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In 2013, ECRA (European Cement Research Academy) and University of Mons signed
an important scientific agreement related to the creation of a privileged partnership
and the development, within the University, of an academic Chair financed by ECRA.

The main objective of this academic Chair is to create a centre of scientific expertise
in the specific field of “carbon capture in cement production and its re-use”, and

promote research and innovation.
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CO, emissions — Roadmap and actions

Cement plants = 30% of the industrial CO, emissions

CEMENT ROADMAP International
. Energy Agency World Business Council for
1éa @ Sustainable Development

nt sector CO, emissions reductions
w the baseline, low demand scenario, 2010-2050
2010 2020 2030 2040 2050
Baseline
2.5 1

emissions:
2.33 234Gt

Alternative fuel use and other fuel switching: 24%
Clinker substitution: 10%

Carbon capture and storage (CC5): 56%
(+ Utilization (CCSU))

Direct emissions (Gt Coz)

emissions:
1.55Gt

Source: https://www.iea.org

44% thanks to:
- Energy efficiency
- Alternative fuel

CO, emissions reductions - Clinker substitution

56% thanks to Carbon Capture Storage/Utilization
(CCSuU)



CCSU (Carbon Capture Storage Utilization)

Paving the way — A selection of today’s carbon capture and utilization pathways
FUELS

e.g. kerosene, diesel, methanol, ethanol

INTERMEDIATES

yCOZ cement plantS (20-30%) e.g. formic acid, syngas
i “%ag © 4 POLYMERS
hl her than : : e.g. poly(carbonate), poly(urethane)
o)
Yco, POWer plants (5-15%) m| INORGANIC & ORGANIC CARBONATES

| e.g. calcium carbonate, dimethylcarbonate

- CARBAMATES

CARBOXYLATES AND LACTONES

v

Conversion

Non- Conversnon
Utilization (CCU)

—Capture » Desalination co2chem.co.uk

Sequestratlon (CCS)

Enhanced Oil Recovery
Enhanced Geothermal
Enhanced Coal Bed Methane

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




CO, Capture Techniques
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the CO, is coming from the 30;1
calcining: o ‘ 2
CaCO, + heat - CaO + 1 CO, % 2%

== Precompyustion

COz
Compression
& Dehydration

CO=z
Separation

Coal
Gas .| COMbustion & h
Biomass / Calcination

= POStcOMbustion

Air

I
I :
W Partial oxy-fuel
I combustion
I
I
coal ma-| COMbUStiON & CO: oz o
g?lsmass Calcination + PURIFICATION & Der?ydralion
= Oxycombustion @" T“" (cPU)

M2
Al sl Air Separation ﬁ




Experimental and simulation results

Absorption-regeneration process using amine(s) based solvents

Other gases Captured CO,
- -

EXPERIMENTAL
RESULTS

SIMULATION
RESULTS

ABSORBER

Flue gas —» 138

Evaluation of the «— Reboiler

absorption
performances of a
wide range of

<« Lean solvent .

Influence of the

CO, rich so&et .
partial oxy-fuel

From http://www.co2crc.com.au/

solvents in high CO, co_rr.lbustion
content conditions — Presentation by S. Laribi cond|t|ops on the
- Experimental regeneration energy

screening of solvents ) ] ] - - .
& Aspen Hysys™ simulations with alternative configurations
-> Current presentation



Context of the study: Brevik Project (Norway)

N The Project Including Aker Solutions amine based process

Small scale test centre at Norcem Brevik T
4 post-combustion CO,-capture technologies

Small scale testing - full scale perspective
Kicked off in May 2013 — scheduled for 3,5 years

e NN

N

Partners:
« Norcem
« HeidelbergCement
« ECRA (European Cement Research Academy)

v" Project on behalf of the cement industry in Europe!

Total budget: 93 mill. NOK (11,7 M€)
Gassnova / Climit-Program: 75% support

NN
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General principles of the simulations

ﬁ —> CO, recovery flow

CASTOR/CESAR pilot Geo,regen = 1.5 CO,/h
NORCEM ' G, = 4000 m¥h
HEIDELBERGCEMENT Group i yCO = 204 mOI%
Brevik Cement plant i A =ng mol.%
' Purity of produced CO, = 98 mol.%
v v
Brevik cement plant = ECRA reference  CASTOR/CESAR pilot = reference
Single European project for testing European projects
CO, capture from cement industry All data available

* Aspen Hysys V8.6

* Acid gas package

* Thermodynamic models: Peng-Robinson (gas) and e-NRTL (liquid)
» Reactions sets included in the package (validated by literature)

—> Simulations for different process configurations

University of Mons




Comparison of Aker’s MTU and CASTOR/CESAR pilot

Parameters MTU from Aker CASTOR/CESAR pilot
tested at Brevik Cement plant used for the simulations

Absorber diameter
Absorber packing height
Absorber pressure
Desorber diameter
Desorber packing height
Desorber pressure
Packing type
Gas flow rate
Solvent circulation rate
CO, capture efficiency

Captured CO, flow
from Brevik flue gas

0.40 m 1.10 m
max 18.00 m max 17.00 m (N. = 17)
- 1.2 bar
0.32m 1.10 m
8.00 m 10.00 m (N, = 10)
- 2 bar
MellapakPlus Random packing IMTP 50
450 m¥h 4000 m¥h
max 4 m¥h max 40 m¥h
90% 90%
= 0.15 to,/h = 1.5 teg,/h

=~=x 10

University of Mons



Simulation parameters

. . Produced
Simulation flow sheet - o2
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Process configurations

Improvements of the process:

@ Promoting absorption
thanks to temperature levels

adjustments

Promoting energy integration
thanks to enhancement of the heat
exchanges between the fluids

©

Promoting heat recovery
thanks to heat quality adjustments

InterCooled Absorber (ICA) InterHeated Absorber (IHA)
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Classification des modifications individuelles de procédés (Le Moullec, Neveux, Hoff, et Chikukwa, 2013)



Simulation parameters
Alternative configurations:
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Simulation parameters
Alternative configurations:
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Simulation parameters

Parametric study: parameters considered

Tewsecase | Rm | s | we | e
L/G L/G L/G L/G L/G

Injection level Re-injected Split fraction Flash pressure Flash pressure
into the stripper fraction drop drop
Re-injection Injections level
level into the of the cold
absorber solution into

the stripper

Re-injection Injections level
temperature of the
into the preheated
absorber solution into

the stripper

=>» Each parameter varied separately in a first step and then cross variation in a second step



Simulation results

Conventional configuration:

Eregenas @ function of the (L/G),,, values Temperature profiles into the absorber and the stripper
5.0 q 17 10
1 16 +
15 4 e
14 |
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45 | 13 -
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3 g 1 - %
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35 5 4 3 4
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3 4 21
| 2 1 -
3.0 : : : : : : : . o el ol |
3.E03 4.8-03 5.E-03 6.-03 7.E-03 8.E-03 9.E-03 40 50 60 70 80 90 100 105 110 115 120 125 130
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.. _ 3 . .
Minimum E,,., for (L/G),, =5.56 10 Due to the higher CO, partial pressure
(L =22 m¥h): into the absorber: temperature
reaches higher values than for power
E egen = 3:36 G)/tco, olants

Note: optimum injection level into the stripper is 9/10 (allows a small decrease of E__jonser)



Simulation results
RSR configuration: Eregen = 3:07 GJ/teo,

Eregenas a function of the re-injection level of the rich

solution into the absorber for different (L/G),, values Eregen 05 a function of the percentage of re-injected solution into the absorber
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in the stripper:
cold solution injected at stage 10
hot solution injected at stage 8

Eregenas @ function of the split fraction for different liquid
flow rates
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Simulation results
SSF configuration: Eregen = 3-22 G)/teo,

Eregenasa function of the (L/G),,, ratio considering the optimum
split fraction for each liquid flow rate value

5.81103
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E as a function of the injection stage of the hot solution into the

regen
stripper for different injection stages of the cold solution
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Hot rich solution injection stage




Simulation results
LVC configuration:

E\egen 05 a function of the LVC flash pressure drop Regeneration energy as function of the (L/G),,, ratio
(Ap) for different liquid flow rate for a Ap of 100 kPa
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Eregen (GJ/tCO2)

Simulation results
RVC configuration:

£ as a function of the RVC flash pressure drop (Ap) for Regeneration energy as function of the (L/G),, ratio for a

regen
different liquid flow rate 45 - 4p of 100 kPa
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Simulation results

Global comparison of the simulation results

MEA 30 wt.% Base case RSR SSF LvVC RVC
Operating conditions
(L/G)yor, opt (Mm% m3) 5.56 103 6.06 103 5.81 103 5.30 103 7.33103
Split fraction rich sol. (%) - 35 26 - -
Re-injection sol. temp. (°C) - 40 - - -
Re-injection abs. stage (N°) - 4 - - -
Hot sol. stripper stage (N°) - - 7 - -
Cold sol. stripper stage (N°) - - 10 - -
Flash pressure drop (kPa) - - - 100 100

RVC compresso 8.28 102 13.57 102
Eregen (GJ/tco,) 3.36 3.07 3.22 2.91 2.95
E,egen SAViNgs /Base case (%) - 8.5 4.2 13.4 12.1

University of Mons



Conclusions
Global comparison of the simulation results

Optimum regeneration energy Energy savings compared to base case
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=>» Best results with “heat recovery” modifications (C): RVC and LVC
- Eregen<3 GJ/tco, is possible with MEA 30 wt.% (even if Y c02,cement plants > Yc02,power plants)
- Almost 14% energy savings in comparison with the conventional configuration

- Detailed results for MEA 30 wt.% in a forthcoming publication

- Next step: detailed results for both MEA, PZ and aMDEA

- will be presented at GHGT-13 Conference in November 2016
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