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&  EAGA

e International network operating under the auspices of the International
Energy Agency (IEA)

e 14 member countries and three sponsors

e Tasks and goals:
— Promote international cooperation in the field of geothermal utilization
— Realize collaborative Research and Development Projects
— Dissemination of information on geothermal energy

— Outputs for decision makers, financiers, researchers and the general
public
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|[EA-GIA Annexes

Implementation of work program in currently six Annexes:

Annex |I: Environmental Impacts of Geothermal Energy Development
Annex VII: Advanced Geothermal Drilling and Logging Technologies
Annex VllI: Direct Use of Geothermal Energy

Annex X: Data Collection and Information

Annex XI: Induced Seismicity

Annex XlI: Deep Roots of Volcanic Geothermal Systems
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Annex X — Date Collection and Information
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—> collect data on
geothermal
energy uses in
GIA countries

Request Information > Home = Work Program > Annex X

Annex X- Data Collection and Information

1 1 Operating Agents: Leibniz Institute for Applied Geophysics (LIAG),
9 pu b I |Cat|0 n Of Germany; and the Federal Office of Energy (BFE), Switzerland
Annex Leader: Josef Weber, Leibniz Institute for Applied
annuad I re po rt Geophysics (LIAG), Germany

(WEb, hardCOpy) Status: Ongoing

Participants: Mandatory participation of all GIA Country Members

> data trends pescription

The main objective of Annex X is to collect essential data on geothermal energy uses, trends and

( powe r a n d h eat) developments in GIA Member Countries and to publish these data in an annual reports available as hardcopy and on the GIA website for wide

public distribution. This report will provide a brief overview of data trends such as installed capacities and produced electricity and heat, as well as

relevant political and economic information. All Country Members are required to participate in this Annex, and all Sponsor members support this
+ re I eva nt effort by providing supplementary material. There are plans to extend the data collection to non-GIA Member Countries, with emphasis on the

.. . remaining leading geothermal nations.
political/ econo-
mic information

Leibniz Institute for
Applied Geophysics
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|[EA-GIA Data Collection Activities

Power

* Plant types

* Installed (+ new) capacity
R —— « Electricity production

Total number of geothermal power plants
Newly-installed geothermal power plants in 2011 0

POWER

>> Installed capacity in different plant types <<

Table 2

MWe installed Number of
Plant type (cumulative) by | units (end of

the end of 2011 2011)

Dry Steam 53 1]
Flash Steam 507 4
Binary (ORC/ Kalina) 77 k|
Other 157 4]
Total 794] 18|
if "other” plant type, which? [ 3 hybrid binary-flash, 1 combined heat-power

>> Capacity and Electricity Production <<
(power plants and combined heat and power plants)

Table 3
Capacity and Energy Production unit [Value |
Gross installed capacity by the end of 2011 [Mw.] M, 784.0)
Operating capacity by the end of 2011 [MW.] M, 7580
Newly installed geothermal capacity in 2011 [Mw,] Mw, 0.0
Geothermal power produced in 2011 * GWh/yr 5,770.0]
Capacity factor (2011) - 0.87]

Please note that the instolled capatity is given in MW, and the energy produced in GWh/yr.

*Combined heat and power plants: Please fill in here data for power produced and installed
electric) copacity. Heat production is asked for in a separate sheet

Difference between installed and operating capacity is caused by Ohaaki (installed 105 Mwe, but
operating capacity as of 2011, 69 MW) Actual output was 340 GWh , ie average capacity factor
relative to operating capacity (69 MWe) was 0.56. Average capacity factor for all other plants was
09
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IEA-GIA Da

ection Activities

ta Coll

POWER

>> Total number of geo
Table 1

Total number of geothermal |
Newly-installed geothermal g
>> Installed capacity in
Table 2

HEAT

»> Installed capacity and heat use for various categories excluding heat pumps 2011 <</
(geothermal contribution only)

Remark Britta: We discussed about sense and nonsense of instailed capacity for use categories such as fish
Jfarming. However, | am not happy to leave this Gut of the data collection (these categaries with MWt
installed are also used/ cited in each GIA Annual Report). For major uses like district heating or spas, the
instalfed capacity certainiy can be defined and shouid be specified in the table below, if possibie. If nar,
please fiil in the value for total instailed capacity for your country into the last row.

This item will be again on the agenda for the next Annex meeting.

Table 4

Geothermal Heat use/
Installed heat use heat
Plant type Number of | capacity (geothermal  |Full load produced in
Teel=t= = s units. (geothermal)  |heat pro- hours/ yr 2011
[MW,12011  |duced in 2011) (calculated)
Dry Steam [GWh/yr] [6Wh]
Flash Steam District heating*
Binary (ORC/ Kalina) Cascaded uses* 30| 830
Other Space heating 200
Total Bathing / swimming 74.0|
€ ather ol e 8.0 24.0)
"ot o it t ich?
T _SEher_pant bype, whe Agriculture, crop drying.
. £ / Fish farming

>> Capacity and Electric

: Industry 50 194.0)
(power plants and combined .
0 Snow Melting
Capacity and Energy Prod Other
Gross installed capacity by the |fotal 3950 28100 0.0
Operating capacity by the enc 2011 statistics
Newly installed ermalc | 1pe gata in this table are X 2011 estimate
Geothermal power produced | pased gn... (mark with a cross) 2010 data
Capacity factor (2011) data older than 2010

Please note that the installed

*Combined heat and power
electric) capacity. Heat proc

Difference between installed o
operating capacity as of 2011, 69 MW 1 Ut Vh , i y facto
relative to operating capacity (69 MWe) was 0.56. Average capacity factor for all other plants was

09

* inciuging heat produced in combined heat & power piants
** cascaded uses-don’t double count the values in the corresponding sub-categories

Caleulation: If values for produced heat and full load hours/year cannot be provided, the annual heat
production will be caiculared in the right column by using capacity factors for various categories of use
giveninLund et al. (2012 by:

E=(P 8750 *capacity factor) /1,000

with E = annuaf production in GVWh, P = instaifed capacity in MW, 8760 hours =1 year

The formula included in the right column wiil oniy be activated [f there s no vaiue given forthe heat

World

Power

* Plant types

* Installed (+ new) capacity

e Electricity production

Direct use

* Installed capacity and heat use
» Categories

e Geothermal heat pumps (GHP)
* Geothermal contribution

* Cooling with GHP

Geothermal Congress Melbourne,
Australia, 19 — 24 April 2015
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|[EA-GIA Data Coll

ection Activi

POWER
[T S—

>> Total number of geo
Table 1

HEAT

>> Installed capacity and heat |
(geothermal contribution only)

Remark Britta: We discussed abt
farming. However, | am not happ|
installed are also used/ cited ine
installed capacity cerainiy can b

SAVINGS

Tables 8, 9 and 10are filled inautomatically fyou can skip this page).

To provide comparzble dsta of the participating countries, energy and CO, savings by geothermal

are using the GIA conversion (Mongillo, 2005).

Values for power and heat are filled in by a cross reference to the respective tables

Values for CO; =nd fossil fuel savings are calculatad automatically.

»> Energy savings by geothermal applications in 2011 <<

Takike &

Total number of geothermal|  pregse il in the value for total in Savings .
m This irem will be again on the gt energy produced in 2011 GWh/yr factor [toey | 0 TUE!
savings [toe]
GWh]
>> Installed capacity in e power produced in 2011 [Table 3] 5,770 253 1,462,118
Habick heat produced in 2011 (Table 7c} 2,822 127 357,581
total (2011) 8,592 1,819,693
Plant type Use (other than heat pumps) toe =tonnes of oil equivalent
Dry Steam »>» Carbon dioxide emission savings by geothermal application in 2011 <<
Flash Steam District heating*
Binary (ORC/ Kalina) Cascaded uses** 2011 €O, savings by gecthermal power production Total CO, savings by
Other Space heating substitution of gas/ oil/
Bathing / swimming. Table 3 coal in tonnes [t €0,
: - power produced in 2011 [Table 3] 5,770
if "other” plant type, which? - -
Agriculture, crop drying. €0, savings for natural gas [ke/MWh] 193] 1,113,610
>> Capacity and Electric |22 | Fish farming €0, savings for oil [ke/MWh] 517 4714090
{power plants and combined  |movsY €0, savings for coal ke/MWh] 53] 5,498,310
e Snow Melting
Capacity and Energy Productic | Other
Gross installed capacity by the |total 2011 €O, savings by geothermal heat use Total €0, savings by
Operating capacity by the enc substitution of gas/ oil/
Newly installed ermalc |1 gats inthistay | Table10 coal in tonnes [t €0,

Geothermal power produced
Capacity factor (2011)

Please note that the installed

*Combined heat and power
electric) capacity. Heat proc

Difference between installed a

based on... (mark with a cross)

* inciuging heat produced in com)
** cascaded uses:don 't doubie co

Caleulation: If values for produce
production will be caicuiored intl
giveninLund et al. (2011 by:

E=(P 8750 *capacity factor) /1,000

heat produced in 2011 (Table 7c} 2,822
€0, savings for natural gas [ke/MWh] 37 273,759)
€0, savings for oil [kg/MWh] 403| 1,154,308
€0, savings for coal kg/MWh] 477] 1,346,219

Further remarks to €0, and energy savings:

with E = annuaf production in GVWh, P = instaifed capacity in MV, 8760 hours =1 year

operating capacity as of 2011, 69 MW

relative to operating capacity (69 MWe) was 0.56. Average capacity factor for all other plants was

09

The formula included in the right column wiil oniy be activated [f there s no vaiue given forthe heat

World Geothermal Congress Melbourne,
Australia, 19 — 24 April 2015

Power

* Plant types

* Installed (+ new) capacity

e Electricity production

Direct use

* Installed capacity and heat use
» Categories

e Geothermal heat pumps (GHP)
* Geothermal contribution

* Cooling with GHP

Fossil fuel and CO2 Savings
Automatic calculation by produced energy
and savings factors

Leibniz Institute for
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|[EA-GIA Data Collection Activities

Jobs, costs, investments
e Plants costs, GHP costs
* Investments in geothermal market
e Em P | oyme nts > Geothermat e splometsn 01

in the sector*

JOBS & COSTS

of
ending 31-12-2011 400

in lated jobs in 2011 50|

* estimation of the number of people employed in various geothermal-related jobs (not restricted to
persons with university degrees), i.e. employments in consultanting or engineering companies,
drilling and exploration, plant construction, heat pump companies, R&D, governmental
institutions and universities, geothermal associations, etc.

»» Costs <<
Geothermal Power Plants Nzatamariki (82 MW
Total project costs in USS/MW binary) =54.7M

Combined heat and power plants
Total project costs in USS/MW

Heating plants.
Total project costs in USS/MW

Geothermal heat pumps
Total investment in USS/kW (residential use)

>> Capital investments in the geothermal market in 2011 <<
Table 12

L gy uss§
Investments in geothermal power generation in 2011 900,000,000
Investments in geothermal direct use in 2011

Sales volume in the heat pump market in 2011

Total turnover 2011 [ ow00n000 |

Further remarks to jobs, costs, investments:

World Geothermal Congress Melbourne, 'AG Leibniz Institute for
Australia, 19 — 24 April 2015 Applied Geophysics



|[EA-GIA Data Collection Activities

Jobs, costs, investments
e Plants costs, GHP costs
H JOBS & ‘ »» Role of geothermal In national policy <<
* Investments in geothermal market IR . e ™
° Employments ) .;'ﬂ::;m:w "m,m’:lm Ee—

POLICY

[ ¥
Total number of people employe s i in 2010 has provided st el

Policy E— “E{E“::“::&:“:mﬁsﬁ%ﬁmmm
* Role of geothermal in national policy
e Funding, feed-in tariff, market N - 7 T

»» Costs <<

ro |The 2008 NZ Nati i ion has been discussed and
foped [LLCA, Fel xuuul Euide i ion of the tanget by 2025, as set by the
ar g nullngmu e gen rEY S 2Y ined a mare

Geothermal Power Plants

incentives, R&D programs

Combined heat and pawer plant
Total project costs in USS/MW

Heating plants.
Total project costs in US5/MW

Geothermal heat pumps
Total investment in USS/kW |

>> Capital investments in
Table 12

Total turnover 2011

Further remarks to jobs, costs, investments:

World Geothermal Congress Melbourne, 'AG Leibniz Institute for
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GIA Data Collection Activities

Jobs, costs, investments

e Plants costs, GHP costs

* Investments in geothermal market

e Employments

Policy

* Role of geothermal in national policy

e Funding, feed-in tariff, market
incentives, R&D programs

Highlights & Challenges

* New projects

» Research and development

* Challenges and development
constraints (induced seismicity,
technical problems, legal aspects)

JOBS & |

»> Geothermal-related em
Table 11

POLICY

»» Role of geothermal in n2
How does geothermal fit into the s
greenhourse gas emissions? Whic
campared ta the year Befare? Plea
Pleave keep your amwer shorl,

[the role of ge In matianal

Total number of people employe
ending 31-12-2011

(An emissions trading scheme intre
vedhsting U long run marginal coy
been

HIGHLIGHTS & CHALLENGES

Highlights: Please give a hrief averview ahout 2001 s geathermal highlights, such as newly instalied plants or
planned projects, new research activities, o ather pasitive develapments in the geathermal energy seetor
The facus should lie here on new projects, R&D acthities and programs, and direet e expansians.

Pease keep your answer shart,

Highlights:

all N2 geathermal power plants were operating st full capacity, sveraging SO% capacity factor (with the exception
of Ohanki which is operating 8% ~55% of its current capacity of 69 Me|

 high level of drilling activity continues in the Taupe Valcanic 2one (<20 wells par year Using =5 rigs)
Explocation drilling and discharge testing of 1 km deep slim hales at Taheke has been very successful, and
Cantact Energy are planning their nest phase of development Mighty River Power hat signed an agresment with

Loz has s fs £ g land mamers and Maoel Trusts tn explare the western side of the Taheke resoures

New employments in EeOtNErM: | earbnn price has dropped signifieas |Canstruction of Cantact's Te Mini (165 MWe) and Wil ki (52 ) p plants , waith
i have ho P dntes expected in mid 2013

* estimation of the numbero | The 2008 NZ Nati icy Statey |C on a unique binlogical treatment facility to remave H2S fram geathermal discharge

persons with university degre  [developed [LLCA, Feb 2012) to gui [caaling water nt Wairakel Pawer Station, in arder b allew cantinued apsration of the 58 yenr old Walrake!

drilling and exploration, plar
institutions and universities,

government. During 2011, the goy
balarced it I the role o

Pawer Statian, but with reduzed Impact on the Waikate fRiver

»» Costs <<
Geothermal Power Plants
Total project costs in USS/MW

Combined heat and pawer plant
Total project costs in USS/MW

Heating plants.
Total project costs in US5/MW

Geothermal heat pumps
Total investment in USS/kW |

>> Capital investments in
Table 12

Investments in geothermal ener
Investments in geothermal pi
Investments in geothermal di
Sales volume in the heat pun
Total turnover 2011

Both Wailksto and Uay of Plenty e
statements during 2011

. : of the Kawerau waed processing geathermal facility (direet e for SCA tssie mill) and
nn embedded 25 MWe Ormat generator, in 3 combined heat and pawer speration. Preparations commenced far
nm application far resaurce cansents by NTGA to undertake a larger expansion. The Knwerau Mills account for
5% of the direct use of geathermal in New Zealand. The Miraka Oairy factary geathermal heat plant for milk
pawder at Mk, was fully
It wns annaunced that Maari Trusts at Tikiters have signed an agreement with Ormat far a proposed a5 MW
Geothermal BOT project
Cansents were granted by the Walkatn Argianal Cauncil for Cantart's propased Tauhara i 250 MW praject
New research inte hotter and deeper’ grothermal resourees in the Taupo Valeanic Zene was kicked aff with a

seminar in Taupe ta discuss apportunities for drilling ta =4 km depth and supereritical canditinns ta euplore o
patential 10 GWe resource & very sful 33rd N7 s wns held in November 2011,
along with twa seminars at the Clean Energy Centre in Taupo. The NZ Geothermal Heat Pump Association (GHANZ)
was inaugurated and New Zealand afficially jeined the | Partnership In

[Total research funding far geathermal in New Zealand amounted to about US53.3M in 2011, mastly split between
providers GNS Sclence and University of Auckiond.

Further remarks to jobs, costs, investments:

World Geothermal Congress Melbourne,
Australia, 19 — 24 April 2015
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@ |IEA GEOTHERMAL

International Energy Agency

Annex X: Data Collection and Information

TRENDS IN GEOTHERMAL APPLICATIONS 2013

e First published for year 2010
Survey Report on Geothermal Utilization and Development - ¢ 4th editiOn pu inShed March 2015
et ot i ot 10 . Visit IEA-GIA booth for a free copy
* Free download at www.iea-gia.org

 Provides compact overview of
geothermal developments in GIA
member countries

GIA Trends Report 2013

World Geothermal Congress Melbourne, 'AG Leibniz Institute for
Australia, 19 — 24 April 2015 L_/ Applied Geophysics



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

Direct Heat Use

Direct heat use

e District heating
e Space heating
e Thermal spas

* Aguaculture
 Green houses
Heat pumps

I
World Geothermal Congress Melbourne, ’AG Leibniz Institute for
Australia, 19 — 24 April 2015 £_/ Applied Geophysics



Direct Heat Use

GIA: standardized data from 2010 on, but reliable,
up-to-date statistics often not available

Geothermal cooling: almost no official data

— correct data from previous years
— heat use data best possible estimation
— aim to further improve data-base

World Geothermal Congress Melbourne,
Australia, 19 — 24 April 2015

(IAG
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160,000

140000 —— Annual heat use 2013: ~

World: 149,619 GWh e
T GIA: 59,497 GWh /
100.000
World
80.000 /
50,000 / /

40.000
" G

20.000

Annual heat use [GWhfa]

a T I I I I T I T T I I I 1

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

I
World Geothermal Congress Melbourne,
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Installed thermal
capacity 2013:
World: 68,755 MWt
GIA: 27,900 MWt
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Geothermal Power

Data in general easily accessible
Good quality
Nine GIA member countries operate geothermal power plants

Since reporting year 2012 Trend Report also includes data of
non-GIA countries

World Geothermal Congress Melbourne, 'AG Leibniz Institute for
Australia, 19 — 24 April 2015 Ld Applied Geophysics



Geothermal Power — Installed Capacity 2000 - 2013

installed capacity [MWe]

14.000 —+

12.000 +

10.000 +

8.000

6.000

4.000

2.000

Installed electric
capacity 2013:
World: 12,000 MWe

GIA: 7,916 MWe %
%ﬂes plus selected non GIA countries

—_— /

__f_

L GIA Countries

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

World Geothermal Congress Melbourne,
Australia, 19 — 24 April 2015

Annual power
production 2013:
World: 76,000 GWh
GIA: 42,300 GWh
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Overview

Worldwide =27 o g GIA-Countries
12,000 MWe [ 76,000 GWh/a ?“‘-— 3 7,916 MWe / 42,300 GWh/a

Iceland
665 MWe / 5,245 GWh/a

Norway

Japan
515 MWe / 2,620 GWh/a Overview Of geothermal

power (red) and heat
Republic of Korea  (0range) utilization in
GIA countries and
worldwide.
i Pﬁf{,t{]i”gwm Map: The World Factbook
2013 (CIA, www.cia.gov).

Canada

United Kingdom

USA

3,753 MWe [ 16,517 GWh/a

New Zealand
1,042 MWe / 6,053 GWh/a

Mexico
1,017 MWe / 6,070 GWh/a

Germany
30.1 MWe / 54.5 GWh/a

Spain

France

Italy
17.2 MWe / 80.6 GWh/a 876 MWe / 5,659 GWh/a

Switzerland

World Geothermal Congress Melbourne, 'AG Leibniz Institute for
Australia, 19 — 24 April 2015 L_/ Applied Geophysics



Conclusion

Good data base for geothermal power

Heat use data of less quality, but estimation of heat use in GIA countries
possible

Information on ecologic benefits (CO2 and fuel savings)

Relevant political and economic information (not always representative)
Project highlights and R&D news from various countries

Challenges for geothermal developments

Leibniz Institute for
Applied Geophysics
e ———




= Conclusion

e Good data base for geothermal power

* Heat use data of less quality, but estimation of heat use in GIA countries
possible

* Information on ecologic benefits (CO2 and fuel savings)

e Relevant political and economic information (not always representative)
* Project highlights and R&D news from various countries

e Challenges for geothermal developments

- GIA Trend Report adds substantial information on geothermal energy uses
on an international scale and helps to point out trends and developments.

Leibniz Institute for
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e For more information visit the IEA-GIA booth 28 at

the exhibition

or
e WWW.lea-gia.org

I
World Geothermal Congress Melbourne, 'AG Leibniz Institute for
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e For more information visit the IEA-GIA booth 28 at
the exhibition

or
e WWW.lea-gia.org

Thank you for your attention

I
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