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• CO2 can be in gas, liquid, two-phase and supercritical 
forms.

• Proven flowmeters (radiological and NMR) are prohibitively 
expensive and not accessible.

• Current flow metering techniques have limitations:
Ø Volumetric flowmeters (DP/Turbine/Vortex/Ultrasonic)
Ø Coriolis mass flowmeters (but diameter<150 mm)

• CO2 leakage detection from CCS pipes and storage sites.

Challenges in CO2 Flow Monitoring
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CO2 Flow Test Facility under CCS Conditions



• Low uncertainty: 0.06% (k=2) for liquid by weighing method; 0.15% (k=2) 
for liquid and 0.25% (k=2) for gas by master meter method
• Gas-liquid two-phase flow with impurities and leakage conditions

CO2 Flow Test Facility under CCS Conditions



Highly stratified flow 
(flowrate: 500 kg/h, 
GVF: 40%)

Partially stratified flow 
(flowrate: 1,000 kg/h, 
GVF: 40%)

Fully turbulent flow 
(flowrate: 1,900 kg/h, 
GVF: 35%)

Two-Phase CO2 Flow Measurement
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Two-Phase CO2 Flow Measurement
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Data Driven Models
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Two-Phase CO2 Flow Measurement



Original error from the vertical test section Errors in the corrected mass flowrate

Two-Phase CO2 Flow Measurement

• Measurement of liquid mass flow rate: Reduced from ±12% to ±1.5%
• Prediction of gas volume fraction: within ±10%



Dynamic CO2 Flow Measurement

• Flexible CCS operation means the CO2 flow is dynamic.
• Dynamic flow conditions make flow measurement more difficult.
• Limited knowledge of transient behaviours of two-phase CO2.
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Dynamic CO2 Flow Measurement

Flow transition during a start-up (flowrate: 0∼500kg/h, GVF:100%∼0%)



Mass flow rate and density of CO2 flow during a start-up operation

Dynamic CO2 Flow Measurement

0 10 20 30 40 50 60

0

100

200

300

400

500

600
 

 Mass flow rate
 Density

Time (s)

M
as

s 
flo

w 
ra

te
 (k

g/
h)

100

200

300

400

500

600

700

800

 D
en

si
ty 

(k
g/

m
3 )



Mass flow rate and density change Mass flow rate and density change
after stopping the pump after opening the release valve

Pressure fluctuation after opening the release valve Temperature fluctuation after opening the release valve

Transient Behaviours of CO2 Flow
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CO2 Leakage Detection
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Summary

• Coriolis flowmeters with data driven models can measure 
mass flow rate of CO2 within ±1.5% under two-phase flow 
conditions. 

• The flowmeters have achieved errors within ±0.15% and 
±0.25% for liquid and gas CO2, respectively.

• Data driven modelling techniques have worked well under 
dynamic flow conditions.

• The techniques are being applied for leakage detection.

• Significant further work is required.


