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Outline of Talk

This talk will address the topic of Open Science and FAIR Data for scientists 
doing research in order to answer the following questions: 

• Open Science and FAIR Data

What is this ?
Why do this ?

What to do ?
What to expect ?

What to learn ?



Andy Götz

Kilobytes
to

Petabytes
in

40 years

1. Started as radio astronomer (1984 – 1987)

2. Joined ESRF in 1988, to work on accelerator controls, 
beamline controls, data management, manager

3. Member of the IUCr Commission on Data (2015 – now)

4. Coordinator of the EU H2020 PaNOSC project 
(https://panosc.eu) on making FAIR data reality for 
Photon and Neutron sources in Europe (2018 – 2022)

5. Science Officer of the European Open Science Cloud 
(2024 – now)

https://panosc.eu/


Why a talk about Open Science  
+ FAIR data?



https://www.chemistryworld.com/careers/will-open-science-change-chemistry/4020023.article

https://www.chemistryworld.com/careers/will-open-science-change-chemistry/4020023.article


Definition of Science by the Science Council

https://sciencecouncil.org/about-science/our-definition-of-science/

https://sciencecouncil.org/about-science/our-definition-of-science/


https://pmc.ncbi.nlm.nih.gov/articles/PMC9425825/

• Oreskes’s position is that scientific claims are trustworthy 
when they reflect a consensus in scientific communities 
that is structured in the right way—for example, by being 
diverse, open to democratic norms like transparency, and 
serving as a venue for the critical uptake of ideas. 

• Trust in science for Oreskes is rooted in science’s social 
character. This trust is informed rather than blind, as it 
allows outsiders to assess claims by judging the character 
of the scientific communities making the claims.

Why trust science?

https://www.youtube.com/watch?v=t7PwqiiQmVM

https://pmc.ncbi.nlm.nih.gov/articles/PMC9425825/
https://www.youtube.com/watch?v=t7PwqiiQmVM


https://whytrustscience.org.uk/essay/

Science Creates Knowledge Through a Community Effort

Shared Practices Increase the Accuracy of Scientific Findings

Ensuring that Science Remains Trustworthy
Requires Constant Vigilance

Scientific Thinking Is Continually Refined by New Evidence

https://whytrustscience.org.uk/essay/


Why do we need open science?

• Results (publications) from publicly funded research are published in journals 

which require a (often expensive) subscription i.e. behind a pay-wall and not 
available to the general public

• Evidence (scientific data, protocols, software, hardware etc.) are not made 

available as part of the publication or otherwise made available

• Community (society) is not consulted on what topics research should be done

Why is science considered “closed” ?



Evolution of publishing data

• In the beginning data were published as tables in the Annals of the journals …



Digital technology makes publishing data easier

• Today they are published via databases and digital media …

http://archive.eso.org/cms.html

http://archive.eso.org/cms.html


ESRF data portal 
manages petabytes of 
raw data and recently 
processed data, since 
2015

Demonstrates that 
large volumes of data 
can be managed 
efficiently

https://data.esrf.fr

https://data.esrf.fr/


Synchrotron facilities now propose data repositories

Example of SESAME – thanks to Malik AlMohammad + Salman Matalgah



Example of federated data search portal 
https://data.panosc.eu/search/?q=lung

https://data.panosc.eu/search/?q=lung


Adoption of good data practices are still poor

Data sharing, management, use, and reuse: Practices and perceptions of scientists worldwide. 

PLoS ONE 15 (3): e0229003. https://doi.org/10.1371/journal.pone.0229003



Alphafold demonstrates the power of Open Data + AI

Alphafold has basically solved the protein folding problem

using AI an learning from the open data in the Protein Data Base (PDB)

https://deepmind.google/technologies/alphafold/

https://deepmind.google/technologies/alphafold/


https://www.nobelprize.org/prizes/chemistry/2024/summary/
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Science produces Publications
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Science produces much more than Publications

https://library.usask.ca/studentlearning/workshops/grad-research.php#panel-section-3-ResearchDataManagementWhatYouNeedtoKnow

https://library.usask.ca/studentlearning/workshops/grad-research.php#panel-section-3-ResearchDataManagementWhatYouNeedtoKnow
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Open Science
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Reproducibility and Replicability

Further reading: 
• Replication crisis – Wikipedia
• https://phys.org/news/2017-03-science-crisis.html

https://en.wikipedia.org/wiki/Replication_crisis
https://phys.org/news/2017-03-science-crisis.html
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What is Open Science?

✓ Open Science is: “to make the primary outputs of 
publicly funded research results – publications and the 
research data – publicly accessible in digital format with 
no or minimal restriction”

https://www.oecd.org/sti/inno/open-science.htm

“Work, Finish, Publish” → “Work, Finish, Publish+Release” 

Michael Farady 1791-1867 Open Science

https://openscience.org/what-exactly-is-open-science/

https://www.oecd.org/sti/inno/open-science.htm
https://openscience.org/what-exactly-is-open-science/
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Pillars of Open Science
1. Open Access

– publications should be freely accessible either as Gold (journal) or Green (preprint) 
access

2. Open Data
– data should be FAIR and freely accessible under a licence which allows re-use without 

restriction

3. Open Source Software
– source code should be made available on a publicly accessible repository under an 

Open Source licence

4. Open Hardware
– hardware designs should be accessible, like software, under an Open Source licence

5. Open Educational Resources
– educational resources (videos, e-training courses etc.) should be made available to all

6. Citizen Science
– citizens who follow the scientific method should be encouraged and facilitated and 

engage with scientists
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Open Access publications – Green vs. Gold

https://www.bioscientifica.com/authors/preparing-papers/publishing-open-access/ 



This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 823852

Open Science - origin

“Open Science can be seen as a continuation of, rather than a revolution in, practices 
begun in the 17th century with the advent of the academic journal, when the societal 
demand for access to scientific knowledge reached a point at which it became necessary 
for groups of scientists to share resources with each other” -
https://en.wikipedia.org/wiki/Open_science

By RobbieIanMorrison - Own work, CC BY 4.0, https://commons.wikimedia.org/w/index.php?curid=100144897

https://en.wikipedia.org/wiki/Open_science
https://commons.wikimedia.org/w/index.php?curid=100144897
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Unesco definition of open science

open science is defined as an inclusive 
construct that combines various movements 
and practices aiming to make multilingual 
scientific knowledge openly available, 
accessible and reusable for everyone, to 
increase scientific collaborations and sharing of 
information for the benefits of science and 
society, and to open the processes of scientific 
knowledge creation, evaluation and 
communication to societal actors beyond the 
traditional scientific community. 

https://unesdoc.unesco.org/ark:/48223/pf0000379949.locale=en

https://unesdoc.unesco.org/ark:/48223/pf0000379949.locale=en
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Unesco general conference November 2021 

ANNEX VI Recommendation on Open Science 

https://unesdoc.unesco.org/ark:/48223/pf000
0380399

This Recommendation outlines a 

common definition, shared values, 

principles and standards for open 

science at the international level and 

proposes a set of actions conducive to a 

fair and equitable operationalization of 

open science for all at the individual, 

institutional, national, regional and 

international levels. 

Updated recommendations on the 

following:

1. Scientific publications 
2. Open research data 
3. Open educational resources 
4. Open source software and source code 
5. Open hardware 
6. Scientific knowledge
7. Open science infrastructures 
8. Open engagement of societal actors 
9. Open dialogue with other knowledge 

systems 
10. Public + Private sector

https://unesdoc.unesco.org/ark:/48223/pf0000380399


This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 823852

European Open Science Cloud

https://eosc.eu/horizon-europe-projects/

https://eosc.eu/horizon-europe-projects/
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African Open Science Platform

CERN Council adopted an Open Science Policy on 2022-09-29

https://aosp.org.za

https://aosp.org.za/
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CERN publishes Open Science policy 

CERN Council adopted an Open Science Policy on 2022-09-29

https://openscience.cern/

https://openscience.cern/
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CERN Open Science policy

1. Open access to publications

2. Open data

3. Open source software

4. Open hardware

5. Research integrity, reuse and reproducibility

6. Infrastructure provision for open science

7. Research assessment and evaluation

8. Education, training and outreach

9. Citizen Science
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EMBL Open Science Policy

→ EMBL adopted an Open 
Science Policy for EMBL 
staff in December 2021 
and is implementing it 
since January 2022. 

→ Two main aspects:

1. Public availability of 
research outputs

2. Research assessment and 
fair attribution of credit

1.ORCID 

2.DORA

https://www.embl.org/documents/wp-content/uploads/2021/12/ip71-open-
science-and-open-access-policy.pdf
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US Federally funded research to be Open Access

1. Update their public access policies as soon as possible, and no later than December 
31st, 2025, to make publications and their supporting data resulting from federally 
funded research publicly accessible without an embargo on their free and public 
release; 

2. Establish transparent procedures that ensure scientific and research integrity is 
maintained in public access policies; and, 

3. Coordinate with OSTP to ensure equitable delivery of federally funded research 
results and data. 

https://www.whitehouse.gov/wp-content/uploads/2022/08/08-2022-OSTP-
Public-Access-Memo.pdf

https://www.whitehouse.gov/wp-content/uploads/2022/08/08-2022-OSTP-Public-Access-Memo.pdf
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US Federally funded research to be Open Access

https://www.whitehouse.gov/wp-content/uploads/2022/08/08-2022-OSTP-
Public-Access-Memo.pdf

https://www.dataforprogress.org/blog/2022/9/8/voters-overwhelmingly-support-open-access-to-federally-
funded-research

https://www.whitehouse.gov/wp-content/uploads/2022/08/08-2022-OSTP-Public-Access-Memo.pdf
https://www.dataforprogress.org/blog/2022/9/8/voters-overwhelmingly-support-open-access-to-federally-funded-research
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Open access leads to more citations

https://book.fosteropenscience.eu/

Point of View: How open science helps 
researchers succeed (2016)
https://doi.org/10.7554/eLife.16800

https://book.fosteropenscience.eu/
https://doi.org/10.7554/eLife.16800
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Open access leads to more citations

Fig. 2 Comparing citation diversity between OA categories. a 
The median Shannon scores by citing institutions are compared 
between OA and CLOSED outputs over a ten-year period. 
Earlier outputs receive higher scores as a result of having had 
more time to garner citations (hence more possibility of wider 
citing affiliations). However, it is consistently observed that OA 
outputs perform better in the diversity of citing institutions 
for all years. 
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https://paleo.esrf.fr/

https://human-organ-atlas.esrf.eu/
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Open science is beneficial for scientists

“If you don't want to 

share data why become 

a scientist?” Claire Walsh 

(UCL)

This article is in the 99th percentile (ranked 192nd) of the 436,034 
tracked articles of a similar age in all journals and the 98th

percentile (ranked 2nd) of the 79 tracked articles of a similar age 
in Nature Methods
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https://human-organ-atlas.esrf.eu/

https://human-organ-atlas.esrf.eu/
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Open science vs. science

Most of these assumptions are not new, as the tradition of 
openness itself is at the roots of science, but the current 
developments of information and communication 
technologies have transformed the scientific practices to a 
level that requires a different approach to research 
(FOSTER)

https://www.fosteropenscience.eu/content/what-open-science-introduction

Q: "What is the difference between Open Science and ‘science’?“

A: Open Science refers to doing traditional science with more transparency 

involved at various stages, for example by openly sharing code and data. 
Many researchers do this already, but don’t call it Open Science.

https://www.fosteropenscience.eu/content/what-open-science-introduction
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European Conduct of Scientific Integrity

Open Science improves integrity, scientific method

• Recommend to follow the EU Code of Integrity

o https://allea.org/code-of-conduct/

• To AVOID having your papers RETRACTED

o https://retractionwatch.com/

https://allea.org/code-of-conduct/
https://retractionwatch.com/
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Further reading – Open Science

Many resources are available on Open Science, here are some used for this talk

• Phys.org

o Five questions about open science answered

o Data sharing can offer help in science's 
reproducibility crisis

• UNESCO

o Recommendation on Open Science

• EU

o Progress on Open Science

https://phys.org/
https://phys.org/news/2017-05-science.html
https://phys.org/news/2017-05-science-crisis.html
https://data.europa.eu/doi/10.2777/00139
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https://data.europa.eu/doi/10.2777/1524

https://www.go-fair.org/

The publication that started the FAIR movement

https://data.europa.eu/doi/10.2777/1524
https://www.go-fair.org/
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Data availability

Data available on reasonable request to the authors.

Data availability – the wrong + right way
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Open Research Europe recommendations for data

https://open-research-europe.ec.europa.eu/for-authors/data-guidelines/

https://open-research-europe.ec.europa.eu/for-authors/data-guidelines/


This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 823852

Findable Accessible Interoperable Reusable

https://www.go-fair.org/fair-principles/

https://www.go-fair.org/fair-principles/
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The cost of not having FAIR data = estimated €10.2bn / year 

“Cost-benefit analysis for FAIR research data “ (https://op.europa.eu/s/pevt )

https://op.europa.eu/s/pevt
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Open data for publicly funded research

• The OECD recommendation in 2006 had a big impact on data policies

• The recommendation was updated in 2021
(https://www.oecd.org/sti/recommendation-access-to-research-data-from-
public-funding.htm )

https://www.oecd.org/sti/recommendation-access-to-research-data-from-public-funding.htm
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Data policies

1. Check the research-data requirements of your funding agency and field of 
research.

A Data policy defines the rules of access and usage to the data produced. 
Research Institutes like the EIROforum ones all have data policies in place now.

• You are required to accept the data policy when requesting access 

• Data is not considered as property but has a usage licence

• Data are under embargo (varying from 1 yr, 3 yr, 5 yr) for use by the original 
creators for a limited amount of time before being made open.



Data is not adapted to being “owned”

➢ Data do not belong to you (or 
anyone) i.e. replace “my data” 
with “the data” 

✓ Data policies govern who has 
access to Data
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Research Facilities Data Policies

• ESA – open data policy for most data (since 2010)

• ILL – open data policy (since 2012)

• ESRF – open data policy (since 2015)

• EMBL – open access policy (since 2015)

• ESO – open data policy (updated in 2016)

• EuXFEL – open data policy (since 2017)

• EUROfusion – proposal for open data policy (in progress since 2018)

• CERN – open data policy for LHC (since 2020)

• CERIC-ERIC – open data policy (since 2021)

• SESAME – open data policy (since 2023)

• PSI, ALBA, SOLEIL, ELETTRA, HZB, MAXIV, …
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ESRF Data Policy https://www.esrf.fr/datapolicy

https://www.esrf.fr/datapolicy
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Data and research outputs

3. List the various types of data and research outputs that you expect to produce.

• Output from your research is everything you produced to come up with your 
findings including :

o Raw data

o Metadata

o Processed data 

o Analysis workflows

o Logbooks

o Software

o Etc.
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Metadata and Why it is important

8. Provide metadata that allows others to understand, cite and reuse your data 
files.

Documentation or information about a data set. 

• Metadata is all additional data you need to understand your data

• Examples range from file name, time, to experiment condition, energy, sample 
name, sample parameters, …

• Use the standard vocabularies defined for your domain e.g. Nexus, FITS, …

https://data.research.cornell.edu/content/writing-metadata

https://nexusformat.org/
https://fits.gsfc.nasa.gov/
https://data.research.cornell.edu/content/writing-metadata
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Metadata vocabularies

Many standard vocabularies exist for processed data. There are fewer 
vocabularies for raw data but they do exist. Check the existing standards for your 
domain.

• Don’t invent a new vocabulary until you are sure none exists

• Databases of standard vocabularies:

o https://fairsharing.org/ - FAIRsharing as a community approach to standards, 
repositories and policies

o https://www.dcc.ac.uk/guidance/standards/metadata/list - list of Metadata 
standards

https://fairsharing.org/
https://www.dcc.ac.uk/guidance/standards/metadata/list
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Metadata – Take away messages

Metadata have a tendency to get treated as 2nd class data.

Whatever you do TAKE YOUR METADATA SERIOUSLY ! 
The quality of your data depends on it!

• RECORD them DIGITALLY

• STORE them with your DATA

• FOLLOW the STANDARD(s)

• ENSURE others can UNDERSTAND your (meta)data
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Example vocabulary – Nexus for photon and neutron sources

https://www.nexusformat.org/

Nexus provides a standard vocabulary for:

https://www.nexusformat.org/
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Example vocabulary – Nexus for photon and neutron sources

Example of structure of data file from ESRF: 
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Data formats

5. Define appropriate data file formats (see https://fairsharing.org/ for formats).

7. Check what data format and structure the chosen archive might request.

Data formats refer to how the bytes in a file are interpreted. Not the data vocabularies. Data 
formats must be readable  over the long term (for archiving). Data formats must be efficient

• Example data formats:

o CSV (Comma Separated Values)

o TIFF for images

o HDF5 as container

• USE the STANDARD(s) for your community

Further reading: ETD Guidance Brief File Formats

https://fairsharing.org/
https://guides.library.oregonstate.edu/ld.php?content_id=26410655
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E-logbooks

Provide metadata that allows others to understand your experiment.

Logbooks are an essential part of the scientific method. All scientists should keep a 
logbook. E-logbooks replace paper logbooks. 

• E-logbook advantages 

o Shared editing online

o Powerful search facilities

o Access rules during embargo period

o Allows others to understand what you did during the experiment

• E-logbook is metadata and will be part of the open data

Further reading: https://guides.library.oregonstate.edu/research-data-services/data-
management-lab-notebooks

https://guides.library.oregonstate.edu/research-data-services/data-management-lab-notebooks
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ESRF e-logbook example – ID21 / EV-280 
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Notebooks can inspire Logbooks e.g. Leonardo da vinci’s notebooks

notebooks can be very 

useful for posterity…
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Open Source Software

Software is an essential part of a scientists toolset. Many scientists have learned 
to program so they can analyse their data. The resulting software is part of the 
outcomes of the research.

• Wherever possible use Open Source software

• When writing software :

o Follow best practices for software

o Publish it under an Open Source license

o Store it in an open (Git) repository with version control

• Cite your software in your publications

Gitlab.com

Github.com

https://git-scm.com/
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E-Life author guide

https://reviewer.elifesciences.org/author-guide/full

• Source Code:

o Relevant software or source code should be deposited in an open software 
archive. Where appropriate, authors can upload source code files to the 
submission system (for example, MATLAB, R, Python, C, C++, Java). Any code 
provided should be properly documented, in line with these instructions 
(courtesy of PLOS). Please also refer to our Software sharing policy.

https://reviewer.elifesciences.org/author-guide/full
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Software tools

Many specific and generic tools exist. One common tool which is being adopted 
widely is JupyterLab and the Python language.  

• Python has become the de facto programming language in science

• Jupyter notebooks enable
reproducible publications 
https://jupyter.org

• Binder service can preserve
and run the software for an
analysis - https://mybinder.org/

https://jupyter.org/
https://mybinder.org/
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Data Management Plans (DMP)

2. Go online for help in developing a data-management plan. A useful guide 
outlining UK funder expectations can be found at go.nature.com/2tnohIa.

12. Revisit your plan frequently and update it if necessary.

• DMP document the data management steps in a more formal manner

• Funders are requiring DMPs to ensure RDM is planned

• Facilities will require DMPs more and more to be sure Users can deal with the 
research data

• DMPs are living documents which need to be updated throughout the project

• Examples of DMPs can be found on DMPonline

http://go.nature.com/2tnohIa
https://dmponline.dcc.ac.uk/
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Typical questions to be answered by the DMP

https://study.sagepub.com/corti2e

“Managing and Sharing Research Data: A Guide to Good Practice” by Louise Corti et al 

https://study.sagepub.com/corti2e
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Data repositories

6. Look for data repositories used by your research community or your host institution 
(see www.re3data.org for examples).

A data repository stores data for citing, accessing and archiving data over the long 
term. Repositories can be provided by facilities or community based. Choose the right 
repository with the service you expect

• Facilities offer repositories for raw and (sometimes) processed data e.g. 
https://data.esrf.fr

• Choose repository which is certified e.g. http://go.nature.com/2eLHBFP )

• Use an institute or community archive which is sustainable

http://www.re3data.org/
https://data.esrf.fr/
http://go.nature.com/2eLHBFP
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Data archiving

9. Make clear how and when your data can be shared with scientists outside your 
group.

10. If your research involves sensitive data, explain any legal and ethical restrictions 
on data access and reuse.

11. Assign responsibility for long-term data curation to a suitable office.

• Data need to be archived for long term future use

• You don’t know when and how your data could turn out to be useful 

• The meaning of long term depends on the data e.g. is 10 years enough?
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ESRF data portal - https://data.esrf.fr

ICAT project collaboration https://github.com/icatproject

https://data.esrf.fr/
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Downloading large data: globus online
For users that want to download large volume of experimental data (largest transfer so far 50TB)

The service opened in fall 2021 for all users and all data
Data access is protected using Access Control Lists (ACLs) on the storage – users cannot see others data.
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Digital Object Identifier (DOI)

A DOI or Digital Object Identifier, is a string of numbers, letters and symbols used 
to permanently identify any object and link it to the web.

DOIs were originally used for publications and are now used for many things 
including movies, samples, instruments and scientific DATA.

• A DOI is one implementation of a PID (Persistent Identifier)

• A web address (url) is not a PID because it is not guaranteed

• Make sure the data you want to cite has a DOI

• Cite the instrument, samples etc. you used
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Journal require datasets accessible

More and more journals require datasets used in the publication to be cited and 
accessible. For example eLife, Nature, Plos, Science, …

• eLife – https://reviewer.elifesciences.org/author-guide/full

All datasets used in a publication should be cited in the text and listed in the 
reference section and/or data availability statement. References for data sets 
and program code should include a persistent identifier, for example a Digital 
Object Identifier (DOI) or accession number.
…
Relevant software or source code should be deposited in an open software 
archive.
…

https://reviewer.elifesciences.org/author-guide/full
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Example of article correctly citing data

https://doi.org/10.1038/s41593-020-0704-9

https://data.esrf.fr/doi/10.15151/ESRF-DC-217728238

https://doi.org/10.1038/s41593-020-0704-9
https://data.esrf.fr/doi/10.15151/ESRF-DC-217728238


This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 823852

Example of PDB entry correctly citing raw data
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Data storage

4. Decide what data and research materials require archiving and determine how 
much storage space you will need.

• Data volumes are constantly increasing (up to Petabytes)

• You could be faced with more data than you can store locally

• Very hard for a individuals to maintain access to local storage for years

• Research facilities provide services to keep raw data at the facility/cloud

• Many free services exist now for scientific data e.g. Zenodo, Figshare, …

• Commercial cloud offer practically unlimited resources at a cost

• Data stored on commercial cloud disappear when you stop paying
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File naming conventions

3. List the various types of data and research outputs that you expect to 
produce.

Adopt a directory and file naming convention which will allow you to know what 
the file contains.

• For example:

Proposal/Beamline/Sample_name_Scan_type.ext

MA1234/ID56/Gold_50_nm_ptycho_scan.h5



This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 823852

Own your identity in the digital world

In a digital world you need to control your identity and not give it away to the 
corporate world to exploit. It is highly recommended to create your own identity 
using ORCID – a free non-commercial service

• Benefits of an ORCID identity:
o You will be distinguished from every other researcher, even researchers who share your same 

name,

o Your research outputs and activities will be correctly attributed to you,

o Your contributions and affiliations will be reliably and easily connected to you,

o You will save time when filling out forms, (leaving more time for research!),

o You will enjoy improved discoverability and recognition,

o You will be able to connect your record to a growing number of institutions, funders, and 
publishers,

o Your ORCID record is yours, for free, forever.

https://orcid.org/
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Open identifier – ORCID.org

Achieving100% Open Identifiers: 

1. All scientists encouraged to create an ORCID
2. Encourage the use of ORCID for users for publications
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Open Training – https://pan-learning.eu
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https://pan-learning.eu/
https://e-learning.pan-training.eu/moodle/course/view.php?id=114
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What are the advantages of producing  FAIR Data? 

• Better data and metadata means better science

• Saves you time and improves your results

• Allows you to use standard data services

o Remote data analysis

o Data archiving

o DOI

• Publications with open data are cited more often

• You get more credit for your work

• Science is more reproducible and replicable 
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Crystal structure of the second extracellular 
domain of human tetraspanin D9: twinning and 
diffuse scattering

IUCr Journals have launched IUCrData’s Raw Data Letters 
Scientists are encouraged to publish raw data
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Estimated carbon footprint of experiment

● User Travel = 1170 kg

● Beamtime energy consumption = 2056 kg

● Data stored on disk = 1.8 kg

● Data processing on site =  12.6 kg

● Cloud transfer = 2.3 kg

CO2e per kwH in France = 75 g/kWh

TOTAL = 3.253 tons !

Sustainable Goal = 5 tons / human / yr
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Carbon footprint for 1 week experiment @ ESRF
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Carbon footprint of archiving data

● 200 GB Data archived on tape for 10 years 

(full tape library ) ~ 13 g * 10 yrs = 130 grams 

→ARCHIVING raw data for 10 years 

0.000004 % of CO2eq needed

to acquire the raw data!

.13
3253
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Data availability

Data available on reasonable request to the authors.

Data availability – the wrong + right way



This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 823852

Another reason for FAIR data is 
to distinguish from AI generated 
data

AI is capable of generating images in 
more and more domains, why not 
scientific datasets in the future …

In the future we might need to 
watermark FAIR data
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Conclusions

Adopting best practices for Open Science and FAIR Data has many benefits 
especially helping MAKE BETTER + REPRODUCIBLE SCIENCE

• Make sure you follow a checklist which covers the following topics:

o Data Management Plan, Data Policy, Data Outputs, File types, File Formats, 
Software, Workflows, e-Logbooks, Data Storage, Data Archiving, Data DOI

o Spend time with your data to make it FAIR by adding rich metadata, your orcid, 
and then releasing it, publishing it, citing the data DOI !

• Many digital tools exist for treating your data seriously + publishing them

• Learn about the data you will produce before going to the synchrotron
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Acknowledgements

• RDMKit Elixir online guide

• University of Saskatchewan

o https://library.usask.ca/studentlearning/workshops/grad-
research.php#panel-section-3-
ResearchDataManagementWhatYouNeedtoKnow

• Nature magazine, Scientific Data

• PaNOSC, ExPaNDS are EOSC H2020 projects

• OSCARS, OSTrails are EOSC Horizon Europe projects

• Wikipedia, Internet, ChatGPT

https://rdmkit.elixir-europe.org/
https://library.usask.ca/studentlearning/workshops/grad-research.php#panel-section-3-ResearchDataManagementWhatYouNeedtoKnow
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Thank you

andy.gotz@esrf.fr
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Backup slides

andy.gotz@esrf.fr
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Tools to help you manage your research

A non-exhaustive list of tools to explore

• Elixir training course on “FAIR, Open Data and Open Science” 
https://oceantraining.eu/moodle/course/view.php?id=29

• Open science framework – osf.io

• Protocols.io

• Fairsharing.org

• Jupyter.org notebooks

https://oceantraining.eu/moodle/course/view.php?id=29
https://osf.io/
https://www.protocols.io/
https://fairsharing.org/
https://jupyter.org/


https://indico.esrf.fr/event/114/sessi
ons/157/#20240926

NOBUGS Conference 2024  
had a session on FAIR data  
with 11 Talks (see website 
for video + slides)

https://indico.esrf.fr/event/114/sessions/157/#20240926
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Benefits of data sharing

https://study.sagepub.com/corti2e

“Managing and Sharing Research Data: A Guide to Good Practice” by Louise Corti etc al 

https://study.sagepub.com/corti2e
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Learning more about FAIR RDM for data managers

• RDMKit - https://rdmkit.elixir-europe.org/index.html

o Provides a rich set of resources for all aspects of RDM mainly for 
researchers working in the Life Sciences but also for other Sciences. Very 
comprehensive overview, pragmatic approach, up-to-date. An excellent 
place to start and/or find information.

• Recommended reading:

https://rdmkit.elixir-europe.org/index.html
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OSTrails – an EOSC project to build Knowledge Graphs from Data 
Management Plans
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Data management made simple 

Quirin Schiermeier in Nature (2018)

1. Check the research-data requirements of your funding agency and field of research.

2. Go online for help in developing a data-management plan. A useful guide outlining UK 
funder expectations can be found at go.nature.com/2tnohIa.

3. List the various types of data and research outputs that you expect to produce.

4. Decide what data and research materials require archiving and determine how much 
storage space you will need.

5. Define appropriate data file formats (see https://fairsharing.org/ for formats).

https://doi.org/10.1038/d41586-018-03071-1

https://www.nature.com/articles/d41586-018-03071-1#author-0
http://go.nature.com/2tnohIa
https://fairsharing.org/
https://doi.org/10.1038/d41586-018-03071-1
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Data management made simple 

Quirin Schiermeier in Nature (2018)

6. Look for data repositories used by your research community or your host institution 
(see www.re3data.org for examples).

7. Check what data format and structure the chosen archive might request.

8. Provide metadata that allows others to understand, cite and reuse your data files.

9. Make clear how and when your data can be shared with scientists outside your group.

10. If your research involves sensitive data, explain any legal and ethical restrictions on data 
access and reuse.

11. Assign responsibility for long-term data curation to a suitable office.

12. Revisit your plan frequently and update it if necessary.

https://doi.org/10.1038/d41586-018-03071-1

https://www.nature.com/articles/d41586-018-03071-1#author-0
http://www.re3data.org/
https://doi.org/10.1038/d41586-018-03071-1


State of Open Data 2023

https://www.digital-science.com/state-of-open-data/

https://www.digital-science.com/state-of-open-data/
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ChatGPT: What is Open Science?

https://chat.openai.com/chat

https://chat.openai.com/chat
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Open Science is about extending the principles of 
openness to the whole research cycle (FOSTER)

https://www.fosteropenscience.eu/content/what-open-science-introduction

https://www.fosteropenscience.eu/content/what-open-science-introduction
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Five schools of Thought for Open Science

Fecher, B. and Friesike, S. (2013). Open Science: One Term, Five Schools of Thought.
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Impact of open science on the future

https://narratives.insidehighered.com/four-pillars-of-open-science/assets/rALfdOrDqh/uugraphic-2-
2560x1597.jpeg

https://narratives.insidehighered.com/four-pillars-of-open-science/assets/rALfdOrDqh/uugraphic-2-2560x1597.jpeg
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Open Science Ambassador 

Watch this interview of Petr Čermák, a strong advocate of open on the advantages 
of Open Science for neutrons and science in general

https://youtu.be/QKAc1y6HZNk

https://youtu.be/QKAc1y6HZNk

