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Global warming
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IPCC conclusions
= It is beyond doubt that the global climate system is
getting warmer

= Historic and future GHG emissions from human activities
contributes to the heating



Ihe world: 4°C warmer

No one knows exactly what this world will fook like,
but models provide insights into forced human
migrations and our future power generation
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Technologies for the 2°C scenario
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2011 2020 2030 2040 2050
W End-use fuel and electricity efficiency 38%
M End-use fuel switching 5% W Renewables 30%

B Power generation efficiency and fuel switching 2% = Nuclear 7%

Source: IEA, Energy Technology Perspectives, 2014
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CCS - CO, Capture and Storage
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Technologies for the 2°C scenario

Meeting the 2 °C target without CCS:

138 %

more expensive

Source: IPCC (2014)
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CO, capture - How it works

lllustration: ProsjektLab and Bellona
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CO, transport and injection - How it works

lllustration: ProsjektLab and Bellona



storage - How it works

co,
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CCS - Embraced by the EU

= The 2020 targets

= The 2030 Framework
= The 2050 Roadmap

= The Energy Union

CCS is a key element to achieve 2030 and 2050
ambitions
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CCS - Embraced by the EU

European

= The 2020 targets S
= 20 % reduction in GHG emissions
= 20 % more renewable energy
= 20 % more energy efficiency
= The 2030 Framework
= 40 % reduction in GHG emissions
= 20 % more renewable energy
= The 2050 Roadmap
= 80 % reduction in GHG emissions

= The Energy Union

CCS is a key element to achieve 2030 and 2050
ambitions
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Where do we stand today?

The technology works

Only a few industrial scale projects
worldwide in operation |
Two European large scale projects

= Sleipner and Snghvit

= Project enabler: The Norwegian CO, tax
Next step: Large scale demonstration

Emitting CO, is in most cases cheaper
than implementing CCS
How to commercialize CCS

= Bold political leadership to put a reasonable
cost on CO, emissions

= Comprehensive RD&D to reduce CCS cost
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54 large scale CCS projects worldwide

Reference: Global CCS Institute
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= Boundary Dam is the first coal power plant with CCS.
= CCS in operation October 2014

Photo: Aage Stangeland /&7"’ 7
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Brief History of CCS in Europe - 2008

=  Ambition of up to 12 CCS demonstration plants by 2015

= The ETS CO, quota price supposed to be the enabler for CCS
deployment

€ tonne CO, 90

Demonstration
phase:
CCS not
commercially
viable. Public Commerdial
contribution | |
necessarrsé'_ for : CCS expected to
some portion | be commercially
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: : and CO, price
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o0 b : : levels
| |
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* Carbon price band for 2015 from 2008-15 estimates from Deutsche Bank, New Carbon Finance, Soc Gen, UBS, Point
Carbo. Impact of the (possible) new ETS direclive and the Copenhagen conferenes are not included in the analysis
Source: McKinsey & Company “CCS — Assessing the Economics” for the cost numbers; policy implications drawn by ZEP Source: ZE P, 2008
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Lack of business case for CCS in Europe

= There is no business case in Europe because it is cheaper to

emit CO, than to invest in CCS

Expectations 2008

€ tonne CO, 90
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phase:
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Reality 2015

EU ETS carbon spot price

€ pertonne
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2011 12 13 14
Source: EU ETS
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Brief history of CCS in Europe 2009-2014

= Demonstration programmes

= EEPR: 6 projects awarded € 1 bn in 2009.
None realised

= NER300: White Rose (UK) awarded € 300 M
in 2014. Looks promising!

= CO, storage directive (2009)

= A legal framework for the safe geological
storage of CO,

= FP7 & Horizon 2020

= Comprehensive R&D
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Public awareness of CCS is low

The Barendrecht CCS project
were stopped in 2010 because
of public opposition

Were the public well informed?

als je het exacl wilt weten

natuur-
wetenschap
& techniek

Su erklokken Oerastronomen

; Preciezer dan de tijd zelf ! Sterren kijken in Lascaux
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CO, transport network is needed

PCI FOR CO2 TRANSPORT : OPTIONS | )

\“A“s‘ [ o

Stuart Haszeldine@ed.ac.uk CCS in the North Sea, Tekna Trondheim 8 Jan 2015

= Project of Common Interest (PCI) to build flexible shipping
and barges to deepwater ports

= Linking CO, point sources and storage sites
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CCS in Europe today

Demonstration projects
= UK competition: FEED ongoing for Peterhead and White Rose
= ROAD: waiting for investment decision

Regulations
= UK: Electricity Marked Reform & Contracts for Difference

= R&D

= Horizon 2020 & National programmes

Policy

= Energy Union

= 2030 Framework

= ETS Marked stability reserve
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Norwegian CCS experiences

17/3 -2000

Prime minister Bondevik resigns after losing support in the Parliament
for his policy of not allowing gas power plant without CCS
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Natural gas supply in Europe

European Supply by Source
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Policy Instruments for CCS in Norway
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Industry

Development of CCS-technology suppliers
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Public funding for CCS in Norway

INFRA J = ECCSEL = €6 Mfrom
= ESFRI project. R&D infrastructure RCN 2013
R&D J = BIGCCS and SUCCESS = €3.5M/yr
Centres - CCS R&D centres for 8 years
CLIMIT J = National program for CCS RD&D = 2015: €23 M
= Technology Centre Mongstad - €800 M
Tcm J = Large scale CO, capture pilot invested
= New government has promised
bizine J full scale demonstration by 2020




TCM - Technology Centre Mongstad
In operation since May 2012

Capacity ~ 100 k ton CO,/yr
Post combustion CO, capture

Two technologies: Amine and
Chilled ammonia

Flue gas from gas CHP and
cracker (4-9 % CO,)
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Europe’s first CO, capture test facility in cement industry,
Norcem Brevik, Norway
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Small Scale Test Centre
Basis for qualification of CO, capture technologies
Project on behalf of the European Cement Industry
Evaluation of full scale capture

Partners: Norcem, HeidelbergCement and ECR
Total budget: € 11 M — -
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Concluding remarks

= CCS is needed to meet climate targets in a
sustainable and cost effective way

= We need

= Comprehensive R&D in parallel with
demonstration projects to reduce CCS cost

= Bold political decisions to put necessary
incentives in place

= International cooperation




