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1 Emissions reductions for key industry subsectors (cement, iron and 
steel, chemicals) by mitigation strategy (IEA 2019)



Decarbonisation means different 
things to different people

Measures

• CO2 released versus
resources used;
temperature increase; …

• Effects on climate;
availability of resources;
uses and needs of
products; …

• 17 sustainable
developments UN goals

How?

• Reduce CO2 emission
by reducing energy
demand

• Utilised captured CO2;
generate only amount
of CO2 that can be
captured and utilised

• Look for integrated
solutions taking into
account regional
constraints

• Integration of ideas,
concepts; to develop
significantly better
technologies

• Use new conversion and
separation technologies

• Develop and use
computational methods
and tools that give
significantly better
solutions

• Change business paradigm
from maximising profits to
maximizing sustainability
(and including social,
ethical constraints)

Means



Energy transition: Why not only 
renewables?

• Current deployment rates is not enough without
significant de-industrialization and, a lot of investment
(and perhaps political willingness)

• Realistically, we will still depend on hydrocarbons but
we have to minimise emissions

• Renewables can’t prevent emissions of hard-to-abate
industries

• CCS as one of the pillars of the energy transition. It’s
not ‘the’ silver bullet. However, it should not prevent
increasing efforts in true green energy



Opportunities for energy efficient  
operations

• Distillation columns are energy-intensive = emissions
• Long-term solution: total replacement
• Are there membranes or related materials to totally replace

industrial distillation columns?
• Short-term solution: hybrid scheme

• Integrate existing columns with small membrane operation, reduce
energy consumption

• But, needs optimal design to combine both unit operations
so that each operates at their highest efficiency
• 10-50% energy savings

• There are at least 200,000 operating distillation columns
worldwide



CCS-sphere



Challenges

• Multiple users (present
and future)

• Different sizes,
industries, capture tech

• Transitions from gas, to
liquid or supercritical

• CO2 is not pure (a lot
impurities)



PVT: know your fluid (CO2 + …)



• Impurities (even at ppm level) have an impact (assume pure CO2 at 
your own peril!)

Effect of impurities



And maybe even chemical reactions



The ubiquitous presence of thermodynamics (a.k.a. 
fluid modelling) 

• What’s the ‘best’ model?
• It depends on the

chemical nature of the
compounds

• How the model and theirs
results are going to be
used?

• Implementation





The ubiquitous presence of thermodynamics (a.k.a. 
fluid modelling) 

• All models have limitations (failure near critical
region, poor liquid density predictions,
computationally expensive, compatibility, etc.)

• All models should be tuned with experimental data
(but data for multicomponent and even binary
mixtures is scarce)



Consistent EoS

• Ensure consistency through the nodes of the CCS system
• Plant captures and compresses X MTPA
• Pipeline transport Y MTPA
• Reservoir stores Z MTPA

• Subsurface/surface segregation leads to discrepancies



Options for integrated modelling to ensure 
thermodynamic consistency

• CAPE-OPEN
• Allows using a thermodynamic model in a plug-and-play in various

simulators
• Thermo model in Multiflash
• Process in HYSYS using the Multiflash model
• Allows using a thermodynamic model in a plug-and-play in various simulators

• But not all simulation tools are CAPE-OPEN compliant

• Maximus - IPM
• Third-party simulator with Multiflash

• Connects to PETRO-SIM
• Rigorous pipeline/well thermal-hydraulics
• Tank model
• Life-of-field simulation



Options for integrated modelling to ensure 
thermodynamic consistency

• Digital CCS Simulator
• How do we quickly understand how a CCS network will operate

across project cycle
• Multiple emitters connecting to a transport network, to multiple

wells/reservoirs
• Changing conditions over field life, reservoir pressure increases,

flowrates changes, composition changes, phased development
• Limited operational experience

• We develop a custom-made web-based software
• Uses thermodynamic model of choice via either look-up tables or maybe

a ML model
• Transient thermo-hydraulic model for single phase elements
• Surrogate model or tank model for storage



CCS Digital Twin: Parallel filling of multiple 
injection reservoirs

• How does flow split at an uncontrolled offshore manifold?
• How do reservoir pressures increases over field life
• Integrated flow assurance, well and reservoir models

without any third-party software
• Well and reservoir model uses surrogate to match OLGA

and ECLIPSE



Concluding Remarks

• Integrated surface/subsurface approach is more
crucial in CCS projects

• Thermodynamic modelling remains a challenge.
Keeping consistency across the whole-chain is key.

• Various options to integrate subsurface/surface with
consistent thermodynamics




