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2. WHY THE FOCUS ON METERING?

1. The Role of CCUS and Its Value Chain
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WHY IS CCUS ESSENTIAL ? - [ Use 1. Trusted Carbon Accounting:
| @ @ Using a captured CO, as . _ . .. .
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virtually impossible without n /]/H i < :@ X l'7 create products or , ) ,
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. facilities or directly . .
@ Cost-effective pathway for low- from air. A ) S uncertainty reduction, and the scalable deployment of
carbon hydrogen production. \- J ‘/NVN CCUS systems.
Figure 2: CCUS Value Chain [2]
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3. CO, TRANSPORT PATHWAYS AND PHASE REGIMES 4. FLOW PROPERTIES OF CO, N
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9 Figure 3: CO, phase diagram [5] N '=40-45 °C, P =85-90 bar )
5. MEASUREMENT TECHNOLOGIES w
DIFFERENTIAL PRESSURE TURBINE METERS CORIOLIS METERS ULTRASONIC METERS
« Density required to convert to « Volumetric, density required to convertto mass  « Direct mass flow « Volumetric, density required.
mass. « More mechanically sensitive. « Relatively high pressure drop (1-2 bar). o LOW pressure drop.
. Standardised design ISO 5167. .« Limited performance under CCUS conditions. o Larger sizes (>3-inch) require fluid SoS correction. « Sensitive to flow profile and composition.
« High pressure drop. e Size constraints to < 12-inch. « Suitable for large diameters.
(p) and speed of sound are required for accurate flow quantification.

6. MEASUREMENT CHALLENGES 1

Measurement Requirement

(density, SoS, phase envelope).

Total concentration of non-condensable
components should not exceed 4
mol%/[3].

Also, can also cause “slugging”, where
fluid move unevenly, creating vibrations
that may damage turbine meters or
ultrasonic transducers.

compressible, even small
changes in pressure or
temperature can result in

1. Impurity effects ® « 2. Phase behaviour and two-phase 3. Near-critical sensitivity 4. Metering Horttorin and Remorting Regulation
(type & concentration). 0@0 formation. This can cause the meterto When transporting CO, in the technology-specific B
Changes fluid properties § “# significantly over-read or under-read. dense phase, itis highly issues

the need for a precise
fluid density (USM, DP,
Turbine) and speed of

+1.5% EU MID, NISTl I Target MPE

-1.5% EU MID, NISTT

CCS Metering

1 %

MPE

significant changes in density.

sound (Coriolis).

Accurate quantification is challenged by the strong sensitivity of thermophysical properties to small pressure-temperature variations, in the near-critical region.

MRR uncertainty requirement for meters & analysers

Figure 4: Flow measurement requirements
across referencing systems (EU/UK ETS) y

7. AIM AND OBJECTIVES

¢

To improve the accuracy of CO, flow
measurement, especially under dense
and near-critical conditions for CCUS

applications.

1. To experimentally investigate flow
meter performance using CO,
mixtures under controlled pressure
and temperature conditions.

OBJECTIVES

2. To measure key thermophysical
properties (e.g. density and speed of
sound) through advanced signal
processing techniques.

3. Quantify measurement
uncertainty across different
CO, compositions and flow
regimes.

4. To evaluate the performance
and reliability of sensors under
representative CO, stream
conditions.

8. METHODOLOGY AND PLANNED TASKS 1

Q Critical Literature Review G Experimental Work

Completion of a critical Perform Static testing of flow
review on CO,, flow mixtures under (@ 2

Data Analysis ©%: Validation Integration & Recommendations

Validate and

meters with CO,
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Evaluate CO, density
and speed of sound

Integrate findings to develop
recommendations for improving the

measurement technologies, controlled across varying P-T performance under accuracy of CO, thermophysical
challenges gaps. pressure and conditions and CO,, CO, stream property measurement in CCUS
temperature. compositions. conditions. applications.

Experimental
Work includes:

Hardware Setup & System Understanding
Phase 1: Full system inspection, component
verification, and development of a complete
understanding of rig operation and
configuration.

Phase 2: Installation and configuration of
pressure, temperature and flow meter
sensors, with validation of real-time data
acquisition and logging.
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System Integration and Leak & Safety Testing
Phase 3: Integration of all system components,
followed by system checks and verification through
pressure testing using N, along with leak detection,
pressure drop and safety validation to ensure stable
and safe operation with CO,,.

Phase 4: Gradually filling the system with CO, and
running initial tests to check system response and
stability and spot any issues.
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Baseline Static Testing

Phase 5: Establishing baseline measurements
under controlled P-T conditions and ensuring
repeatability in the gas phase.

Near-Critical Investigation

Phase 6: Conducting tests near the critical
region, applying controlled P-T variations while
monitoring system behaviour and instabilities.

i

Validation & Optimisation

Phase 7: Repeating tests to
ensure consistency,
Improving data quality and
system stability, and
resolving any experimental
Issues.
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