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Non-CO, emissions relative to 2010

O Global total net CO2 emissions Emissions of non-CO:2 forcers are also reduced
O a - or limited in pathways limiting global warming
u Billion tonnes of CO,/yr to 1.5°C with no or limited overshoot, but

50 they do not reach zero globally.
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Timing of net zero CO2 Pathways limiting global warming to 1.5°C with no or low overshoot
Line widths dePICt the 5-95th —— s Pathways with high overshoot

percent! le and the 2'5'75th —_— b Pathways limiting global warming below 2°C
percentile of scenarios (Not shown above)

Source: IPCC. Global warming oPC.5Summary for policymakers. October 6, 2018.
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A consistent project

Framework, Analysis feedback

Performance and Technology development and
retrofitability analysis demonstration 2TRL 6

* Oxyfuel: burner, calciner
and clinker cooler
¢ Chilled ammonia process (CAP)
* Membrane-assisted CO, liquefaction
¢ Calcium looping

Pilot scale test results

ATight connection analytict=  experimental work

AA common framework document established to
ensure project consistency
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CQ capture technologies in CEMCAP

Capture Chilled_ Meml_orane Calcium Looping
Anol Oxyfuel Ammonia Assisted
technology Process | Liquefaction| Taitend Integrated

The capture technologies are fundamentally different, with different advantages and challenge

Ene_rgy Power Steam and Power Fuel and power
provision power

CQ capture requires energy and costs more@ EMCAP did not change this fact
but we have decreased the uncertainty about the numbers foraddmentindustry
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Chilled Ammonia Process (CAP) ;’u

A globally available
A chemically stable

Chilled Ammonia
CO2 capture

APrinciple

A Aqueous ammonia absorbs €O

| Flue Gas Cooling/
conditioning

¢ CO2 #Heat exchangers QPumps GCooling

CO2 Storage

in absorption column

C02 :
Compression

A Solution isegeneratedthrough
heating atpressure

CO2 3
Regeneration )

CO2 Absorption

AResearch:
A In pilot scale investigate process differences between cement and pog
A Thermodynamic and kinetic model development
A Process optimization for cement application
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CAP: achievements in CEMCAP  jem e

A chemically stable

Auxiliaries

AValidated process models

ACAP exploits high GO 7
concentrations for highly efficient | _#

Capture
AValidated CAP functionality
A All process units that are affected by new § ' \‘ \‘!ib ,
“@ il

flue gas composition tested
A CAP ready for eaite demonstration




MembraneAssisted Liguefaction (MAL) = .

APrinciple: Flue gas is Génriched e
through membranes to "“lovend 100 -
oxyfuel" conditions. Thereafter o

compressed, cooled and condensed
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Similar route as inTRR
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AResearch:
A Membrane testing in lab
A Development of MAL process schemes
A Demonstration of CQliquefaction on pilot scale

A Oxy-combustion, NG

CO, partial pressure [bar]

4 Oxy-combustion, coal
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MAL: achievments in CEMCAP ©

APolymeric membranes

A Tested selectivity and permeabilitf
two membranematerials

A CQIN, selectivity sufficient: provides sufficient
CQ concentration for efficient liquefaction
ADemonstrated operability of CO
liguefaction in 510 ton/day scale

A BinaryCQ/N, mixtures with CQconcentration
relevant for MAL applications

A Very high COproduct purity measured, up to 99.8 %




