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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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sl Challenges
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sl Challenges

(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
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Estimated density, dynamic viscosity and thermal conductivity of carbon dioxide mixed with 5 % nitrogen
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sl \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 CO, 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

SINTEF

CO,Mix
* QOperating work-horse
* <200 bar, -60 to 200 °C
* Fluid phase + solids + toxic

Mixture prepartion (ppm accuracy)

Visc-Dens

Liquid, gas

| Built by NCCS + Spin-ins |

< 800 bar, -60 to 150 °C

Pure fluids & mixtures

eccsel
e ErIC

The European CCUS Research Infrastructure

e <100 bar, -40to 25 °C
* Liquid or gas

e Pure fluids & mixtures

*not part of ECCSEL
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SINTEF

Parameter
Density Range
Accuracy
Repeatability

Pressure

Temperature

Technology uptake

Fiscal Metering (density meters)

Meter 1
0-1500 kg/m3
1 kg/m3

0.1 kg/m3

Up to 200 barg
233-395K

Meter 2
0-1200 kg/m3
1 kg/m3

0.3 kg/m3

Up to 100 barg
203 -503 K
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Trondheim CCS Conference

TCCS-11 - Trondheim Conference on CO: Capture, Transport and Storage
Trondheim, Norway - June 21-23, 2021

ENABLING CCS VIA FISCAL METERING

SINTEF

Sigurd W. Levseth’, Yessica Arellano’, Han Deng', Frances(
" SINTEF Energy Research, Tron

Traceability

Table 2: Specifications for COz fiscal meter test facility

Parameter Specification
. . . Mass flow accuracy 0.25 %
® F ISCAa | m ete N Q fa Cl | |tv Volumetric flow accuracy 0.25 %
Accuracy in density 1.2 kg/m3
Max flow rate (t/h) 600
isr:{:tam Min flow rate (t/h) 50
Max flow (m3/h) 800
D>< Flow Phase state Liquid / dense phase
T X X straightener Pressure (bara)® Up to 120
D—N l ‘II = Process temperature (°C) 4 to 40
Primary refence MUT Ambient temperature (°C) -20to0 25
= Composition range (mole fractions)
XH COs >75 mol%
<}+—T—————— <} N> < 25 mol%
Ar < 25 mol%
- X . | P o Open H: (TBC) < 10 mol%
<] Galbration: Closed CHa (TBC) < 23 mol%
T @ H>0 < 350 ppm
_______ 02 < 10 ppm
. Secondary Reference H»S 0
Cooling cOP ~
Figure 2: Schematic of an experimental facility for CO2 SOx -
metering NOY -
Amines 0
Reference fluids Pure water
Meter pressure drop (bar <2
Feed StUdy com pleted Test seition lengthp et 20 m
Development length I5m/4m
(upstream / downstream meter) ogi for et bedre samfunn
Pipe dimension (inches) 10




sl Traceability

* Primary flow Reference for CCS - PREFERENCE

* A novel primary reference targeting liquid CO, flow meter calibration for large flow rates has already
been designed NCCS

* PREFERENCE aims to progress CO, metrology by experimentally testing a primary reference
prototype designed to overcome the challenges of liquid and dense phase CO, 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

SINTEF

CCS FMEs

Sulphur Trioxide

Thermodynamic Reference & Engineering Data

A SINTEF data
Covered by EOS-CG
-Covered by GERG-2008 / Tillner-Roth & Friend for Ammonia
Covered by new upcoming models from University of Washington and NIST

- No dedicated mixture-model available

x Data available (DDB and/or TRC)

o Nodatain 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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Year

Species

C02 -H20

2024

CO2-brine
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CO2 - N2
2022 CO2 - H2
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2021 CO2-CH4

2019C02-N2-CH4

2018CO2-Ar
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2018C02-CO

2016C02-02

2016C0O2-N2

2014C0O2-N2

Phase Equilibria

Property / type Link

VLE

Viscosity
Viscosity
Viscosity

Thermal
conductivity

VLE

VLE
VLE
VLE
VLE

VLE

VLE

Writing up

In press

In press
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3 PhD exchanges completed
2 New PhDs planned in GigaCCS

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

Thermopack
(git hub)
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sl 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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