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• Challenges

• Contributions to the solution
‒ NCCS 

‒ Task 8: Fiscal Metering and thermophysical properties
▪ Experimental Facilities (ECCSEL +)

▪ Fiscal Metering

▪ Thermophysical Properties
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Data should always be verified!
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Challenges
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Estimated density, dynamic viscosity and thermal conductivity of carbon dioxide mixed with 5 % nitrogen

(2019) For CO2 mixtures “there is very little data for liquid viscosity and none for thermal conductivity”

Poor data → different 
models may produce very 

different predictions



Why we do what we do

• Small amount of impurity can greatly influence the thermophysical properties of CCS 
streams for typical operating conditions

• Viscosity data is relevant for flow through small pores (reservoirs and capture 
processes)

• Thermal conductivity is important for injection of cold liquid CO₂ into reservoirs and 
ship design

• Viscosity and thermal conductivity are key for the performance of heat exchangers, 
pressure drop in solvent columns, adsorption and membrane processes. 

• Density measurements can be a source of added uncertainty in custody transfer (EoS-
metering)

• Verified and traceable fiscal meters ensure fair trade and CCS business case
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Experimental Facilities
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CO2Mix

• Operating work-horse

• < 200 bar, -60 to 200 °C

• Fluid phase + solids + toxic

• Mixture prepartion (ppm accuracy)

Visc-Dens

• < 800 bar, -60 to 150 °C

• Liquid, gas

• Pure fluids & mixtures

FloMet *

• < 100 bar, -40 to 25 °C

• Liquid or gas 

• Pure fluids & mixtures

*not part of ECCSEL

Built by NCCS + Spin-ins



Technology Uptake
Fiscal Metering (ultrasonic meter)
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As the density of the liquid CO₂ 
decreased, approaching that of gas, 
the signal degraded significantly 

832kg/m3

Water



Technology uptake
Fiscal Metering (density meters)
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Traceability

• Fiscal metering facility

• Primary Reference
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Feed study completed



Traceability

• Primary flow Reference for CCS - PREFERENCE

• A novel primary reference targeting liquid CO₂ flow meter calibration for large flow rates has already 
been designed NCCS 

• PREFERENCE aims to progress CO2 metrology by experimentally testing a primary reference 
prototype designed to overcome the challenges of liquid and dense phase CO2 calibration. 

• PREFERENCE will optimise and experimentally verify the functionality of a novel primary flow 
reference prototype. 

• Manufacturing underway

• Commissioning and tests in 2025
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Data situation
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Carbon Dioxide x x o o x x x x x x x x

Water o x x x x x x x o o x x x

Nitrogen o o o o x x x o x x x x

Oxygen o o o o x o x o o o x x

Argon o o o o x x x o o o x x

Carbon Monoxide o o o o x x o o o x x x

Hydrogen o o o x x x x o o x x

Methane o o o o x x x o o x

Hydrogen Sulfide o o o o x o o o o

Nitrogen Oxide o o o o o o o o

Nitrogen Dioxide o o o o o o o

Sulphur Dioxide x x x o x o x

Sulphur Trioxide

Ammonia o o o x x Covered by EOS-CG

Methanol o x x x Covered by GERG-2008 / Tillner-Roth & Friend for Ammonia

Monoethanolamine o o x Covered by new upcoming models from University of Washington and NIST

Diethanolamine o o No dedicated mixture-model available

Hydrogen Chloride x x Data available (DDB and/or TRC)

Chlorine o No data in DDB and TRC

Sulphur Trioxide should be rejected; database not sufficient to fit the pure fluid

Pure Fluid Equations under development
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Phase Equilibria
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Author Year Species Property / type Link

Y Joos, A Austegard, J Stang 2024
CO2 -H2O 
CO2-brine VLE Writing up

B Betken, A Austegard, F Finotti, C Caccamo, B 
Khosravi, and R Span

2024H2-CH4
Viscosity In press

B Khosravi; A Austegard; J Stang; J Jakobsen 2024CO2 Viscosity In press

B Khosravi; B Bedken; R Span; J Jakobsen; S Løvseth 2022
CO2 - N2 
CO2 - H2 Viscosity

https://doi.org/10.1016/j.fluid.202
2.113519

Kim, D; Løvseth, S; Arami-Niya, A; May, E. 2021
CO2-N2
CO2-CH4

Thermal 
conductivity

https://doi.org/10.1021/acs.jced.1
c00270

S Ottøy, T Neumann, J Stang, J Jakobsen, A Austegard, 
S Løvseth 2019CO2-N2-CH4 VLE

https://doi.org/10.1016/j.fluid.201
9.112444

S Løvseth, A Austegard, S Westman, J Stang, S Herrig, 
T Neumann, R Span 2018CO2-Ar VLE

https://doi.org/10.1016/j.fluid.201
8.02.009

E Petropoulou, E Voutsas, S Westman, A Austegard, J 
Stang, S Løvseth 2018CO2-CH4 VLE

https://doi.org/10.1016/j.fluid.201
8.01.011

SF Westman, A Austegard, HGJ Stang, SW Løvseth 2018CO2-CO VLE
https://doi.org/10.1016/j.fluid.201
8.05.006

SF Westman, HGJ Stang, SW Løvseth, A Austegard, I 
Snustad, I Ertesvåg 2016CO2-O2 VLE

https://doi.org/10.1016/j.fluid.201
6.04.002

S Westman, J Stang, S Løvseth, A Austegard, I 
Snustad, S Størset, I Ertesvåg 2016CO2-N2 VLE

https://doi.org/10.1016/j.fluid.201
5.09.034

Sigurd Weidemann Løvseth, H.G. Jacob Stang, Snorre 
Foss Westman, Ingrid Snustad, Anders Austegard, 2014CO2-N2 VLE

https://doi.org/10.1016/j.egypro.2
014.11.281

3 PhD exchanges completed
2 New PhDs planned in GigaCCS

Updated modes in TREND (RUB) + 
Thermopack (SINTEF)

Thermopack
(git hub)

https://doi.org/10.1016/j.fluid.2022.113519
https://doi.org/10.1016/j.fluid.2022.113519
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1021%2Facs.jced.1c00270&data=05%7C01%7Cyessica.arellano%40sintef.no%7Cf5b1fe25126b4d9900e708dbe5e2d23c%7Ce1f00f39604145b0b309e0210d8b32af%7C1%7C0%7C638356534588110153%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=kgjJwJERkbJFtL41NGYSuJ7Jd2YObYTTEL1XMaFuq4s%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1021%2Facs.jced.1c00270&data=05%7C01%7Cyessica.arellano%40sintef.no%7Cf5b1fe25126b4d9900e708dbe5e2d23c%7Ce1f00f39604145b0b309e0210d8b32af%7C1%7C0%7C638356534588110153%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=kgjJwJERkbJFtL41NGYSuJ7Jd2YObYTTEL1XMaFuq4s%3D&reserved=0
https://doi.org/10.1016/j.fluid.2019.112444
https://doi.org/10.1016/j.fluid.2019.112444
https://doi.org/10.1016/j.fluid.2018.02.009
https://doi.org/10.1016/j.fluid.2018.02.009
https://doi.org/10.1016/j.fluid.2018.01.011
https://doi.org/10.1016/j.fluid.2018.01.011
https://doi.org/10.1016/j.fluid.2018.05.006
https://doi.org/10.1016/j.fluid.2018.05.006
https://doi.org/10.1016/j.fluid.2016.04.002
https://doi.org/10.1016/j.fluid.2016.04.002
https://doi.org/10.1016/j.fluid.2015.09.034
https://doi.org/10.1016/j.fluid.2015.09.034
https://doi.org/10.1016/j.egypro.2014.11.281
https://doi.org/10.1016/j.egypro.2014.11.281


Final thought

The realisation of CCS requires:
‒ metrology, 

‒ thermophysical models, 

‒ technological innovations,  

‒ understanding of the regulatory framework 

to ensure the transfer of liability, costs and risks, and build trust between operators 
along the value chain. 
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