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Carbon Capture consists in separating CO, from other gases for

subsequent use or storage

‘ Temporary Regulatory

Acceptance [2035/2040]

Long-Term Short-Term Short-Term Long-Term

Storage Storage Storage Storage
CDR CCuU CCuU CCS
Carbon Dioxide Removal Carbon Capture and Utilisation Carbon Capture and Storage
Negative Emission Emission Avoidance Direct Emission Reduction
Carbon Removal Revenu depending on WtP: Credited under EU ETS

higher for biogenic CO,
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Post Combustion Carbon Capture is today the most mature
technology

Domain of maturity and competitiveness for different capture
technologies and applications
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CO, capture integration in industrial process can be complex due to
multiple emission points with different composition

1-2%vol CO,
5-6%vol CO
25-30%vol CH,
50-70%vol H,
H,S, COS, HCN...

20-25%vol CO, |
20-25%vol CO |
3-5%vol H,
H,S, COS...

20-30%vol CO,

Power Plants SlUjpoim o
I 2-3%vol 02
SOx, NOx
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The main CO2 emission sources for a typical complex refinery with a
nominal capacity of 350,000 bbl/day
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Total CO; emitted =
39 Mt/year, — R0

= . - I / 232 kg COp/t crude
<0-1% |
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. . . Source: IEA CCS workshop November 2011 ; 4005 £ . .
Main CO, emission sources on Iron&Steel Plant & 50 — .. COconcentration

approx. 20% val.
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Il approx. 8-8.5%vol.

approx. 4%vol.
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Source: Adapted from SINTEF (2017). ReCAP Projeci—Evaluating the Cost of Retrofitling CO2 Capture in an inteqrated Oil Refinery. Descripiion of Reference Plants.

e — © ENGIE - CARBON CAPTURE AND FLUE GAS CHARACTERIZATION 4
CNGICG




Many components present in the exhaust gas can impact the
Carbon Capture performance

- Specific exhaust gas characteristics depending on the

process and existing flue gas pre-treatment N,,
% mol CO,,
= Physical parameters: flow, temperature, pressure O,/ Ar, H,O

= Gas composition

= Temporal variability ggst

NOx (NO + NO,)

NH; Design, cost and
S-impurities: SOx,H,S, COS, mercaptans ... [_ performance of the

ppm HCI, HF, HCN
Halogens (e.g. NH,CI) Carbon Capture plant
Hydrocarbons

H,SO, aerosols / PM

Metals (Hg, As, Cd ...)
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Flue Gas Characterisation is key for CO, Capture Unit design...
To address the question, Laborelec has developed tools and expertise

- Flue gas characterisation is necessary during project development phase for carbon capture F e =
design, for tender and can support performance validation and troubleshooting during I . Biomass cogen
implementation phase

- Laborelec has more than 10 years-experience supporting industries, carbon capture
licensor’s, carbon capture pilot and demonstration plants

On-line measurement of organics (MEA, NH;, aldehydes...)
and inorganics (NH;, CO,, H,0, NOx, CO ...) at ppm level

SO,/ H,SO, determination

ELPI
Real-time characterization of Particulate Matters (PM) / aerosols
in gaseous streams PSD and number concentration (6 nm-10 um)
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The measurements shall be carried out in accordance with the
standards to provide reliable results for carbon capture projects

Reliable SO; measurement is challenging !

Low concentration (sub ppm)
Interferences with SO, which is at 100x higher
Fastidious collect of the formed aerosols
Rapid condensation (H,SO,) at any colder point
Reaction or condensation on dust at < dew point temp

CNGICG

Controlled condensation method (VDI2462):

L\F N
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Emission measurements enable to predict the risk of aerosols and
emissions related

Available online at www.sciencedirect.com

Very fine particles + SO; = Risk of aerosol formation = risk of amine emission 9 - ScienceDirect ;e:;)cedia
ELSEVIER Energy Procedia 63 (2014) 893 - 901 ————
Prediction model GHGT.12

Critical parameter
to measure!

Predicting amine mist formation based on aerosol number concentration and size
measurements in flue gas

Jan Mertens"*; Leonie Brachert”, Dominique Desagher”, Bernd Schallert®, Purvil

Biomass boiler Khakharia®, Earl Goetheer®

1E=6

Contents lists available at ScienceDirect
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Atmospheric Pollution Research

ELSEVIER journal homepage: www.elsevier.com/locate/apr

m
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Pasticles Size Distribution (crrd)
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Fine and ultrafine particle number and size measurements from industrial

combustion processes: Primary emissions field data

' o = Bicmass &, mecium scale. bypassed bag Ser
- Biomass A, madium scale, bag fiter
-)(— Biomass 2, medium scale. bypass E57
=i~ Bicmass &, madium scale, E2F

gy Biomass C, large scale, ESP

Jan Mertens™*", H. Lepaumier”, P. Rogiers”, D. Desagher”, L. Goossens”, A. Duterque,
E. Le Cadre®, M. Zarea”, J. Blondeau, M. Webber™"
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... t0o evaluate the impact of the existing flue gas pre-treatment

Effect of Gas-Gas Heat Exchanger

Unique layout of the flue gas treatment system at formerly GDF
SUEZ’s Nijmegen power plant:

122°C 53°¢

SCR >

APH

ESP

WFGD

b

Flue gas from boiler
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3 mg H,80, aerosols (Brachert et al., 2014)
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size (um)

Sulphuric Acid [mg Nm”, dry, 6% 0]

Contents lists availablo

International Journal of Greenhouse Gas Control

journal homepage: www elsevier.com/locate/ijgge

Effect of a gas-gas-heater on H,S0, aerosol formation: Implications
for mist formation in amine based carbon capture

ens ™", R Bruns”, B. Schallert", N. Faniel”, P. Khakharia“, W. Albrecht”,
hal

10 +
=0 [ESP Outlat)
—B (Stack Inlet with GGH)
s = p (Stack Inlet, no GGH)
&
4
2
0 —t———+ —t— —t—
10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

Time

@



... and to assess the efficiency of possible mitigation strategies

Aerosol / Particulate Matters removal technologies

Wet Electrostatic Precipitator (WESP)

o stack

Contents lists availsble at ScrenceOirect

50; microreactor g5

tural gas

quench  droplet
separator

Pilot plant layout at Karlsruhe
Institute of Technology

Optimization of the WESP
operating conditions

CNGICG

International Journal of Greenhouse Gas Control

fournal homepage: www slsevier com/locate/ijgg =

A wet electrostatic precipitator (WESP) as countermeasure to mist @
formation in amine based carbon capture

Jan Mertens**, C. Anderlohr", P. Rogiers®, L Brachert”, P. Khakharia“,
E. Goetheer<, K. Schaber'

e Aoy (KIT) Institu i Techrnche Thermedynark ud Kheteches, Engler Bt Ring 21. 76131 Kb, Germasny
TN Leegfwoserstrae 48 Deff J628CA. The Nesherionds
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Brownian Demister Unit (BDU)

14th ional Conference on G: Gas Control T ies, GHGT-14

21 -25® October 2018, Melboume, Australia

Results from testing of a Brownian diffusion filter for reducing the
aerosol concentration in a residual fluidized catalytic cracker flue
gas at the Technology Centre Mongstad

Gerard Lombardo*“*, Muhammad Ismail shah™*, Berit Fostas®, Odd Arne Hvidsten"",
Leila Faramarzi®®, Thomas de Cazenove®, Héléne Lepaumier”, Pieter Rogiers*
“Gassnova SF, Dokivegen 10, 3920 P
‘Equnor dSA, PO s’
Tachmology Contre Mongstad, 3954 M
Laborslec, Rodeztraat 125, 1630 Lo

——Flue gas upstream DCC march 2015

——Flue gas Upstream BD filter June
2015; 1000 kg/h steam

——Flue gas Upstream BD filter
September 2015; 1000kg/h steam

——Flue gas Upstream BD filter
December 2016; 2000kg/h steam;
without correction

——Flue gas Upstream BD filter August
2017; 2000kg/h steam

=—#=Flue gas downstream BD filter
August 2017

—4—Flue gas downstream BD filter
December 2016

0.1 1 10 Size distribution D50% pm
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Emission monitoring to validate new technologies
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Lix_he pilot Objective: evaluate the effect of process parameters and design adaptation on gas
Leilac-1 bR composition to support the design of the most suitable post-treatment for large-scale

demonstration plant.

Laborelec has:

» Developed a dedicated sampling set-up to take into account the process specificities

« Performed on-line measurement of the CO, product and exhaust gases
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Development of reliable, accurate and sensitive analytical tools
for CO, quality will be critical for future CCUS projects

7 y
V'

= The nature and level of impurities in CO, will depend ~ //4}02 T"aﬁSPOfﬁTeSt RiG=

on the process, capture and purification design

= Different CO, purity requirements with more and
more stringent specifications.

= |dentifying the most relevant online and/or offline
methodologies for sampling and analytical
techniques is key:
o to ensure a reliable operation of the CCP

o to detect at early-stage process malfunction / aging on water content in the CO, stream
o to provide contractual guarantees on the CO, = A
quality -
: S~ Feimsememmamasre "
e ~ .\“ J{ 2
o T )
\‘/ 1

Lepaumier H. et al.Online emission monitoring of CO, stream by Gas Chromatography.

e/NGi\e 4th post-Combustion CO, Capture conference, Sept 2017, Birmingham, Alabama.
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Mobile Capture Unit, a unique asset which enables de-risking
carbon capture over a wide range of applications (4% to 20% CO.,)

Why do we need hands on experience?

- To get acquainted with CO, capture in the field before applying it
on any industrial installation

- To have access to representative experimental data (emissions,
wastes) key to support/facilitate environmental permitting
process through long-term testing

- To validate independently from supplier claims the performance
of the proprietary solvents (stability, emission, corrosion,
efficiency, kinetics)

- To test advanced configurations to optimise capture costs
- To assess the potential and limitations of dynamic operation of

carbon capture by testing some strategies to improve the flexibility
and optimise capture costs

- To support troubleshooting

CNGIC © ENGIE - CARBON CAPTURE AND FLUE GAS CHARACTERIZATION 13
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CARBON CAF

30 minute free consultatic

\ -
Contact us for details: ngochan.huynhthi@engi @i \



Laborelec

RESEARCH & INNOVATION

Laborelec
Supporting the entire electricity value chain

Electrical power Electrical energy Electrical energy
Generation Exchange Utilization

* nuclear * transport » domestic
* thermal » distribution * industrial
* renewables * storage * Cities and territories

FeasiDility e
Conception > L Y (7 A5
Commissioning  SECEEEEEEEEEEEE Fa SN P -y . 0
Operation'and” ’ _
maintenance | P
Dismantling  u— s p® "
WIND POWER PLANT HYDROELECTRIC POWER PLANT

A
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Laborelec

Two complementary business models

Research and
Examples development

Local energy
communities

Pilot installation
design and
operation,

as here in Agri-PV

Performance
improvement, as here
in bi-facial PV plant

CNGIC

I VENDOR NEUTRAL !
7 Competitiveness ENGIE
Differentiated markets:

Industry
Third parties

Customer support in OEM
consultations / RCA

Operational assistance

Laborelec

RESEARCH & INNOVATION

Examples

Assessment,
diagnosis and
remediation, as here
in end-of-warranty
inspections.

Flexibility and start
up improvements
of the thermal fleet

Failure
analysis.
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More than 15 years experience with Carbon Capture and CCU
Building technical and operational experience to support
Industrialisation

Mobile Capture Unit Carbon Capture for
thermal assets and

' (commissioned Q4-2024) : =L
LT — onsite utilities
OR T

om Capturs b SEge

o, DE(DARBi

Capture
Research
Program
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AeroSolve R e
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CY BIOCON 2 . E-methanol
NKL inovyn Port of
= E Antwerp
5 S E FRESH ___ X
% = A PMV
— OO CNGie Oiltanking
w g 2 fluxys® inpaver
x o C0O=ND0R
© ENGIE 2023 — LABORELEC CORPORATE PRESENTATION - FEBRUARY 2023 - 17

CNGiIiC



Laborelec

RESEARCH & INNOVATION

laborelec.com
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