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World’s 2nd largest exporter of natural gas
World’s 5th largest exporter of oil
The petroleum industry is important for Norway:
= One half of total exports
« One fourth of GDP
= One third of total Government income
World’s 2nd largest Sovereign Wealth Fund USD 400 million
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Share of the world’s population: 0,07 %
3 x higher CO2-emission per capita than average: 0,21 %
13 x higher CO2-emission (oil & gas export): 2,73 %

Courtesy: www.worldmapper.org



®* Agreement among ruling and opposition parties in the parliament :

® Global target: limit average temperature hike to 2° C above pre-industrial level
® Strengthen Norway’s “Kyoto commitment” from 1% above 1990-level to 9% below 1990 level
® Reduce Norway’s carbon emission footprint with 40% within 2020
® Reduction of >20 MtonCO2 including forestation
®* Norway shall be “carbon neutral” within 2030

® Carbon emission reductions may be domestic/offshore reductlons or through purchase
of international emission credits PP
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® However — the target is that 50%-65% of the reductioh shaII be domestically

® Prime Minister Jens Stoltenberg’s New Year Address 2007:
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within 7 years — demonstrate d at the European CCS Test Center Mongstad

® “This is alarge, national project and can be compared to the US Moon Landing project in the
1960’s”
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® Established 2005 as part of
Ministry of Petroleum and Energy

®* Transformed Jan-08 to state
enterprise (SF)

® Managing the Norwegian state's
interests in CCS

® Support to technology development
® Project development and execution

® Acting as an advisor for the authorities

°* CLIMIT

® Research and development
programme

¢ State and industry funding

® Projects

® Studies

Demo and full scale
State financing

Supplier
involvment/development

Ownership
models/consortium

Value chain: Capture,
transport and storage

Source: Gassnova



Commercial market/
Industry

Technology development

Source:
Gassnova
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Source Capture  Transport EOR Storage Control

v Scale up & verify

v’ “First of its kind”
Source: L
Gassnova
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p— : The Gas Technology Fund
1 l 2 billion NOK (350 mill. $)
~ARCAS
The Technology Research Programme CLIMIT __Industry
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Project Support
—

Research Innovation Demonstration Commercialization
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CLIMIT FoU 2009

Other
0,38 M$
3%

BIGCO2
3,21 M$
27 %

Hybrid /

Pre-combustion
0,71 M$
6% - C

Post-combustion
2,56 M$
21 %

Oxy-fuel
Transport/storage 0,10 M$
1,57 M3 3,45 M$ 1%
13 % 29 %
Hybrid Pre-combustion
0,14 M$
1% 0,90 M$
4%
Post-combustion
8,02 M$
CLIMIT-demo Transporystorage 36 %
12,70 M$

-narrower technology
focus

Source: Gassnova

58 %

Oxy-fuel
0,20 M$
1%



Mandate and
funding

Emission
permits

Ministry of Ministry of
Petroleum & Energy the Environment
(MPE)

Government Gassnova 1 Gassco Norwegian
entities project Pfetroleum
execution Y, L Directorate

Universities and Private sector

research institutions companies

Source: Gassnova



® Programmes

* BIG.... -
* CO2

* CLC >~ 90ME

® H2
CCS - FME _J
ECCSEL

® European CCS Labs
SOLVit

* ACC

Other projects

EU FP6&FP7

Source: NTNU and SINTEF

BIGCCS

SOLVit ECCSEL

} 82M€

CO2
Field lab

EU,
FP6&7

-

} A0ME BIGCO2

® Various industrial partners} S0M€

_ o _ 24M€
® Largest R&D provider within CCS in FP6 and FP7



Snghvit LNG train 1, 2007

_ Snehvit/LNG train 2
Cleaning up CO, from

natural gas

our operations

Cleaning up CO, from electricity A
our products generation g
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. Mongstad — 1,3 to 2,1 mill tonnes/yr,
e ————————————————
’Kérst@ — Naturkraft — 1-mill
‘ tonnes/yr, 2011/2012

Sleipner, 1 million
tonnes/yr from 1996
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® Started in 1996 — 10 year of CO2-injection in October 2006
® Separating and injecting nearly 1 mill. tons CO2 annually
® Storing in saline aquifer above natural gas reservoir

® Driver: the ~45US$%/ton CO2-tax imposed in 1992

® Learning and confidence building through a series of large EU-wide R&D
programs



® Piped CO2 separated from natural gas (5-8% CQO2) in
onshore LNG plant, and re-injecting in sandstone
below natural gas reservoir

® 145 km subsea pipeline transport.
® CCS started April 2008 — capacity 700,000 ton/yr

Halten CO2

. Mongstad

.Kérsm — Naturkraft




Source: Gassnova
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Source:
Gassnova
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2006: agreement between Norwegian state and Statoill
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® Pipelines from Mongstad and Karstg

® Deposition sites:

® Utsira (Sleipner)

® Johansen formation (south of Troll)

Source:
Gassnova




® Norway is a promoter for technologies to combat global warming, with focus on
CCS, new/renewable energy, energy efficiency and global carbon market
schemes.

® Gassnova SF established to run projects, support RD&D and advise the
government

® Frontrunner on CCS projects and demonstrations:

® The Sleipner CO2 storage project since 1996
® The Sngvit CO2 storage project since 2008

® The European CCS Test Center Mongstad

®* The Karstg CO2 capture project

® One of the largest R&C clusters on CCS in the world.

® Challenges:

® Public acceptance

® Projects: Retrofit / Brown vs green field / Scaling up

¢ Health, safety, environment (HSE)

® Commercial: funding / Market development / Industrial partnerships — Consortium.

¢ Strategy still to be decided: Financing, operation, ownership, competence, international knowledge
sharing, i.e. models

® Actively seeking collaboration with R&D centers and CCS technology
developers world-wide.



International Carbon Markets and trading scnemes $uch as
CDM{JI, EU ETS and the geopolitical negotistions of handling
climate gases.

Morway is taking a leading rale in the global cve,

frarm developrment and demanstration of CCS technalogies, via
establishment of carban trading markets to an active geopalitical
stance, Click here for introduction to Norwegian CWG activities,

Search for text:

Wou are here: CWC Tearn Morway f Carbon Value Chain in M. f Morwegian CCS Projects

Search




MENU Search for text:

Carbon Value Chain in
“You are here: CVWC Tearn Norwaw / CWC Teamn Morway contacts

Morway
Carbon Value Chain in Asia
and Ocesnis CVC Team Norway contacts
UL 2T [MTRITeyy Carbon Value Chain Team Morway contacts.
contacts
Ve T @ The Carbon Walue Chain Team Morway consist of companies and individuals engaged in CWC activites
etam aruay in Asia and Cceania, The team includes embassies, governmental representatives, Morwegian
concep companies and scientists,
Morway-Japan serminar,
Cctober @ For averview of companies and institutions in Morway, cick here,
CWE Tearn Morway
workshaop Ock 7-2 Coauntry
Mews Japan Per Chrizster Lund - Counszellor Science and pet.christer lund@innovationnarway.na
Technology, Innovation Horway
Downloads Japan Jgrn Osmundsen - Second Secretary, jorn.osmundsen@rmfa. no
Ewvents Morwegian Embaszsy
Site map Japan “roshinori Miura - Environrmental Manager, Det
Maorske Weritas
Blogg -
China Gy Irene Skorstad - Embassy Secretary,

Morwegian Embassy in Beijing

China Geir Haugurn - Office Manager, Innovation geirhavgurni@innovationnorway.no
Morway Beijing

Kaorea Reidar Grevzkaott - Office Manaager, Innovation |reidar.grevskotb@innovstionnorway. no
Horway Seoul

Kaorea Jori Jérgensen - Senior Advisor, Horwegian Jari, Inwory Jargensen@rnfa, no
Ernbassy

iet Marm | Tran Hai Anh - Office Manager, Innovation tran.hai.anh@innovationnorway. no

Horway Hanoi

Yiet Marn | Thea Martine Ottrnann - First Secretary,
Morwegian Embassy in Hanoi

Thailand  |Axel Blom

Malaysia |Tuan Hai Ewe - Office Manager, Innovation tuan. hai.ewe@innovationnorway.no

Morway in Kuala Lumpur

Singapore (Cle Jacob Sgrdalen - Science and Techrnology  |ole.jakob.sordalen@innovasjonnorge.nao
Counzellor, Innovation Morway

India Fajeew Koul - Market Advisor, Innovation raieev, koul@innovationnormay.no
Marway Mew Dehli

Australia  Martine Aarmdal Bottheim - Embassy Secretary,
Morwegian Embassy in Canberra

Sharnghai [Einar Tere Moz - Director of Operations, Det EinanToreMoc@dnwv, corn
Morske Weritas

www.innovationnorway.no/CVCTeamNorway

perlu@innovationnorway.no



