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Application of UNFC-2009 to
Geothermal Energy Resources
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the IGA Resources and Reserves Committee
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A The number of Geothermal Energy Projects is growing
globally (albeit from a small base).

A Each Geothermal Energy Project only happens if there is a
business case for investors to finance the development.

A A business case demands an objective evaluation of the
maturity, value and confidence of the Geothermal Energy
Resource estimate (risk assessment).

A The UNFC-2009 provides a universally recognized system
for objective reporting of energy resources.

A Its adoption for Geothermal Energy Projects should improve
Investor confidence.
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United Nations Framework Classification
for Fossil Energy and Mineral Reserves and Resources 2009
incorporating Specifications for its Application

UNECE Energy Series
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United Nations Framework Classification for Fossil Energy
and Mineral Reserves and Resources 2009 (UNFC-2009)

ECE ENERGY SERIES No. 42
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A Create a universal-accepted, uniqgue and plain
framework in resource classifications.

A Create a project-based classification framework to
represent in a uniform way the maturity and
uncertainty of the (future) n e x t r gomject, cepoding
the related resource/energy quantities.

A Users/stakeholders:
I Investors
I Governments
I Industrial operators
I Non-governmental institutions
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The resource classification process consists of:
1. Defining a Project, or Projects, associated with a

Geothermal Energy Source,

2. Estimating the quantities of energy that can be
recovered and delivered as Geothermal Energy
Products by the Project, including any regenerative
potential, and

3. Classifying the Geothermal Energy Resource
based on the criteria defined by the E, F and G
categories.
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A project is the level
at which a decision is
made on whether or
not to proceed (i.e.
spend money or not.)

Sales
products

—— (e.g.uranium,
coal, minerals)
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Classified quantities
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(e.g. electricity, heat,
ethanol, biofuel

A Project is the link between the Renewable Energy Source
and marketable quantities of Energy Products.

A Project provides the basis for economic evaluation and
decision-making.
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A The estimated resources can be visualized In future
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nUnited Nations Framewor Kk
Energy and Miner al Reseryv

A Generic, principles-based classification system

I Now applicable to solid minerals, fossil energy, renewables
(geothermal energy) and injection projects

I NOT a quantification system!
A Based on three criteria

I & axiso(degree of favorability of social and economic conditions
for establishing commercial viability of project)

I & axisé(maturity of studies and commitments necessary to
Implement project)

I &5 axisé(level of confidence in the estimate of reported
guantities and potentially recoverable guantities)
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BE CAREFUL!

Actual definition Misleading simplifications

A @ axiso(degree of favorability A ¥t axisd Economic viabil
of social and economic

conditions for establishing

commercial viability of project) A O axiSg Fezkllihgy fthe_
) - _ _ project (i.8, a of tre maturity of
A & axiso(maturity of studies the technol hvolved in the
and commitments necessary to project)

Implement project)

A @& axiso(level of confidence in 4 ¢35 axj
the estimate of reported
guantities and potentially
recoverable quantities)

0 Geological
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UNFC Class: 111 !

Category Definition
E1l Extraction and sale has
been confirmed to be
\y economically viable.
Category Definition i
F1 Feasibility of extraction by
a defined development
project or mining
operation has been
confirmed.
Category Definition =
Gl Quantities associated

with a known deposit that
can be estimated with a
high level of confidence.
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UNFCT 2009: 2D representation

Sales Production
Extracted
Non-sales Production
Categories
Class
E F G
Future recovery by commercial
development projects or mining Commercial Projects 1 1 1,2,3
operations
Potential future recovery by Potentially Commercial Projects 2 2 1,2,3
contingent development projects
Additional quantities in place associated with known deposits 3 4 1,2,3
POl L e recovery by Exploration Projects 3 3 4
successful exploration activities
Additional quantities in place associated with potential deposits 3 4 4
19
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Alignment of systems

(schematic)

UNFC-2009 PRMS CRIRSCO

Sales Production

Production Extracted
Non-sales Production
Class Class Class
Commercial .
Projects Reserves Mineral Reserves

Potentially Commercial _
Mineral Resources

Total commodity initially in place

Projects
Contingent Resources
Not reported
Additional quantities in place Unrecoverable Not reported
Exploration : Exploration
. Prospective Resources
Projects P Results
Additional quantities in place Unrecoverable Not reported
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guidelines
Generic Specifications
Bridging Bridging Bridging Renewable Sl
Document Document Document energy Injection Nuclear Fuel
Petroleum Solid Mineral it projects Resources
Specifications Specifications Other Aligned Specitications
PRMS CRIRSCO Systems
Geo_t_hermal Bio-energy
specifications specifications
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UNITED NATIONS ECONOMIC COMMISSION FOR EUROPE

United Nations Framework Classification
for Fossil Energy and Mineral Reserves and Resources 2009
incorporating Specifications for its Application

Socio-economic viability

UNECE Energy Se.
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UNITED NATIONS

Specifications

for the application

of the United Nations Framework Classification
for Fossil Energy and Mineral Reserves and
Resources 2009

to Renewable Energy Resources

Done in Geneva, 30 September 2016

Geothermal Specifications linked to Renewable
Specifications and Generic Specifications

IGA Resources and Reserves Committee
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Specifications

for the application of the

United Nations Framework Classification
for Fossil Energy and Mineral Reserves
and Resources 2009 (UNFC-2009)

to

Geothermal Energy Resources

Done in Geneva on 30 September 2016
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UNECE Geospec Working Group
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Greg Ussher
Kate Young

New Zealand
USA

Country of
Name residence Affiliation
Gioia Falcone Germany ()TU Claustalrepresenting UNECE and IGA R&R)
Miklos Antics France GPC IP/Geoqui(cdendorsed byEGEC)
Roy Baria UK Mil-Tech UK Ltd.
Larry Bayrante Philippines Energy Development Corporation
Paolo Conti Italy University of Piséendorsed byUGI)
Malcolm Grant New Zealand MAGAK(endorsed byNZGA)
Robert Hogarth Australia Hogarth Energy Resources
Egill Juliusson Iceland Landsvirkjun
Harmen F. Mijnlieff  Netherlands TNO(endorsed bybutch Geothermal Platforin
Annamaria Nador Hungary Geological and Geophysical Institute of Hungary

Jacobs
NationalRenewable Energy Laboratory

) Now at Cranfield University, UK

Observers:

Graeme Beardsmore, Chair, IGA R&RC

Horst Riter, Director, IGA Service GmbH
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Example: allied definitions

Renewable Specifications Geothermal Specifications
(non-editable)

Renewable energy

Renewable Energy Source Geothermal Energy Source

Renewable Energy Product » Geothermal Energy Product

Renewable Energy Resources Geothermal Energy Resources

Project

Project
Reference point Reference point
Project lifetime Project lifetime
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From:

UNECE Geothermal specifications

«Specifications for the application of the United Nations Framework Classification for

Annex I
E/F/G Table
Additional
, . Supporting Explanation Sub . ; Additional
Category Definition (UNFC-2009, Part I, Annex I) Categories Definition Renewable Geothermal Energy Context
Energy Context
El Extraction and Extraction and sale is economic on El1 Extraction and sale is Extraction is In the geothermal context,

sale has been
confirmed to be
economically
viable™

the basis of current market
conditions and realistic assumptions
of future market conditions. All
necessary approvals/ contracts have
been confirmed or there are
reasonable expectations that all
such approvals/contracts will be
obtained within a reasonable
timeframe. Economic viability is not
affected by short-term adverse
market conditions provided that
longer-term forecasts remain
positive.

economic on the basis
of current market
conditions and realistic
assumptions of future
market conditions

the process of
converting a
Renewable
Energy Source
into Renewable
Energy
Product(s).

heat is extracted from the
Geothermal Energy Source.
In most projects, this heat is
carried from the Geothermal
Energy Source to the surface
via a fluid, typically brine or
steam. At surface, the heat
may be transferred to
another working fluid
through heat exchangers and
may also be converted into
clectricity.

E2 Extraction and Extraction and sale has not yet been
sale is expected confirmed to be economic but, on
1o become the basis of realistic assumptions of
econontically Suture market conditions, there are
viable in the reasonable prospects for economic
Soreseeable extraction and sale in the
Sitture. Joreseeable fuure.

None
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From:

«Specifications for the application of the United Nations Framework Classification for
Fossil Energy and Mineral Reserves and Resources 2009 (UNFC-2009) to

Geot her mal Energy Resourceso

G-axis decision tree

bl
e}
o
b4
=
>
e

IGA Resources and Reserves Committee October 2017 26
UNECE Task Force on the Application of the UNFC-2009 to Renewable Energy



\\$“°N“! e&o
<X A
< %
= L]
- ] =
-
S
#9;1y19%°

An integrated approach to exploration,
guantification and classification

1. What is the geology of the geothermal system?
What extraction project is most appropriate?

3. How do | best quantify the Geothermal
Resource?

4. What should | consider during resource
guantification that will assist classification?

5. How do | classify my Geothermal Resource?

IGA Resources and Reserves Committee October 2017 27
UNECE Task Force on the Application of the UNFC-2009 to Renewable Energy



-

=) e F P i K,
ACOoUUILTC O X
acs -\ -l
NESCIVES

commitiee

IGA Resources and Reserves Committee

SPEGIEI
1ecnnical
sommitiees

UNECE Task Force on the Application of the UNFC-2009 to Renewable Energy

October 2017

28



Look-ahead

I Traning, promoting, and looking for case studies
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