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Role of Orkustofnun

« Public administration of the energy
sector and advisors to the government

« Long term planning of energy use,
utilisation of the resources and the
energy infrastructure

« Contracting and conducting research
on resource utilisation

* Accumulating and maintaining
databases on energy utilisation and
forecasts for future trends
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Role of Orkustofnun

* |ssues permits for exploration and utilisation of
energy and earth based resources

* |ssues power plant licences
* Is the regulator for the national grid
* Is the official monitoring body of issued licenses

 Fuel sector administration and work on transition to
low carbon fuels

* Administrates The Energy Agency, The Energy Fund
and special initiatives for geothermal exploration

» Hosts the UNU University Geothermal Training
Programme

I -1 ORKUSTOFNUN

National Energy Authority
NN S J\_\_ss_sssssss=s=s==mm=SssShShSsSSSSSsSss—S—S———————————______—.




Role of Orkustofnun
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Power Plant licence

Ruling committee Ruling committee
Resource Act Electricity Act

I -1 ORKUSTOFNUN

National Energy Authority




Orkustofnun Timeline

From General Energy Management to Pure
Public Administration
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Energy Security during the
Great Frost Winter 1917-1918

* Due to the First World War, 1914-1918, the E
market price for coal increased and coal was
rationed.

« Combined with extremely cold weather
conditions when temperatures measured
minus 25 degrees Celsius in Reykjavik at the
most on January 21,1918 possibilities of
geothermal based DHS was discussed.

* At that time the farm Sudurreykir had been
heating buildings with geothermal for a
decade.

* The Prime Minister, Jon borlaksson, an
engineer, initiated the discussion on building a
district heating system in Reykjavik in 1926.
He later became the Major of Reykjavik in
1933—1935.
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Laugarveitan
First Geothermal based DHS in 1930

Laugarnes Production Field 3 km away

After two years of drilling in Laugarnes14
shallow wells where drilled. The result
was 14 |/s of artesian flowing water at
87° C (deepest 246 m).

The water was transported 3 km in a
pipeline from the geothermal field to the
Laugarveitan District Heating System.

Two primary schools, a swimming hall,
the main hospital, public buildings and
60 family homes in the capital area
where connected over the next decade
with good success.

Drilling in Laugarnes
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District Heating in Reykjavik
F

e Great Frost Winter 1917-1918

— Market price for coal increased and coal was
rationed.

— Minus 25 degrees Celsius in January 21,1918

— The farm Sudurreykir had been heating buildings
with geothermal for a decade.

« Laugarveitan First Geothermal based DHS in
1930

« Expansion of the DHS 1934-1955
Reykir Production Field 18 km away
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Political and legal milestones

1937-1938 Bill for Geothermal Research
introduced to the parliament which didn’t
pass.

1938 Expansion of the DHS was an
influential part of the municipality elections in
Reykjavik

1940-1945 National Research Council
supported exploration drilling into high
temperature systems.

1944 DHS in Olafsfjordur inaugurated.
1948 DHS in Selfoss & Hveragerdi

1953 The parliament passed a law
allowing the state to finance up to 80% of
the total investment cost of drilling and

building a DHS outside of the capital area.

1953 DHS at Saudarkrokur

1961 Geothermal Energy Fund and State
Drilling Company established offering
financing for research and drilling.

1961-1983 Over 350 loans issued for
drilling and building DHS across the
country and over 20 DHS where built.
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Geothermal Boreholes in Reykjavik

I -1 ORKUSTOFNUN

National Energy Authority




Geothermal District Heating Storage
Tanks in Reykjavik
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Space Heating by Source from 1970
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Impact on Economy

From an economical perspective, the
present value of the estimated savings of
house heating with geothermal instead of oil
between 1970 and 2008 is estimated at
880.000 million ISK

In 2008 the estimated savings of that year
amounted to about 12% of the value of
Imported goods or almost equivalent to the
total imports of refined oil products.
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Avoided cost
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From an economical perspective, the present value of the estimated savings of house heating with geothermal instead of oil between
1914 and 2013, using 2% real interest rate over the cost price index, is estimated at 2,500 billion ISK (132 ISK/USS$). In 2014 the
estimated savings of that year amounted to about 5.5% of the GDP of Iceland or 2,300 US$ per capita.
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Comparison of Energy Prices for
Residential Heating Mid year 2014

Electrically heating district heating

Expensive geothermal district heating

Reykjavik geothermal district heating .
m Consumer's part

Cheap geothermal district heating L SUbSidy
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ICELAND 1945 - 2005
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A Game Changer for Public Health

Reykjavik 1933 Reykjavik today
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Geothermal Heat 2014

. Greenhouses
Industrial use

[ orkusTOFNUN

Fish farming

Snow melting

Swimming centers
and bathing

Residential

Commercial
services

® Fish farming

®  Swimming centers
Space heating ® Greenhouses

®  Industry

28.1 PJ in total




Electricity Generation and Use 2014

General use 3 TWh 17% Wind
Large industries 14 TWh 77% 2 MWe
System loss 0,4 TWh 2% 8 GWh

and plant use

Geothermal
665 MW,
5239 GWh

Hydropower
= = 1986 MW,
3 12872 GWh
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Electricity Generation with Geothermal

e Electricity production with geothermal is not
5500 - subject to direct subsidies
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Implicit Support for Geothermal

Scientific research ¢ Financial Backup

Surveying * International
Early power plant cooperation
development « GEORG

Legal and * The Deep Dirilling
regulatory Project
framework » The Master Plan

Central data
register
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Installed capacity in hydro power plants

Installed capacity in MW
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Masterplan - The vision

Prepare an overview of the various potential energy
projects

Hydro and geothermal (+?)

Evaluate and rank the projects based on their

* energy and economic potential,

* national economy

 estimated impact on nature, environment, cultural
heritage and the society

 potential for other uses of the areas in question.
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Hydropower
options

O =100 MW
O 50-93 MW
@ <50 MW

3101 Kljafossvirkiun
3104 Hvaldrvirkjun

3105 Virkjanir a veituleid Blanduvirkjunar

3107 Skatastadavirkjun C, D

1108 villinganasvirkjun

3109 Fliotshriksvirkjun

3110 Hrafmabjargavirkjun A, B, C
1114 Didpdrvirkjun

3115 Hverfistotsvirkjun

3119 Holmsarvirkjun - an midlunar

3120 Hélmsdrricgun - migiun § Hélmsd ridnl

3121 Holmsarvirkjun nedri
3122 Markarfljatsvirkjun A
4123 Markarfligtsvirkjun B
3124 Tungnaarldn

3126 Skrokkdlduvirkjun
1127 Mordlingadiduweita
3129 Hvammsvirkjun
3130 Holeavirkjun

131 Urribafossvirkjun
3132 Gygjafossvirkjun
3133 Blafellsvirkjun

3134 Bidartunguvirkjun
3135 Haukholtavirkjun
3136 Virdufel

3137 Hestvirkjun

3138 Selfossvirkjun

3139 Hagavatnsvirlgun
3140 Bulandsvirkjun

3141 Stora Laxa

3142 vatnsdalsa

3143 Blancla - veita or Vestari Jokulsa

3144 Reyharvalnsvirkjun
3145 Hyita vid Nordurreyki
3146 Hafralonsa - efra prep
3147 Hafraltnsa - nedra firep
3148 Hofsdrvirkjun

3149 Hraunavirkgjun til Sudurdals i Flidtsdal

3150 Hraunavidkjun til Berufjardar
3151 Kaldbaksvirkjun

3153 Broaranvirkjun

3154 Bltnduclalsvirkjun

3155 Mipsarvirgun

3156 Kjaldlduveita

3157 Austurgilsvirkiun

3rd phase of the Master Plan, overview of energy options

Windpower options
=100 MW

3301 Hafié
3302 Blanda

Geothermal options
O 2100 mw

@ 50-99 MW
@ <50 MW

J200 Gidstykki
3205 Seydisholar

3206 Sandfell Biskupstungum

F207 Reykjabal
3208 Skiflungur
3209 Bakkahlaup
3210 Botnafjél
3211 Grashagi

3212 Sandfell sunnan Torfajokuls

3262 Stora Sanchik
3253 Eldvirp

3264 Sandfell Krisuvik
9265 Tridlackynoia

3266 Sveifiuhals

3207 Austurengjar
3268 Brennisteinsficl
3269 Meitillinn

3270 Grahniikar
3271 Hverahlia

3273 Innstidalur
3274 Blra

3275 pyerdrdalur
3277 Greendalur
1279 Hverabotn

3280 Medri - Hveradalir
3231 Kisubotnar
3282 bverfell

3283 Hveravellir
3291 Hagdnguvirkjun
3295 Hrithdlsar
3296 Fremrinamar
3297 Bjarnarflag
3298 Krafla



Regional plan
Reevaluate] o tilization

Energy Project Master Plan
Proposals

Regional plan

Reevaluate .
for protection

Protected area

Reconnaissance and Master Plan (3-15 years)

Research
license

EIA for
research wells

Industrial area

Feasibility
study

ElIA for a
power plant

Resource and
land contract
with land owner

Utilization
licence

Power plant
licence

Operation

Feasibility (3-6 years)

Planning Agency
Municipalities

Developer or - -
Orkustofnun Orkustofnun

Figure 8: Flow diagram illustrating the processes around the Master Plan.
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Results from Master Plan Phase |1

A total number of 84 potential power projects were
evaluated during the second phase in 2011

Master Plan ranking 28 hydropower projects and 38

geothermal projects approved by the Parliament in
2012,
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2nd Master plan
Class Sizes in Final Resolution

Electric Power Potential Hydro |thermal
GWh/a | GWh/a

Electricity Production (2010)
Appropriate for Development
Existing & To be developed
Appropriate for Protection
Awaiting further Consideration

Total — Existing & Master Plan
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The Deep Drilling Project

UPPER CRUST
LOWER CRUST




L essons learned from Iceland

Important to lower the risk of projects in - - -

Public Finance and/or Public Private Independent

the beginning by supporting e
exploration and test drilling

i § g }‘%E

Grants to homeowners for transformation H " 5§, 2%
N 2 : £RZlE

to GeoDH EEHIE

§ f; ' ] 9, i8¢

I E S5E5E
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Important for financial institutions to § g 2s

recognize opportunities with GeoDH

5

i 1. Scienti 1. 5 2.Financial close 3. Total drilling 4. Geothermal
& drilling Bdrilling &drilling  50-80% of power for50MWand  Power Plant

Longterm savings for the economy —e
tremendous by USing domeStiC resources Accurnul. GRANT 30 MUS$ Accumul. Equity 51 MUS$ = Accumul. Debt 119 MUS$

1% 1%
3%
8%

® Preliminary Survey, Permits, Market
Analysis, etc. 1%

= Exploration 1.5%

m Test Drilling, Well Testing, Reservoir
Evaluation 9.2%

® Feasibility Study, Project Planning,
Funding, Contracts, Insurances, etc. 3.6%

m Drilling of boreholes 35.7%

Estimated
well
elactrical = Construction (power plant, cooling,
capacity infrastructure, etc.) 38.3%
MW
Steam Gathering System and Substation,
Connection to Grid. 8.2%
Start-up and Commissioning 2.6%
0
Well 1
m Estimated MWe per well 3 0 7 17 20 ]

m=Total estimate 50 MWe 6 [ 3 [ 13 | 30 [ 50 50




Conclusion

« Utilisation of geothermal power has expanded rapidly
during the last decades.

» Global crises effect national policies.

« Loans important to support exploration drilling to
lower the risk of GeoDH operations.

 Iceland's long-term objective is to ensure long term
utilisation of the resource and the legal amendments
as future implementation of the Master Plan are steps
In maintaining and sustaining this objective.

« The legal framework is extensive.

« Effective policy making and official monitoring for
sustaining a renewable energy society is crucial for a
long-term sustainable yield of the resource.
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