Investigating the impact of impurities in the CO, streams for

the Carbon Capture and Transportation value chain using
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CO2 Value chain

CO2 purity1?

CO2 purity 2 ?

Purity 1 Purity 2 Amine scrubber Liquefaction Injection
High High Cement 150 S/ton 10 S/ton 10 S/ton 10 S/ton
Low High Cement 130 S/ton 20 S/ton 10 S/ton 10 S/ton
Low Low Cement 130 S/ton 15 S/ton 30 S/ton 30 S/ton

* |f we really knew the numbers in red, we could better discuss which way to go with the emitters and others,

and better decide for low pressure or mid pressure vessels

* Process simulations can help with this
* The simulations can be repeated for different types of emitters (different flue gas compositions)




Process simulations

An obvious tool to use for investigating CO2 transportation by ships and in pipes because:

* We need to find and select the most optimal processes to help the emitters to

overcome the current “hen and egg” situation as well as to ensure the
lowest price per tons CO2 at storage and at the lowest CO2 footprint.

* The emitters don’t know their compositions because they don’t have any carbon
capture plant up running yet.

* The optimal CO2 transportation is coupled to the upstream and down-stream
processes and therefore cannot be considered alone.

* The basic unit operations are well-known whereby we can also simulate any
combined processes

 Value Chain too big, expensive and slow just to build and try all the different
options




Injection
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Considerations regarding choice of simulation software

ROI

|deal
Inudustrial goal-based approach

All detailed models and parameters in place =

—ECA




Choice of simulation software

* Experiences: Excel, Pascal, Fortran, Matlab, C++, ASPEN Plus, CFD, HSC chemistry, EES, gPROMS
* Many sub-functions build up during the last ~25 years in matlab

* No inbuild thermodynamics or any chemical unit operations in matlab ®

* MATLAB CAPE-OPEN thermo-sockets from AmsterCHEM ©

* Direct link to sale and customers: GUI, Process diagrams, BOM

* Co-operation internally and externally

* Not solely focus on the chemical process engineering details (structure and process all available
information — especially also guestimates of capex/opex)

* My background is chemical process engineer (not programmer)




Life of a process simulation engineer

| don’t have time enough!
That is not my education!
Will they help me to solve all the

IT details




Business model

- How do we unleash the potential?

Huge, huge potential in process simulations but....

* More public / political focus on demonstration projects and “visible action”

* Investors more focused on overall feasibility studies

* CEQO’s, CFQO’s, sales managers are usually more focused on commercial sales tool
* Mechanical engineers more focused on testing

* Disturbed a bit by buzzwords like 10T, Al, BigData, etc

* Underlying process simulation models rarely acknowledged when millions are saved

A healthy business model is required to ensure the resources for success:
* We need to explain about the possibilities in public

* We need to pay the developers for their huge effort — especially in case of commercial
success

 We need to co-operate —]




Examples and status of work




Process flue gas model

 Calculates the heat and mass balances for all unit operations involved

* Example shown for a cement production process, but

 Easy to adapt to other combustion processes by combining the unit operations in different ways

Detailed
information
about each
stream
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CO2 scrubbing model

 Calculates the heat and mass balances for all unit operations involved
 Easy to adapt to other processes by combining the unit operations in different ways

Detailed cost

overview (OPEX
and CAPEX)
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Liquefaction model

4] MATLAE App

Plant Capture Liguefaction Storage Transportation Storage Injection Entire Value Chain

Process Internal v | Purge [%] 19.31

Mumber of compression stages ne Comp. efficiency [%a]
Flowsheet Diagram Balances Streams Purge Settings All simulations

Package Manager |TEA (CAPE-OPEN1.1) |
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Log (max error) CO2 (PR)
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LCO2 transport model

* What happens when we transfer the liquid from a terminal to a ship and when heat penetrates the tanks during sailing?
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CO2 purity
specification
(web app)

& () cO2_standards 01
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Change base units

Download excel file
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Carbon dioxide |[% maol wet 97.4300
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REFERENCES




Literature review

A lot of knowledge about CCS is already
published and are carefully reviewed

Interview with relevant emitters and
stakeholders

Co-operation with AAU and DTU (examiner
in CCS projects)

Co-operation with Force Technology
regarding their detailed CFD simulation
model of an amine scrubber.

> Knowledge » CC5

Mame
@ Study of solvent-based carbon capture for cargo ships through process modelling and simulation.pdf
@ Stripper Modification of a Standard MEA Process.pdf
@ Stripper and compressor model.pdf
@ Review of Cryogenic Carbon Capture Innovations and Their Potential Applications.pdf
@ Relig_screen_dump_example.pdf
@ Presssure Management of CO2 storage.pdf
@ Physical and chemical effect of impurities in carbon capture.pdf
@ Phase diagrams CO2_N2, compression.pdf

@ Model Development for CO2 Capture in the Cement Industry.pdf

@ HHE-Indmeldelsesblanket-2022, pdf

@ Energistyrrelsen Punktkilder_til_co2_-_potentialer_for_ccs_og_ccu_2022-opdatering. pdf

@ D5 made vedr. CO2 Oct 31 2022, MoM.pdf

@ Design, dynamic modeling, and control of a multistage CO2.pdf

@ CO2 capture at gas fired power plants.pdf

@ CCE-CCS-Technology-Readiness-and-Costs-22-1.pdf

@ Carbon-capture-and-storage-technologies--present_2017_Current-Opinion-in-Che.pdf

@ Carbon Dioxide Separation from Flue Gases.pdf

@ Appendix 2 _ 1112-000044 - Mission CCUS - a readmap for Carbon Capture, Utilisation and Storage.pdf

L&) A new relevant membrane annlication CO2 direct air canture (DAC) ndf




Run simulations from any web-browser:

* No need to install any software

* Always latest updates

Model details:

* Solving mass and heat balances of all unit operations involved

* Data and costs from major equipment suppliers

* Thermodynamic data from NIST Standard Reference Database 23
* Thermodynamic models: Peng Robinson, SRK, UNIFAC ao.

* The core simulation model is programmed in Matlab®

* CAPE-OPEN standard

* +20 years experience in the field

I
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http://ecaapp.northeurope.cloudapp.azure.com:9988/webapps/home/

Member of CAPE-OPEN standard organisation

https://www.colan.org/

Experience CAPE-OPEN as a ) Experience CAPE-OPEN a2 a
{ ," PROC
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Member of ISO Technical Committee

&« C 8 sdiso.org/documents/ui/#!/browse/iso/iso-tc-265 = W * » 0O ﬂ :

= jph@ecaengineering.dk

v 1S0O/TC 265

1SO/TC 265/WG 1 @ ISO/TC 265 "Carbon dioxide capture, transportation, and geological storage”
ISO/TC 265/WG 7

You are viewing this workspace in your role as Access your related
View at committee - .
vlew Related committees National Expert. committees

B B85 B Db B

General Meetings Decisions Projects Ballots

Committee
structure

B

Committee
documents

B\Committee documents See all documents...

WG1: new standards to describe the performance
of carbon capture plants and different absorbents
(national expert)

WG7: new standards for transportation of CO2
onboard ships (contributing with thermodynamic
simulations and the practical impacts of impurities) —

—ECA




Contact

L5 C 7] (] https://ecaengineering.dk

PROCESS SIMULATIONS DATA ANALYSIS CONTACT

ECA engineering Aps

Jens Peter Hansen
PhD Chem Eng

Kong Eriks Vej 5

9000 Aalborg
Denmark CARBON CAPTURE PROCESSES PROCESS DESIGN DATA ANALYSIS

Let's calculate the cost for your different Let's solve the energy and mass balances for Tired of spreadsheets? Let's help to visualize
jph@ecaengineering.dk options your proc r extensive libary of and analyze your data based on the power of
+45 24597150 pre-defined functions Matlab



mailto:jph@ecaengineering.dk

Customers




	Slide 1: Investigating the impact of impurities in the CO2 streams for the Carbon Capture and Transportation value chain using MATLAB and CAPE-OPEN
	Slide 2
	Slide 3: Process simulations
	Slide 4: Process simulations
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9: Examples and status of work
	Slide 10: Process flue gas model 
	Slide 11: CO2 scrubbing model 
	Slide 12: Liquefaction model 
	Slide 13: LCO2 transport model
	Slide 14
	Slide 15: REFERENCES
	Slide 16
	Slide 17: Model details:
	Slide 18: Member of CAPE-OPEN standard organisation
	Slide 19: Member of ISO Technical Committee 
	Slide 20: Contact
	Slide 21

