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Disclaimer

This presentation is current as of the date hereof, has been prepared solely for informational purposes and its contents are presented on a without prejudice
basis. Neither the delivery of this presentation nor any further discussions with any recipient(s) shall, under any circumstances, create any implication that there
has been no change in the contents of this presentation since such date. We do not intend to, or will not assume any obligation to, update this presentation or
any of the information included herein.

By accepting a copy of this presentation, any recipient(s) agree(s) that the presentation and its contents are confidential, that the recipient(s) will hold and treat
in the strictest of confidence and will not use any of the information therein for any purpose except to evaluate its/their potential interest on its subject.

The information contained in this presentation remains the intellectual property of STAR BULK CARRIERS CORP. and does not purport to be all‐inclusive or to
contain all of the information available on its content. We make no representation or warranty as to the accuracy or completeness of this information and shall
not have any liability for any representations (expressed or implied) regarding information contained in, or for any omissions from, this information or any other
written or oral communications transmitted to the recipient(s) in the course of its evaluation.
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 CO2 transportation by sea has been ongoing since the 1980s

 It has applied mainly in the meat and drinks industry, but also as a coolant for nuclear power plants

 The technology for capturing CO2 from man-made emissions and directly from air is already at an 
advanced stage and is continually improving

 Currently most existing CCS projects are reliant on shore pipeline systems providing transportation 
between capture & storage sites

 CO2 Transportation: Pipeline and shipping sectors have the most capacity

 It is expected that many future CCS projects will depend either entirely on marine transportation, or will be 
alternatively reliant to pipelines of a hybrid capacity

 Currently approximately 0,1% of annual emissions are permanently stored

Introductory Background

Source: ABS – White Paper : Carbon Capture, Utilization and Storage
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CCS Global Facts & Trends

According to the 2022 latest status report on CCS infrastructure and
new projects:

 44% increase has been achieved in 2022 of CO2 capture
capacity of all CCS facilities under development to 244 mil
tonnes per annum, vis-à-vis 2021.

 61 new facilities were added to project pipeline in 2022 bringing
the current total to 30 CCS projects in operation, 11 under
construction and 153 in development

 CO2 can be stored under ground i.e. Geological Carbon Storage
in depleted oil and gas reservoirs, saline reservoirs, coalbeds

 CO2 Carriers design have surfaced the last 2 years ranging from
12,000-70,000 cbm. Captured CO2 transport in liquid form in low
6.5bar @-50C or medium 15 bars @ -28C or high pressure @
ambient temperature

 CO2 is a difficult cargo, requiring a finely balanced combination
of temperature and pressure to maintain it in a liquid form.
Deviation from temperature/ pressure threshold risks the liquid
becoming a solid and, thus, severely damaging the ship.

World Map of CCS Facilities at Various Stage of Development

Source: Status 2022 Global CCS Institute
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The grand energy transition of the next several decades will require at least the following:

 Substitution of carbon-intensive energy carriers 

 Carbon-free energy and processes

 Improvement of energy efficiency

 Technologies for capturing & storing CO2 (CCS)

The process of transitioning through the substitution of non-renewable and carbon intensive 
energy sources to renewable and low carbon energy will be a lenghty one.

CCS will be essential as a complementary measure to achieve decarbonization targets, 
especially as the combustion of carbon-intensive fuels continues.

CCS will need to be considered in parallel with energy efficiency and alternative fuels.

Transitioning our Energy System Assumptions
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 CCS is considered an essential technology towards the global effort of meeting net-zero 
carbon goals (mid to long term)

 CCS relates to land and marine industry CO2 reduction

 CCS provides flexibility in relation to Carbon tax and use of fossil fuel

 Projection of CO2 capture is on the rise and estimated to reach 400 megatonnes by 2040

 CO2 is expected to become a wider use trading commodity in the future

 Suitable for the hard to abate sectors (Steel, Cement, Chemical, Heavy Transport)

Additional considerations on the importance of CCS 
technology in the marine transportation 
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CCS: Pros & Cons for the Maritime Industry

The Pros 

 Extraction: Direct extraction of CO2 from the 
fossil fuels

 Application: It can be applied to all carbon-
containing fossil, electro and biofuels

 Technology: Proven technology with track record 
on the shore industry

 Scalability: is feasible

 Circularity: captured CO2 can be further used in 
other industries and or trade as a commodity

 Storage potential: can be stored permanently 
underground

The Cons

 Cost: High Capex & Opex

 Footprint: Installation considerations due to increased 
footprint 

 Potential Cargo Loss

 Application: CCS shows the most promise for N/Bs. It will 
be challenging for retrofits entailing substantial costs and 
major modifications.  

 Energy intensive: as Carbon Capture requirements lead 
to higher total fuel consumption (up to 45%) due to 
regeneration of the chemical used and liquid form storage

 Global Infrastructure, Transport/storage network 
need to be further developed 

 Segregation among vessel types: Seems to be more 
promising on large tankers and less to small bulk carriers 
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CCS Technology Integration in the Maritime Industry

 Process: Fuel Cells uses the CO2 for the ions flow 
while the cell will be fed with Hydrogen, LNG or other 
fuels, it will concentrate the CO2 at the anode, ready 
to be liquefied and stored on board. 

 Technology is available several years already

 Technology is less sensitive to exhaust gas 
contaminants

 It is scalable but with limitation on the capture %

Source: Ecospray MCFC Molten Fuel Cells

Pre-Combustion CO2 separation
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CCS Technology Integration in the Maritime Industry

 Different Process i.e. Chemical absorption, membrane 
separation and cryogenic capture. Chemical absorption using 
solvents/amine appears in many recent pilot projects as the 
most promising option. 

 Technology is available, proven and mature in the shore 
industry

 Capability to achieve high capture CO2 rates (above 90%)

 Sensitive to flue gas impurities (ie Nox and Sox)

 Substantial environmental footprint as the  CO2 
concentration in the flue gas might be lower than pre-
combustion and requires more energy separating the CO2

 Retrofittings: Post-combustion can be retrofitted relatively 
easily to existing plants without significant alteration to the 
existing infrastructure

 Cost: CAPEX for engineering design and installation are 
significant. 

Source: MHI CC-Ocean project

Post-Combustion CO2 separation

Comparing two methods: A post-combustion carbon capture system seems
to be preferable as it requires the least alteration to the existing ship designs
and retrofitting options.
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CCS: Indicative Concept Study Applied in the Maritime Industry

A concept study was conducted focused on installing a marine carbon capture and storage unit:

 Vessel type: VLCC 

 The system was comprised of four towers for cooling the exhaust, absorbing CO2, treating the exhaust 
and regenerating the CO2, in addition to the required liquefaction and storage facilities. 

 Objective of the study was to investigate onboard production of methane or methanol by combining 
hydrogen from water electrolysis with the captured CO2. 

Conclusions:

 The study reported CO2 capture rate at about 86 percent

 Return on investment: 20-year, due to the high CAPEX and OPEX.

Source: ABS – White Paper : Carbon Capture, Utilization and Storage
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CO2 Carrier Designs & Shipyard Progress

 Majority of ship-builders with expertise on gas vessel designs have the capacity to offer CO2 vessel designs on 
confirmed projects

 Capex: is initially estimated ranging from 38%-70% as % of the newbuild price basis LSFO +OCC

 Obviously principal objective is to increase cargo capacity, but temperature requirements pose challenges

 There is still lack of standardization in project and vessel design

 Owners would need the guarantee of long-term employment and so far, there not many charterers able to provide 
firm, long term contracts, although expected to grow.

 Indicative yards involved in CO2 designs: DSME and Samsung are frontrunners and following closely HHI, DSME, 
Samsung, Mitsubishi, Dalian, Jiangnan and CIMC-SOE &CMJL Yangzhou.

 Value Maritime (Dutch) installed a CO2 capture module to the exhaust gas and Langh Tech (Finland) tested 
successfully a CO2 capture module to the exhaust gas 

 There is an arbitrary estimation that there will be demand of approximately 120 vessels by 2030. DNV mentions an 
indicative forecast of 200 vessels by 2050.

Source: ABS – White Paper : Carbon Capture, Utilization and Storage
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What are the parameters that will define how soon 
can it be applied in Maritime industry?

 Commercial Viability: Scaling up production will rationalize pricing. Charterers will need to provide 
commercial commitments to proceed with a Capex Intensive investment with a reasonable payout 
period.

 Green Finance Availability: legal and regulatory issues must be unambiguous. Banks dislike such 
risks

 Carbon Tax Levels & Pricing: critical element in investment consideration

 Future emission –regulatory requirements: IMO and Local regulation that will register CCS as a 
mean of carbon reduction (ie CII, EEXI, EEDI) and will allow CO2 transport for industrial use and 
geological storage.

 Commodization/Carbon Credits

 Alternative fuel prices and availability

 OCC technology development & scaling up
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Thank you!


