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Objectives of the ECRA Chair
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Some ECRA Chair activities

Scientific Committee Meetings Scientific Events

ECRA award
for new graduated students

Visit of cement inauétries

University of Mons



External communication activities

ECRA Chair Post-doc
and PhD Student (Regina, Sept, 2015)

ECRA Post-doc at GHGT12 ECRA PhD student at PhD Day
(Austin, October 2014) (Mons, October 2014)

Eneray Proceda ) SCIENTIFIC PUBLICATIONS

Volume B3, 2014, Pages 1854-1862

12th International Conference on Greenhouse Gas Control Open

Technologies, GHGT-12
Access

Screening tests of new hybrid solvents for the post-combustion
CO, capture processhy chemical absorption =

Julien Gervasi, Lionel Dubois, Diane Thomas & - & UMONS » POLYTECH
= e e @ MONS

Simulations with different process configurations for the CO, capture

HEIDELBERGCEMENT Group

o BTl NORCEM () - =
and Environment
LERCITIEN  Tarragona, 10 - 12 June 2015 european cement research seademmy
Energy Procedia ———
ay s

Volume 63, 2014, Pages 6492-6503

applied to cement flue gases
Julien GERVASI, Lionel DUBOIS*and Diane THOMAS 12th International Conference on Greenhouse Gas Control Open
Technologies, GHGT-12 Ac’:ess

Chemical and Biochemical Engineering Department, Faculty of Engineering, University of Mons, Belgium
*lionel.dubois@umons.ac.be

CO, Capture in Cement Production and Re-use: First Step for
the Optimization of the Overall Process =

o

Nicolas Meunier, Sinda Laribi, Lionel Dubois, Diane Thomas, Guy De Weireld & . &

University of Mons




ECRA Chair activities management

Scientific committee

4 AN

Oecra UMONS

european cement research academy Université de Mons
industrial/research academic
members members

—> Definition of the actions and periodical evaluation of the progress of
the different research projects of the Chair;

— Validation of the program of activities, of the operating budgets and of
the annual report.



ECRA Academic Chair research team in UMONS

Academic Coordinator:
Prof. Diane Thomas

Academic Supervisors/Advisors:
Prof. Guy De Weireld  Prof. Paul Lybaert  Prof. Anne-Lise Hantson

=) -

PhD Student:
Ir Sinda Laribi

PhD Student:
Ir Seloua Mouhoubi

Scientific Coordinator:

Dr Lionel Dubois PhD Student:

Ir Nicolas Meunier

UMONS
QOecrachair

from CO: to energy

PhD Student:
Ir Remi Chauvy
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CO, emissions - Key figures for the cement industry

2011 CO: emissions: 33.8 gigatonnes

Global emissions trends
Transport 20% by industrial sector

under current policies
Power 39%

Agriculture 1% l‘
Other 6%

Buildings 8%

Iron
5 and steel

ons (GtCO,)
[+)] -4 [+] (¥s) 5

Source: CO, emissions data from IEA, 2014,
Energy Technology Perspectives 2014

Annual emissi

2010

Source: IEA (2013b), « Global Action to Advance
Carbon Capture and Storage: a Focus on
Industrial Applications »




CO, emissions — Roadmap and actions
CEMENT ROADMAP

International
. Energy Agency World Business Council for
i 1ea’ Sustainable Development

nt sector CO, emissions reductions

w the baseline, low demand scenario, 2010-2050
2010 2020 2030 2040 2050
2.5 >33 emsiesslizens:

234Gt
Energy efficiency: 10% I
Alternative fuel use and other fuel switching: 24%
Clinker substitution: 10%

2.0

CO, emissions reductions ' Carbon capture and storage (CCS): 56%

Direct emissions (Gt Coz)

| BLUE
emissions:
1.55Gt

Source: https://www.iea.org

44% thanks to:
- Energy efficiency
- Alternative fuels
CO, emissions - Clinker substitution
reductions
56% thanks to

Carbon Capture and Storage (CCS)




CO, Capture, Utilisation and Storage (CCUS)

e.g. kerosene, diesel, methanol, ethanol

INTERMEDIATES
e.g. formic acid, syngas

A4 POLYMERS

e.g. poly(carbonate), poly{urethane)

INORGANIC & ORGANIC CARBONATES

] e.g. calcium carbonate, dimethylcarbonate

- CARBAMATES

CARBOXYLATES AND LACTONES

. TG

v

Conversion

Non-Conversion BIOMASS

Utilization (CCU)

Capture—<

Sequestration (CCS)

» Desalination

Enhanced Oil Recovery
Enhanced Geothermal
Enhanced Coal Bed Metha

Source: The Pembina Institute with Integrated CO, Network (ICO2N)



Gas treatment in the cement industry

Cement flue gas composition: CO,: 15.5-19.9 % / dust: 1.1-40.7 mg/Nm?3
(example of Norcem Brevik plant) SO,: 19-461 mg/Nm3 / NOx : 376-880 mg/Nm?3
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CO, Capture Techniques

== Precombustion

= POStcOombustion

= OXycombustion

Fuel
Not interesting for cement industry m Electricity
because most part of the CO, is = Calcining

coming from the calcination: 30;‘
CaCO, + heat - CaO + 1 CO, 64 ‘
%

CO=z
Separation

Coal
Gas s COMbUSton & h
Biomass / Calcination

Air

Coal . E CO:z
Gas il COMOLSHONS
Bomass + PURIFICATION
t (CPU)
O

Partial oxy-fuel

COz
Compression
& Dehydration

CO:
Compression
& Dehydration

M2
Al sl Air Separation ﬁ




Post-combustion CO, Capture in the cement industry
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Post-combustion CO,Capture in the cement industry

Oxycombustion &=

Membrane

process
Postcombustion [

=2 Adsorption
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Oxycombustion CO,Capture in the cement industry
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CO, Purification Unit
(CPU)
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Biological
CO, capture

CO, reuse

CO, conversion ways

=) =)
X, 7

*Algae
Carbonated Beverages *Greenhouse Gases

«Flavors/Fragrances
«Decaffeination

N

ff
Biological
Conversion
"«%@

9

(‘W@“ Liquid
w\‘\e Fuels
+0il pEOh, Enhanced Chemicals | «Urea
. =EGR «CO Fertilizer
Gas “EcaM Fuel Recovery .
) £ J
v\ﬁ")(, %%,,’ Secondary
,}§ 2, Chemicals
mm e Q@':' 4", «Refrigeration
lymers 5 %
= & %, «Drylce
< s [ %
& HE %
Fire Extinguishers «Blanket Products *Injected into metal castings .
«Protect Carbon Powder :Added tt:a D ;m% ':sa esp y t
sShisld Gasln Weldine *Dry ice pellets used for sand blasting
*Red mud carbonation

CO, to methanol

cO ,0
H, gﬁ/_‘,{'ﬂ CH,OH
Active Site Cu / CuO Catalyst

ZnO / Al,O4 Support




General framework of the ECRA Chair

CO, Capture & Purification CO, Conversion

Air Products CO, Purification Unit (CPU)
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Oxy-fuel Sour Dehvdrati C .
> CO, capture > Compress. € \(Jnriitlon ] ry'jrg‘ietnlc
Yeoz2 > 70% Unit
z
@ Partial oxy-fuel Modeling and Optimization
e > CO, capture A TTTTTTTT Tt
',,E, 35 < yco < 70% ——— ] Pressure Swmg Adsorption (PSA) L.
o ) ! Adsorption Process :
g L————l\—,l——a——l_— ————— a—é—————_————:(————' CO, Catalytic Conversion
odeling and Experiments -
° Post-combustion (mategrials scr:ening) into methanol
—> CO, capture
Yoz < 35% Abserption-Regeneration Modeling and Experiments
“| Process: conventional solvents (effect of !mpurltles
on catalytic process)
Modeling and Experiments
(solvents screening)
D = Sinda Laribi’s PhD Thesis Other CO, Conversion
. . routes
D = Nicolas Meunier’s PhD Thesis . Absorption-Regeneration
Process: demixing solvents )
D = Remi Chauvy’s PhD Thesis Modeling and
Modeling and Experiments Technico-economic analysis
D = Seloua Mouhoubi’s PhD Thesis
D = Lionel Dubois’s Post-Doc Absorption-Regeneration

Process: other configurations

! ' = Other works

[ IR |

Modeling and Technico-economic analysis




Projects related

¢
¢
¢
GRAMOFON
Energy efficient New process for efficient
Effect of NO, and SO, Metallic Organic CO, capture
on the cultivation Frameworks (MOF) - by innovative adsorbents
of microalgae using CO, based Mixed Matrix based on modified
from cement flue gases Membranes Graphene Aerogels and
for CO, Capture MOF materials
FPMs project FP7 project H2020 project



This day... at a glance

’ Deployment of CCSU
i in the industry

\:w ECRA’s and HC’s projects
HEIDELBERGCEVENT

10:00 - 11:15

Lixhe and Leilac

11:30 — 12:00 &Q‘ Coffee Break

CO, reduction for LafargeHolcim

12:00-13:00 § Ca Looping
CCUS for Engie

13:00 - 14:15




ECRA Chair projects

R SESNIES

15:30 -16:20 op—r o, CO, conversion to
methanol

Use of microalgae

16:20

16:30 - .2 b( A Drink



.. and tomorrow

Visit of the CBR (HeidelbergCement Group) Lixhe Cement Plant
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Low Emissions Intensity Lime & Cement

Le I Iac A European Union Horizon 2020 Research & Innovation Project
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