% of our total revenues
from the sale of electricity (Table 21.1).

21.1.2 Operations of Products Segment

Power Units for Geothermal Power Plants- We design, faetuie and sell power units for
geothermal electricity generation, which we referd@amat Energy Converters or OECs. Our
customers include contractors and geothermal plantreveme operators.

The consideration for the power units is usually paid stelfiments, in accordance with
milestones set in the supply agreement. Sometimesnee agprovide the purchaser with spare
parts (or alternatively, with a non-exclusive licetsenanufacture such parts). We provide the
purchaser with at least a 12-month warranty for such predWe usually also provide the
purchaser (often, upon receipt of advances made by the pujahidkea guarantee, which expires
in part upon delivery of the equipment to the site arlgt &dpires at the termination of the
warranty period. The guarantees are at times coveredténslef credit. Ormat has not received
any claims under the performance guarantees to date.
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Projects in Operation (1)

Project

Domestic
Ormesa Complex

Heber Complex)

Steamboat Complex)

Mammoth Complex

Puna

Brady

Desert Peak 27)

OREG 1

Total For Domestic
Projects in Operation:

Foreign
Leyte(s)

Momotombo

Zunil

Olkaria Ill (Phase I)

Total For Foreign
Projects in Operation:

Total For Projects in
Operation:

IEA Geothermal Energy

Table 21.1 Ormat’s projects in operation.

Generating
Capacity in
Location Ownership (2) MW (3) Power Purchaser
East Mesa, 100% 47 Southern California Edison
California Company
Heber, 100% 82 Southern California Edison
California Company and Southern
California Public Power
Authority
Steamboat, 100% 53 Sierra Pacific Power
Nevada Company
Mammoth 50% 29 Southern California Edison
Lakes, Company
California
Puna, Hawaii 100% 30 Hawaii Electric Light
Company
Churchill 100% 19 Sierra Pacific Power
County, Company
Nevada
Churchill 100% 12 Nevada Power Company
County,
Nevada
North and 100% 22 Basin Electric Power
South Dakota Cooperative
294
Philippines 80% 49 PNOC - Energy
Development Corporation
Nicaragua 100% 30 DISNORTE/DISSUR
Guatemala 100% 24 Instituto Nacional de
Electricidad
Kenya 100% 13 Kenya Power andhtiigy
Co. Ltd.
116
410

21.1.3 Results of Operations

Contracts
Expiration

2017/2018

2015/2023/2031

20076)/2018/

2022/2026

2014/2020

2027

2022

2027

2031

2007

2014

2019

2020(9)

Our historical operating results in dollars and as a pergemitotal revenues are presented below.
The different periods described below may not be compgrabla result of effects on our

historical operating results of our recent acquisitiords enhancements of acquired projects and
construction of new projects (Table 21.2).
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Table 21.2 Results of operations (in US$).
Year Ended December 31,

L L
2006 2005 2004
(in thousands, except per share data)

Statements of Operations Historical Data:
Revenues:

Electricity Segment 195,483 % 177,369 $ 158,831
Products Segment 73,454 60,623 60,399
268,937 237,992 219,230
Cost of revenues:
Electricity Segment 124,356 103,615 89,742
Products Segment 51,215 45,236 46,335
175,571 148,851 136,078
Gross margin:
Electricity Segment 71,127 73,754 69,089
Products Segment 22,239 15,387 14,063
93,366 89,141 83,152
Operating expenses (income):
Research and development expenses 2,983 3,036 2,175
Selling and marketing expenses 10,361 7,876 7,769
General and administrative expenses 18,094 14,320 11,609
Gain on sale of geothermal resource rights - - (345)
Operating income 61,928 63,909 62,444
Other income (expense):
Interest income 6,560 4,308 1,316
Interest expense (30,961, (55,317) (42,785)
Foreign currency translation and
transaction loss (704) (439 (146)
Other non-operating income 694 512 112
Income before income taxes, minority
interest and equity in income of investees 37,517 12,973 20,941
Income tax provision (6,403) (4,690) (6,609)
Minority interest in earnings of subsidiaries (813) - (108)
Equity in income of investees 4,146 6,894 3,567
Net incomt 34447 $ 15177 $ 17,79:
Earnings per share:
Basic 1.0  $ 0.4e | $ 0.72
Diluted 0.9 % 0.4 'S 0.7z
Weighted average number of shares used in computation
of earnings per share:
Basic 34,593 31,563 24,806
Diluted 34,707 31,609 24,806
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21.2 Planned Activities for 2007

21.2.1 Projects Currently Under Construction and Under Development

IEA Geothermal Energy

The Tables 21.3 and 21.4 summarize key information reltditiye projects that are currently
under construction and under development, respectively.

Table 21.3 Projects under construction.

Projects under Construction

Project Location
Steamboat Complex) | Washoe
County,
Nevada
Ormesa East Mesa.
California
Amatitlan(10) Guatemala
Heber South East Mesa,
California
Puna Puna,
Hawaii
Galena 3 Nevada
OrSumas Washington
State
Brawley (Phase I) Imp erial
County,
California
Olkaria Il (Phase II) Kenya
Total
GIA 2006 Annual Report

Ownership

100%

100%

100%

100%

100%

100%

100%

100%

100%

Projected
Commercial
Operation

Date
2007

2007

2007

2007/2008

2007/2008

2007/2008

2007/2008

2008

2008

169

218

Projected
Generating

Capacity in

(MW)
14

10

20

10

17

50

35

Power Purchaser

Contract Expiration

Nevada Power Company  2018/2027

/ Sierra Pacific Power
Company

Southern California
Edison Companyz2)

Instituto Nacional De
Electricidad

N/A

N/A

Sierra Pacific Power

Company

Puget Sound Energy

N/A

Kenya Powet an
Lighting Co.

N/A

2026

N/A

N/A

20 years following
commercial operatior
date

20 years fromldan.
following commercial
operation date

N/A

N/A(3)
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Table 21.4 Projects under development.

Projects under Development
Projected Projected
Commercial Generating
Operation Capacity in

Project Location Ownership Date (MwW) Power Purchaser Contract Expiration
Carson Lake Nevada 100% 2009 18-30 Nevada Power Compary yeas following

commercial operation
date

Buffalo Valley Nevada 100% 2009 18-30 Nevada Power Caompa 20 years following
commercial operation
date

Brawlley (Phase IlI) Imperial 100% 2009 50 N/A N/A
County,
California

OREG I 100% 2008/2009 27.5 Basin Electric Power N/A

Cooperative

Total 113.5-137.5

e On 20 July 2006, we entered into a contract valued at US$ 4idnmiith Geo X GmbH of
Ludwigshafen, Germany, for the supply of one OEC for ahgeptal power plant located in
Landau, Germany. The equipment is to be supplied atall@tswithin 17 months from the
date of the contract.

* On 7 June 2006, one of our wholly-owned subsidiaries recsiygoly and construction
orders for three REG power plants on the Alliance PipeliBach facility will have a capacity
of 5 MW, net and will convert the recovered waste heat fioeneixhaust of existing gas
turbines into electricity. The contracts are ia thtal amount of US$ 29.0 million. The three
plants are expected to be commissioned in 2007 or early 2008.

« On 26 April 2006, we received a notice to proceed on gimeering, procurement and
construction (EPC) contract to construct a geothermaépplant for the Raft River project
in Idaho, for a total sales price of US$ 20.2 millid@onstruction of the power plant is
expected to be completed in the last quarter of 2007.

* On 4 April 2006, we signed a contract to supply a 10MDEC power unit to PacifiCorp
Energy in the Northwest region of the United Staffise contract is in the amount of US$
11.5 million. The existing PacifiCorp plant, to whiah additional OEC will be added, uses
single-flash technology to produce approximately 23 bf\Wet power to the grid. The
PacifiCorp plant utilizes only steam, which is separatech the brine and delivered to the
plant, while the brine is reinjected into the grou@mat’s technology enables recovery of
heat from the brine before reinjection and PaciffCBnergy will utilize this new OEC power
unit to generate 10 MWbf additional power in the OEC without additional resosirmewells.
The OEC power unit will be delivered in the second quaft@007 for installation adjacent
to the existing plant.

21.2.2 Products Backlog
The Company and its wholly owned subsidiaries have a piotacklog of US$ 89.5 million as
of 28 February 2007, which includes revenues for the period éettvdanuary 2007 and 28

February 2007, compared to US$ 81.8 million as of 15 March 200@e Z4.5 shows the
breakdown of the products segment backlog.
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Table 21.5 Products backlog.

Products backlog \|
Sales Expectedt(#
be Recognizedin

Sales Expectedtobe  the Years
Expected Completion 'Recognizedin 2007 (Following 2007 (in
of Contract in millions) millions)

North America

Raft River 2007 $ 162 $

Blundell 2007 5.0

NRGreen, Canada 2007 24.8 -

Enpower Green, Canada 2008 4.9 4.1

Total North America 50.9 4.]

Worldwide (Except North America)

ICQ, Italy 2007 0.5

Enagas Almendralejo, Spain 2007 3.1 -

Comita, Russia 2008 - 2l

Mokai 1A, New Zealand 2007 0.4

Landau Geo X GmbH, Germany 2007 3.6

Sakhalin, Russia 2007 2.4

Bongkot, Thialand 2007 0.4 -

Ngawha Il, New Zealand 2008 r 10.3 104

Other Units 2007 0.9 -

Total Worldwide (Except North America) 21.7 12.

Total Products Backlog $ 725 $ 17p

21.3 Comments on the Geothermal Market
21.3.1 Marketing Initiatives and Market Stimulation Incentives

An important factor fueling recent growth in the renewanlergy industry is global concern

about the environment. Power plants that use fosdd §emerate higher levels of air pollution

and their emissions have been linked to acid rain astthblvarming. In response to an increasing
demand for “green” energy, many countries have adopgésidéon requiring, and providing
incentives for, electric utilities to sell eleciticgenerated from renewable energy sources. In the
United States, Arizona, California, Colorado, Conneittibelaware, Hawaii, lllinois, lowa,

Maine, Maryland, Massachusetts, Minnesota, Montana, dde\dew Jersey, New Mexico, New
York, Pennsylvania, Rhode Island, Texas, Vermont, Washingtigsconsin and the District of
Colombia have all adopted renewable portfolio standaedswable portfolio goals, or other
similar laws requiring or encouraging electric uglftiin such states to generate or buy a certain
percentage of their electricity from renewable ena@yrces or recovered heat sources. Of these
twenty-three states, fifteen states and the DistfiColumbia (including California, Nevada and
Hawaii, where we have been the most active in oathgemal energy development and in which
all of our U.S. geothermal projects are located) defeathermal resources as “renewables”. A
bill establishing renewable portfolio standards isenily before the Kansas legislature.

We believe that these legislative measures and ing@piresent a significant market opportunity
for us. For example, California generally requires &@ech investor-owned electric utility
company operating within the state increase the amduahewable generation in its resource
mix by 2% per year so that 20% of its retail sales aveyped from eligible renewable energy
sources by 2010, ahead of the previous statutory mandagetl thDecember 2017. Presently,
approximately 11% of the electricity generated in Califoia derived from renewable resources
(not counting hydroelectricity as renewable power). Negsadgaewable portfolio standard
requires each Nevada electric utility to obtain 9% oharmtsual energy requirements from
renewable energy sources in 2007-2008, which requirementfteeinareases by 3% every two
years until 2015, when 20% of such annual energy requiremmargt be provided from renewable
energy sources or energy efficiency projects. At ldmee-quarters of the annual total
requirements must come only from renewable energy psojétawaii's renewable portfolio
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standard requires each Hawaiian electric utility t@miob8% of its net electricity sales from
renewable energy sources by 31 December 2005, 10% by 31 De@ftbaand 20% by
31 December 2020.

In addition, a new Act was signed into law in Califorraagduce carbon emissions to 1990 levels
by 2020, representing a 25% reduction in greenhouse gas emisEmascomplish this, the Act
provides a framework for greenhouse gas emissions redsitisugh the use of emissions
control technologies and other cost-effective reductimategies. One such strategy may involve
the use of market-based trading of emissions rights fiflallew some greenhouse gas sources to
over-control their emissions and sell the rights ta thaiplus reductions to other sources for whom
the cost of reducing emissions would be significantlyeostly. Although programs under the Act
will take some time to develop, its requirements, paldily the creation of a market-based trading
mechanism to achieve compliance with emissions capsldshe highly advantageous to in-state
energy generating sources that have low carbon emissiohss geothermal energy.

The federal government also encourages production ofielgcirom geothermal resources
through certain tax subsidies. We are permitted to claimogippately 10% of the cost of each
new geothermal power plant in the United States as astiment tax credit against our federal
income taxes. Alternatively, we are permitted torslai“production tax credit,” which in 2006
was 1.9 cents/kWh and which is adjusted annually for inflatidre pfoduction tax credit may be
claimed on the electricity output of new geothermal pgul@nts put into service by 31 December
2008. Credit may be claimed for ten years on the outputdrmew geothermal power plants
put into service prior to 31 December 2008. The owndreoptoject must choose between the
production tax credit and the 10% investment tax creddritesl above. In either case, under
current tax rules, any unused tax credit has a one-yegrbzark and a twenty-year carry forward.
Whether we claim the production tax credit or the imest credit, we are also permitted to
depreciate most of the plant for tax purposes over faagsyon an accelerated basis, meaning that
more of the cost maybe deducted in the first few yéeus during the remainder of the
depreciation period. If we claim the investment credit,“tax base” in the plant that we can
recover through depreciation must be reduced by half of xh@ddit; if we claim a production

tax credit, there is no reduction in the tax basisliépreciation.

Collectively, these tax benefits (to the extent fuifijized) have a present value equivalent to
approximately 30% to 40% of the capital cost of a neweptoj

The Kyoto Protocol entered into force on 16 February 20@&ing the Protocol’s emission
targets for the 2008 to 2012 period legally binding on theertian 30 developed countries,
including the EU members, Russia, Japan, Canada, Newndedlarway and Switzerland, all of
which have ratified the Protocol. We expect that tfexcebf the Kyoto Protocol will be to
encourage renewable energy installation outside of thiedBitates, as the United States has not
ratified the Kyoto Protocol.

Outside of the United States, the majority of power gaimgr capacity has historically been
owned and controlled by governments. During the past decadever, many foreign
governments have privatized their power generation indugtriesgh sales to third parties and
have encouraged new capacity development and/or refurbisbfrexisting assets by
independent power developers. These foreign governmergddian a variety of approaches to
encourage the development of competitive power marketsding awarding long-term contracts
for energy and capacity to independent power generatdrsraating competitive wholesale
markets for selling and trading energy, capacity and refatmtlicts. Some countries have also
adopted active governmental programs designed to encourageetewable energy power
generation. For example, China, where we are curriegithg to develop a project, has recently
enacted a Renewable Energy Law (effective 1 January 20B6inddiscal incentives, priority
dispatching, preferential pricing and other supporting mechmaniand has announced long-term
targets for renewable energy capacity growth, including ntandeenewable portfolio standards
for large generation utilities. Several Latin Amenic@untries have rural electrification programs
and renewable energy programs. For example, Guatentedag our Zunil and Amatitlan
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projects are located, approved in November 2003, a lavhvanéates incentives for power
generation from renewable energy sources by, amongththgs, providing economic and fiscal
incentives such as exemptions from taxes on the impmrtafirelevant equipment and various tax
exemptions for companies implementing renewable energgqsoj We believe that these
developments and governmental plans will create opportsifiieus to acquire and develop
geothermal power generation facilities internationallyel as create additional opportunities for
us to sell our remote power units and other products.

In addition to our geothermal power generation activitieshave also identified recovered
energy- based power generation as a significant markettapjty for us in North America and
the rest of the world. We are initially targeting thertd American market, where we expect that
recovered energy-based power generation will be derivedigaity from compressor stations
along interstate pipelines, from midstream gas prowg$acilities, and from processing industries
in general. Several states, as well as the fedevahigment, have recognized the environmental
benefits of recovered energy-based power generation.x&opbe, Nevada, Connecticut, New
Mexico and Hawaii allow electric utilities to includecovered energy-based power generation in
calculating their compliance with renewable portfaiandards. In addition, North Dakota, South
Dakota and the U.S. Department of Agriculture (throughRhbral Utilities Service) have
approved recovered energy-based power generation uniteasbide energy resources, which
qualifies recovered energy-based power generators (whetthersie two states or elsewhere in the
United States) for federally funded, low interest loaée believe that the European market has
similar potential and we expect to leverage our early sadéadsorth America in order to expand
into Europe and other markets worldwide. In North Amegicme, we estimate the potential total
market for recovered energy-based generation to be apptekirigd00 MW.

21.4 Ormat’s Research Activities

21.4.1 Exploration Activity

In addition to the geothermal projects under constructidrdanelopment, we have various leases
for geothermal resources, in which we have started exjaorattivity. These geothermal
resources include the following:

» Grass Valley — Lander County, Nevada

» Jersey Valley — Pershing County, Nevada

» Magic Hot Springs - Blaine & Camas Counties, Idaho

* Fireball Ridge - Churchill County, Nevada

* Gabbs Valley - Nye County, Nevada

* Rock Hills - Esmeralda County, Nevada

Our exploration activity is intended to provide us with arncdation and better understanding of
the availability of geothermal resources in the aveasred by these leases and will enable us to
make a decision regarding their development. We do notet our exploration activity will
lead to commercial projects in each case.

21.4.2 R&D Activity

Our current collaboration is in the use of geothermadldl produced in oil and gas wells. We

submitted a CRADA with the Rocky Mountain Oil Test Centhere we will be supplying an
Ormat 200 kW geothermal power plant as our shared contributioridorecept verification program”.
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Ormat has been working in cost shared research progradmBOE in the area of EGS research,
where we are a long time patrticipant in the Program eithcollaborative program including
Geothermex and others at our Desert Peak facilitith We publication of the Comprehensive
MIT Led Study of the Potential of Geothermal Energyhle US, this program is getting the
exposure to raise the awareness of the huge contribhibgaothermal can make to the US

energy supply.

21.5 Ormat’s Technology- Background

21.5.1 The Ormat Approach to Power Cycle Design

The Ormat approach to geothermal power cycle desigrsesitin:

Sadi Carnot’s Teachings- some of which were overlooked by generations of engingil

the last few decades. Sadi Carnot, in his famous teeaftis824, in which he actually defined
what we call "thermal efficiency” realized that thias by no means the most important
consideration; his concluding paragraph is so releaay that it deserves to be quoted: "the
Economy of the Combustible (Carnot’s term for theraffitiency) is only one of the
considerations to be fulfilled in heat engines. In mases, it is only secondary. It should
often give precedence to safety, to strength, to thebdity of the engine, to the small space
which it must occupy, to small cost of installatiet; to balance them properly against each
other, in order to attain the best results by the sishpheans".

Carnot was mainly concerned with speculation as tbakepossible performance of a heat
engine using any working fluid in any possible cycle relcognized early on several
promising directions in the development of practicat leegines which, if given the attention
they deserved when published, could have brought about thejpieeit much sooner of
both vapor cycle engines using fluids other than steathofacombined cycles.

Efficiency of the Heat Cycle- In most of the low temperature geothermal resourcestevh
the heat source is single phase (sensible heaijjghkcycle would have a varying source
temperature, being a succession of infinitesimal Garyades. A supercritical cycle provides
such characteristics. In a sub-critical Rankine ctfebeconstant temperature of the
evaporation leads to a loss of exergy. However, becauke tfwer latent heat of
vaporization this drawback is smaller than in a stegatedFigure 21.1).

T lllllllllq.
. I Bu par o leal 2

T miln.
{of brna] | b

Figure 21.1 Heat cycle.

GIA 2006 Annual Report

223



IEA Geothermal Energy

» Efficiency and Work Ratio- The usual definition of thermal efficiency as the rdtween
the net work done by the fluid and the total heat inputhto cycle can be misleading in
assessing the suitability of a given cycle in a leegfine. A concept of paramount importance
in evaluating the suitability of a particular cycle f@e in a heat engine is thatvairk ratio,
which may be defined as the ratio of the net work outpuhe cycle to the total positive
(expansion) work of the cycle.

If there is very little negative work, as in a typisab critical vapour cycle where only liquid
of small specific volume has to be pumped at moderateupeessick into the boiler, the
work ratio will be high. By contrast, this ratiolésver in a super critical cycle where, because
of the high pressure, a larger portion of the positivekvad the turbine is used to drive the
feed pump.

Taking into account all these practical implicatiohsvork ratio, it can be seen that in many
ways the concept of work ratio can be regarded as e important than the concept of
ideal cycle efficiency.

*  Matching and Optimization in the Design of Heat Engines- The process of design of a
geothermal power plant can be considered as one of mgitehd optimization. We have a
source and a sink of heat of certain characteristidsraproblem is to match them with the
working cycle, match the working cycle with the workihgd, and match the working fluid
with the expander. But what matters most is the opditiuz of the whole system, involving
the well-known process of trading-off a loss or gain.g@&bthe overall efficiency of the
system it is of course necessary to consider the ongbuf parasitics, such as cycle pumps,
production pumps, injection pumps, cooling systems anetondensable gas extraction
power consumption. These considerations guided us in theeabfdluids away from
supercritical cycles in-spite of their higher cyclerthal efficiency.

In the matching processes, one has to consider thetsmaziconly on efficiency, but also on
the environment, on the long-term pressure supportrengeothermal resource availability.

21.5.2 Examples of Ormat Low Temperature Plants
e The first Ormat ORC supplied in 1980 to the University afskia for a geothermal
application was a small hermetically sealed unit ouald kW, designed for operation with a

hot spring at 45 °C and cooling water at 4 °C.

» The first commercial unit was supplied in 1984 and isistiiperation at Wabuska, Nevada.
It supplies 700 kW to the grid from a 104 °C resource (Eigdr.2).
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»  Other representative small units are: a 30Q k\WFang, Thailand (Figure 21.3), a 200 k&Y
the Rogner Hotel in Bad Blumau, Austria (Figures 21.4A)&Bipplied respectively in 1984
and 2001, and still in operation from a resource at about@00

Figure 21.3 Ormat 300 kWunit at
Fang, Thailand.

Figures 21.4A(top) and4B (bottom) 200 kW
at the Rogner Hotel in Bad Blumau, Austria.

* A similar unit was supplied for a solar pond applicatidrexe it operated from 1986 to 2002
at temperatures as low as 65°C in El Paso, Texas, USA.
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« Larger units to use spent geothermal brine from siogtiouble flash existing power plants:

Figure 21.5 Hatchobaru, Japan providing
2 MW from a 143°C brine.

Figure 21.6 Miravalles V, Costa Rica,
providing 18 MW from 166 °C brine.

Figure 21.7 Brady, Hot Springs, USA,
providing 6.5 MW from 110 °C brine.

21.5.3 Examples of Ormat Rankine Cycle for Moderate to High Temperature
Applications

21.5.3.1 Cascaded ORC
A 30 MW water-cooled Ormesa | geothermal power plant st Ekesa, California, USA is shown

in Figure 21.8. It is comprised of 26 1.2 MWhits arranged in three cascading levels, with a
resource temperature of about 150 °C.
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Figure 21.8 East Mesa, California, USA.

21.5.3.2 Recuperated Cycle

In most of the actual cases, the perfect match as &baowee feasible, mainly because of limitation
in the cooling temperature of the brine to avoid acalA method for partially overcoming the
cooling temperature limit is to add a recuperator wpidvides some of the preheating heat from
the vapor exiting the turbine. This typically increatbesefficiency by 10 to 15% (Figure 21.1).

The recuperated process is used by Ormat in marlygewl projects all over the world, such as the
20 MW, Zunil in Guatemala (Figures 21.9 A & B), 1.8 MW@serian and 13 M\WOlkaria Ill in Kenya.

Swwram;[

Pk pn i Ampectinm well

Figures 21.9A (top) anddB (bottom) The Ormat recuperated
process at Zunil, Guatemala.
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21.5.3.3 Two-Phase Geothermal Power Plant

In the majority of geothermal resources, the geothefiomdlcomes in two phases which are
separated in an above-ground separator into a streanaof ated a stream of brine. In a low to
moderate enthalpy resource the steam quality is 10 tea30%unction of fluid enthalpy and
separation pressure. The two streams can veryegftigibe utilized in a “Two-Phase ORC Unit”.
Separated steam (usually with some percentage of non-aaidergases or NCGs) is introduced
in the vaporizer to vaporize the organic fluid. The lgeohal condensate is mixed with the
separated brine to provide the preheating medium ofrfeie fluid. Since 1994 this process has
been utilized in the 14 MWplant in San Miguel, Azores (Figure 21.10A & B), with a reseurc
enthalpy of 1,108.5 kJ/kg.

h it Fluigd Fadine

s iy
Stammn L G }
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Vaporizer

i : I Condenser
> I

Preheater ]‘\)4-1

t @

Feparator

Prodection well trjeation wall

Figures 21.10A(top) and 10B(bottom) Two-phase ORC units at
San Miguel, Azores.
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21.5.3.4 Geothermal Combined Cycle

For high enthalpy fluids with very high steam contentlat&m is the geothermal combined cycle
configuration where the steam flows through the back pregarbine to the vaporizer, while the
separated brine is used for preheating or in a segdad@®C. This configuration is used in the 30 MW
Puna plant in Hawaii (Figures 21.11A & B) as wellrathie 125 MW Upper Mahiao in the Philippines,
the 100 MW Mokai and the 27 M\WRotokawa (Figure 21.12) both in New Zealand. Tdssplant is
probably the most efficient geothermal plant in the wariihg per MWh only 5.2 ton of 24 bar steam.

i CrgRrts FRaT Terhke
. )
e Frarhinzm
- — :
re sof Recuperator G
G [T
Vaporizer I Condenser
| ll f= 4
Erils '{ i
[
+
lizpeslies) W

Figures 21.11A(top) and 11B(bottom) Geothermal combined cycle plant at
Puna, Hawaii, USA.
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Figure 21.12 Geothermal combined cycle
plant at Rotokawa, New Zealand.

Author and Contact

Lucien Y. Bronicki, Chair and CTO Ormat Technologies, | 6225 Neil Road, Reno, Nevada
89511, USApronickily@ormat.com
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Appendix A Members and Observers at the 7ExCo Meeting,
Nice, France, March 2007.

Front (L to R): Mike Mongillo, Ladsi Rybach, David N Allan Jelacic
2" Row: Lothar Wissing, Zvi Krieger, Hirofumi Muraoka, Yiuimo Song
3“ Row: Chris Bromley, Patrick Ledru, Barry Goldstein, Isé@tsunaga
4™ Row: Steve Bauer, Fabrice Boissier, Thomas Mégel
5" Row: John Lund, Elisa Boelman, Rudolf Minder
Back Row: Jeroen Schuppers, Roy Ba@agni Axelsson Philippe Laplaige, Tony Hill, Jérg
Baumgartner, Christian Fouillac, Einar Gunnlaugsson, Helda$on
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