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CO, emissions in the cement industry

* Cement
production
constitutes ¥ 5 %
of global
anthropogenic
CO, emissions

* In2013~ 20 % of
global CO,
emissions from
cement
production
originated from
Europe
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The need for CCS in Cement production

Without reduction measures: 2.4 Gt/a in 2050
i BLUE MAP scenario (with CCS): max 1.6 Gt/a in 2050
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Source: IEA Cement Roadmap

* |EA target for 2050: 50 % of all cement plants in Europe, Northern America,
Australia and East Asia apply CCS

* Cement plants typically have a long lifetime (30-50 years or more) and very few (if

. ,/any) are likely to be built in Europe - Retrofit C E p

lkpe
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CEMCAP - positioned to complement and strengthen the
Norcem and ECRA CCS projects

* Utilize competence and knowledge
from ongoing and concluded CCS
projects for power industry

* Complement the Norcem CCS project
e by testing and evaluating additional
Leverage to TRL 6 for y testing an .eva uating additiona |
oxy-combustion and post-combustion capture technologies

post combustion capture * Strengthen and advance the ongoing

ffom Cfment ECRA CCS project for cement industry

e e e (component testing for oxyfuel)
retrofitability potential

DECARBIt, CAESAR, CESAR, ENCAP, Dynamis, NORDICCS,
ECRA CCS project | BIGCCS, BiOxySorb, OxyBURNER, Relcom, ADECOS,
CAL-MOD, CATS, CaOling, ReCal, CAP-Sol, LowTempCO,
ECCSEL, EERA CCS

NORCEM CCS
project

phase I-lll (post combustion)

MCAP =




Project structure
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Project schedule

Q3 2015 Q3 2016 Q3 2017 Q3 2018

* Techno-economic
descision base

* CEMCAP innovations

* Pathways for low-emission
cement plants

Comparative
techno-economic
analysis

Y

Retrofitability
analysis

CEMCAP =
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CEMCAP framework: Reference plant

* Cement plants differ in size, process technology, operational mode, fuel mix, raw
material composition influencing energy efficiency, flue gas characteristics etc.

* A reference kiln system has been defined, based on Best Available Techniques level
including

— 5-stage cyclone preheater
— Calciner with tertiary air duct
— Modern grate clinker cooler
* Representative average values of European cement plants define the key data:
— Plant Size: 3000 t/d (1 Mt clinker/y)
— Annual cement production: 1.36 Mt/y
— Clinker/cement ratio: 73.7 %

— 320 days of non-stop operation (85 % capacity rate), typcially 3-4 weeks of
winter revison

* The reference plant without CO, capture will be the basis for performance evaluation
of all CEMCAP technologies (cost, energy consumption, CO, quality...)
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SP3 — Oxyfuel capture
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Oxyfuel cement plant

CO, capture by N, free combustion

Oxyfuel combustion influences:

* Heat transfer in rotary kiln (gas
atmosphere)

* Calcination kinetics in pre-calciner
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Technologies to be tested - oxyfuel

Oxyfuel burner Calciner test rig Clinker cooler Drawings

Existing 500 kW,,, oxyfuel rig  Existing <50 kW,, entrained ~ completed, is being built for
at USTUTT was modified for flow calciner (USTUTT) will be ©n-site testing at

CEMCAP experiments used for oxyfuel calcination HeidelbergCement in
tests Hannover (summer 2016)

=
: Stage 1 ‘ ' Stage 2 _
= 1 )

3334111

)

Partners: USTUTT, TKIS, Partners: USTUTT, Partners: IKN,
SINTEF-ER VDZ, IKN, CTG HeidelC, VDZ
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SP4 — Post Combustion
Capture
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Technologies to be tested — post-combustion capture

Chilled Ammonia Process (CAP)
Absorber tests at GE Power
Sweden (never tested for such
high CO, concentrations before,
up to 35 %)

TS5
-

-

Partners: ETHZ, GE-SE,
GE-DE

Membrane assisted CO, Ca-looping (USTUTT, CSIC rigs)
liquefaction

End of pipe Cal as well as
Novel concept, suitable for jntegrated Cal tests

high CO, concentrations
Membrane tests: TNO

Liquef. tests: SINTEF-ER
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Chilled Ammonia Process (CAP)

* CO, separation by cyclic absorption/
desorption in NH,
* Lower regeneration effort Flue gas o acid FG-WW

wash and stack

MNH;-rich

* High sorbent stability .
residue
* Experimental work on: cl
==}
* CO, capture performance “
CO =depleted
flue gas Make-up

* Flue gas pretreatment

CO, capture section
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NH, CO,-lean solution
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* Overall CAP simulation and in
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Preliminary Results - Chilled Ammonia Process (CAP):
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Membrane assisted CO, liquefaction

*  Membrane screening

* Experimental work on
*  Membrane performance
* Liguefaction and purification process
e Simulation work on combined membrane- and liguefaction capture system

Compression and
Flue gas >D Exhaust
{ conditioning J
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Calcium Looping (Cal)

* CO, separation by cyclic calcination/carbonation of CaCO,

* Low efficiency penalty / separation cost due to efficient heat recovery / heat
integration

* Synergies between cement plant and Cal

CO,-lean CO, to Storage

©

Cal Steam
Generator

co,
Conditioning

* Experimental work on

CO,-rich
Flue Gas

* Sorbent screening

* CO, capture performance

* Entrained flow CalL system Make-up
source Limestone
*  Simulation work on Y Y
* Entrained flow carbonator Air Fuel

* Cal integration into the cement plant Air wp | ASU | ==,
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Preliminary Results - Calcium Looping (Cal):

Calcium Looping (Cal)
* Demonstration at 200 kW,,, pilot plant at IFK, University of Stuttgart
* CO, capture up to 95 % (near equilibrium capture rate)
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Outlook

*  CEMCAP results will be presented during GHGT-13 in Lausanne (9
contributions)

*  Next CEMCAP/ECRA workshop in spring 2017

* Experimental work finished by Q4 2017

* Comparative techno-economic analysis by Q3 2018

* Newsletter subscription on website (www.sintef.no/cemcap)

Contact:

Matthias Hornberger: matthias.hornberger@ifk.uni-stuttgart.de , +49 711 / 685 67801
Reinhold Sporl: reinhold.spoerl@ifk.uni-stuttgart.de, +49 711 / 685 63748
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