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INTRODUCTION

Expected Output: 1) Proceedings in the form of a collection of all tH&TRB and summaries
of workshop discussions, 2) A joint GIA-IGA statementregional and global geothermal
potentials and their contribution to the mitigation afnelte change and 3) A “peer reviewed”
document, which includes current and new information needdtdageothermal chapter of
the IPCC Special Renewable Energy Report that is ndy easilable in other published
documents, and which can be referred to in the IPCCtreppbrs will be considered a
“published” document when posted in final form on the GlAsie.

Several references, including a preliminary draft ofptegposed geothermal document, will
be available on the GIA website (see the homepagev.iea-gia.ory several weeks before
the workshop to assist with preparation for the workshagh; the goal of discussing, and
finally agreeing on current/new information/data and depé&ntrprojections for inclusion in
the IPCC report.

In addition, a paper summarizing relevant informatidhbe submitted to WGC 2010 by the IPCC
lead authors, and will be referred to in the dREC report as: “in press”, with details updated
when the final paper is officially published (segpépdix 1 for WGC 2010 IPCC abstract).

Key Topic Area: Future deployment of geother mal ener gy

PROGRAMME
Tuesday (5 May 2009; 9 am — 5:30 pm)

Morning Session (9:00 am — 1:00 pm)

|. Introduction

A. Brief explanation of the workshop and how it will ogeré- 5 minutes)
- Aims of workshop
- Structure of workshop operation
- Panel groups will discuss topics, followed by gengisussion
- The Chair of each Panel group will provide a bnéfaduction to
each major discussion
- Can include brief presentations (< 10 PPT slidesbat@ minutes in
length) from each Panel speaker
- Will call for votes on acceptance of informatiaiata, statement, and
document, to obtain geothermal community support (GI&A& plus)

B. Senior Spanish Representative to welcome participadtepen Workshop (~ 5 minutes)

GIA_IGA Geo Workshop Programme 29Apr09 revised 15Jun09 1


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

II. Geothermal Resource Potential: categories and definitions
Chair: Bromley;Pand: Baria, Huenges, Ketilsson, Lawless, Rybach)

- Subtopics will conclude with open discussions; gotd reach agreement on definitions.

A. Geothermal Resource Typesand Categories[see Table 1, based on the IPCC
Workshop discussions held in Brazil in January 2009]

I. Definitions of the various types of geothermal resource

- Near-surface geothermal resources

- Conventional hydrothermal resources

- Advanced geothermal resources
- Enhanced [Engineered] geothermal systems (EGSytiot
- Supercritical temperature (including magma)
- Geopressured/deep sedimentary aquifers
- Offshore (e.g. Mexico)
- Hot water with oil/gas production (e.g. Ormat)

il. Divisions into low and high temperature resources Tafgle 1)
- Low temperature resources
- Direct use requirements (Lindal diagram- heat puchpsct
heating, pools/spas, desalination, greenhonsestrial, other)
- Electricity generation requirements (binary, otper
- High temperature resources
- Direct use requirements (district heating, indalstr
applications, other)
- Electricity generation requirements

B. Categories of Potential (general definitions only)

i. Theoretical (with or without accé#sxtraction constraints)

il. Technical (with or without advances in techngipg

iii. Economic (with or without benefits of reselarand economies of scale to
reduce costs, or benefits of environmental arahéial incentives)

* Access refers to land accessibility issues

~LUNCH (1-2 pm) ~
Tuesday Afternoon Session (2:15 pm — 5:30 pm)

[1l. Geothermal- Current Use and Current Theoretical and Technical Potentials

- Need to consider regional (geographic and grid sense)l@loal gssessments (for
economic and fossil fuel displacement implicasiand deployment rate factors)

- Open discussion follows each subtopic; goal to regceement on theoretical and
technical potentials.

A. Low Temperature Resources
Chair: Rybach;Panel: Boissier, Lawless, Ragnarsson)

i. Direct Uses
- Current installed capacities and use (most receaj dat
- Heat pumps, district heating, pools/spas, desalination
greenhouses, industrial, other
- Potential (theoretical and technical) capacihie application and in total
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iil. Electricity generation (binary, other)
- Current installed capacities (most recent data)
- Potential (theoretical and technical) capacitrebia total

B. High Temperature Resources
(Chair: Brophy;Panel: Boissier, Ketilsson, Lawless, Rybach)

i. Electricity generation (hydrothermal [flastddmnary], EGS/hot rock, supercritical,
geopressured, offshore)
- Current installed capacities for each mode (me&ntedata)
- Potential (theoretical and technical) capacitiesefich mode/resource
type and total

ii. Direct Uses
- Current installed capacities and use (most receaj dat
- District heating, industrial applications, other
- Potential (theoretical and technical) capacite each mode/resource type

Wednesday (6 May 2009) (9:00 am — 5:00 pm)
Morning Session (9:00 am — 1:00 pm)
V. Future Geothermal Potentials. Technical and Economic Factors; Barriersand
Opportunities, Estimates and Predictions
- Need realistic and justifiable potential estimates2030 and 2050

- Should consider regional (geographic and grid sense) ahdlgstimates for
economic deployment, regional factors affecting @yg@pkent rates, and fossil fuel
displacement implications.

- Open discussion to follow each subtopic; goal to regadeanent on future potentials
Thefollowing issues need to be considered for each subtopic under A. and B. below:

- Potential (technical & economic) for each use tvasecurrent technology and in total
- Barriers and required R&D to attain maximum potesitial

i. Availability of drill rigs- bottleneck for EGS drother development?
- Best estimate of maximum potentials (2030 and 2B%@)se and in total

A. Deployment of Geothermal Energy (Huenges)

B. Low Temperature Resources- Potentialsfor 2030 and 2050
Chair: Rybach;Panel: Antics, Boissier, Song)

I. Direct Uses- Heat pumps, district heating, popkgs desalination,
gnbeuses, industrial, other

il. Electricity generation (binary, other)

~LUNCH (1-2 pm) ~
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Wednesday Afternoon Session (2:15 am — 5:30 pm)

C. High Temperature Resources- Potentials for 2030 and 2050
Chair: Bertani;Pandl: Baria, Goldstein, Ketilsson, Lawless, Thompson)

I. Electricity generation (hydrothermal [conventionaihary [bottoming
cycle], EGS/hot rock, supercritical, geopressurddhofe)

ii. Direct Uses

D. Contribution totheMitigation of Climate Change*
Chair: Fridleifsson;Panel: Bertani, Bromley, Huenges, Rybach)

I. Greenhouse gas production from geothermal developr{@@ts H,S, other)
il. Greenhouse gas reduction (£®,S, other)

iii. Greenhouse gas avoidance (C&,S, other)

iv. Possible impact of climate change on use of geotal resources

v. Estimate of contribution to mitigation of climatikeange using current
technology and best estimate of maximum potemt@isidering

* The IPCC will make the estimates for each renewahkrgy’s contribution
to the mitigation of climate change based upon treeidéhe RE chapters.
There are no specific sections in the RE chaptgpsovide this information.
However, we can provide input specific to geothermal dpweénts.

V. Outputs

1) Proceedings in the form of a collection of all theTBRnd summaries of workshop
discussions (on CD-Rom and on GIA and IGA websites)

2) A joint GIA-IGA statement on regional and global ttewsmal potentials and their
contribution to the mitigation of climate charige

3) A “peer reviewed” document, which includes current and infaymation needed for the
IPCC Special Repart

"To be discussed at the end of the Workshop and accepitedGIA ExCo/IGA BoD
Meeting gathering at the end of Friday 8 May 2009.
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Table1 Geothermal resources- their use and poténtial

Low Temperature Resources

High Temperature Resources

Direct Use Electricity Direct Use Electricity
District Pools/ Desalination, Hydrothermal
Heat Pumps heating Spas Greenhouses, Binary? Hydrothermal Hot Rock Convgntional Binary Hot Rock Supercritical Geopressured Offshore
Other

Existing Bertani (2007) ?z‘gg;’y)

Planned?

Market?

Potential

¥
Table 1 is based upon a table suggested by geothermal group for IPCC Report who met in Brazil in January 2009; included for information purposes only.
Bertani (2007) World Geothermal Generation in 2007. Proceedings European Geothermal Congress 2007, Unterhaching, Germany, 30 May -1 June 2007, 11 p.
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Appendix 1 WGC 2010 Abstract

Contribution of Geothermal Energy to Climate Change Mitigation:
the IPCC Renewable Energy Report

Chris Bromley, Barry Goldstein, Gerardo Hiriart, RuggBertani, Ernst Huenges,
Hirofumi Muraoka, Arni Ragnarsson, Jeff Tester, Vladifui

ABSTRACT

A special report on renewable energy has been commeskioy the IPCC (Inter-
Governmental Panel on Climate Change) to provide guidamdeture mitigation options for
climate change through reducing £€missions. A better understanding is required of
potential global and regional geothermal resourcessa@matural continuum from
convecting high-grade hydrothermal to conduction-dominated themegagy, in both
sedimentary and crystalline crustal rocks. Other impbrssues include: energy security and
sustainability, status of current utilisation applicatipfuture technology advances,cost
predictions, projected deployment rates, energy intiegrand infrastructure requirements,
environmental risks and benefits, technology transied, policy options.

Increased geothermal energy development is well swatelinhate change mitigation because
it provides base-load power and heating or cooling fromge leesource that is well-
distributed globally. It has a good track record of susbdénproduction using existing
technology, applicable to both developed and developing cesnamd for generating cost-
effective and highly-dispatchable power. Geothermally luefueds are available for a
variety of industrial applications, including space hepéind cooling, ranging from small-
scale to district-wide installations. In addition, geothalrheat pumps are being deployed
worldwide enabling substantive gains in heating and coolingexity of buildings. Relative
to other renewable energy technologies, geothermal reeoare utilised at high average
availability factors (typically > 90%) for electricityeneration. Overall, geothermal has been
shown to be socially acceptable with some positiveatacid environmental impacts,
including a relatively small land-use footprint. Adverse iotpaare manageable. Sustainable
management of water resources is inherent in bestgraeservoir management. New
technologies under demonstration, and wider deploymesatisting technology, have the
potential to significantly increase the use of low, higt aupercritical temperature
geothermal resources. Enhanced Geothermal Systems #&She potential for global
scale utilization when and where it is needed. Fompbiential to be realised, research and
field testing at commercial scale is required with wydiar government and private support
and investment. The benefits will include mitigation afhelte change through provision of
CO;, offsets at competitive costs, and improved energy sgcuri
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Appendix 2 Notesfrom IPCC Workshop held in Sao Paulo, Brazil, in late January 2009

The|PCC Renewable Energy report (SRREN) geother mal chapter authorsare:

Barry Goldstein [Australia], Gerardo Hiriart [Mexic&uggero Bertani [Italy], Chris Bromley
[New Zealand], Hirofumi Muraoka [Japan], Arni Ragnarsdoel@nd], Jeff Tester [USA],
Ernst Huenges [Germany] and Vladimir Zui [Belarus]

The following paper (which can be downloaded from IEA-GlAwie: http://www.iea-
gia.org/publications.agpvas prepared for the IPCC scoping meeting held in 2808, in
Luebeck, Germany, and provides a very useful starting faxithe geothermal chapter of the
SRREN report:

Fridleifsson, I.B., R. Bertani, E. Huenges, J. W. LukdRagnarsson, and L. Rybach 2008.
The possible role and contribution of geothermal engydlge mitigation of climate change.
In: O. Hohmeyer and T. Trittin (Eds.) IPCC Scoping Magion Renewable Energy Sources,
Proceedings, Luebeck, Germany, 20-25 January 2008, 59-80.

The IPCC geothermal section group noted that a better under standing was needed of:

1. Global and regional resource potential (future) [wengortant]
- Hydrothermal resource development
- Need to include opportunities for “non-conventional” @lepment, including:
- Supercritical temperatures
- Lower temperature resources at depth (EGS, deempesetdiry)
. Cost predictions
. Energy security and sustainability
. Future technology advances
. Projected deployment rates
. Energy integration constraints
. Environmental risks and benefits
. Technology transfer
. Policy options for support of geothermal
- deployment: feed-in tariffs, tax breaks, low-cost loans;
- innovation: R&D funding, university grants, industry tax breaksnfoi
government-industry R&D grants

OCO~NO UL, WN

Topicsto be covered in IPCC report (from Scoping Paper IPCC Special Report on
Renewable Energy Sources and Climate Change Mitigation; attachment 1):

4. Geothermal Energy (3-5%6 the total IPCC report)
4.1 Introduction (Huenges & Goldstein)
4.2 Resource potential (Tester & Bromley)
4.3 Technology and applicatio{@ectricity, heating, cooling) (Hiriart & Ragnarsson)
4.4 Global and regional status of market and industry dewelop(Bertani & Hiriart)
- Use information from WGC 2010 Country Updates to getesdar

- Bertani for power

- Lund for direct use
4.5 Environmental and social impacts (covered in barsiecgon) (Bromley & Goldstein)
4.6 Prospects for technology improvement, innovationiratedration (Goldstein & Ragnarsson)
4.7 Cost trends (Ragnarsson, Hiriart & Tester)
4.8 Potential deployment (Huenges, Bertani & Muraoka)
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A Special Report on Renewable Energy would provide a better under sanding of:

» resources by region and impacts of climate changeese tlesources;

» the mitigation potential;

* the linkages between renewable energy growth and @diisen achieving sustainable
development by region;

» the impacts on global, regional and national energy isgcur

» the technology and market status, future developmentsrajatted rates of deployment;

» the options and constraints for integration into theggnsupply system and other markets,
including energy storage options;

» the economic and environmental costs, benefits, rigtksnapacts of deployment;

» capacity building, technology transfer and financindifferent regions;

» policy options, outcomes and conditions for effectiveress;

» how accelerated deployment could be achieved in asaiskaimanner.

The Special Report on Renewable Energy Sources andt€l@fange Mitigation will also

address the information needs of policy makers, p@riveeéctor and civil society in a
comprehensive way and will provide valuable informatarfurther IPCC publications.
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