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	Project Summary: 
A rise of 2 oC in the Earth’s temperature is likely to occur when the concentration of CO2 in the atmosphere reaches approximately 450 ppm. CO2 emissions are closely related to the continual use of fossil fuels. In order to make fossil fuels sustainable, carbon capture & storage (CCS) is required to reduce CO2 emissions. There are three leading CO2 capture methods, namely post-combustion capture, oxy-fuel combustion and Integrated Gasification Combined Cycle (IGCC) pre-combustion capture. CO2 hydrate (CO2:6H2O) formation has been investigated as a way to capture CO2 in the IGCC conditions.
The formation of hydrate in this work was experimentally investigated in an isochoric system (batch mode) inside a vertical fixed bed reactor (FBR), also known as high pressure volumetric analyser (HPVA). Silica gel with an average particle size of 0.2-0.5 mm, mean pore size of 5-6 nm, a pore volume of 0.64 cm3/g and a surface area of 458 m2/g was used as a porous medium. The presence of hydrate in FBR was justified by using graphic methods.
The solubility of CO2 in water using Henry’s Law and the experimental pressure–time (P-t) curve were analysed to determine the formation of hydrate. Hydrate formation was confirmed when the mole fraction of water exceeded the Henry’s Law value as well as a two-stage pressure drop in the experimental P-t curve.
Initially, various sample preparation methods (methods 1, 2, 3 and 4) were studied leading to the selection of method 4 (the use of vigorous stirring) which had the highest moisture content (14.8 wt%) and the greatest water conversion to hydrate (40.5 mol%) at 275 K and 36 bar in a pure CO2 gas system. Also, high regeneration and repeatability of the results for all samples prepared by method 4 were expected as less water was occluded inside silica gel pores. Further investigations in pure CO2 gas systems highlighted the importance of the type of promoters used, the concentration of promoters, experimental driving force, silica pore size, bed height and the amount of moisture content for formation of hydrate.
T1-5 (0.01 mol% sodium dodecyl sulphate (SDS) + 5.6 mol% tetrahydrofuran (THF)) and T3-2 (0.01 mol% SDS + 0.1 mol% tetra-butyl ammonium bromide (TBAB)) were the two best combined-promoters obtaining a CO2 uptake of 5.95 and 5.57 mmol of CO2 per g of H2O respectively. Ethylene glycol mono-ethyl ether (EGME; 0.1 mol%) was a good alternative to THF when combined with SDS (0.01 mol%) with a CO2 uptake of 5.45 mmol of CO2 per g of H2O for this T1A-2 combined-promoter. In addition, the CO2 uptake increased as ∆P increased or ∆T decreased. Moreover, mesoporous silica (silica gel) performed better than microporous silica (zeolite 13X) where the formation of hydrate by zeolite 13X was observed with minimal CO2 uptake (0.58 mmol of CO2 per g of H2O) when the bed height was reduced. Additionally, the total amount of CO2 consumed through hydrate formation increased as the amount of water inside mesoporous silica increased which was not the case for microporous silica.
Furthermore, the experiments performed in the IGCC conditions (283 K and 70 bar) by employing T1-5 and T3-2 in a fuel gas mixture demonstrated hydrate formation with a CO2 uptake of 1.5 and 1.1 mmol of CO2 per g of H2O respectively. However, recently Zheng et al. (2016) doubled the CO2 uptake attained in this work with similar operating conditions by employing macroporous silica inside horizontal batch FBR. Thus, two types of reactor configurations (semi-batch and dual-batch horizontal FBRs) are proposed for future work to further enhance CO2 hydrate formation by employing macroporous silica contacts with the new promising combined-promoters (T3-2 and T1A-2) discovered in this work.
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	1. Data summary :

	· Will you re-use any existing data? (please select either NO or YES and answer the questions below)
· No
              To whom might your generated data be useful ('data utility'), outside your project?
                 Data can be utilized by researchers or academicians in similar field which might be explored from different perspectives 

· Yes
   Please provide link to repository (if any).

……………………………………………………………………………………………………………………………

 What types and formats of data will the project generate or re-use (if any)?

……………………………………………………………………………………………………………………………

What is the purpose of the data generation or re-use and its relation to the objectives of the project?

……………………………………………………………………………………………………………………………

What is the origin/provenance of the data, either generated or re-used?

……………………………………………………………………………………………………………………………

To whom might your generated data be useful ('data utility'), outside your project?

……………………………………………………………………………………………………………………………


	

	2. FAIR data

	2.1 Making data findable, including provisions for metadata

	· Will data be identified by a persistent identifier (PID)?
           No      
           Yes.  Please provide link or DOI 
           https://oarep.usim.edu.my/jspui/

· Will rich metadata be provided to allow discovery? 
           No      
           Yes

· What metadata will be created? 
Title, Description, Subject, Date, Type, Format, Source, Language

· What metadata disciplinary or general standards will be followed?
               Dublin Core

· In case metadata standards do not exist in your discipline, please outline what type of metadata will be created and how?
              Dublin Core
…………………………………………………………………………………………………………………………………..

· Will search keywords be provided in the metadata for discovery and potential re-use?
        No
        Yes
                    Greenhouse effect, CO2 hydrate, pre-combustion CO2 capture, solid adsorbent, carbon capture and storage, CCS, hydrate based gas separation, HBGS

· Will metadata be offered in such a way that it can be harvested and indexed?
        No
        Yes

…………………………………………………………………………………………………………………………………..



	2.2 Making data openly accessible

	· Will the data be deposited in a trusted repository?
         No
         Yes
          The data will be deposited in university repository that using Dspace Cris.

· Does the repository ensure that the data is assigned an identifier?
        No
        Yes
        The repository will automatically assinged the DOI to the data 

· Will all data be made openly available? How? If certain datasets cannot be shared (or need to be shared under restricted access conditions), explain why, clearly separating 
legal and contractual reasons from intentional restrictions.
        No
        Yes
       The data will be made openly available through open repository.

· What is the method of making the data accessible/ software/ tools to access the data?
The data is stored in .excelsx format and accessible via the university repository. It can be opened by using Microsoft Office Excel.

· If an embargo is applied to give time to publish or seek protection of the intellectual property (e.g. patents), specify why and how long this will apply?
       No
       Yes

…………………………………………………………………………………………………………………………………..
· If there are restrictions on use, how will access be provided to the data, both during and after the end of the project?
       No
       Yes

…………………………………………………………………………………………………………………………………..

· How will the identity of the person accessing the restricted data be ascertained? (if any)
Not applicable because the data will be openly accessible.

· Is there a need for a data access committee (e.g. to evaluate/ approve access requests to personal/ sensitive data)?
       No
       Yes

…………………………………………………………………………………………………………………………………..
· Will metadata be made openly available and licenced under a public domain?
       No
       Yes

…………………………………………………………………………………………………………………………………..
· How long will the data remain available and findable? Will metadata be guaranteed to remain available after data is no longer available?
Abiding to the rules and regulations of the utilized platform


	2.3 Making data interoperable

	· Specify what data and metadata vocabularies, standards or methodologies you will follow to facilitate interoperability. 
Metadata vocabularies: Library of Congress Subject Headings (LCSH)
Standards: .excelxs file
Methodologies: Microsoft Office Excel


	2.4 Increase data re-use 

	· Specify how the data will be licenced to permit the widest reuse possible.
The data will be licenced with Creative Common Licensing:
CC BY-NC 
(BY: credit must be given to the creator)
(NC: Only noncommercial uses of the work are permitted)

· Specify whether the data produced and/or used in the project is useable by third parties, in particular after the end of the project? If the re-use of some data is restricted, explain why?
The data is usable by third parties after the project completed.

· Describe data quality assurance processes.
The data which generated during the research project will be compared with results from previous related studies or any unpublished data.

· Specify the length of time for which the data will remain re-usable.
          In accordance with USIM RDM Policy
         In accordance with funder’s requirements (Please specify)

…………………………………………………………………………………………………………………………………..
…………………………………………………………………………………………………………………………………..


	

	3. Allocation of resources

	· Estimate the costs for making your data FAIR. Describe how you intend to cover these costs. (if any)
Not applicable

· Clearly identify responsibilities for data management in your project. 
Principle Investigator and co-researchers of the project

· Describe costs and potential value of long-term preservation. (if any)
Not applicable


	

	4. Data security

	· What provisions are or will be in place for data security (including data recovery as well as secure storage/archiving and transfer of sensitive data)? 
The data will be stored in the university repository that using cloud storage and will be archiving accordingly when necessary. The repository will be a daily backup as routine activities.

	

	5. Ethical aspects

	· Consider whether there are any ethical or legal issues than can have an impact on data sharing. For example, is informed consent for data sharing and long term preservation included in questionnaires dealing with personal data?
Any additional data required beyond what is provided should be referred to the Principal Investigator


	

	6. Other issues

	· Do you, or will you, make use of other national/funder/sectorial/departmental procedures for data management? If yes, which ones (please list and briefly describe them)? 
No other departmental procedures for data management is used


	Copyright information: 
The above plan creator(s) have agreed that others may use as much of the text of this plan as they would like in their own plans, and customise it as necessary. You do not need to credit the creator(s) as the source of the language used, but using any of the plan's text does not imply that the creator(s) endorse, or have any relationship to, your project or proposal



	Should you have any enquiries, please contact USIM Data Stewards:
Rozana Kamdani rozana@usim.edu.my
Siti Zahirah Zamri sitizahirah@usim.edu.my 






