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The energy trMn IS on-going...

revolution

It has to address 2 objectives in contradiction:
= Limit GHG emissions
= Meet the worldwide increasing energy demand!

: . .: CHEMICAL www.carbontracker.org p LlEGE
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Meeting the increasing demand is already a

challenge in

itself!

World consumption
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CO, Budget

Budget by 2050 for having 80% chances to stay below 2°C

36

m 1850-1999
m 2000-2015
= Carbon budget

1010 m 1-year emissions

Note: Values in Gt CO, eq
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At european level...

Fo— ]
The EU Green Deal Cooling it

EU, progress on greenhouse gas targets

= Carbon neutrality by 2050 Emissions, gigatonnes of CO, equivalent per year*

m - 55% COZ by 2030 Target baseline 2
5

Historic ® 20% reduction
emissions 4

o

Projection with ™ - Existing target

The Eu ropean current policies \® 409% reduction 3

Proposed new target :

50-55% reduction
Green Deal 2
von der Leyen Commission 1
0

| | | I |

| I
1990 2000 10 20 30 40 50

Source: Climate Action Tracker *Excluding land use and forestry

The Economist
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‘ CCUS forecasts

= CCUS = Carbon Capture, Utilization and Storage

H sector in the Sustainable Development Scenario relative to the Stated Policies Scenario

CO02 emissions reductions in the|  energy
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GtCO2 per year
e
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» CCUS: -4.00 GtCO2 per year
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2018
© Avoideddemand @ Hydrogen QO Bioenergy @ Other renewables
O Electrification O Other fuel shifts @ Technology performance @ CCUS
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2. CO, Capture
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CO, capture

= It's a question of fluid separation!
a Sources usually contain CO,, N,, H,0, H,, CH,, O, ...
a CO, concentration varies between 0.04% and almost 100%
o Mature (exist for >50 years) & flexible, but costly!
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CO, separation technologies

= Avoid fluid mixtures

= Absorption 24
o Physical a : : Physical Solvent
: S Chemical |
o Chemical = .
9 '
. g |
= Adsorption S ! | :
0 | Favours Ph ysical Solvent
& |

<

Favours Chemical Solvent:

I
= Membranes

Partial Pressure
[ Cryogen iC se paration Threshold value ~15 vol-% in flue gas,

or 4 bar of P_CO2

= Others...
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‘ CO, capture configurations

Industrial Processes

Process .
Value added products,
Raw Process carbon stream CO: i.e.ammonia, NG,
materials release 20-95% CO, |_removal transport fuels,
cement, steel, etc
CO;
Post-combustion capture
: 2 Power Flue gas CO: CO:
Air-c tion ;
—p| Air-combustion [—p andheat [ oo oo, ol
A 4
o
Fuel Pre-combustion capture
. mle/ 0 Transportation
eg.Coa 3 3 H: , 2 Pipeli
Gasification/ Syngas co, Power e.g. Pipeline,
Coke/NG/ |—2P» A —p : - : Compression =P ;
Heavy Oil/ Reform'ng 20-40% CO; removal combus"on and heat Shlpe,;réuck.
Bitumen/ £
CO:
Syngas
0:/Steam ‘
Oxy-fuel combustion
h 4 Storage
Power Flue gas CO; CO:
Oxy-combustion R e.g. EOR,
—>| Oxy P andheat [ aoco. 7] removal ECBM,
Saline,
Aquifier
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‘ CO, capture bench
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Technical performance
Gross power output (MW)
Auzaliary power (MW)
Net power output (MW)

Net plant higher heating value

efficiency (%)

Net plant lower heating value
efficiency (%)

CO: generation (t/h)
CO; enussion (t/h)
CO; emussion (FMWh)
COz capture (t/h)

Equivalent energy
consumption (MWh/tCOz)

Economic performance

Total capital requirement
(mullion €)

Specific capital requirement
(e/kW)

Fixed operations &
maintenance (O&M)
(million €)

Variable O&M (million €)
LCOE (§/MWh)
CO; avoided cost (€/tCOz)

900
83
8§17
425

44.4

604
604
0.739

13428

1647

377

7.54
516

mark — Power sector

900
266.1
6339
3297

3448

604
61
0.095
543
0.337

1681.1

2654

463

201

87.0
55.0

W/O PCC = without post-combustion capture

900
215.6
684.4
35.59

3723

6033
59.1
0.084
544
0.244

1659.5

2424

459

17.8

79.5
428

878
52.66

58.25

310
310
0.353

341
529

890

161.8
7282
4391

48.57

310
31
0.042
279
0.506

11728

1611

397

119

77.6
793

890
128.2
761.9
45.94

50.82

310
31
0.040
279
0.423

1166.3

1531

395

9.1

73.8
67.1

IEAGHG, 2019. Further assessment of emerging CO, capture technologies4
for the power sector and their potential to reduce costs
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Post-combustion CO, capture

= Modeling and optimization of processes =
= Stability of chemical solvents

......................................................................................

o —— . — — — — —

CAPE&@orrosmn)

FERR - ¢
L LVC 14%
. OPEX VISCOSIty altered propertles
00 -
CH EM ICAL Léonard et al., 2014&2015. DOI:10.1021/ie5036572, DOI: 14 w LIEGE
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Post-combustion CO, capture

Objective: Representativity of accelerated degradation
versus industrial degradation

80000
m MEA HEIA
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HEEDA /
< 50000
£
= DEG
g
= 40000
a
& Bjkatc" ¥ 0zD
© 30000

: HEI _HEHEEA
BCDTR HEF | HEPQ
. N \ BHEOX

20000 il P .
1 1
P | ! !
Pilot 2 | ! ! : |
10000 . d ! e
1 1
1
Pilot 1 3
0 o : ‘ . . : . : ‘

0 5 10 15 20 25 30 35 40 45
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=> 21% MEA loss after 7 days vs. 4% loss in 45
days

: . . : CHEMICAL Léonard et al., 2014. Int. J. Greenhouse Gas Control 30, 171. § LlEGE
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Post-combustion CO, capture

Leads to a kinetic model of solvent degradation:
=> 2 main degradation mechanisms

=> Equations balanced based on the observed proportion of
degradation products

Oxidative degradation r =535 105_3—%_[02]146

MEA +1,3 0,

!
0,6 NH, + 0,1 HEI + 0,1 HEPO + 0,1 HCOOH + 0,8 CO, + 1,5 H,0

Thermal degradation with CO,
MEA + 0,5 CO, — 0,5 HEIA+ H,O

143 106
r =6.27.1011. 783147 ,[C0,]*°

° @ -
o . . o CHEMICAI— Léonard et al., 2014. DOI 10.1016/}.ijggc.2014.09.014 1 @ ¥ LIEGE
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Post-combustion CO, capture

= Include degradation model included into process model

o Steady-state simulation, closed solvent loop

o Additional equations in the column rate-based models

=> predicts degradation in the capture process (80 vs 300 g MEA/tCO,)

h o . H
H : co2.co1 i :

— i | cozHe i

i co2Hx3 !

¢+— co2-comP \ - cozcomz
|~ coz.com3 ﬂ :

CO2PUMP | | [ :

] I H

co2cpz !

...........................................................................

|
|
I co2.c0M1
|
|
|
|

! HX.COND

CONDENS

CooLTOT

DOI: 10.1016/j.compchemeng.2015.05.003

.. e AL DOI:10.1021/ie5036572 . “; LIEG.E,
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%wt MEA

Post-combustion CO, capture

= Further work on amine degradation
o Experimental study of other solvents (MDEA)
2 Kinetic modeling of mass-transfer
o SO,-induced degradation

35

30
4 With 100 ppm H2503
33 28
+ without H2S03
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o
200 ppm SO, + 0% O, —
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[SO,] (ppm)

Benkoussas et al., 2018. SO2 effect on oxidative

_ _ | * LIEGE
degradation of monoethanolamine for post combustion 18 université
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Pre-combustion capture

Remove C from the fuel => Natural gas sweetening
o Conventional process: absorption with solvents
2 From 80 to 2 vol%; down to 50 ppm if liquefaction

2 Current PhD thesis running: Multi-objecive opmizaion of sour
natural gas sweetening processes (MDEA/DEA)
= M. Berchiche, cotutelle with Algerian industry

: . .: CHEMICAL Picture: Berchiche M. (2017). P LIEGE
.+ L ENGINEERING 19 Y wwenie



Pre-combustion capture

= Process multi-objective optimization
0 CO, capture for Natural gas sweetening operations

0 Energy integration (Pinch + ORC)
0 BTEX emissions + LCA

\ Recovery ratio

* e CHEMICAL
. « « ENGINEERING

Berchiche et al., 2020. Energy reduction potential in natural
gas processing through heat and process integration.  2()
Computer aided chemical engineering 48, 67-72.
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‘ PROCURA ETF: Decision support tool

The appropriate CO2 capturing method

Goal:

KPI: TRL Capture CO2 avoided CAPEX/ Safely/

rate cost OPEX Acceptance

Technology: | Absorption | | Adsorption | | Membrane Cryogenic Looping

s % e CHEMICAL ¥ LIEGE
. . 2 ENGINEERING 21 QY et



‘ Decision-support tool

* e CHEMICA
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Contact details:

-
’ Ll EG E Grégoire Léonard < g leonardi@ uliege. be»

un |VE rSité So-Mang Kim <SM.Kim@uliege.be

Riccardo Bonanno <riccardobonanno @ gmail. com?>

WELCOME!

The punpase of this Decsion Suppart Tool {DST] & to provide & consistent and robust selection approach ko COX capture technologies. There are
4 main categaries in 002 captune processes:

OXY-COMBUSTION PRE-COME USTION POST-COMBUSTION DIRECT AIR CAPTURE [DAC)

|F o are not Familiar with the capture process types, It is strongly encouraged to refer ta the details of each categary by dicking the BLUE BOXES
with the corresponding name below,

1 youw are a returning user, please remember that prior ba using the DST, please first save it onta your computer as a xlsm file to avaid any
malfunctioning of this madel Itis also good practice ta save sach DST assessment 358 new file ta have a dean template to work with each ime.

1 you are already familiar with the DST, pleass click the START button at the bottom of this page. Otherwiss, please sccess the User Guide

CO: CAPTURE TECHNOLOGY

Dxy-combustion Pre-combustion Pas-tcom bustion Direct Air Capture
1. Applied in the sbeel 1. Flue gas characteristics: 1. Flue gas characteristics: 1. Manage emissions
and glass industry 1.1 Percentage af CO2 1.1 Percentage of 002 from distributed
[Wol 5] 20-40%. [Wel %] 4-15%. Sources
2, Suitable for fuels with 1.2 Typical aperating 1.2 Typical operating
low heating power pressure: 10-80 bar, pressure: 1 bar. 2. Treats percentage of
02 in wolume around
3. Retrofit and 2. Work with a 2. suitable for retrofitting 0.04%
repowering option pasification system
3. Applicable to the 3. Can be installed
4. Small scale miajority of existing coal- almost everywhere
application anly at the fired power plants but large volume are
moment, but applicable needed
to large scalbe too.

The decision support tool (D5T) assesses and compares widely available COz2 capture technologies in terms of three main
criteria: ENGIMEERING, ECONOMICS, and ENVIRONMENT. Thers are various key performance indicators (KP1s) under each
criterien which play important roles. Then, you can express your preferences in terms of a score system (1 to 8) in twe

points. First, inserting which criteria, economic, enginesring, or environment is preferable with respect te others. your
preferences will be used to calculste and provide the first set of weights to each criterion. Inside 2zch criterion, there are KPI
factors that must be evaluated by you following the same procedurs to obtain the sscond set of weights of each KPI. In this way
you will show your preferences in two phases of the process and based on that, the suitability of each technology will
analyzed. A database associated with each KP1 is built and used to score each technology accordingly. Lastly, CO2 capture
technology options are evaluated and ranked to screen and recommend suitable possibilities considering zll important criteriz

START

22
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‘ Decision-support tool

= Following the Analytical Hierarchy Process

4. Analytical Hierarchy Process - KPls for Environment criteria

Table 4.1

Please rate importances of these KPls

(i-k)
V
- Extreme stfc;?:g Strongly Slightly Slightly Strongly 5¥|%r,‘:g Extreme o

Criterion ] | favors favors favors favors Equal favors favors favors favors Criterion k

| | | 1 | | | | |

I I I I I I | I I
(LCAscore | 9| G| O7| S| Os| O] Oz Q2| Q1| G2 ®3) G| Os| O8] O7| Ge| &9 - Safety Issue)
{LCA score | (@ 2| O7| Os 5| Oa| Ozl O:2 1ozl Q31 o4 Os| o8| &7 & a| & 9| Public acceptance
soer e [ ORI OO TRl o T L ST LT Gel ST GG P sceponee

Table 4.2
KPls KPIs Weight |
LCA score 0.210)
Safety Issue 0.550]
Public acceptance 0.240)
|inconsistency | 0.016)
| Total fm:onsistoncyi 0.074'

As explained in the AHP theory page, Pairwise matrices can be displayed when you click the 'Show Pairwise Matrix' button provided below.

If you are satisfied with the criteria weights and KPI weights of each criterion, please click the '"Go to Results’ button to display analyzed results. If you wish to re-evaluate your preferences, please click
the 'Back to Top' button to scroll up and you may repeat the rating process.

Home

Back to "Top' | I Show Pairwise Matrix

Go to 'Resulis’

.2 e CHEMICAL
.+« « ENGINEERING
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Decision-support tool

= Results display

*Please select combustion methods/technol options you wish to displa *Please select a chart type to display
Bargraph | Radarchart |

Post-combustion Pre-combustion @ Oxy-combustion DAC

Overall view: Total weighted scores of the selected CO2 capture technologies

Post: POLYMERIC

DAC: PHYSICAL ADSOPRTION,_/S*O/\\=\,, Post: CHEMICAL ABSOPRTION

DAC: CHEMICAL ADSORPTION / Post: PHYSICAL ABSORPTION
/

/ y
/ /
Oxy alt. CALCIUM LOOPING {/ /

Oxy alt. CHEMICAL LOOPING \ \

\ /

\ X /

\ N /
Oxy: (Cryogenic) DISTILLATION \ \\ / Pre:TSA (Temp. Swing Adsorp.)
\\
Oxy: (Cryogenic) PACKED BED \\\ " Pre: PSA(P. Vacuu. Swing Ads.)
~. v
Pre: PHYSICAL ABSORPTION Pre:CHEMICAL ABSORPTION

If you are NOT satisfied with the recommendations, kindly go back to the AHP step by clicking the '‘Back to AHP' button below.
If you wish to look at the appendix of this analysis, please click '"Appendix' button at the end of this page.

.2 CHEMICAL
.+« « ENGINEERING
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Direct Air Capture (DAC)

= Negative CO, emissions
0 BECCS or DAC

Elon Musk promet 100 millions de

dollars a celui qui pourra l'aider a

résoudre ce probleme

Elon Musk & @elonmusk - 22 janv. 2021
Am donating $100M towards a prize for best carbon capture

.

v’\

Elon Musk &
@elonmusk

Details next week
12:08 AM - 22 janv. 2021 @

1 i ‘ il 1 lﬂ n ﬂ [ﬂ rl d‘

)
x Q 98k O 89k
s

& Copier le lien du Tweet

* e CHEMICAL
. « « ENGINEERING

K.S. Lackner, CNCE ASU, 2017.

https://www.nytimes.com/2019/02/12/magazine/climeworks-

business-climate-change.html?smid=em-share

25“

LIEGE

université
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Direct Air Capture

= Motivations L B
2 Address non-concentrated CO, emissions (410 ppm in the
air)
0 Close the carbon cycle of synthetic fuels
o Reduce the need for transporting CO,,

= No Nimby effect, you can go wherever you want, incl.
close to use or storage sites

o Long-term considerations: remove C from the atmosphere

0 Adsorption / Absorption
0 Temperature-swing, moisture-swing

= Sorbent regeneration has similar cost whatever the
CO, concentration in the gas stream

0 Expected costs vary between 100 and 800 $/ton

‘ -
: . . ® CHEMICAI— WWW.pnas.org/cgi/doi/10.1073/pnas.1108765109 « ? LIEGE

c : ENGINEERING DOI: 10.1140/epjst/e2009-01150-3 26 & université



http://www.pnas.org/cgi/doi/10.1073/pnas.1108765109

Cost of CO, capture

= Estimated cost for different industries

0 Opex ~75% of the cost

180 |
160
140
& Osyluel
g 120 Combustion
:g ® Amine
Z 100 Scrubbing
E’j ® Mineralisation
= 80
%’ ® Calcium
3 Looping
& I
o0 . ® High Purity
Sources
40
” ST
0
Iron and Steel Refineries  Polp & Paper  Cement MNGP H., ™H; Ethanol Ethylene oxide
00
. - @ CH EM ICAI— Leeson et al, 2017, DOI: 10.1016/j.ijggc.2017.03.020

‘ -
Abu-Zahra M., 2009. Carbon dioxide capture from flue gas. PhD 27/ m uLanEeer.l'E

: . : EN G I N EERIN G Thesis at the Technical University of Delft, The Netherlands



CO, market

= European Emissions Trading System (ETS)
= CO, price now reaches > 50 €/t!

EUA FUTURES (DEC 2021) - 1D - ICEEUR ® E  51.93 +0.86 (+1.68%) 56.00
Vol 37.297K

4.m
SN T ETON U 0 08 FOPPPRUTY | WP PR Prorrn BT A ‘...‘|I..I.I|||I|||I|II||.II”||||I\hl‘n”|\l|”|l”||‘ “

2018 2019 2020 2021 {:}

Feb
: ' . : CH EM I C AI_ https://ember-climate.org/data/carbon-price-viewer/
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3. Storage and/or re-use of CO, ?
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Storage Is state-of-the-art

= Potential for storage exceeds by far the needs
o 5000 — 25 000 GtCO, vs. ~ 40 GtCO,ly
o Pure storage: ~ 5 Mtpa
o Capture and EOR: ~ 30 Mtpa in 2016
= Storage costs ~2-15 USD/, large infrastructure costs needed!

produced oil

e i o Production well
injection we —
C‘Oﬁj \\\ 1/
/.:é s eyl CO, \Qif iy
——_— | |
—— M
— |
— \ T e—— e
» » »
', co ‘ miscible | oil ;‘addg:‘onalr
? | zone |bank |
\P “; | recovery
©* %9 CHEMICAL  ctopal ccs institute 2017 ¢ LIEGE
oi: 10.3389/fclim.2019.00009 30 | ' | . Sy
universite
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Northern lights

= Norway, off-shore field, saline aquifer

- A ship based solution means access for

H U p tO 5 Mt C O 2/ y CO2 emitters across Europe

Il Norwegian full-scale CCS Project

M 3rd party volumes of CO,

— Northern Lights M Atternative storage projects

RT
ANSPORT
uRE | TR |
co,- CAPT '

.........
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Porthos

= Rotterdam, off-shore depleted gas field

ﬁﬁﬁﬁﬁﬁﬁ
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Antwerp@C

= No storage capacity offshore of Belgium

o Antwerp@C studies the infrastructure for connection to Norway
and The Netherlands

o => Pipelines, intermediate storage, liquefaction unit...

CO, capture CO, local transport CO, international transport CO, storage OR CO, utilisation
Antwerp@C
8 players in chemical €O, ppetnes T
& energy sector P (o 0,
. . oL spe Emitter CO, torminal Otfshore storage North Sea
InveStlgate feaS|b|I|ty [ AnTweRP A |
of carbon capture,
utilisation and storage Shippes b 65 00 O, hsation

in Port of Antwerp

Our Ambition

CO, capture NORWAY

18 million tons

IRELAND K‘"‘"‘" » | NETHERLANDS

**e CHEMICAL
. . ¢ ENGINEERING °
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CO,, waste or feedstock?

= Sequestration or re-use?

o Consider CO, as a resource in a Carbon-based society, not as
waste

Main uses of CO2 (Mtpa)

® World emissions
m Urea

=EOR

m Others

= CO, re-use potential up to ~ 4 — 18 Gtpa

= So far, sources for CO, are high-purity ones
o Industrial (Ethanol, Ammonia, Ethylene, Natural gas...)
o Natural (Dome)

: . . : CH EMICAL Global CCS Institute. Global Status of CCS 2016: Summary Report.

Stat . # LIEGE
. . . Koytsumpa et al, 2016. https.//d0|.org/lO.1016/].supﬂu.2017.07.02934 b
. .« « ENGINEERING
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Main CO, re-use pathways

= Direct use, no transformation

140

%68 ah}etlmgenl I I I
= Biological transformation 50
50’: mnethane e’rh}iene e‘rllj:});};e :f
= Chemical transformation = [ =eudoi  plaol ]
o To lower energy state 2 L ehanol i ethyiene |
. 5 mcoal terephthalate
= Carbonatation N torch =
g 20 : lactic acid |
5 " glucoge C::) pol}dtactic-
o To higher energy state o ad
n Fue|S ° foss;l raw I biobasl-ed Iin‘re:nnedl.'at_es | 1)1‘0chllc’rs
Chemicals e ok
[ |
m ...

=> At large scale, need to make sure that energy comes

from renewables!
: . ‘ : CHEMICAI— Frenzel et al, 2014. D0i:10.3390/polym6020327 <
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Perspective ULiege: FRITCO,T platform

Federation of Researchers in Innovative
Technologies for CO, Transformation

— e o o o mm = o o= o omm ey, P ]

Monomers &
Polymers

Chemical Transformation

T T ]

v
Pharmaceutics a,
& Cosmetology |

———————————————
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_________________ iapture & Puriﬁcatio:z- R
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Direct CO, use *
(solvent,
foaming...)
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I
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Process
sustainability
(LCA and economics)
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CO, re-use

= Our society is currently based on fossil carbon
2 Need to find replacement sources: Biomass and atm. CO,

= C is a fantastic support for energy storage, but also a
great atom for materials !

45

40 Coal ®

— ¢ Gasoline

|

S 30

2

> 25

@ 20 + Ethanol

S 15 + Methanaol

(¢D)

5w ¢ CH4 (250 bar)  H2Tiquid «

S 5. H2 composite H2 (700 bar) *

:Batterles Li-lon Cl |4 (1 bar) H2 (1 bar)
Batte”% Fb 5 100 125 150
Mass densitv (MJ1/Ka)

o000 . PARA Y I7 .
:**% CHEMICAL % # LIEGE
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CO, re-use

= Power-to-fuel
o Long-term energy storage
0 => addresses time imbalance generation — consumption

CO, and H,0

CO, collection : o i

2 dissociation Fuel synthesis .. PEPS
A A A .+ ® CHEMICAL

r Y N ™ e o ® ENGINEERING

Power and industrial 1

plants with CO, capture

Air capture

CO,-to-liquid

Renewable
energies

=> Sustainability is possible with carbonated fuels!
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CO, re-use

= Process integration

o Models for electrolysis, CO, capture and fuel
synthesis

Syngas compression

«~7=1 ... Methanol synthesis

HTIFEC
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1

SEP
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Water/CO2 co-electrolysis

DSTCOL
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CO, re-use

= Heat integration and intensification
o Heat integration to improve LHV conversion efficiency
o Design of a heat exchanger network
a € increases from 40.1 to 53.0% !
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CO, re-use

= CO, reduction lab under construction

o Intensification of synthesis reactor for CO, reduction
o Flexibility towards input and load

Recycle
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4. Conclusions and perspectives
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State of technology CCUS

= Capture of CO,
o Mature but limited application yet

= Storage
o Commercially applied (mostly EOR)

= Re-use
o Maturity depends on technology, from TRL 1 to 9

= Big acceleration due to Paris COP21 agreement and environmental
urgency

o European Green Deal
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Perspective

= We live in a carbon-based society, with very good reasons for that !

= A CO, neutral future is in sight with passionating (and huge)

challenges for engineers!

Days to months sun

CO, storage
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0 . C H EM I CALMartens et al., (2017) The Chemical Route to a CO,-neutral world, ChemSusChem
’ Saeys (2015), De chemische weg naar een CO,-neutrale wereld, Standpunt KVQFAr
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Thank you for your attention!

d.leonard@uliege.be
chemeng.uliege.be
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Process design for power-to-industry

= Feasibility study for green H, industry
o Master’s students work — 2019-2020
o Low carbon ammonia production in Europe

Electrolyse

-5
. LGt
et

Steam

? . : CH EMICAI_ Source: Hoxha J.-L., Caspar M., Donceel A., Fraselle J., Philippart de Foy > LIEGE
M., Poncelet R., Léonard G., 2020. Feasibility study of low-carbon ammo% _ A
: . : ENGINEERING and steel production in Europe. Eceee Industrial Summer Study universite

Proceedings.



Process design for power-to-industry

= Feasibility study for green H, industry
o Master’s students work — 2019-2020
o Low carbon steel production in Europe

Recycling and PSA purification

=
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CO2 cost [€/1]

Process design for power-to-industry

= Assuming 85% efficiency, the H, needs in green industry would be:
o For a typical ammonia plant (540 kt NH,/year) => 700 MW power

o For a typical steel making plant (1 Mt steel/year) => 400 MW power
o Break-even costs (left: ammonia; right: steelmaking)
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‘ Further process modeling work

= Process dynamic modeling
o Applied to CO2 capture
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Further process modeling work

» Data treatment

o Application of data processing and machine learning techniques
for the improvement of a phosphoric acid production process

2 PhD thesis in coll. with Prayon

Concentration of WAP Fluorine recovery Recovery of fluorine losses

Clusters
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Further process modeling work

= LCA&TEA

o Pulsatec project

o Development of a methodology for techno-economic and life-cycle
assessment of innovative technologies: case of functionalized coatings

by pulsed pla
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Recent initiatives

Projects recently submitted

= Direct air capture

o Design of DAC systems based on existing gas treatment
Infrastructures

o Recruitement of PhD student in progress

= Carbonation of mineral wastes
0 Accepted, start in August 2021

= CO, conversion to jet fuels
a CO, based Fischer-Tropsch reactor design
2 Dynamic modeling
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PROCURA ETF: Decision support tool

= We are convinced that CO, capture will play a role in future
industrial systems

= But many technologies are available, and the right choice depends
on many variables

o Techno-economics and environmental footprint

o Required purity of CO, ; presence of flue gas contaminants
Q ...

= Inthe framework of the PROCURA project, we develop a decision
support tool for helping local companies in their choice
o Tool is currently at version 1.0, based on literature data

o Next steps will refine the selection criteria, based on in-house process models
(including TEA & LCA)

o Tool will be demonstrated with Belgian case studies
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