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Project Concept & Key Objectives

The MemCCSea Concept Key Objectives
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Project Impact

GHG emissions from international shipping have risen by more than 30% over the last 30 years, a larger

increase compared to every industrial and transport sectors except international aviation, with increases up to
2507% compared to current levels expected until 2050.

Strict regulations for CO, emissions from shipping (40% reduction of GHG emissions by 2030, 11% reduction in
carbon intensity by 2026) and are reflected in updated calculation of key efficiency indices (EEDI, EEXI, ClI)

Active participation of industry & classification society
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Project Technology

Re-design and optimization of membranes materials and processes

Customized
ceramic

Polymer membrane e.g. PEO HAI»O\/*]\OH Graphene membra ne
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Project Innovation - Process Marinization —
Maritime CO, storage options (Task Leader: DNV) @ EurONAV.

Carbon Capture and Storage options Carbon mineralization REC)DE

Possible locations: CAPTURE 2 Scanning Electron Microscopy — SEM
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@ Liquid Amine absorption method CO2 capture unit
@ Liquefaction unit
4 Storage tank

Carbon Storage Challenges

Limited space onboard (cf. solidification)

Sea motions (cf. liquefaction)

Low CO, fractions

Purity levels of the CO, product
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Key Achievements

* A case ship for (virtual) membrane-based carbon capture system integration has been selected and
operating conditions and exhaust gas characteristics defined (in close collaboration with EURONAV)

e Selection, development and screening of membrane (polymeric+graphene) & solvents (seawater, amine-
based, metal hydroxides) for gas-liquid membrane capture.

* Ceramic membrane surface modification for increased hydrophobicity completed and evaluated.

* A prototype pilot unit for ashore membrane testing is being developed and test protocols for the
experimental evaluation have been defined.

* Process model for mass and energy balances for membrane-based capture module assembly on-board
ships scale-up.

v’ Recovery of the main engine CO, emissions greater than 90%

v A 10-fold reduction of system volume compared to a conventional amine-based scrubbing system.

Still pending:
» Overall CO, emissions reduction (including added emissions

> reduction of operating costs greater than 25% by the capture plant and utilities greater than 50%
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