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REALISE-CCUS project

REALISE full-chain CCUS route
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REALISE
CCus

Demonstration of a refinery-adapted cluster-integrated
strategy to enable full-chain CCUS implementaion - REALISE
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https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en

The REALISE story

2020 2021 2022
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Solvent validation and characterization b y 9

Dem. campaign #1:
- 6 stacks . Techno-Economic
- 3000 operating hrs Assessment

m (CO2 capture cost)

Dem. campaign #2:
- CCLU CCUS value chains
- NMPC

- 2000 operating hrs

a CO2 capture

Models validation

Site preparation Mobile pilot  CCLU

Business cases in Ml countries

- WP4 > Socio-political context analysis: Education and Public Engagement program, CCUS readiness index d Tl
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WP5 Knowledge sharing, Communication & Dissemination
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A highlight of the REALISE project

TNO mobile pilot = Irving Ol Tiller CO, pilot = SINTEF

« 32 weeks, 6 stacks 12 weeks

« Solvent management CO, liquefaction prototype

« Emissions measurements Energy and emissions
TRy e measurements

Image: https://www.cbc.ca/news/canada/new-brunswick/irving-oil-
ireland-refinery-whitegate-1.3754690



https://www.cbc.ca/news/canada/new-brunswick/irving-oil-ireland-refinery-whitegate-1.3754690
https://www.cbc.ca/news/canada/new-brunswick/irving-oil-ireland-refinery-whitegate-1.3754690

How to integrate and optimize carbon capture from multiple sources?
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Stack 1
Stack 2
Stack n-1

How to optimize?
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The OCTOPUS tool

Stack data
(total flowrate, CO, content, etc.)

50
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Utilities costs, financial numbers

Choose objectives

0 200 400 600
CO, captured, ktly

OCTOPUS tool

(Online Calculator To Optimize CO,
Choose constraints capture Processes for mUltiple Stacks)
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Structure of the OCTOPUS tool

User interface (web app) Engine Simulation database

User can supply general Engine takes the data from A CO, capture simulation
info, stack data, constraints the user interface, and database has been created
and optimization objectives matches this with the right using the CO2SIM software

to tool data from the database
In the CO2SIM program, many

Engine performs simulations are performed while
User receives main results calculations on all possible varying: (1) Capture rate, (2)
from the engine regarding configurations, using given CO, concentration, (3)
the solution for their query constraints and the absorber packing height, (4)
optimization objective liquid flow rate

L o LTI

Note: By using this approach, results are generated instantaneous by the OCTOPUS tool

@realise-ccus | www.realiseccus.eu | 8



Creating simulation result database

The CO, capture flowsheet in CO2SIM
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The database is created from simulation results
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Number of simulations for populating the database

Number of settings

Solvent type MEA and HS3 2

CO, capture rate 90% and 95% 2

CO, concentration in flue gas 3 to 20% 18
Absorber packing height 7 to 30 meter 24
Liquid flow rates Around optimal L/G 4 to 10

The total number of simulation results included in the tool is ~15000
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Integration of capture processes in clusters
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Demonstration of the tool — Stack selection

Single stack query Multi stack query
« Stack 1 wl Stack 1 ! Stack 2 ! Stack 3 = Stack 4 = Stack 5

Flue gas flow rate (Nm*/hr) Flue gas flow rate (Nm?/hr) Flue gas flow rate (Nm?hr) Flue gas flow rate (Nm?/hr) Flue gas flow rate (Nm?/hr) Flue gas flow rate (Nm?hr)
100000 100000 200000 300000 400000 500000
Temperature (°C)
100 Temperature (°C) Temperature (°C) Temperature (°C) Temperature (°C) Temperature (°C)
100 100 100 100 100
Pressure (mbarg) (0 = atmospheric)
0
Pressure (mbarg) (0 = at... Pressure (mbarg) (0 = at... Pressure (mbarg) (0 = at... Pressure (mbarg) (0 = at... Pressure (mbarg) (0 = at...
CO: concentration (vol% dry) O 0 0 0 0
10
O: concentration (vol% dry) CO: concentration (vol% ... CO: concentration (vol% ... CO: concentration (vol% ... CO: concentration (vol% ... CO: concentration (vol% ...
8 10 10 10 10 10
H:O concentration (vol%)
8 O: concentration (vol% dry) O: concentration (vol% dry) O: concentration (vol% dry) O: concentration (vol% dry) O: concentration (vol% dry)
8 8 8 8 8
H-O concentration (vol%) H-O concentration (vol%) H-O concentration (vol%) H-O concentration (vol%) H-O concentration (vol%)
8 8 8 8 8

BLaodul
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Demonstration of the tool — Integration option selection

+ Flue Gas Flow Integration

. . T 42 Redistribution of
This component allows you to integrate Flue Gas Flows. oo colvont stranm
v 3 E
1 2 Os 04 Os 5 5 Compr
Q o} | e | #4 Integration of
< a ! | conditioned CO,
! i | product stream
ry ] | #3 Integlrlanon of
[f)ADD COMBINATION  [SJREMOVE COMBINATION | unconditioned €O, |
| #1 Integration of 1  Product stream
I flue gas streams #2 Integration of rich
- | solvent stream
+ Solvent Flow Integration :
This component allows you to integrate Solvent Flows.
v

&F12 (v 3K} OF4 [JF5

ADD COMBINATION E'REMOVE COMBINATION

+ Unconditioned CO2 Flow Integration

This component allows you to integrate Unconditioned CO2 Flows.

I 4 SF12F3 M sF4 [JsF5

ADD COMBINATION E'REMOVE COMBINATION

@realise-ccus | www.realiseccus.eu | 13



Demonstration of the tool — Utilities, Financial parameters and
Optimisation target

Utilities [Juse default financial |
Utility Prices

paramef ters

Steam price (€/GJ)
4

Gost of capital (%)

25

Electricity price (€/MWh)
50

Yearly insurar
1

early overhead and administrati
0.3

Cooling water price (€/m?)

0.1

Financial Parameters

Financial parameters can be customised.

Use default financial parameters

Optimisation Target

Optimisation target determines the parameter of focus, either energy (heat duty) or CAPEX.

Optimisation target

Energy v
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Implementation of the optimisation target

Example of SRD curve for a certain packing height Optimisation routine used in the OCTOPUS tool
5.5
; E
5 :
g 4.5 g
o] ©
£ 3
S 4 =
o o) ‘
% 9_) _______________ _ _______________________ ﬁE—-—-—
3.5 ‘g : :
8 : Optimizing for energy Reference :
Q. " Minimum SRD + 2% Minimum SRD
3 % ‘ Efficient packing height Maximum packing height !
1.5 127 1.9 2.1 2.3 2.5 247 2.9 3.1 !

L/Glkg/kg]

Packing height of absorber column (meter)
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Total cost of CO: captured (€/ton CO:)

60.0

50.0

400

30.0

20.0

0.0

0.0

Demonstration of the tool — Results

625

5 stacks, non-integrated results

125.0 187.5 250.0

3126 3751 4376

Yearly CO: capture rate (kton/yr)

@ Stacks CSF1 @ Stacks CSF2

Stacks CSF3 @ Stacks CSF4 @ Stacks CSF5

500.1

@oa M a=
[
562 6 625.1

40.0

w
o
o

Total cost of CO: captured (€/ton CO:)
n
o
o

10.0

0.0
0.0

5 stacks, integrated results (stack 1+2+3)

75.0

150.0

CESRCRUR | =
®
®
225.0 300.1 3751 450.1 525.1 600.1 675.1 750.1

Yearly CO: capture rate (kton/yr)
@ Stacks CSF123 @ Stacks CSF4 Stacks CSF5
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Flow
ID

Flow
ID

CSF1

CSF2

CSF3

CSF4

CSF5

Demonstration of the tool — results of the non-integrated case

CO: capture rate

(kg/h)

15857.92

31715.84

47573.77

63431.69

79289.61

Total CO:

captured
(kton/yr)

125.02

250.05

375.07

500.1

625.12

Total
CAPEX
(M€)

22.95

33.05

41.81

49.88

57.5

Absorber
diameter (m)

4.49

6.35

7.77

8.98

10.04

Electricity
demand

(MWe)

1.17

2.34

3.51

4.68

5.86

Flue gas specific results

Total
heat

(MW.)

15.9

31.79

47.69

63.58

79.48

17

17

17

17

17

Overall results
Cooling

demand

Absorber packing
height (m)

water

demand

(MW.,)

16.93

33.87

50.8

67.73

84.66

Absorber total
height (m)

33.76

33.76

33.76

33.76

33.76

Solvent

costs

(€/ton
CO:)

4.86

4.86

4.86

4.86

4.86

Absorber Packing

Capex (MEUR)
2.51
5.03
7.54
10.05
12.57
. Specific
Specific .
variable
CAPEX
OPEX
(€/ton
(€/ton
CO:)
CO:)
18.7 23.38
13.46 23.37
11.35 23.37
10.16 23.37
9.37 23.37

Absorber

Shell

Capex (MEUR)

3.36

4.18

4.76

5.21

5.6

Specific
fixed
OPEX
(€/ton

CO:)

10.66

6.86

5.46

4.71

4.23

Total

costs

(€lton
CO:)

52.73

43.7

40.19

38.24

36.97

Information can be quickly gathered on:

- Amount of CO, captured

- Major equipment sizing and costing

- Total utility demand (heat, electricity, cooling)
- Total CAPEX and OPEX calculations
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Practical information about the tool

The OCTOPUS tool is a free tool

An account can be requested by sending an email to me: jasper.ros@tno.nl

The tool can be accessed here: hitps://octopus.sensorlab.tno.nl/

An video introduction to the tool can be found here: hitps://www.youtube.com/watch?v=mG8e6nOWP 8

The tool contains an user manual to describe the structure of the tool and assumptions used for the calculations

The tool does not log any information that is entered by the user and the results are also not saved anywhere

Note: The OCTOPUS tool only generates results to assess initial high-level feasibility of
carbon capture systems and should only be used as such. Detailed design studies are
necessary to assess the actual feasibility specific to the considered process.
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Future prospect of the tool

We are currently looking for opportunities to extend the tool, for example:

- Include other solvents (e.g. CESAR1)

- Include more detailed (cost) calculations on the integrated capture systems

- Include options for the user to constrain the tool (e.g. energy availability, plot space limitations)
- Include more capture rates (e.g. 99%)

Please contact us if you see possibilities to collaborate!
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