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 Hydrogen export as one potential pllla'r in the energy future
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Norway - an energy nation....
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“"Norway - still an energy nation in 2050 ?"

Pre-requisites for retaining the position

Energy resources available compatible Y/sustainability criteria
Technology available to exploit and export "new" energy
Political ambitions, capability and courage

Adequate framework conditions

Industrial commitment

Technology for a better society ‘ SINTEF




“Norway - still an energy nation in 2050 ?"

L

Pre-requis

pre=—s

Norwegian Oil production

~ 42 % of the oil- and gas resources on
Norwegian Continental Shelf have &
been produced and sold

- New oil field Johan Sverdrup
totally 2.2 bill. barrels of oil

- Johan Sverdrup field
may cover global oil
consumption for

~ 4 weeks

Oseberg

Statfjord

Ekofisk
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Source: NPD/LBST 2012


http://www.google.no/url?sa=i&rct=j&q=sm%C3%A5kraftverk&source=images&cd=&cad=rja&docid=AtxK_pRs4cQ8iM&tbnid=URqx_5ccYuUUHM:&ved=0CAUQjRw&url=http://www.bondelaget.no/smaakraft-som-naeringsveg/category2796.html&ei=D7tBUaXmE8TFswaks4GQAQ&bvm=bv.43287494,d.Yms&psig=AFQjCNFRRP9caZ9jdRb07dff857NbZIRKw&ust=1363346279556552

“"Norway - still an energy nation in 2050 ?"
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“Norway - still an energy nation in 2050 ?"

, ion for Norweglan CC)2 stora
and Iarge European CO, emission point sources.

— Capacity > 30 Giga-tons of CO, in North Sea é‘ 3 el
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“Norway - still an energy nation in 2050 ?"

e Wind energy

95

Huge Wind resources:
- Offshore: _ Oﬁshore:
~ 14 000 TWh OOO TWh
/

/_,;_,

~100 x Domestic:annual
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“Norway - still an energy nation in 2050 ?"

Wind energy

Technically feasible deployment
of on-shore wind in 2015
and 2025 (MW)

< Areas 4 & 5:
34 W1000 MW wind planned
mCost ~ 1 300 M€
W Require grid
extensions ~ 500 M€

L m Applications and notifications under evaluation
Given concession/complaint filed

@ Technical feasible deployment by 2015 (MW)
Technical feasible deployment by 2025 (MW)

Area l

B Grid limitations

W45 MW installed

W Grid extension 20257
=» "Stranded" wind

e Wind resources:
- Offshore: _ Oﬁshore:
~ 14 000 TWh OOO TWh
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“"Norway - still an energy nation in 2050 ?"

Pre-requisites for retaining the position

High political climate ambitions & Effective measures in transport

[ Agreement across political parties: 3
- Cut GHG emissions by 30 % of by 2020 (vs 1990)

g - Minimum 2/3 of the GHG reduction domestically (1/3 quota)

1 Carbon neutrality within 2050 (incl. quota)
- Cut emissions for passenger cars to 85 g CO,/km (EU target 95 g CO,/km)
- Efficient taxation and strong incentives for zero- and low emission vehicles

Political ambitions, capability and courage

Low political understanding of the need for cross-sectorial action
« /4 No consistency in policy making, lacking inter-ministerial alignment:
- Industrial and energy policy measures for national value creation
- Long term effort for development of CCS technology h
|- Recent fall in oil prices eventually leads to
- Lack of understanding that Norw
- Policy framework is fra

Technology for a better society SINTEF



“Norway - still an energy nation in 2050 ?"

Pre-requisites for retaining the position

orw ay i winw Ahewindpower et
es for depreciations of L

n Norway and Sweden (20% / year) |;: | -
reased investments in Norway (30 % better yield)

Capacity (MW)
g
./ ¢

Green Certificate market, Sweden/NorW il
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= Requires robust power supp

Photqs Hydro _ %7
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“"Norway - still an energy nation in 2050 ?"

Pre-requisites for retaining the position

Orw y M Wi hewindpower et
or depreciations of s“'\“
orway and Sweden (20% / year) |: | p—_
reased investments in Norway (30 % better yield) E . \.
- i
Green Certificate market, Sweden/Norw °
Targeting + 26.4 TWh / year RES by 20z
= Surplus of electricity in the Nc 0 ——

QO - 0o M o
L] 0

Electrici
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Adequate framework conditions

< 12,3 kWh/kg (new pilot)

Technology for a better society SINTEF
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“Norway - still an energy nation in 2050 ?"

Pre-requisites for retaining the position

From: Focus on traditional industries
* Raw materials export (fish, minerals, timber)
» Slow adaptation of new industry

« Automation/lean production =*high efficiency
<&+ Low emission and safe oil & gas production

S oL To: Industrial Innovation Clusters
Vil sprenge grené'er Transfer knowledge from oil and gas to new

sectors of industry, incl. renewable energies

inniunye nar!ngﬁ 5, * Maritime operations, shipping, competence

Norsk Industri, Norsk olje og gass, Abelia og Tekna ° |nterdiscip|inary Sandpit, new ideaS
g for 4 fa trokk pai jon. : i
B B i Blpl e - Recommends large pilot plants to be built

Technology for a better society . SINTEF
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Pre-requisites for retaining the position

Energy resources available compatible Y/sustainability criteria
Technology available to exploit and export "new" energy
Political ambitions, capability and courage

Adequate framework conditions

Industrial commitment
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“"Norway - still an energy nation in 2050 ?" . -
B B

Norway's potential role internationally

« EXxporter of renewable electricity based on favourable wind/hydro

| o i ion to Denmark

— Norway's largest dam, Blasjg, (capacity 8 TWh)
— Several cables to Europe in the planning

— Fear for increasing electricity prices in Norway
=>» reluctance from Norwegian stakeholders

— Significant "stranded" renewable energy sources in remote areas = H,?

Technology for a better society SINTEF
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Case Raggovidda

wind park, Berlevag:

* Provides > 4000 full load hours

 Long distances to market =» H, ?

* Pre-study has revealed potential
profitable business cases for H,
production & export to Japan

« Co-production

from Natural ANEEAEVING petential:
Gas may cut : SlARMark: (or p;f”rgre_\;
hydrogen cost 2000 VIW= 8 T\Nh/year
significantly Othenwise hardly exploitable!

- ts00 tmergle  ~tetmumedls  —emonmeri  ~300umenti e L” M -
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3. Status of Development

Hydrogen Potential from Overseas

Wind H2

B Kawasaki 24



The polar route will connect us soon

NOI‘dIC countrles may prowde H2 to Japan
— Liquid H, may be shipped via the polar route.

Japan may supply FCEVs to Nordic countries m— MROVATION -
— Low emission carriers powered by boil off hydrogen. EINLAND NORWAY
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WHY hydrogen expo
from No

Blending |
H, In existing
NG pipelinesi ‘N
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WHY hydrogen technologies
in Norway?
B Because Norway has

M vast unexploited, remote renewable energy sources (wind)
B> 00 years' experience with industrial scale H,-production

B Because H, may
B dramatically cut domestic CO,-emissions (fuel for transport)
M supplement electricity as energy carrier (grid balancing & export)
B be (co-)produced from natural gas with CCS

B Competent R&D Institutions W/wide international network
B Engaged politicians& industry = National value creation
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