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DemoBECCS Overview

Funding: Danmarks Innovationsfond

Total budget: DKK 3.71 million

DTU budget: DKK 2.25 million (KT and Kemi)

SLBC budget: DKK1.46 million 

D-WP1/3 lead: Prof. Wei Yan (DTU, Kemi)

D-WP2 lead: Prof. Philip Fosbøl (DTU, KT)

Dr. Jacob Knudsen (SLBC)

C-WP1–6:
• Institute of Rock and Soil Mechanics, Chinese Academy of Sciences
• Shanghai Advanced Research Institute, Chinese Academy of Sciences
• China University of Mining and Technology
• Chongqing University
• Tianjin University



BECCS application to Power Plant

Energy duties

Diluent (D): H2O

Solvent:
Amine (A):MEA, MDEA

MeOH, EG, NMP…

Biomass
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Screening methodology

● `Carbamate formation: primary, secondary, polyamine

A (polyamine) is the proton acceptor:

1A    + 1 CO2 H+ A-CO2         Proton Affinity(D) <Proton Affinity (A)

H+ transfer

2 A    + 1 CO2 A-CO2  +   A H+

Lewis base (nucleophile/C–N bond former)  

Proton acceptor

D is the proton acceptor:

1 A    + 1 CO2 A-CO2  +  DH+ Proton Affinity(D) >Proton Affinity(A)
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Diluent is the proton acceptor:
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Amine (polyamine) is the proton acceptor:
Polyamine

<<
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Wanderley et al., Int. J. Greenh. Gas Control, 2021, 109, 103398.

Non-nucleophilic diluent autoprotolysis (pKs)…
D D- + H+

Catalysed by the amine (pKa)…
A + H+ AH+

Forming an alkylcarbonate
CO2D- + DCO2

-

Screening methodology

● `Alkyl carbonate formation: tertiary, hindered amine
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Tertiary amine

Choose of amines..high pKa

Alkylcarbonate formation: 
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Choose of diluents..low pKs

Alkylcarbonate formation: 
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• ss

• ss

• ss

• ss

• ss
Aminoethylethanolamine

H
N

NH2HO

H2N
H
N

NH2

Diethylenetriamine

H2N
H
N

N
H

H
N

NH2

Tetraethylenepentamine

AEEA

DETA

N
H

H2N NH2

bis(3-aminopropyl)amine APA

3-aminopropyl-(3-dimethylaminopropyl)amine

H2N
H
N N

DMAPAPA

TEPA

Amine and Diluent candidates

• AMINE 1 (Cyclic amine)

• AMINE 2 (High pKa)

• AMINE 3 (Primary amine)

• AMINE 4 (Guanidine)

• AMINE 5 (Polyamine)

• AMINE 6 (Polyamine)

• Primary Alkanols

• Heterocycle compound

1-Propanol 1-Butanol

Ethylene Glycol Propylene Glycol

2-Methoxyethanol

1-Methylimidazole

1-PrOH 1-BuOH

EG PG

EGME

1-MIm

• Hydroxy ether 

• ss NH2
HO

MonoethanolamineMEA

• ss NH2
H2N

EthylenediamineEDA
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Property Expected start up time Approx. time for analysis Available at DTU?

Simple properties

Phase changes 2 w 1h Yes
Density 2 w 1-2 h Yes

Viscosity 2 w 1-2 h Yes
Surface Tension 4 w 3-6 h Yes

T boiling 2 w 1-2 h Yes
SLE 2 w 1-2 h Yes
pKa 1 w 4 h Yes

Dielectric permittivity NA NA No

Advanced properties

VLE 16 w 1-2 d Yes
Heat capacity 16 w 2-3 d Yes
Heat of Abs. 16 w 3 h Yes

Mass transfer rate 3 w 1-2 h Yes
T Degradation 24 w 2-15 d Yes
O Degradation 24 w 2-15 d Yes

Corrosion 16 w 1 d Yes
Impact of impurities 30 w NA, depends on property Yes

Speciation 36 w 1-2 w Yes
Mini pilot 12 w 1-2 d Yes

Heat transfer coef. NA NA No
Speed of Sound/joule Thomson 12 w 1d Yes

Heat of Vap. NA NA
No (equipment could be 

developed)

Methodology
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Miscibility and phase changes

CO2 Saturation

DETA + Diluents

Precipitation

H2N
H
N

NH2

Foaming tendency

APA+EGME TEPA+1-BuOH

N
H

H2N NH2 H2N
H
N

N
H

H
N

NH2 EDA+1-BuOH

High viscosity
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EG 1-PrOH 1-BuOH EGME 1-MIm PG

APA V P P F P V

TEPA V F F F F Loading (mol CO2/mol N)
A-1 (Cyclic) P P P

A-2 V

AEEA V P P V F Phase changes
A-3 V V V High viscosity

DMAPAPA V V V V V F Foaming

IBDMPA V P Precipitation

A-4 P

MEA P

EDA V V P P

13DAP P P P P P P

A-5

DETA V P P P P V

CO2 solubility 
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H2O:3wt% 5wt% 10wt%H2O:0wt% 3wt% 5wt%

Water compatibility

TMG+EGME+H2O TMG+1-PrOH+H2O CHA+EG+H2O

Amine-3+Diluents Amine-4+Diluents
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Advanced property: mass transfer rate

Wetted Wall Column (WWC)

CO2 lean gas

Gas phase Liquid phase

CO2

CO2 rich gas

Rich solvent

Lean solvent
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Advanced property: mass transfer rate
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Heat of absorption

Setaram Calorimeter

Determine heat of absorption

Adjustable CO2 content and flow rates

Advanced property:

Carbamate formation 

Physical absorption

Lower ΔH

30wt% MEA+H2O
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Heat of absorptionAdvanced property:

Carbamate formation 

Physical absorption

Lower ΔH

Setaram Calorimeter

Determine heat of absorption

Adjustable CO2 content and flow rates

T=313K
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Thermal Minipilot

Reboiler:3kW
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Thermal Minipilot

Parking materials: 4mm Dixon rings

• Gas flow : 0.94 Nm3/h
• Residence time: 15 s
• CO2 inlet concentration: 14 mol%
• Solvent flow: 2.96–5.78 kg/h
• L/G: 2.3–4.5
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Total operation hours

WLS-1 WLS-2
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WLS-2

WLS-1

Solvent samples through campaigns
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3.75 GJ/ton CO2

2.68 GJ/ton CO2

1.67 GJ/ton CO2

Minipilot results

Stripping intensity (SI, kJ/kg solvent): 

 SI = 𝑄̇𝑄𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏−𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑚̇𝑚𝑟𝑟𝑖𝑖𝑖𝑖𝑖

Specific reboiler duty (SRD, GJ/ton CO2):

 SRD= 𝑄̇𝑄𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏−𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑚̇𝑚𝐶𝐶𝐶𝐶𝐶,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

Solvent Lean loading
(mol C/mol A)

Rich loading
(mol C/mol A)

30wt% MEA+H2O 0.17 0.48

5m WLS-1 0.54 0.89

5m WLS-2 0.35 0.64
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Minipilot results
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Thank you!

Visit us at:
capturi.slb.com Impact at scale

http://www.capturi.slb.com/
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Copyright and 
disclaimer

Disclaimer
This presentation includes and is based, inter alia, on forward-looking information and 
statements that are subject to risks and uncertainties that could cause actual results to differ. 
These statements and this presentation are based on current expectations, estimates and 
projections about global economic conditions, the economic conditions of the regions and 
industries that are major markets for SLB Capturi and SLB Capturi’s (including subsidiaries 
and affiliates) lines of business. These expectations, estimates and projections are generally 
identifiable by statements containing words such as “expects”, “believes”, “estimates” or 
similar expressions. Important factors that could cause actual results to differ materially from 
those expectations include, among others, economic and market conditions in the 
geographic areas and industries that are or will be major markets for SLB Capturi’s 
businesses, market acceptance of new products and services, changes in governmental 
regulations, interest rates, fluctuations in currency exchange rates and such other factors as 
may be discussed from time to time in the presentation. Although SLB Capturi believes that 
its expectations and the presentation are based upon reasonable assumptions, it can give no 
assurance that those expectations will be achieved or that the actual results will be as set out 
in the presentation. SLB Capturi is making no representation or warranty, expressed or 
implied, as to the accuracy, reliability or completeness of the presentation, and neither SLB 
Capturi nor any of its directors, officers or employees will have any liability to you or any 
other persons resulting from your use.

Copyright
Copyright of all published material including 
photographs, drawings and images in this 
document remains vested in SLB Capturi and 
third party contributors as appropriate. 
Accordingly, neither the whole nor any part of 
this document shall be reproduced in any form 
nor used in any manner without written prior 
permission and applicable 
acknowledgements. No trademark, copyright 
or other notice shall be altered or removed 
from any reproduction.
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