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CCUS Network and
Measurement

« IPCC states that CCUS is critical to reducing CO2 emissions
and reaching net-zero emissions

« CCUS demand is increasing globally, with a near doubling in
capture capacity in development since 2021

« CO2 will be captured in the gas phase, then compressed and
transported in gaseous or dense phase to a geological
storage

* It may be further cooled for shipping transport

CO2 flow is now required for custody

* Itis a requirement of UK and EU Emission Trading Schemes transfer, therefore needs robust flow
to measure CO2 flow for reporting purposes. It is also a measurement
requirement for commercial contracts (e.g. subsidy payment
in the UK)

The Transferibility of Calibration from Alternative Fluids to CO2




Challenges Facing CCUS
Deployment

 For the regulatory and contractual framework underpinning
CCUS to be successful, robust flow measurement of liquid
and dense phase CO2 is required

 This is achieved through calibration of flow meters in
accredited traceable calibration facilities.

« However, there are currently no traceable flow facilities for
liquid and dense phase CO2

» A possible strategy is to calibrate in water or oil and transfer
the calibration

Can a flow meter be calibrated in
water for use in Liquid or Dense Phase
* There is currently no data available in literature to prove this C0O2?
Is possible

The Transferibility of Calibration from Alternative Fluids to CO2
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Build Transfer calibration
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Flow Meter Transfer Package

* Five flow meters from four different
metering technologies built in series

» Two of these will be reported on
today.

* Nominal diameter, 2 inch (DN50)
with sch80, CL900 pipe and flanges

Orifice 0.6 Compliant with
- Beta 2 inch McMennon 1SO 5167

Coriolis 1inch Emerson CMF100M

10



Flow Meter Transfer Package

« Package set-up, orientation and
pipework remained the same
between the test at NEL and IFE

* No traceable reference or primary
standard available, therefore,
Orifice Meter used as reference for
CO, testing

11
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2-inch Orifice Calibration

» Calibrated discharge coefficient fitted to
NEL Water, EPAT QOil & High Pressure
Gas test results

« Calibrated over Re. range: 6.15x103 —
1.72x1068

« Resulting measured Cd was within £0.2%
of fitted Cd Curve

 The orifice was used as reference for
CO, tests

The Transferibility of Calibration from Alternative Fluids to CO2 2023-12-06 13



1-inch Coriolis Flow Calibration

» Calibrated K-factor developed from NEL
Water facility tests

» Calibrated over range: 1.23 — 6.1 kg/s
» Resulting discrepancy between orifice

meter and Coriolis after calibration
applied was within £0.06%

The Transferibility of Calibration from Alternative Fluids to CO2 2023-12-06 14



1-inch Coriolis Flow Calibration

The Transferibility of Calibration from Alternative Fluids to CO2

» Meter was then tested in oil at elevated
pressure and temperature (EPAT) to
determine a pressure correction

* Pressure correction was applied to all
results

» Tested in Oil at 20°C & 30°C, error within
+0.08% except for lowest flow at 20°C.

2023-12-06
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1-inch Coriolis Density Calibration

» Uncorrected error from Coriolis density
was up to -30 kg/m?3 at 100 bar. Equating
to approximately a 3% error at the
highest density CO,

* This error was corrected with an offset for
pressure and temperature at the CO, test
conditions

» Resulting corrected error was within
+0.01% for liquid at -20°C, £0.006% for
dense phase at +20°C and within
+0.0004% for dense phase at 40°C

The Transferibility of Calibration from Alternative Fluids to CO2 2023-12-06 16
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Testing in Liquid & Dense Phase CO,

- Transfer package tested in CO,
across four distinct fluid conditions at
the Institute for Energy Technology
(IFE) in Kjeller, Norway

« No traceable master meters or
primary standard were available at
IFE for CO, Therefore, the Orifice
meter, calibrated at NEL, was used
as the reference for the CO, tests.

Phase Phase / Pressure Temperature (°C) Flow Rate
Diagram Condition (Bar.g) Range (kg/s)
Colour

Dense 90 40 1.27-25
/Supercritical
Liquid 70 20 1.25-3.9

Liquid / Dense 90 20 1.8-3.9
Liquid 25 -20 1.24-45

The Transferibility of Calibration from Alternative Fluids to CO2 2023-12-06




Flow and Density Reference — Measured Density

M=

DENSITY @
from Coriolis
(calibration
correction applied)

Orifice mass
flow

Discrepancy
%

The Transferibility of Calibration from Alternative Fluids to CO2

N

Coriolis

Coriolis
mass flow
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1-inch Coriolis CO, Results

Title

When Density is measured directly
Coriolis shows a positive bias

Overall agreement between Coriolis and
orifice is within £0.35%

Within expected uncertainty of Orifice
Meter

2023-12-06
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Flow and Density Reference — EOS Density

DENSITY
Span &
Wagner pure

CO, EoS 11

Coriolis
H L
Ap s
Orrifice Coriolis
mass flow mass flow

Discrepancy
%
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1-inch Coriolis CO, Results

The Transferibility of Calibration from Alternative Fluids to CO2

When Span & Wagner EOS is used for
Density:

Coriolis shows a positive bias for Liquid
Phase

Substantial shift in results for dense
phase at 40°C

Error between Coriolis and orifice gets
worse, with mass flow error reaching
+0.4%

2023-12-06
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Coriolis Discrepancy in Perspective of the UK ETS

The Transferibility of Calibration from Alternative Fluids to CO2

2023-12-06
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Conclusions

« This work presents a relative comparison between an orifice
and Coriolis meter with water, oil, liquid and dense phase
CO2

 Discrepancy between orifice and Coriolis in water and oil is
within £0.08%

* Results with CO2 suggest that the calibration of a Coriolis
meter with water can be effectively extended to liquid and
dense-phase CO2, with an associated uncertainty of
approximately £0.35 % (k = 2).

* It should be noted that 0.35% is approximately within the
expected uncertainty of the orifice meter

The Transferibility of Calibration from Alternative Fluids to CO2

This is a hugely

significant initial
result

2023-12-06
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Future Work

 To draw final conclusions further testing required:

* Primary standard

 Additional meter sizes

 Multiple manufacturers

 Additional flow rates and test conditions
* Impurities

* NEL is currently building a primary standard
liquid/dense phase CO2 facility and is planning test
work with CO2 mixtures as part of an EU funded
project called ENCASE

The Transferibility of Calibration from Alternative Fluids to CO2




Test Results in Gas Phase



Test Results in Gas Phase - NEL

6” Turbine 6” Orifice

The Transferibility of Calibration from Alternative Fluids to CO2

3” Coriolis

8” USM

2023-12-06
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Test Results in Gas Phase - NEL

3" Coriolis
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» Pressure correction applied as per manufacturer specifications

» Coriolis calibrated with nitrogen at 60 bar

« Calibration at 60 bar with N, applied at the other pressures and with CO,
» Density of N, at 60 bar is like CO, at 27 bar

The Transferibility of Calibration from Alternative Fluids to CO2 2023-12-06 28



Test Results in Gas Phase - NEL

3" Coriolis
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Test Results in Gas Phase —- HWU/NEL
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--0.25% N, NEL = N, HWU = CO, HWU

The Transferibility of Calibration from Alternative Fluids to CO2

2023-12-06

30



Test Results in Gas Phase - DNV

The Transferibility of Calibration from Alternative Fluids to CO2

2023-12-06
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Test Results in Gas Phase - Fortis BC

The Transferibility of Calibration from Alternative Fluids to CO2

2023-12-06
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4 different labs,
3 meter sizes,
similar results,
suggesting that a Coriolis meter can be
calibrated with alternative fluid and used
with gaseous CO,



Thank you

Contact us:

Russell Brown Gabriele Chinello
CCUS Flow Measurement Head of CCUS
Consultant

Email: gabriele.chinello@tuvsud.com
Email: russell.borown@tuvsud.com

The Transferibility of Calibration from Alternative Fluids to CO2

Research Funded by:

www.decarbgrid.eu

2023-12-06
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Dense phase: a note on terminology

Performance of Flow Meters in Gas, Liquid and Dense Phase CO,

2023-12-06

35



Dense phase: a note on terminology

CO, or CO, stream in the single-phase fluid state CO, or CO, stream in its liquid or supercritical phases
above a density of 500 kg/m?3 above the critical pressure (pure CO, stream) or

cricondenbar (CO, rich stream)
This definition is aligned with: CCUS Forum Expert Group on CO2 Specifications,
“An Interoperable CO2 Transport Network-Towards Specifications for the
Transport of Impure CO2,” 2023

The Transferibility of Calibration from Alternative Fluids to CO2 2023-12-06
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