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1 Introduction

The Communication and Dissemination Plan provides a framework for Science for Clean
Energy (S4CE) communication and dissemination activities, meant to enhance impact during
the final phase of the project. The first iteration has been written in M24, and will be updated
throughout S4CE’s lifetime, taking into account the project’s progress and building on the
outreach activities carried out in the first period of the project. The present version is
produced towards the end of the project.

The strategy is based on outreach activities described in WP1 and WP9 of the S4CE Grant
Agreement, but it also includes new innovative and creative plans to disseminate S4CE
research to both target and general audiences. This plan is also linked to WP2 for securing
ethical oversight, and to WP8 for providing best-practice recommendations and informing
policymakers. A preliminary plan for the exploitation of SACE results is addressed in this
document.

This document outlines the core stakeholders and target audiences for S4CE’s activities and
specifies dissemination objectives and key messages for these groups.

The Communication and Dissemination Plan is a living document. It has been reviewed every

six months, and updated during the last year of the project to reflect the project’s progress
and further fine-tune the outreach activities.

2 Key objectives

The main objective of S4CE Communication and Dissemination Plan is to disseminate the
results of the research and development program carried out by S4CE, exploit the
technological advancements, and further promote innovation in sub-surface geo-energy
applications. The Communication and Dissemination Plan also aims to ensure that the
infrastructure developed will remain operational beyond the duration of the project.

Through a strong dissemination plan, S4CE overall objective is to:

- Share results: the results regarding emissions, induced micro-seismicity, microbial
interactions, etc., will be available publicly via the web and used to maintain a
transparent dialogue among all stakeholders;

- Accelerate learning: short presentations and one-on-one discussions will be
facilitated; if required, this could be achieved via medium-length placements of the
SACE Early Stage Researchers with partners in North America and/or elsewhere;

- Connect pilots and projects across the Atlantic, a direct consequence of the
collaborative S4CE research;

- Cross validate technologies: the innovative instruments developed within S4CE will
be cross-tested with our North American partners (in particular the PUSH50, the tool
to quantify fluids storage capacity in shale rock samples developed at UCL, the
conductive paints developed at UEF, and gaseous emission mapping technologies
developed by MIRICO Ltd, the casing integrity methodology developed by TWI, etc.),
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S

to identify the best approach to monitor environmental risks of the sub-surface geo-
energy applications.
SACE dissemination activities will:

- Enhance visibility for and widely disseminate the scientific results achieved by the
consortium: enhance the profile of geo-energy research in Europe; train the next
generation of geo-energy scientists; encourage further complementary research in
this area; provide networking activities both project specific and external.

- Ensure the exploitation of S4CE tools and promote the use of S4CE results: enhance
innovation in the geo-energy sector via the usage of S4CE tools in the industrial sector
with a protected IP; explore the potential application of the developed technology to
beyond the clean energy field (e.g., via the development of software and sensors
based on the S4CE results).

- Promote and maintain a transparent dialogue with the public at large.

3 Stakeholders and target audience

S4CE will implement dissemination/exploitation activities focused on specific stakeholder
groups, including (1) industry, (2) academics and researchers, (3) regulatory bodies; (4)
investors; (5) consultant companies; (6) public; (7) NGOs.

3.1 Importance of S4CE research to stakeholders

Stakeholder(s)

Importance of S4CE research

Industry operators

Some of the data S4CE will obtain is of important economic
benefit for the operators. The identification of casing materials
resistant to acid attack could open up a business worth 100
million € per year.

Academics and
Researchers

Due to the high interest on environmental impact of geo-energy
sub-surface operations, it is likely that some of the publications
produced by S4CE will appear in high profile multi-disciplinary
journals. Future scientists will be interested in S4CE repository of
rock samples.

Consultancy
companies

A number of consultancy companies that operate in the energy
and environment sectors will benefit from a technical
understanding of the results achieved by the consortium.

Regulatory bodies

The European Commission recognises that the existing EU
legislation is not fully equipped to tackle environmental impacts
and risks related to sub-surface processes such as shale gas
exploitation. S4CE will disseminate the key scientific findings and
help to steer policy development towards a clearer and more
predictable regulatory framework for investors, and to reassure
the public.
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Stakeholder(s) Importance of S4CE research

Investors Investors will be interested in S4CE key scientific findings that will
help to steer policy development towards a clearer and more
predictable regulatory framework for investors.

Public Concerns will persist as long as legal uncertainty and lack of
transparency will remain. S4CE will address these concerns. S4CE
seeks to provide the tools to achieve an independent assessment
of the environmental footprint of geo-energy sub-surface
operations throughout Europe.

NGOs SACE represents a possibility to achieve an independent
assessment of the environmental footprint of geo-energy sub-
surface operations throughout Europe. S4CE will share data to
build credibility among environmental NGOs.

3.2 Target audience!

3.2.1 Industry

Industrial practitioners in geothermal, oil, gas and carbon sequestration sectors
Subsurface industrial operators

North American industries

Relevant industry associations

Energy associations

Relevant European professional organisations

E R ]

3.2.2 Academic and research community

=

Researchers in earth science, geology, biology, chemistry, physics, chemical and
petroleum engineering

Related H2020 projects

Early Career Researchers

Women in Science

North American Universities

Middle Eastern Universities (?)

=A =4 -4 -8 -9

3.2.3 Regulatory bodies:

European Commission

National European governments

Energy agencies (local, national and international)
UK Government

Environment Agency (UK)

E R ]

1 See Annex 1 Targeted dissemination strategies for stakeholders for a detailed list of how each of these target
groups will be addressed and reached.
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International Energy Agency
Government of Iceland
9 Department of Energy and Climate Change (DECC)

= =4

3.2.4 Consultant companies operating on:

9 Energy
9 Environment
9 Utilities

3.2.5 Investors

Private investors

Angel investors

Large oil & gas companies

Public companies (governments)

= =4 —a -9

3.2.6 Public

9 Energy consumers associations
Local communities of energy production sites/ operational sites/ field sites
9 Public at large

]

3.2.7 NGOs

Energy-related charities
Environmental organisations

== —A

4 Communication

SACE will create public awareness on geo-energy operations and enhance the visibility of the
project results. Through high-impact communication activities, S4CE will promote the use of
the project results.

4.1 Website and social media

The project website (scienceforcleanenergy.eu), and social media (Twitter: @S4CEproject and
YouTube Science 4 Clean Energy - Horizon 2020) have been used (and will continue to be so
also after the end of the project as long as human resources will make it possible) to engage
the general public and specific target audiences in an open and ongoing dialogue. Posts will
highlight S4CE activities, participation to events and findings. Twitter will be used as a
networking tool to connect with specific audiences.

SACE will publish promotional material in groups related to clean energy and S4CE activities
via LinkedIn to reach policy makers, clean energy professionals and industries. Examples of
groups that will be targeted include:
- H2020 ENERGY Research R&D, Innovation in Energy Efficiency, Renewables,
Cleantech: 9,252 members
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- Clean Energy and CO, Capture and Storage: 2,260 members

- Young Energy Professionals Forum: 1,531 members

- Women in Communications & Energy: 1,045 members

- European Platform of Women Scientists: 338 members

- Carbon Capture and Storage Expert Network: 2,394 members

- Geothermal Energy Professionals: 6,494 members

4.2 Promotional material

SACE has developed and tailored promotional material to reach its stakeholder groups. In the

table below we quantify the impact of the various tools.

SACE website - https://science4cleanenergy.eu/ All Users over the last
year: 6100
Regularly updated S4CE leaflet All n/a
SACE e-newsletters (bimonthly) providing latest news | All 169 contacts
within relevant fields and links to articles published on
the website
http://science4cleanenergy.eu/resources/newsletters/
SACE brochure, regularly updated with details on the Industries n/a
technologies generated by S4CE (in progress) Researchers
Policy makers
SACE animated videos x2 All 157 views on
“No Risk = No Energy” Youtube
Twitter: 9 likes, 6
retweets. Times
people saw this
tweet on Twitter:
2801
Total engagement:
59
Additional data
from SciAni to be
provided.
SACE Poster “Towards sustainable geo-energy - Industries n/a
operations” (in progress) and
researchers.
- The general
public
Posters for events All n/a
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4.3 Internal communication

SACE has established and maintained a strong, highly collaborative consortium, engaged in all
the project’s activities aimed at delivering the expected impacts. Using the internal channels
of communication (frequently updated website, active Twitter account, active mailing lists,
monthly WP leaders teleconferences, and frequent scientific publications), communication
within the consortium remains active and strong. These channels allow partners to obtain
feedback on their results, achievements, and plans for the upcoming period, including
identifying and mitigating possible risks.

Communication focal points have been identified with SACE partners and organisations to
ensure effective and efficient dissemination of information. Partners have been encouraged
to continue disseminating results using their networks to maximise the reach and impact of
SACE dissemination activities.

5 Dissemination

SACE partners are engaged and communicate with various target groups to facilitate the
implementation of the work and ensure that S4CE developments, achievements and benefits
are highlighted to project stakeholders.

SACE builds on existing international collaborations to integrate its innovative technologies,
to compare alternative technologies, and to demonstrate, when possible via first market
replication, how to secure a continued positive outcome of the project in the future.

The SACE consortium presents and disseminates research and results at various national and
international scientific meetings. The identified groups will be targeted using a tailored
dissemination approach, specific to each group. This will ensure a customised presentation of
project progress and results, as well as relevant uptake by the target audience. A tailored
approach will substantially increase S4CE’s impact for the following years.

5.1 Key messages

‘S4CE ambition is to develop and implement state of the art technologies to
assess the environmental footprint of geo-energy sub-surface operations in EU.
S4CE promotes the added value of a multi-sensor approach in managing sub-
surface operations’

5.1.1 For policy makers:

‘Based on S4CE Life Cycle Assessment, policy makers will be able to check the
entire environmental footprint of various sub-surface operations.’

- S4CE quantifies environmental risks associated with sub-surface operations for policy
makers to make informed decisions.
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SACE provides an unbiased and independent assessment of the environmental
footprint related to geo-energy sub-surface operations.

SACE provides consolidated data via an open access platform to policy makers for
them to make informed decisions.

5.1.2 For industries and investors:

‘Industries using S4CE tools will assess the environmental footprint of their
operations’

SACE develops techniques, workflow and best practice procedures to promote the
development of a widely accepted approach for Monitoring, Reporting and
Verification Services (MRV).

SACE products can be used to reduce the cost and the risk of renewable energy
products based on geothermal operations.

5.1.3 For academics

‘S4CE is a well-established interdisciplinary network of scientists in clean energy’

After the completion of S4CE, an industrially supported science-based consortium will
be established in order to exploit the results

The results of S4CE project can be built upon in order to further advance development
in the field

5.1.4 For the general public

‘Trust the environmental safety of geo-energy operations thanks to S4CE’

SACE raises awareness on environmental safety during exploration and exploitation of
natural resources.

S4CE new technologies will identify fluids present in a sub-surface formation, and will
remove the uncertainty related to the attribution of environmental accident.

5.2 S4CE outcomes and products

SACE has developed cutting -edge instrumentation and new technologies. They are being
advertised using the channels below.

Posters Researchers
Best Practice Procedures for Sub-Surface Industry
Geo-Energy Operations (D 8.2 TWI) Researchers

Policy makers
Consultant groups
NGOs
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Protocols for Emergency Response,
Mitigation and Remediation (D 8.3 TWI)

Industry
Researchers
Policy makers
Consultant groups

Policy recommendations for the
environmentally conscious deployment of
sub-surface operations (D 8.4 TWI)

Policy makers
Industries
Investors
Consultant groups
NGOs

Groundwater Remediation Protocols (D 8.5
UNINA)

Industries
Policy makers

Datasets (IS-EPOS)

S4CE partners

Industries
Policy makers
Industries
Investors
Policy Makers
Other (tbd) tbd

S4CE Technologies (See Annex 3)

5.3 Events

A significant presence by S4CE partners towards to international congresses and conferences
has secured wide dissemination of S4CE findings among researchers, both in academia and in
the industrial sector.

In addition, S4CE partners participate regularly in various outreach activities and public
presentations. Such outreach activities ensure that the project’s results are widely
disseminated to enhance the project’s impact among the general public.

SACE partners regularly inform S4CE dissemination officer at UCL about their participation to
such outreach events, who posts this as news on the website and Twitter.

Furthermore, S4CE actively organises a number of dissemination events, which in general are
open to the wide public. A list of such events is provided in Section 5.3.1.

An events timeline of relevant conferences and other dissemination events including the
deadline for abstract submission can be found in Annex 2 — Events timeline.

Nota bene - Due to the COVID-19 outbreak starting on March 2020, and its impacts with
regards to travel policies and public gatherings within various countries in the European Union
and worldwide, S4CE participation to international conferences and congresses has been
impacted. Even though some of these events have been and will be maintained in a virtual
form, allowing for the remote participation from S4CE partners when possible, the Covid-19
pandemic has somewhat affected the effectiveness of S4CE’s dissemination activities.
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5.3.1 Organisation of forums, trainings and conferences

Annual consortium meetings

10t-11th September
2020, Reikjavik (IS)

18t — 20 September
2019, UNISA, Salerno (IT)
345t June 2020, Online

Review of work progress and
discussion of risks and risk
mitigation strategies within the
SACE consortium and advisory
board members

Summer schools

4t June to 9t July 2019,
UCL, London (UK)

16t™-18t™ September
2019, UNISA, Salerno (IT)

Summer Challenge 2019 —
Engineering Solutions from Nature
— Pre-university students were
asked to complete a research
project, using information learned
during weekly evening classes and
lab visits within UCL.

“No risk = no energy” — Training
the next generation of scientists.
Open to all graduates, PhD
students and early career
researchers interested in the multi-
disciplinary nature of sub-surface
geo-energy applications.

S4CE Forum

4% November 2019,
Geological Society,
London (UK)

Present S4CE results to wider
audience.

Enhance S4CE visibility and impact
of clean energy in general.
Enhance discussion on clean
energy with experts in the field.
Facilitate collaboration between
SACE partners and North American
collaborators.

Early Career Researchers (ECR)
Workshop and ECR-led
Consortium Meeting

30% — 315t January 2020

Strengthening the community of
Early career researchers and
engineers in the sector

5.3.2 Participation to relevant congresses, conferences and public events

Since the beginning of the project, partners have been regularly attending European and
international conferences. So far, S4CE results were presented at 79 national, European and
international conferences. The partners’ participation in congresses, conferences and public
eventsis regularly referenced here. The list of events in the table below is indicative and refers
to the activities planned in the Grant Agreement. Towards the end of the project, a final list
of events where S4CE results had been showcased with a target audience analysis will be

reported.
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American Institute of
Chemical Engineers
Annual Meeting

10t™-15% November 2019, Hyatt
Regency, Orlando (USA)

or

November 15%-20t"2020, San
Francisco, California (USA)

Premier educational forum for
chemical engineers interested in
innovation and professional
growth. Academic and industry
experts will cover wide range of
topics relevant to cutting-edge
research, new technologies, and
emerging growth areas in chemical
engineering.

Innovation in
Industrial Carbon
Capture Conference
2020

215t — 22" January 2020,
Brightlands Chemelot Campus,
Maastricht (NL)

Organised by the H2020 funded
project LEILAC (Low Emissions
Intensity Lime and Cement)
conference will bring together the
latest knowledge in the industrial
application of carbon capture
technology and how it aligns with
CCU and CCS-roadmaps.

Society of Petroleum
Engineers - Hydraulic
Fracturing

Technology
Conference and

exhibition

4t_6t February 2020, Texas (US)

Showcases existing and new
hydraulic fracturing technologies,
using experiences from fracture-
stimulated wells, and application of
global learnings. Learn about the
latest developments and practices
in hydraulic fracturing. Technical
program, an exhibition of
innovative products and services,
and multiple networking
opportunities.

American Chemical
Society Annual

Meeting

22t-26™ March 2020,
Philadelphia, Pennsylvania (USA)

Scientists present new
multidisciplinary research, hear the
latest information in their areas of
professional interest, and network
with colleagues.

World Geothermal
Congress

27t April- 15t May 2020,
Reykjavik (IS)

WGC will bring together the entire
global geothermal community.
Delegates attending from Africa,
Asia, Europe and the Americas,
sharing their experience and vision
for our industry and shaping the
direction of geothermal for
decades to come.
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Goldschmidt
Conference

211-26™ June 2020, Online

Recognised as the ‘primary
meeting worldwide for the
presentation and exchange of
scientific ideas in geochemistry’.
The Geochemical Society and the
European Association of
Geochemistry jointly own this
conference.

IChemE events - 2nd
International
Conference on
Sustainable
Production and

Consumption

24t — 25 June 2020, Edinburgh
(UK)

The conference will provide a
platform for high-quality papers on
sustainable production and
consumption, aiming to explore
multidimensional interactions
between technology, the
environment, economy, society
and policy.

2nd Global Congress
on

Petroleum
Engineering and
Natural Gas Recovery

July 6™-7t", 2020, Paris (FR)

Link people who have an
enthusiasm for various fields of
Petroleum Engineering like drilling,
piping, mining share breakthrough
ideas and spawn solutions and to
produce the world forum for the
dissemination of original research
results from Oil and Gas, new
concepts and practical experiences

27e Réunion des
Sciences de la Terre

October 26th-30th, 2020, Lyon,
France

Gathering together worldwide
actors from the industrial, teaching
and research sectors, to share
results, present development
directions and communicate know-
how and innovations, meet
specialists from the all geoscience
areas, and network.

5.4 Scientific publications and presentations

To achieve the strongest impact possible among the scientific community, and to secure
international prominence, S4CE has and will continue to publish review papers where the
multi-disciplinary nature of the research supported by the consortium will be showcased.

Each of our scientific community has a number of dedicated journals. S4CE review papers will
cross these traditional boundaries: S4CE will publish in cement and concrete -dedicated
journals and will showcase the importance of earth scientists and engineering contributions

to our society.
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The journals in which S4CE will publish the reviews are: Earth-Science Reviews, the Journal of
Petroleum Science and Engineering, and the Journal of Physical Chemistry Letters, Nature —
Scientific Reports, the National Academies Press, Science Direct — Procedia, Science Direct -
Materials and Design, International Journal of Coal Geology, Microporous and Mesoporous
Materials, Nature Communications, International Journal of Greenhouse Gas Control, Bulletin
of the Seismological Society of America, Physical Chemistry Chemical Physics. Based on the
productivity of team members, S4CE expects at least 15 peer-reviewed journal articles per
year. The articles will target academics, oil and gas industries and consultancy groups.

S4CE will publish in Open Access publication platforms such as ScienceOpen. Each new
publication has been advertised on Twitter and on the newsletter. S4CE partners will present
their publications at conferences and congresses. When relevant, they will create posters,
which will be showcased on the website as well.

5.5 Monitoring and measuring success

SACE has continuously monitored the effectiveness of dissemination and communication
activities. The following indicators have been used:

9 Number of website visitors: over the last year the website science4cleanenergy.eu
had 6100 users (i.e. users who have initiated at least one session during the date range
—1 year).

9 Video viewers: on the S4CE YouTube channel, the video “No risk = no energy” was
viewed 157 times. On the video animation company channel, the video has been
viewed 4911 times. More detailed data will be shared by the Animation Company
SciAni.

9 Attendees at conference presentations and at Work-In-Progress forums: at the S4CE
Forum (4™ November 2019) at the Geological Society of London organised by S4CE,
100 people registered and 78 participated to the event. Additionally a total of 26
people followed the event remotely thanks to the streaming facility available at the
Geological Society of London. The recorded event is available on the website and
YouTube. A more detailed analysis about the attendance and the diversity of
participants will be shared in Deliverable 9.2.

9 Downloads of policy recommendations, working papers: N/A

1 Impact factor of journals: the final list of journals with their impact factors will be
reported at the end of the project.

9 Papers mentioned online using altmetric.com: final numbers will be reported at the
end of the project.

1 number of press and media releases: 11

1 student applications to S4CE related training and education activities (e.g. MSc in
Global Management of Natural Resources (GMNR), Summer Challenges and Summer
Schools), for example, for the 2019-2020 academic year, UCL received >160
applications from students interested in the GMNR masters’ programme. For the
2020-2021 offering, this programme has received 260 applications.
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SACE will keep track of number of visits on our website and social networks and number of
subscribers to S4CE e-newsletter (status quo 169/objective 250). On Twitter the number of
tweets, retweets and likes will be measured, as well as other social media activities such as
social media engagement, conversion and retention that we can measure, e.g.:
0 Growing number of followers on Twitter: status quo 181 / objective 300 at the end of
the project.

5.6 Exploitation

In consideration of the significant innovative potential of this project, and of the crucial role
of the industry and SMEs in its implementation and eventual success, S4CE has established
one Exploitation and Innovation Board (EIB) whose task is to develop and implement a strong
innovation and exploitation strategy for the S4CE project. The purpose of EIB is to discuss and
manage arrangements with respect to Intellectual Property (IP).

In accordance with the Horizon 2020 project’s Grant Agreement, all partners in S4CE will be
granted access rights to results generated by the project whose terms and conditions will be
negotiated between the partners involved.

The consortium is planning to use the European Commission’s Dissemination and Exploitation
Booster, a service providing tailor-made services to build projects’ capacity in disseminating
research results and to increase their exploitation potential and access to the market. In total,
8 technologies have been identified as being developed in the frame of S4CE. For details, see
Annex 3 — S4CE Technologies.

The EIB will suggest possible ways in which to move forward to maximise the positive impact
to the consortium. The European Union Funding and supporting services (i.e. The Booster) for
these activities will be raised as needed. Another important role of the EIB is to advise S4CE
on how to maintain the fundamental research conducted within the consortium within the
realm of practical interest. The EIB will strengthen the relationships between the consortium
and industry and ensure that the fundamental discoveries have a direct positive impact in
sub-surface operations, so that to limit environmental impact.

In the long term, the EIB will constitute the foundation to ensure that S4CE will continue to
exist after the current project is completed.

The S4CE consortium discussed exploitation opportunities at the second consortium meeting
in Italy and is planning to develop a more detailed exploitation strategy.
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6 Annex 1-Targeted communication & dissemination strategies for stakeholders

Target Group

Details (who)

Medium / contact

Material

Industry 9 Industrial { SA4ACEEIB 9 Participation at 9 Factsheets // Case studies
practitioners in 9 SACE industrial partners Congresses and I Recommendations
geothermal, oil and 1 H2020 related projects conferences {1 Best Practice Procedures for
gas and carbon 9 Energy and Geoscience I SACE E-newsletter Sub-Surface Geo-Energy
sectors: BP, Shell, Institute (EGI) 1 Targeted emailing Operations
Total, ENI, N Posts in Twitter and 1 Protocols for Emergency
ExxonMobil, Linkedin Groups Response, Mitigation and
Halliburton, 9 Cordis — EU Research Remediation
Schlumberger, GE, results f Policy recommendations for
ENEL Green Power,  HORIZON — EU Research the environmentally
Zorlu Enerji & Innovation Magazine conscious deployment of

I Subsurface industrial sub-surface operations
operators  Groundwater Remediation
9 North American Protocols
industries 1 Datasets
 Relevant industry
associations
9 Energy associations
9 Relevant European
professional
organisations
Regulatory 1 International Energy I SA4CE Partners I SACE events 1 Brochure and posterBest
bodies Agency 1 SA4CE Advisory Boards 1 Participation at Practice Procedures for Sub-
1 European 9 Royal Society of Chemistry Congresses and Surface Geo-Energy
Commission 9 EU Program manager conferences Operations
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I UK House of Lords Y EU - Directorate General I SA4CE e-newsletter ' Protocols for Emergency
1 Government of Energy 9 Targeted emailing Response, Mitigation and
Iceland 1 International Energy Agence | 9§ Dedicated information Remediation
I Environment Agency - Gas & Qil Technology distributed via the 9 Policy recommendations for
(UK) 1 INEA website and through the environmentally
1 Department of 9 Chief Scientific Advisor at social media (Twitter and conscious deployment of
Energy and Climate the Department of Energy Linkedin). sub-surface operations
Change and Climate Change in the 1 Cordis — EU Research 1 Groundwater Remediation
9 Italian National UK Prof. John Loughhead results Protocols
Institute for f HORIZON — EU Research  Promotional articles
Environmental & Innovation Magazine Y Pressrelease
Protection and
Research
9 Federal Environment
Agency,
Umweltbundesamt,
UBA, in Germany
9 Department of
Energy (USA
1 (DECC)
9 Scottish Government
Academic and I Researchers in earth I S4CE partners I SACE events 9 Research papers
researcher science, (geo)biology, | f SA4CE Advisory Boards i Participation at i Videos
community chemistry, physics, 9 Energy and Geoscience Congresses and 9 Brochure and poster
chemical and Institute conferences 9 Best Practice Procedures for
petroleum 1 Women Engineering Society | 9§ Dedicated information Sub-Surface Geo-Energy
engineering 9 European platform of distributed via the Operations
1 Related H2020 Women Scientists website and through 9 Protocols for Emergency

project (DPO, CarbFix,

Women in Geothermal

social media (Twitter and
Linkedin).

Response, Mitigation and
Remediation
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https://www.gov.uk/government/organisations/environment-agency
https://www.gov.uk/government/organisations/department-of-energy-climate-change
https://www.gov.uk/government/organisations/department-of-energy-climate-change
https://www.gov.uk/government/organisations/department-of-energy-climate-change
http://www.isprambiente.gov.it/en
http://www.isprambiente.gov.it/en
http://www.isprambiente.gov.it/en
http://www.isprambiente.gov.it/en
http://www.isprambiente.gov.it/en
https://www.umweltbundesamt.de/en
https://www.umweltbundesamt.de/en
https://www.umweltbundesamt.de/en
https://www.umweltbundesamt.de/en
https://www.energy.gov/
https://www.energy.gov/
https://ec.europa.eu/energy/en
https://ec.europa.eu/energy/en
https://ec.europa.eu/inea/en
https://cordis.europa.eu/
https://cordis.europa.eu/
https://horizon-magazine.eu/
https://horizon-magazine.eu/
https://egi.utah.edu/
https://egi.utah.edu/
https://www.wes.org.uk/
https://epws.org/
https://epws.org/
https://wing.wildapricot.org/
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Metal Aid, I Athena Swan charter for I SACE e-newsletter Policy recommendations for
ShaleXenvironment). women in science 1 Journals and field-specific the environmentally
1 Energy and 9 International Energy Agency publications ‘Gold’ open conscious deployment of
Geoscience Institute - Gas & Qil Technology access sub-surface operations
1 Young researchers I ScienceOpen and Groundwater Remediation
and Early Career ResearchGate Protocols
Researchers I Presentations at local,
I Women in Science national and
 North American international scientific
Universities: events.
University of Utah, Y Summer schools
University of Alberta, I Summer Challenges
Ohio State University, f iCHemE events
University of Texas, f Nature journal
Columbia University, f HORIZON — EU Research
North Carolina State & Innovation Magazine
University
Investors European Fund for I SA4CE Partners 9 Participation to Key S4CE scientific findings
Strategic Investments 1 SA4ACEEIB Goldschmidt Conference Recommendations
9 EU Program manager (2/3 partners) Critical comparison of
North American investors { DG Energy 1 SACE E-newsletter legislations implemented in
q IEAGOT ! Emailing various parts of the world
T INEA 1 Press release including North America

and Australia).
Brochure and poster
Best Practice
Recommendations
Life Cycle Assessment
Multi-Risk assessment
Datasets on IS-EPOS
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https://www.ecu.ac.uk/equality-charters/athena-swan/
https://www.ecu.ac.uk/equality-charters/athena-swan/
https://www.iea.org/tcp/go/
https://www.iea.org/tcp/go/
https://horizon-magazine.eu/
https://horizon-magazine.eu/
https://www.eib.org/en/efsi/index.htm
https://www.eib.org/en/efsi/index.htm
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Consultant 1 AMEC Foster I S4CE Advisory Boards
groups Wheeler, Ramboll
Environment, ERM,
T Wardell Armstrong,
PA Consultants,
I Geosyntec
Consultants
Public 1 Energy consumers 1 Relevant local and 1 Field sites promotional
associations national events (field videos
' Local community of sites) 1  Brochure and poster
SACEfield sites 1 SACE E-newsletter 9 Life Cycle Assessment
9 Public at large i1 Dedicated information 9 Articles
distributed via the 9 Pressreleases
website and through
social media (Twitter and
Linkedin).
9 Targeted emailing
9 Local media
' Nature journal
NGOs Our Energy Policy Targeted emailing 9 Field sites promotional
Greenpeace videos
1 Brochure and poster
9 Life Cycle Assessment
9 Articles
9 Press releases
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; Annex 2 — S4CE Events timeline

ABSTRACT SUBMISSION DEADLINE

Goldschmidt Conference 2020 European Congress of Chemical IChemE events - 2nd International
Call for paper opening Enter story info here Enter story info here

|ChemE Event 259th ACS National Meeting & Exposition S4CE Final Consertium meeting - in
deadline to submit abstract 10 January 2020 Macromolecular Chemistry: The Second Enter story info here

B | Century (=

IMediterranean Congress of Chemical Chem Eng Day 2020
Enter story info here Enter story info here

Innovation in Industrial Carbon Capture World Geothermal Congress 2020 -

Organised by the EU-Horizen 2020 fundad Three S4CE pariners submitted an abstract:
project LEILAC (Low Emissions Intensity Lime £ TwI, UCL, OR

Chemical Engineers ECRs workshop and led consortium 3rd Consortium Meeting - remotely
1g Bth Nov 2019 UCBL

of Chemical Engineers SPE Hydraulic Fracturing Technology Goldschmidt Conference - remotely

Call for Papers closed Year 3, at least 2/3 of the team members will
D [ ] participate to this conference. - October 18, (]

The full timeline is available here https://www.tiki-toki.com/timeline/entry/1270446/Science-4-Clean-Energy-Dissemination/
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8 Annex 3 — S4CE Technologies

W
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Exact location
along the well

Name of the
instruments

Organisation

Any information
about how it has been
developed? Any

particular tests/field
sites/data?

How does it work?
Please explain in a simple way what is the
technology doing and how it is doing it.

What is the exact purpose of the
technology?

Please develop the below statement about
your technology. When answering this
question, think about the big picture:
clean & sustainable energy

North Carolina State
University). First field
site tests carried out in
St. Gallen, November
2019.

and electrical imaging (more specifically, 2D
electrical impedance tomography) is used for
detecting temporal changes in the conductivity of
this paint layer. These images, in turn, give rich
information on the physical and chemical
conditions of the structure: Sensing skin can be
used for, e.g. imaging crack patterns on concrete
surfaces, measuring 2D strain fields, detecting
leaks of harmful chemical agents and sensing 2D
temperature distributions on structure surfaces.

Surface ORION MIRICO ORION tested in MIRICO systems are based on laser spectroscopy The technology aims to provide cost effective
& Hellisheidi on CO2 gas. of molecules. A laser beam excites vibrations of tools to enable continuous automated
LIBRA ORION tested in molecular bonds. The frequencies of these monitoring of facilities gas emissions. These
Cornwall on CH4 gas. vibrations provide a way to fingerprint individual include both greenhouse gas and pollutants.
ORION tested at ENI molecules, in-situ or remotely. Hence, the technology enables the
facility for CO2 and CH4 assessment of environmental impact of gas
releases emissions to the atmosphere of geo-energy
LIBRA to be tested on operations.
CO2 isotopein
Hellisheidi.
Concrete structural UEF Tested first with UEF's sensing skin (developed in collaboration
structures: health numerical simulations, with North Carolina State University) is a . )
around the well monitoring then with real data from distributed surface sensing system. In this The purpose of th.'s tgchnology is the
(sensing skin - experiments carried out technique, the surface of a solid structure is struc.:tural health rnomtormg of concrete (and
application) in laboratories (UEF and covered with a layer electrically conductive paint, possibly other solid) structures. In geo-energy

operations, concrete structures are of great
importance in securing the casings and other
well structures; thus, our main emphasis is in
the crack/flaw detection in concrete and
measuring of strain fields to infer stresses
subjected to concrete structures.
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Concrete
structures in
wells: Material
characterization
for samples

material
characterization
for cement-
based materials

UEF &
Imperial

Electrical capacitance
tomography imaging of
moisture flows in
cement-based materials
tested was in UEF
laboratory. X-ray imaging
cement-based materials
was tested in ICL
laboratory.

Two tomographic imaging modalities were applied
to imaging fluid flow/reactions in cement-based
materials: electrical capacitance tomography (ECT)
and x-ray CT. ECT uses electrical capacitance
measurements from the surface of a specimen, to
image the 3D electrical permittivity distribution
within the specimen. A sequence of 3D
permittivity, in turn, gives information on the flow
of moisture -- and enables inferring the moisture
transport properties of the material. While ECT is a
modality with low spatial resolution, x-ray CT
provides high resolution information on the fluid
flow. Another interesting phenomenon observed
with x-ray CT in this project is the formation of a
carbonated shell inside cement-paste in an
experiment, where CO2 was injected to a
specimen.

U Science4CleanEnergy

Because the ability of a cement-based
material to impede the flow of moisture is
directly linked to the durability of the
structure, it is important to be able to
characterize the moisture transport properties
of those materials. The developed techniques,
electrical tomography and x-ray CT, enable
monitoring of moisture flow, as well as certain
other related flow and reaction phenomena in
cement-based materials. The information
provided by the tomographic modalities can
be used for characterization of cement-based
materials used in geo-energy operations.

Cement casing —
around the well

Data
acquisition box

TWI

Tests in St. Gallen
(Switzerland) field site.
Diverse lab tests at TWI

facilities, including

attenuation tests and
fatigue resonance test
for all three techniques
involves: acoustic
emissions, guided waves
and vibration.
Article on the testing in
St Gallen:

The box is a data acquisition system, which
collects data applied to the algorithms (process) to
detect the flaws in the casing before it fails. The
algorithms come from the processing of the data:
filtering, selecting parameters giving the
information, the magnitude of those values...
During the lab testing we analyse the data
collected without knowing what it means, when
we detect certain changes and features, that mean
a flaw is occurring. Doing this analysis guides us to
know what is important to pay attention to and to
understand how the casing fails. The algorithm
then will be like instructions (flow diagrams,
equations, limits, among others) that include
these important steps and parameters that need
to be followed to tell us what the flaw is are what
will form.

The purpose of the technology is to monitor
well casing integrity for early detection of
flaws before failure occur, applying data
processing algorithms and knowing the key
parameters of the data collected with the
technique what will allow detection. At the
moment we are talking mainly about vibration
and possibly acoustic emissions, according to
the results we have gotten from the tests
these are the most promising techniques and
considering their limitations.
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PUSH50

UCBL

PUSH50: adaptation of
the Deep Carbon
Observatory
sampler/transport
vessels to collect fluid
samples at pressure
from monitoring wells.
September 2018 :
Sampling from
monitoring wells of the
Hellisheidi power plant
(Iceland)

The PUSH50 includes a 50mL sterilisable PEEK
variable volume, floating piston reactor housed in
a high-pressure vessel rated for 100 MPa (1 kbar)
and 160°C, and is certified for airline travel. A pre-

loaded gas pressure compensation system and a
connection adapter to the wellhead have been
added.

(( )‘;(mw:c-}(; eanEnergy

The PUSH50 (Pressurized Underwater Sample
Handler) was designed to facilitate high-
pressure biological and geochemical
investigations. Its capability to both retrieve
and transport biological fluid samples under
high pressure, eliminating sample
decompression. It is designed to operate with
an operating pressure of up to 1000 bar at a
temperature of 160 °C. The PUSH 50 is used
for sampling fluids and maintain pressurized
the samples for further microbiological and
chemical analysis.

Down to the
CO2 rock.

DNA-Based
Tracers

Haelixa,
Imperial &
ETH

Academic research,
testing. Core flooding
experiments. Scaled up
production to trace
larger volumes of fluid.

Haelixa AG is developing a new generation of
DNA-tracers for sub-surface fluid tracing
applications, with DNA fragments encapsulated in
silica particles. Tracers are chemical species that
move with the fluid or any other object they are
associated with and can be collected, identified
and analysed at various stages to understand
material transport and origin. DNA as a tracing
platform allows generation of a virtually unlimited
number of unique fingerprints, enabling
simultaneous tracing at multiple locations, or
repeated tracer experiments without
encountering background contamination (new
DNA codes can be used in every experiment).

To monitor movement of underground fluid.
This will help develop more precise maps on
connectivity, volume follows and type of
substances present. This can be used to detect
leakages too.
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Laboratory Rock
Characterization

Decompressing
High Pressure
Shale Samples

UCL

Huge uncertainties in
evaluation of gas in place
for shale gas resources
triggered the research.
The technology was
developed in UCL's Earth
Sciences Laboratory. It
was inspired by the
CoreVault technology
developed by Halliburton
that can drill and obtain
high pressure samples.
We have tested our
technology on the
samples taken from
Haynesville shale
reservoir in the USA,
which revealed 5 times
higher gas in place
compared to previous
estimations.

It transfers high pressure rock samples from
sample holders to characterization vessels. Then,
the high pressure shale gas samples can be used

for reducing pressure and collecting the high

pressure gas content of the core samples. The
apparatus can simulate underground reservoir
conditions to replicate the full cycle of shale gas
operations in the laboratory. We can impose a
pressure drawdown regime on the high pressure
sample to measure the gas production in order to
optimise the operational constraints for economic
production strategies.
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The laboratory evaluations can provide
insights for the shale gas operators for
improved characterisations of shale gas
formations. It helps identifying sweet spots
and geological layers that are rich in
hydrocarbon gases. It can give realistic
estimation of gas in place, which is vital for
economic evaluation of the shale gas
resources. Once the technology is deployed
for a shale gas reservoir, it can provide a
guideline for optimised production strategies
for exploitation of the hydrocarbon resource.

Modelling of
Mineralisation
of co2

Software for
modelling of
CO2 fixation

SCM

In order to parameterise
the force fields
describing the reactive
pathways encountered
by CO2 as it carbonates
in contact with basalts,
different sets of data
were needed:

* A previously existing
CaSiAlO force field,
modified to include
dummy Si/C, Al/C and
Ca/C parameters.

* A new CO2-H20 force
field.

This technology relies on two novel developments:
1) Drastic speedup of a molecular dynamics code
(ReaxFF) to enable the simulation at the atomic
level of slow processes, at the time scales typical
of CO2 carbonation.

2) The automated calculation of the force field
parameters required to describe the chemical
reactions involved in the CO2 carbonation.

Computational modelling guides and
complements experimental research. In
particular, molecular dynamics simulations
help us to improve our understanding of the
mechanisms behind carbon capture.
Numerical simulations can provide insight into
the role and effect of factors like different
kinds of substrates, conditions of pressure and
temperature, etc. Modelling can therefore
help us identify and possibly optimize the
conditions for carbon capture in different
environments.
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* Validation data from
ARMINES (2D
metadynamics
simulations modelling
the carbonic acid
reaction barrier, and DFT
calculations).

* Training sets from Prof.
A. van Duin (creator of
ReaxFF method).
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Geothermal
reservoir

Induced
earthquakes

Q-con

The methodology was
developed and tested
using data from a
geothermal system in
Australia (Cooper Basin);
the methodology was
applied to UDDGP and
another data set from
Australia (Paralana)

Induced earthquakes are used as gauges
measuring changes of the fluid pressure in a
geothermal reservoir

The technology aims to provide information
on reservoir pressure that can be used for
calibrating geothermal reservoir simulators.
This can improve the performance &
economics of geothermal systems.
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