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[bookmark: _Toc146276526]Introduction
This report is a proposal to perform a study on the feasibility and economic opportunity of a carbon dioxide liquefaction and export facility, located at an existing liquified natural gas import terminal in South-West Wales.
[bookmark: _Toc146276527]Reasons and Relevance of Project
There are international shifts in government policy towards the energy sector with many governments emphasising the need to decarbonise and move away from hydrocarbon use to address the issue of climate change. In this regard, the United Kingdom 
The United Kingdom Government have set ambitious targets to achieve a fully decarbonised power grid by 2035. As part of this target, the UK government are also aiming to deliver 6MtCO2 per year of industrial carbon capture usage and storage by 2030, increasing by a further 9MtCO2 per year by 2035, 3. reducing emissions across the economy (2022).
To reach this target, several “industrial clusters” have formed across the UK, where existing and new industrial businesses are stepping forward to work together to transition successfully to the net zero environment. The relevant industrial cluster for this report is the “South Wales Industrial Cluster” (SWIC), of which DragonLNG, Shell and RWE are all members. SWIC, supported by the UK government, have created a five point strategy aimed at achieving clean growth in South Wales, South Wales Industrial Cluster (2023). The fifth point or “cog” of the strategy is “Carbon Capture and Storage”.
DragonLNG have themselves set ambitious targets in terms of decarbonisation, including the ambition of becoming a “Net Zero Terminal” by 2029. A key project to achieve this ambition is the installation of a “Multi Utility Service Transit” (MUST) across the Milford Haven Waterway, linking the DragonLNG terminal with the Pembroke power station, operated by RWE, Case Study DragonLNG and DragonEnergy (2023). There are a range of benefits of the MUST, one being an export route for CO2 that is captured at the Pembroke power station. The project envisages gaseous CO2 transported across the Milford Haven waterway, where it will be liquified, stored and exported by DragonEnergy.
As an employee of DragonLNG, the author has a vested interest in seeing new projects developed that allows the terminal to transition along with the wider sector. Similarly, DragonLNG and Shell as a 50% joint venture partner have significant interest in another potential revenue stream.
[bookmark: _Toc146276528]Aims of the Project
The aim of the project at present covers a broad scope relating to the synergies that can exist of developing a carbon dioxide liquefaction plant alongside the existing regasification and natural gas reliquification processes that currently exist at the DragonLNG terminal. The potential to liquify CO2 at DragonLNG is one that’s being seriously considered, and one aim of this study would be to uncover opportunities and weaknesses that 
There are various opportunities of value that the study could include that will need to be evaluated, these include but are not limited to:
· Economic and commercial viability of CO2 liquefaction and export including feasibility and high-level capital expenditure necessary to complete the project.
· Environmental impact of installing CO2 pipeline across the Milford Haven Waterway riverbed, as well as EIA of the wider project.
· Assessment of opportunities to run the CO2 liquefaction and LNG regasification efficiently, taking advantage of the exchange in heat necessary for each process.
· Utilisation of existing skill sets to offer shipping and liquefaction given the existing operations at the DragonLNG terminal. There could also be a study into the additional operational resources that would be necessary to offer CO2 export.



[bookmark: _Toc146276529]Timescales and Provisional Work Plan
	Task
	Estimated Completion Date

	Proposal Submission
	22nd September 2023

	Further background research into CO2 liquification processes.
	20th October 2023

	Definition of study scope and updated project plan.
	27th October 2023

	Identification of areas that require further research.
	10th November 2023

	Formulation and evaluation of problem solution methods.
	24th November 2023

	Interim Viva and Report
	18th December 2023

	Final Dissertation Report
	20th May 2024

	Final Oral Examination
	10th June 2024

	Submission of Poster
	17th June 2024



Above is a provisional work plan to outline the expected timeframes involved with achieving the interim report due on the 18th of December. The scope of the project is currently undefined although currently exists within the bounds of a carbon dioxide liquefaction conceptual study at DragonLNG. 
It is the aim of the author to create a conceptual study that is beneficial to the organisation, and it is envisaged that the final scope will be defined through a combination of background research and conversation with DragonLNG’s operations and engineering team as well as the designated project sponsor. There will be further background research into the topic whilst the project scope is defined and finalised. 

[bookmark: _Toc146276530]Background Research To Date
To date there has been some high-level research into the various processes that can be used to liquify carbon dioxide, such as the comparison of four common processes performed by Alyion et al (2020). One of the processes outlined by Alyion et al (2020) is very similar to the process currently performed at DragonLNG to reliquefy the boil off gas generated within its storage tanks. There have also been studies such as that of Ghorbani et al (2020) that have explored economic evaluation of creating a hybridized system that include CO2 liquefaction and liquified natural gas regasification. Wider reading of journals regarding carbon capture and storage has also been performed, with publications by de Coninck and Benson (2014), Martin-Roberts et al (2021) and Raza et al (2019) explored.
Background research to date also includes the attendance at two industrial cluster presentations. The first presentation was regarding SWIC and their plans including CO2 capture, storage and export in Milford Haven and Port Talbot. The second presentation was hosted by Cadent who are partners in HyNet in North Wales and Merseyside areas, Carbon Capture and Storage: A critical element of HyNet North West (2021). This presentation was very interesting as the potential to import CO2 from other industrial clusters was discussed. Depleted gas fields in the Morecombe gas field and salt caverns in North Wales were both discussed as potential storage options.

[bookmark: _Toc146276531]Support from Industrial Partners
In preparation for this proposal, the study has been discussed with members of the senior management team at DragonLNG who support the study but request any study is performed under a non-disclosure agreement. Shell are one of DragonLNG’s 50% joint venture owners. The company have indicated they are planning to utilize a Shell employee as a “Front End Design Manager” (FEDM) for their own studies and that process data will be shared for purposes of this study where suitable. 
DragonLNG are also working closely with the engineering department of RWE’s Pembroke power station with respect to their MUST project as previously discussed. RWE are likely to be the source of CO2 that this study focuses upon and during discussions with the DragonLNG senior management, it was suggested the RWE engineering department will also be supportive where high-level data is necessary. 
The SWIC members have regular events for communications and knowledge exchange and could provide the opportunity to network with other partners who are investigating carbon dioxide storage and export. 
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