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IPCC - SR15- Special report on 1.5 deg warming

b) Stylized net global CO2 emission pathways ¢) Cumulative net CO2 emissions d) Non-COz2 radiative forcing pathways
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Faster immediate CO2 emission reductions
limit cumulative CO2 emissions shown in
panel (c).

Source: IPCC Special Report on Global Warming of 1.5°C

Maximum temperature rise is determined by cumulative net CO2 emissions and net non-CO2
radiative forcing due to methane, nitrous oxide, aerosols and other anthropogenic forcing agents.
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a) Observed global temperature change and modeled
responses to stylized anthropogenic emission and forcing pathways
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Figure 1.1 * CCS policy and political support over time

Global CCS Institute established Announced global public support to CCS exceeds USD 30 bilion

IEA Technology Roadmap for CCS COP19 conference in Copenhagen postpones global climate change mitigation plans

(8 leaders pledge to build *20 new

large-scale CCS demonstration projects” Public opposition to onshore storage in Europe

(Global financial crisis deepens

EU CCS Directive
CCS included in the Clean Development
Mechanism of the Kyoto Protocol

Shale revolution makes cheap natural gas available
in the US: various coal CCS projects cancelled

EU ETS carbon price collapses

EU NER 300 Round 1 results in
zero CCS projects selected for funding

COP21 reaches historic climate agreement _ " "™

Quest CCS project becomes first to reduce

emissions from oil sands with CCS

International Journal of Greenhouse Gas Control
Special Issue released ahead of COP21

Boundary Dam commences
operation as world's first large-scale
CCS project in power generation

ADB China CCS Roadmap released
Cancellation of UK CCS
Commercialisation Programme

CSLF Ministers highlight progress with

CCS and the need for more demonstrations

Qil price fall threat to CO,-EOR and CCS investment
US and China issue joint statement on climate

IEA releases updated Technology Roadmap for CCS change and announce CCS collaboration initiative

Inaugural CSLF Ministerial meeting IPCC 5* Assessment Report identifies CCS as EU NER 300 Round 2 resulis in

critical for achieving ambifious climate goals } Eﬁirﬂﬁgﬁgtc?ﬁﬂmr funding.

China increases focus on CCS under its 5-Year Plan
12 new large-scale projects are identified

IPCC Special Report on CCS

Sleipner becomes first large-scale
CCS project with dedicated storage

1996 2003 2005 2008 2009 2010 2011 2012 2013 2014 2015 2016

Source: Adapted from SBC Energy Institute (2016), Low Carbon Energy Technologies Fact Book Update: Carbon Capture and Storage
at a Crossroads.
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CCS R&D —underpinning CCS deployment
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R&D Turnover in CCS > €20 million/yr (SINTEF and NTNU)
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BIGCCS International CCS Research Centre
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Multi-scale approach

to the development of CO, capture technology

Experimental data

Modelling & simulation
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The Norwegian Full-Scale Project

Kilde: Gassnova

CO, Storage

GASSNOVA ¥
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Norcem HeidelbergCement
Cement factory
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Yara Porsgrunn
Ammonia factory
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Fortum Oslo Varme AS
Energy recovery plant

CO, Capture
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Technologies under scrutiny in CEMCAP, reaching TRL6*

Post-combustion capture tests:
* Chilled ammonia (CAP)
¢ Membrane-assisted CO,

Electricity

Crusher

District heat

liquefaction
* Calcium looping (Cal)
. Scrubber )
Limestone quarry Dispatch

-

¥

Filter

Storage ||
Raw mill

Cement mill

Oxyfuel capture tests:
* Burner

* Calciner

* Clinker cooler

11

*Technology demonstrated in industrially relevant environment
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R&D @ work- oxy-fuel solutions for the future

Clinker cooler prototype
and recirculation system
installation at
HeidelbergCement in
Hannover

Hot commissioning of the oxyfuel clinker
cooler and first oxyfuel clinker samples
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In CEMCAP a pool of CCS expertise has been
made available to the cement industry

Cooperation to prepare the ground for
large-scale implementation of CO, capture
in the European cement industry

Cement industry commitment FP6 and FP7 CCS projects for
to climate protection the power sector
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[ cases showing the effectof R&l
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Geophysical Improved Capture and Capturing CO,  Avoiding Smart design of Efficient capture

methods for completion of  liquifaction of  using CLC running ductile  CO, value processes

monitoring CO,wells CO, for ship cracks in CO,  chains

subsurface transport transport

storage of CO,

Savings: Savings: Savings: Savings: Savings: Savings: Savings:

~€100 ~ €20 million ~10% cost Could cut capture ~€25 million for ~10-15% of Energy- €10

million/site Icompletion reduction per costs by 30-40% a 500km mitigation costs mill/yr (1Mt/yr)
ton CO, pipeline

14 Impello Management © 2018 Captu red



Summary

* R&I key for CCS to happen on the ground- to derisk, optimise and to reduce
costs

* Significant knowledge sharing throughout the years- across sectors

* Benefits can be quantified- we need to run more of these post research
surveys

* Important to pool resources to achieve scale in R&I- EU, MS/AC, Industry

* Need to speed up CCS in lieu of the IPCC SR15 — BECCS will not happen
without CCS

* Important that Horizon Europe cover the whole value chain for CCUS for both
industry and power, other sources
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