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Share of Renewables
in Total Primary Energy use 2014
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Primary Energy Use In Iceland 1940-2015
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Geothermal Electricity Generation

- Electricity generation
A \ "-.u_-

(6) Reykjanes 100 MW

(7) Hellisheidi 30

(5) Husavik 2 MW
(4) Nesjavellir 120 MW

(2) Svartsengi 76,4 MW
(3) Krafla 60 MW
1969 1974 1979 1984 1989 1994 1999 2004 2009 2014

(1) Bjarnarflag 3,2 MW

Source: Orkustofnun Data Repository 05-2016-T003-01
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http://savingiceland.puscii.nl/node/890

Geothermal Fields in Iceland
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x : Bedrock
PR m < 0.8 m. years

® High temperature field 7 0.8 -3.3 m. years
+ Low temperature field 3.3- 15 m. years

I
. . . L In low temperature geothermal systems, tempera-
Tavg = 0°C (january) to 10°C (july) in Reykjavik tures in the uppermost 1,000 m may reach up to
150°C. In the high temperature fields, on the other
hand, temperatures reach over 200°C at 1,000 m depth. High temperature geothermal

- OR KUSTO FN U N areas are found within the active volcanic zone of Iceland.

National Energy Authority




Price per barrel, 2013%
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Expansion of GeoDH
Space Heating by Source 1970-2013

Biggest steps in GeoDH were taken during the oil & war crises 1970 — 1982
External conditions — raised the need of evaluation and GeoDH Planning

100%

Policy goals to increase geothermal — both national and within main cities
It took only 12 years to increase GeoDH from 40% to 80% of total space heating
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Districht Heating — Map of Iceland
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Renewable Energy mitigates Global Warming
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Comparison of Energy Prices for
Residential Heating Mid year 2013

Geothermal Gasoline
l
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Sources: Orkustofnun 2014
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Economic Benefits of Geothermal District Heating

National Savings by Geothermal District Heating,
as a % of GDP 1914-2013

8%
% of GDP
7% | .
- Savings are up to 7% of GDP or equivalent to
6% 3000 $ per capita per year, or
- 12.000 $ per home with 4 persons, per year
- On average about 2% of GDP
5%
4% : : : :
Savings are defined as the difference in
value between price of heating by oll
3%

and price of heating by GeoDH
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0,000 |

Reykjavik due to space heating
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		1961		270,683						270,683

		1962		264,282						264,282

		1963		271,689						271,689

		1964		222,850						222,850

		1965		231,521						231,521

		1966		194,015						194,015

		1967		183,436						183,436

		1968		186,952						186,952

		1969		183,072						183,072

		1970		173,079						173,079

		1971		171,702						171,702

		1972		175,086						175,086

		1973		186,705						186,705

		1974		161,319						161,319

		1975		76,738						76,738

		1976		28,747						28,747

		1977		22,726						22,726

		1978		21,671						21,671

		1979		22,172						22,172

		1980		20,867						20,867

		1981		19,332						19,332

		1982		18,916						18,916

		1983		18,303						18,303

		1984		18,833						18,833

		1985		18,742						18,742

		1986		19,554						19,554

		1987		19,737						19,737

		1988		18,997						18,997

		1989		15,427						15,427

		1990		11,044						11,044

		1991		17,522						17,522

		1992		5,942						5,942

		1993		5,318						5,318

		1994		3,723						3,723

		1995		3,816		8,361				12,177

		1996		3,848		8,948				12,796

		1997		3,358		9,200				12,558

		1998		2,102		4,484				6,586

		1999		0		11,584				11,584

		2000		0		13,241				13,241

		2001		0		15,408				15,408

		2002		0		15,577		957		16,534

		2003		0		11,058		3,602		14,660
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		2005		0		13,259		4,581		17,840

		2006		0		12,673				12,673

		2007		0		15,412		24,210		39,622

		2008		0		20,904		32,937		53,841

		2009		0		19,918		35,325		55,243

		2010		0		28,396		41,722		70,118

		2011		0		14,800		39,479		54,279

		2012		0		18,612		43,158		61,770
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Environmental Benefits of
Geothermal Utilisation

Reykjavik 1933 Reykjavik today
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Global Warming

Temperature in February 1.35 °C on average warmer than
1951 — 1980, NASA
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Global Warming

Five-year Global Temperature Anomalies from 1880 — 2015
1883 - 2100 (NASA)
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Global Warming

Recent satellite observations have detected a thinning of parts of the Greenland ice sheet at lower elevations.
A partial melting of this ice sheet would cause a 1-meter (3-foot) rise.
If melted completely, the Greenland ice sheet contains enough water to raise sea level by 5-7 meters (16-23 feet).

This visualization shows the effect on coastal regions for each meter of sea level rise, up to 6 meters (19.7 feet).
Land that would be covered in water is shaded red.

Sea Level

Sea Level

Southeast United States  Northemn Europe  Amazon Delta  Southeast Asia
Southeast United States  Northern Europe  Amazon Delta  Southeast Asia .

» Om D 6m
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Recent satellite observations have detected a thinning of parts of the Greenland ice sheet at lower
Recent satellite observations have detected a thinning of parts of the Greenland ice sheet at lower elevations. A partial melting of this ice sheet would cause a 1-meter (3-foot) rise. If melted completely,
elevations. A partial melting of this ice sheet would cause a 1-meter (3-foot) rise. If melted completely, the Greenland ice sheet contains enough water to raise sea level by 5-7 meters (16-23 feet).

the Greenland ice sheet contains enough water to raise sea level by 5-7 meters (16-23 feet). ?
This visualization shows the effect on coastal regions for each meter of sea level rise, up to 6 meters

(19.7 feet). Land that would be covered in water is shaded red.

This visualization shows the effect on coastal regions for each meter of sea level rise, up to 6 meters
(19.7 feet). Land that would be covered in water is shaded red.

. 3 meter rise
1 meter rise

https://climate.nasa.gov/interactives/climate-time-machine
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https://climate.nasa.gov/interactives/climate-time-machine

Global Warming

More and more weather extremes

Wow — Watch Hurricane Irma Turn The Streets Of
Miami Into An Overflowing River

910/2017 3:57 PM ET | Filed under: Twitter - Health = Scary! - Instagram - Viral: News - Gotta Have
Faith

e 2k f |G| Glw]m] +)

Interstate 45 in Houston after Hurricane Harvey. rReuters/Richard Carson

Hurricane Irma, streets
in central Miami 2017
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Global Warming

Ban Ki-moon: There is no plan B,
because we have no planet B
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Competitiveness of the Geothermal Sector

Success of Geothermal District Heating is based on 8 Key Factors

8 Key Elements of Success
in the Geothermal Sector
and District Heating

. Authorities and regulation,

. Geothermal resources,

. Scientific & technical factors,
. Education & human factors,

. Access to capital,

o O A W N P

. Infrastructure and access to
markets, sectors and other
clusters,

7. Access to international
markets and services,

8. The company, management,
expertise & industry, clusters
assessment

In cooperation with international
and domestic experts, on
geothermal resources, finance,
legal, management and other
expertise.
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Markets, F k
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Access to w0
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Source: Soivell & Lindquist 2012, Amended, B. Petursson, National Energy Authority, 2014




International Cooperation - Geothermal

The United Nations University Geothermal Training Programme in Iceland

T Iilthuanla 2 Russia 9
= awvia Bulgaria 5
Slovakia 2 Poland £ Ukralne 2
Serbia 3 Romanla 5 :
Macedonla Turkey 10 S = 3
Albania 2 zGeorgla 1 s .. China/83
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Mexico 8 / Morocco 17 gypt 47 Riardan g Q/Bangladesh 5

Mongolia 11 _
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Guatemala 3 €— Nevis 2 unisia V|etnam 5

Sudan 1 ndla 2
El Salvador 33 \Domlmca 1 Eritrea 7 7/? T Pak:stan 4 \ thppmes 36 -

. ¢| Yemen4 Thailand 5
cmmmw; St Yineent 1 Ethiopia 34 ngWMWMMﬂX

¥Tanzania 9

Malawi 2
Zambia 1

Bolivia 1

Ecuador 17 "% Rwanda 144 &enyawo . =
i i \ Comoros 1 Indonesia 29 Papua New Guinea 4

UNU-GTP Fellows in Iceland 1979-2014 — 583 from 58 countries.

The Geothermal Training Programme of the United Nations University (UNU-GTP) is a postgraduate training
programme, aiming at assisting developing countries in capacity building within geothermal exploration and
development. The programme consists of six months annual training for practicing professionals from
developing and transitional countries with significant geothermal potential. Priority is given to countries
where geothermal development is under way, in order to maximize technology transfer.
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International Cooperation — EEA Grants
Orkustofnun is Donor Program Partner (DPP)
for Renewables in some Countries

Iceland

Norway

-:* Estonia

Latvia
Lithuania

Poland

Czech Republic

Liechtenstein —‘ Slovakia

Romania
Slovenia

Spain

Hungary.

Croatia Bulgaria

Greece {
. ' Cyprus

Malta—e S |

Portugal
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Bilateral Projects in Poland
Poddebice

eea  norway
grants grants

Poddebice Town

Geothermal energy
utilization potential
in Poland

Geothermal Project in Poland

Supported by EEA Financial Mechanism 2009-2014

' -] ORKUSTOFNUN

Geothermal Energy Utilisation
Potential in Poland - town Poddebice

Study Visits' Report

National Energy Authority _
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1

Energy Supply Composition of District
Heating Generated in 2013

lceland

2,6%

m Geothermal

ORKUSTOFNUN

National Energy Authority

97,4%

Other renewables

Source: Euroheat&Power, 2015.

Poland

0,2%
3.9% "% 1 0,1%

7%

12,0%

72,7%

m Coal and coal products m Combustible renewables
Natural gas m Qil and petroleum products

® Industrial surplus heat m Non-renewable waste

m Renewable waste

Source: Euroheat&Power, 2015.




Romania
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Pre-Feasibility Study
of Geothermal District Heating
in Beius, Romania
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Pre-Feasibility Study

Geothermal District Heating
in Oradea, Romania
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Benefits of Geothermal District Heating

GEOTHERMAL ENERGY - Offers Major Opportunities

Harnessing Natural Resources

Economic opportunities and savings

Improve energy security

Reducing greenhouse gas emissions

Reducing dependence on fossil fuels for energy use
Improving industrial and economic activity

N o o bk oobdhPE

Growing the low-Carbon and Geothermal technology industry,
and create employment opportunities

8. Improving quality of life
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International Geothermal Projects with
Icelandic Participation

Faroe Islands @
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ew Zealand

Iceland
Geothermal Cluster
Initiative

www.icelandgeothermal.is
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Geothermal Energy is a Powerful Tool . plb
to Fight Against Global Warming Liechtenstein

Norway grants__gi#*
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