European
Commission

JRC SCIENCE AND POLICY REPORTS

Strategic Energy Technology Plan
Study on Energy Education and Training
in Europe

Assessment Reports of the
Expert Working Groups

JRC Coordination: A.Georgakaki, U.von Estorff,
S.D.Peteves,

2014




European Commission
Joint Research Centre
Institute for Energy and Transport

Contact information

Aliki Georgakaki

Address: Joint Research Centre, Westerduinweg 3, 1755 LE, The Netherlands
E-mail: aliki.georgakaki@®ec.europa.eu

Tel: +31 224 565133

https://ec.europa.eu/jrc

Legal Notice

This publication is a Science and Policy Report by the Joint Research Centre, the European Commission’s in-house science
service. It aims to provide evidence-based scientific support to the European policy-making process. The scientific output
expressed does not imply a policy position of the European Commission. Neither the European Commission nor any person
acting on behalf of the Commission is responsible for the use which might be made of this publication.

JRC90300

EUR 26725 EN

ISBN 978-92-79-39145-3 (PDF)

ISSN 1831-9424 (online)

doi:10.2790/30422

Luxembourg: Publications Office of the European Union, 2014

© European Union, 2014

Reproduction is authorised provided the source is acknowledged.

Abstract

This document contains the collection of Assessment Reports from the Expert Working Groups of the Strategic Energy
Technology Plan European Energy Education and Training Task Force. It provides background information supporting the
findings and recommendations put forward in the Strategic Energy Technology (SET) Plan Roadmap on Education and
Training, which addresses the human resource challenge for the energy research and innovation sector and constitutes an
integral part of the SET Plan agenda. The findings put forward in the assessment reports are those of the experts involved
in each working group, following a process of consultation on the current situation, ongoing activities in the education and
training domain, needs and gaps and recommendations for specific actions regarding their respective technology field.


mailto:aliki.georgakaki@ec.europa.eu

Strategic Energy Technology (SET) Plan

Initiative on Education and Training

Assessment Reports from the Expert Working Groups



Introductory note

This document contains the collection of Assessment Reports developed in 2012/2013 by the
Expert Working Groups of the Strategic Energy Technology Plan European Energy Education and
Training Task Force. It provides background information supporting the findings and
recommendations put forward in the Strategic Energy Technology (SET) Plan Roadmap on Education
and Training.

The assessments cover key low-carbon energy fields:

bioenergy

carbon capture and storage
concentrated solar power
electricity grids

energy efficient buildings, thermal energy networks and smart cities integration aspects
energy storage

fuel cells and hydrogen
geothermal energy

nuclear energy
photovoltaics

wind and ocean energy

as well as some horizontal aspects:

coordination of education and training systems
system integration

The findings presented and recommendations put forward in the assessment reports are those of
the experts involved in each working group. The working groups may differ in the process they have
used to consult, reach consensus and compile the reports presented in this assessment.

Outline of the Assessment Reports

Each technology assessment report is organised along four main sections :

1. Current situation

This section describes the state of play today within the energy technology field covered. It includes
key information about the market and its players, including also total employment figures. It gives a
forecast for the market growth rate and the net increase in employment up to 2020/2030. The
technology's value chains are described in terms of current workforces' profiles and core
occupations. When it is adequate, the labour intensity in terms of jobs/MW is used as a reference.
Finally, the workforces' profiles (researchers, engineers, technicians) required to achieve the SET
Plan vision for the respective technology field are described, including both the type of positions
needed and the scale of the required workforce.

2. Ongoing actions

This section lists the main ongoing activities at EU and Member State level relevant for the
respective technology field in relation to undergraduate, graduate, post-graduate education, lifelong



training, reconversion schemes, professional training, including also relevant major actions at
international level.

3. Needs and gaps

The Needs and Gaps section describes the main barriers or bottlenecks in terms of workforce
profiles that hinder the achievement of the technology goals within the SET Plan vision.

At academic and vocational training institution level, it covers key information such as curriculum
capacities, faculty needs, research (laboratory) infrastructure, and interest of students/professionals
in particular educational fields.

At industry/company level, it addresses, among others, missing knowledge, skills and competences
for the industry and their customer services, difficulty in reconverting existing skills, need for
experienced workers versus training time, difficulty in building programmes and bridges between
industry/research centres and universities.

4. Recommendations at EU and Member State level

This last section outlines recommendations for key actions at EU and Member State level in relation
to education and training schemes, required platforms and networks.

The actions proposed aim to depart from Business as Usual and have a key impact. They aim to
address the needs and gaps outlined in the previous section.

The names of the authors and contributors are listed on the first page of each assessment. Coming
from academia, the research community and industry, the authors represent major European
organisations in the field of energy education and training, and field experts coming from the SET
Plan European Industrial Initiatives and other relevant European industry groupings. We are
grateful for their work and contribution to the initiative.

European Commission staff - Project coordination:

Miroslava NANEVA (RTD), Caroline THEVENOT (RTD)
Aliki GEORGAKAKI (JRC), Efstathios PETEVES (JRC)

! The European Platform of Universities engaged in Energy research, education and training (EPUE), European
University Association; the SET Plan European Energy Research Alliance (EERA); KIC InnoEnergy, European
Institute of Innovation & Technology; the European Strategic Partnership for Sustainable Energy Education,
Innovation and Technology (SEEIT); the European Sustainable Energy Innovation Alliance (eseia); the European
Strategy Forum on Research Infrastructures (ESFRI).
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Executive Summary

Meeting Europe’s future goals in energy and climate policy requires a skilled and adequate work-
force. New competences, sufficient specialization, multi-disciplinary thinking, among others are key
factors to be developed in the coming years within the SET-Plan of the EU. In this report, we
address issues of common nature and interest in education and training in all sustainable energy
technology fields. These so-called horizontal factors do not focus on the needs of a specific
technology but relate to the challenges and improvements needed in the educational systems and
processes as a whole to support the SET-Plan targets through education and training. Areas of
interest in this context are for example transfer of research knowledge into education,
dissemination of state-of-the art education widely in EU, the “knowledge triangle”, coordination
issues, mobilizing of capacities, and, accreditation, quality assurance and harmonization of
educational systems. The report mainly deals with higher education and professional development
and only to some extent with vocational training.

The recommendations are ample and backed up with background analyses and tacit knowledge of
the working group. We recommend among others to develop world’s first a fully on-line Masters
programme in sustainable energy; to establish a working group on accreditation and quality
assurance in energy education; to support monitoring and mapping of educational activities and
needs; to foster dialogue among key stakeholders in education and training on different levels to
share best practices and future plans, jointly develop energy curricula, improve university-business
cooperation, and to enhance student mobility.

Financial support will be necessary to make these recommendations operational. We firmly believe
that such an investment would well pay off. Through well-functioning horizontal processes and
systems in place, positive impacts from vertical technology-specific efforts in education and training
can then be expected.
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Horizontal issues

Introduction

Europe must pave the way towards an independent and sustainable energy system enabling a
climate-neutral world by 2050 achieved by successful commercialization of innovations, i.e. new
products, services and business ideas. The European educational, research and innovation systems
must work together and aspire to develop ideas and people, and to warrant a new industrial wave
based on energy technologies and services in Europe and to become the global leader in
sustainable energy innovation. Efforts in the fields of energy production, energy transport and
energy usage must be coordinated and aligned. Such coordination has started to take place (for
example through the InnoEnergy?, EPUE?, EERA®), but need to be strengthened in particular in the
higher education sector where energy education and training schemes in Europe are very
fragmented.

The EU’s Strategic Energy Technology plan (SET-Plan) is the major pathway for Europe to reach
these goals. As such the SET-Plan must not only comprise research and industrial implementations,
but needs to include education and business creation as essential elements. To achieve the
ambitious goals of the SET-Plan, the paradigm shift mentioned above must take place in all
stakeholders (including educators, researchers, general public, industrialists, business creators and
politicians). As such there will be a massive need for new talents and upgrade of the existing
competencies in society, to create the so much needed change agents. At the moment, the lack of
qualified and skilled human resources is actually one of the major obstacles that hinder the
development of a sustainable energy system

The link between European research and education institutions and the business world (public
private linkages) need to be further strengthened. Although higher education institutions are often
integrated in existing EU alliances between research institutions and the business world, the full
potential of such collaborations has not yet materialized and the relationships need to be improved
to foster innovation. Interaction between technical progress, and the social and human reaction and
acceptances is needed, together with an awareness of changed social behaviour. A higher degree of
integration of the actors from higher education, research and industry (forming the knowledge
triangle) as well as new and output-oriented organization mechanisms are needed.

The growing population, urbanization into mega-cities, and the urgency of climate change make
energy to one of the grand challenges. This challenge incorporates, among others, (1) global
recruiting of the best young talent for careers in the energy sector, (2) fast building significantly
increased education and research capacity to meet this demand, (3) the creation of educational
material based on the latest knowledge available in Europe and easily accessed (e.g. through world-
wide web), (4) integration of the cutting edge knowledge triangle in sufficient large number of places in
Europe, (5) multi-disciplinary and cross-border collaboration in the knowledge triangle. In this
framework there will also be (6) a significant need for a paradigm shift towards cross national
accreditation of universities, programs and courses all over Europe.

L EIT KIC InnoEnergy

2 EUA-EPUE: European University Association — European Platform of Universities engaged in Energy research, education
and training

3 European Energy Research Alliance
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Horizontal issues

This report presents the outcome of the Working Group of the Horizontal Field - Coordination of
Education and Training Systems with the SET-Plan Education and Training Initiative. The focus is on
Coordination related issues and not on technology-specific questions which are dealt with in the
vertical working groups. Due to the short time frame available, the contents have been based on the
WG’s existing knowledge base and it was not possible to undertake neither major in-depth reviews
nor profound analysis. Also, the main focus has been on higher education and to some extent to
vocational training.

Objective of the SET Plan Energy Education and Training effort and related

considerations

The objective of the education and training effort must be to produce a basis from which the main
stakeholders can plan and prepare for education and training for the future energy markets, directly
or indirectly. These stakeholders include: i) education institutions; ii) research institutions; iii)
governmental bodies; iv) industry; v) young people seeking education; vi) current professionals
seeking further education.

We are facing 30-40 years development of the energy systems in constant transformation, and the
education concept must be adaptable in a timeframe of this duration. With rapidly evolving
technologies and the related changes in the labour markets, professionals may require frequent
knowledge update. Knowledge must be disseminated both through continuing education of the
existing workforce, and from the initial stages of educational programmes for young generations in
higher education institutions. Thus, to reach widely across Europe, this knowledge must be made
available in a large number of educational programmes, easily running into 3-digit numbers, as well
as through many continuing education channels.

A sufficiently large vocational workforce is also required. The need for specialisation based on
recent research based knowledge is, however, considered less important here than in higher
education. All the same, attracting the needed volume of manpower trained to an adequate level
must be considered a challenge, and without it, production activities cannot take place in Europe.

Therefore the following horizontal factors should be considered when designing the education and
training concept for the SET-Plan:

1. Competence base required

The competence profiles required for working with low carbon energy technologies come from a
wide range of basic education profiles, in areas ranging from across all engineering disciplines to
basic science disciplines, which are needed early on to create the basis for enabling technologies. In
addition to technical subjects, significant capacity is required to work on the societal and economic
aspects to achieve the objectives of the SET-Plan. Such basic knowledge and competence profiles
must be "topped off" by specialised education on energy applications based on the latest research
generated knowledge. This may be a relatively small, but important, part of the curriculum of each
competence profile.
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Horizontal issues

2. Recruitment of people by the industrial labour market

The labour market already experiences bottlenecks in the recruitment of young people into science
and engineering professions. Europe has a grave disadvantage compared to the expanding BRIC
economies, which educate growing numbers of people with competencies in these fields. Europe
may attract people from these countries for education and employment, but hardly in numbers
required to run our societies. To maximise Europe’s competitiveness based on indigenous workforce,
we need to search widely across Europe to attract the maximum of available motivated talent,
making sure that this talent is utilised to its fullest potential, and being educated with relevant
profiles. The solution should not be outsourcing to other economies to remain in business, thus
leading to fewer jobs created in Europe.

3.  Young candidates as agents of change

There is adequate evidence that the most efficient way to spearhead industrialisation of new
knowledge is through educating candidates integrated with research and industrial innovation
processes - i.e. embedded in the knowledge triangle. This is particularly important for the Master
and Doctorate level. The candidates will then gain a deep insight in a new subject, and will be able
to act as forceful change agents, both in the industry and society. They will be the most effective
workforce that companies can recruit to deploy new technologies quickly.

Implications

Putting a lot of effort into long term forecasting of technical skill requirements and timing several
decades ahead is not worthwhile, since such forecasts will not be precise enough for the
stakeholders to take significant decisions, particularly for young people seeking education with good
employment prospects in the labour market. The industry sector and public bodies are generating
deployment forecasts for a range of low carbon energy technologies. There are several inherent
weaknesses in such forecasts. Most of the technologies are immature and not commercially viable
without subsidies at this point. It is clear that large scale deployment will happen only when they
reach that maturity. In several cases that is uncertain.

The need for education and training in the dynamic situation that we will be facing at technology
level can only be accomplished through an educational system that is able to respond flexibly to the
market development. Thus the design of such a Europe wide educational system should be the
foremost guideline for planning the SET-Plan Energy Education and Training contents.

General guiding principles recommended for the SET-Plan:

A) Addressing societal challenges through multidisciplinary and cross border collaboration. The
ability to rapidly teach new knowledge generated through research into the existing workforce and
into the curricula of a large number of education programmes across Europe. Therefore, cross
border accreditation issues must be solved. For example, creating cross-border research schools
could be one of the mechanisms to facilitate high quality doctorate education.

B) Leveraging public investment. All significant publicly funded research efforts should have an
impact on educational syllabus and materials. An instrument/mechanism to generate Open
Educational Resources from the research outputs should be created for specialization subjects on
top of basic competence profiles. The subjects should include the knowledge required to effectively
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implement research results in industry and in society. When the research is basic science, the
curriculum should be oriented to next step in the value chain of R&D leading to innovation based on
the new knowledge. This work is best done by educational partners in the research projects.

C) Linking education to research. All significant research efforts integrate education of candidates at
the master and Doctorate level, and industrial innovation actors. This is to enable the candidates to
act as first tier disseminators and innovators in industry and society, applying new research based
knowledge. Education institutions involved in the research will have a special responsibility to take
initiative to develop and adapt curricula, subject courses, and to potentially establish programmes
to disseminate the knowledge. Wide cross border cooperation should allow for good horizontal
dissemination. Open and distant learning should be applied when deemed appropriate. Due
consideration should be made to timing of the injection of the knowledge into the market.

D) Immediate implementation of education initiatives. For thematic areas where significant societal
deployment of technology is expected within the next ten years, efforts should be initiated to
develop short/medium term skill requirement forecasts, curricula and dissemination planning.

E) Doctorate education. Since most of the fields in question require significant R&D effort in the
coming years, the need for researcher training in key scientific fields for energy related research
should be assessed and acted upon.

Specific Recommendations

To achieve the goals of the SET-Plan through training and education, it is recommended that the
SET-Plan incorporates as a minimum the following educational elements and actions as part of its
consideration on horizontal coordination related activities:

1. Launching of a three-year pilot-project towards establishing of the world’s first fully on-line
open source Master's program in sustainable energy with engineering, financial, social,
entrepreneurial and humanitarian content, by direct coupling with introduction of latest relevant
research results from all the pilot project partner institutions into the program. (1 year
preparation, 2 years running the first intake of students, tuition-free for the first two cohorts).
The MSc program will cover a few different options. This pilot project is intended to show the
European leadership related to higher education in the renewable energy sector, to be a show-
case for universities, and is intended to lead to larger engagement of such initiatives;

2. Establish a pilot action on accreditation and quality assurance of energy education. Provide
support through this pilot action to develop accreditation and certification structures in the
member states in cooperation with national accreditation bodies to make high level cooperation
amongst educational institutions possible. Provide support to establish structures which
accelerate a communication (including regular organisations of workshops and seminars)
process between universities to exchange and to plan for harmonized curricula;

3. Start a pilot action to monitor: (i) skills needed from the energy industry-side; (ii) new/ongoing
research results in the energy field; (iii) educational programmes offered by universities in the
energy area; as a separate effort undertake a survey (similar to the EUA/EPUE for European
Universities) on professional development activities and establish a EU-wide expert database of
researchers and top professional experts;
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4.

Create a pilot action for updating/expanding/creating energy curricula, also aiming at attracting
students to a career in the energy sector. This action need to involve relevant European
stakeholders both from the industrial and educational side; a sub-group on developing
professional (certified) programmes for energy business professionals and managers is also
recommended, to include professional organizations, industry and business employers and
universities;

Initiate a pilot action to establish a structured dialogue between the existing EU technology
platforms and EU thematic university platforms and other university initiatives to enhance
university-business cooperation; this should also include support for sharing the best practices
among knowledge institutes on curriculum design of sustainable energy. This could form a sort
of clusters of excellence;

Start a pilot-action to form a European-wide open and overarching platform for higher
education Masters and Doctoral programmes. As part of this pilot action establish a bi-annual
high-level dialogue forum of major European networks to exchange information of on-going
and planned activities in education and training in energy, to coordinate such efforts, to advice
on necessary measures on European level to meet SET-Plan Education and Training goals.
Provide more support for the mobility of master and Doctorate students across the countries.
Create EU-wide programmes e.gan ‘Erasmus-Mundus’-type of joint-educational (MSc,
Doctorate) programmes either within the existing EM-scheme or within the SET-Plan;

Support a pilot action or study to apply an ECVET-type of a scheme for vocational education and
training in sustainable energy fields outgoing from experiences in the nuclear field. A few 2-3
year pilot projects in selected sustainable energy technology fields should be set up to establish,
test and modify the model concept;

Nomenclature /Abbreviations

EUA- EPUE European University Association — European Platform of Universities engaged in Energy

research, education and training

EIT KIC InnoEnergy

EERA European Energy Research Arena

SEEIT European Strategic Partnership for Sustainable Energy Education, Innovation and
technology

EUREC European Renewable Energy Research Centres Agency

CLUSTER Universities Erasmus-Mundus

CE Continuing Education

ECTS European Credit Transfer System

ECVET European Credit System for Vocational Education and Training
IEE Intelligent Energy Europe (EU Programme)

EQF European Qualifications Framework

NQF National Qualifications Framework

RES Renewable Energy Systems
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1. Current situation — existing workforces (value chain), labour-
intensity, future trends, and workforces required to achieve the
SET-Plan vision

The challenge of training a growing and skilled workforce for energy sector

In order to ensure the appropriate training of a growing and skilled workforce for the energy sector?,
higher education organizations, universities and other training institutions are currently faced with
two major challenges:

= To develop adequate capacity in terms of both manpower, and infrastructures. An increasing
number of students studying successfully have to be supported by growing numbers of:

programme planners; professorships and doctorates; research and educational laboratories;
technicians; programme managers and secretaries;

= To integrate new competences in their educational programmes to respond to the emerging
needs from the energy sector. An energy engineer of the future should be able to function in a
multidisciplinary setting of the modern energy system and to be able to respond to new design
and performance standards articulated by the societal and political agenda. At the same time

the modern engineer should be able to function in a high tech environment with different
advanced technologies requiring in-depth technological knowledge and skills. The modern
energy system, therefore, is confronting_the energy engineer of the future through a two
dimensional knowledge space: one requiring specialized in-depth advanced technological
knowledge and one requiring widening of focus beyond technology sector. As a result, there is a
need for different types of technological programs, which combine pure science and technology
with socio-economic knowledge and skills in the curriculum.

An in-depth analysis of the present status and future developments of the educational workforce
for the energy sector is currently missing, in particular on the capacity and competence issues
mentioned above. Appropriate resources at the EU level should be made available to ensure that
such an analysis is carried out and linked to the SET-Plan energy education and training.

This chapter will briefly explore what are the needs in terms of capacity and competences
development in general by educational institutions in order to face the challenge of training a
growing and skilled workforce for the energy sector.

Capacity needs in terms of manpower and infrastructures

According to a survey recently carried out by the European University Association EUA® (February
2012), which involved a sample of 165 universities from 29 European countries, almost 21,000
persons are currently employed in research activities for the energy sector, including doctoral
candidates. Concerning Master's education, these universities offer over 900 masters in the field of

“http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2011:0031:FIN:EN:PDF

5 "Presentation of the main results of the EPUE survey on the research and education capacity of European universities”:

http://www.eua.be/events/past/2012/epue-inaugural-event/presentations.aspx
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energyb. A more complete survey that would involve the whole higher education sector in Europe
would lead to much higher figures, and would also yield most probably a very fragmented picture of
the landscape of energy education in Europe, as it is already apparent in the available data today.

Given the projected growing demand of workforce needed in the sustainable energy sector the
number of both experienced staff, and high-quality infrastructures need to increase along improved
coordination of resources and activities across the Europe. We foresee growing needs in particular
in the following areas:

= Number of professorships and doctorates. Development of an adequate number of highly skilled
teaching personnel for lectures, laboratories and seminars. Emphasis needs to be put on
tutoring, mentoring and examination capacities to educate the rising number of students (e.q.
considering research based oriented learning, international environment, intercultural diversity);

= Number of programme planners: The planning for new programmes is a process which typically
involves personnel and creates costs of up to several €100,000 before launching the actual
programme. The process takes several years from idea-launch to the first cohort of students
graduating. This encompasses direct planning and coordination of involved partners, market
analysis, accreditation process as well as development of a financial plan and curriculum
development;

=  Number of Technicians: The universities must be enabled to guarantee establishing operation
and maintenance staff in a medium term perspective, in particular for laboratories and
infrastructure necessary for high-level education and teaching;

=  Programme managers and secretariat: In order to run international programmes and to
establish new programmes as well as to foster international university cooperation
management and support staff will be necessary;

= Availability of high-quality educational training infrastructure: Universities must be enabled to
offer adequate number of seminar rooms, lab facilities, state-of the art technical equipment,
library (divers media and licences) and other infrastructural equipment (e.g. IT service), an
adaptable number of students working places and consequently master thesis working places;

= Number of high-quality research laboratories: The infrastructural development of state-of-the-
art research laboratories is a pre-condition to run additional study programmes successfully.

Knowledge and expertise to face the future energy challenges of Europe

An increasing number of European universities offer Masters programs in the sustainable energy
field. Some universities also offer Bachelor level and Vocational Training programs. At the Master
level, the science and technology training is quite often added by transversal key competences. The
focus of these transversal competences varies from general technological orientations to
communication and social skills and competencies. The rationale of offering students additional
transversal knowledge and skills is to prepare them better for the profession, which not only
requires excellent disciplinary science/engineering knowledge and skills, but also a good adaptation

& "Presentation of the main results of the EPUE survey on the research and education capacity of European universities”:
http://www.eua.be/events/past/2012/epue-inaugural-event/presentations.aspx

21|Page


http://www.eua.be/events/past/2012/epue-inaugural-event/presentations.aspx

Horizontal issues

to the international and complex environment of the energy industry. This combination of excellent
science and technology training with vocational competences turns out to be very productive
approach and should be continued in the SET-Plan education activities.

European universities often offer research oriented Doctorate programs to talented graduates. The
Doctorate programs are highly specialized. This needs to be the case to develop further cutting
edge knowledge in energy for Europe. It is important to continue such in-depth disciplinary research
oriented Doctorate programs all across Europe, since they are crucial for the future energy
knowledge base of Europe. Without cutting edge science/technology research, Europe will not be
able to meet the SET-Plan goals.

Europe requires also an economically viable energy industry. One can identify knowledge and
expertise needs across the energy production chain in Europe. Industry requires state of the art
knowledge and expertise in conversion technologies in the whole range of energy resources, in
handling and integration of new (renewable) energy resources, in logistics and transmission
technologies and in smart energy management systems, among others. From the science and
technology perspective, the knowledge requirements will become more and more specialized
whereas the diversity of themes and aspects will increase. Industry therefore will need more
specialized engineers to be able to respond to the frame conditions all over production chains.

But excellence in technological performance is not anymore the only parameter that the energy
industry in Europe has to commit to. Companies should be financially viable, excellent in commerce
and trading, able to communicate adequately with the outside world and with a legally legitimated
license to operate. This requires an industrial engineer to be able to work in multidisciplinary
settings together with professionals in trade and commerce, communication and law.

Europe’s energy challenge of a sustainable, affordable and a secure energy supply also requires
specific knowledge and expertise. Facing these challenges will need strategic planning, the
organization and management of stakeholder engagement, political and societal engagement. The
challenges will require high quality multidisciplinary knowledge.

Facing the Challenge

To keep educational institutions updated of the needs of a skilled workforce in energy sector,
present and future educational workforce need to be firstly mapped in detail. Strategies for re-
training and upgrading the teachers should also be pursued. Professional management
competences should be further developed in the universities and other training institutions
requested to develop new and innovative educational programmes.

Responding to the European energy challenges requires adequately trained new generations of
engineers and professionals. The wide range of knowledge and skills required can hardly be
integrated in one professional profile only. A more clear division of knowledge and skills is needed
in combination with a stronger notion on multidisciplinary collaboration. One way to go ahead is to
offer special energy programs with different profiles in parallel. The existing highly specialized
science and engineering programs should continue but could be complemented by other more
mixed programs responding a more multidisciplinary knowledge need in the energy sector, such as
socio-economics, entrepreneurship, policy making, and European/international dimension, among
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others. The energy education challenge is to provide the future European workforce with strong
expertise in a specific energy field/technology as well as with the necessary flexibility to respond to
a rapidly changing energy environment. Mitigating these problems requires energy education and
knowledge ranging from hard core science/technology to hard core social science/lhumanities. In
this way energy educational programs could diversify and address different types of challenges in
the energy scenery of the future. Diversification could also interest new student groups for
enrolment in academic energy programs. For the benefit of the future energy supply we therefore
recommend to develop several new energy programs with different knowledge and skills profiles.

2. Ongoing actions

The Higher Education Institutions (HEI) in Europe, and in particular the leading ones, are aware of
the need for evolution of their educational programmes along the evolution of the labour markets.
HEls also strive for the update of their programmes with the most recent scientific and
technological developments, especially in the more specialized Master and Doctorate degrees. The
main mission of universities is to educate students that by earning a university degree can
demonstrate good background knowledge of their field and a good capacity to learn quickly specific
new knowledge required by their employers.

In the field of energy, a number of universities in Europe are already developing innovative Master
and Doctorate programmes, frequently pooling resources from different universities and also
involving businesses or other employers as core actors in their programmes. Many of these
initiatives involve HEls from different EU countries. Among many examples, we can mention the
energy-related programmes from the KIC-InnoEnergy, SEEIT, EUREC, CLUSTER networks; or on a
university level we find well-elaborated programmes e.g. at Delft University of Technology ( part of
a joint programme of 3 technical universities in the Netherlands), Lappeenranta University (Finland),
Newcastle University (UK) and Technical University of Denmark (Denmark). The Erasmus Mundus
programs are also good examples in this regard (the 5-years limit for sponsorship of these
programs is too short and should be prolonged).

The European University Association (EUA), through its recently created European Platform of
Universities Engaged in Energy Research (EUA-EPUE) is conducting since 2009 a survey open to EUA
members (more than 800 individual institutions in Europe) to identify Master programmes,
Doctorate programmes and research capacity of the European universities in the field of energy. To
date, the EPUE survey has been completed voluntarily by 165 universities from 29 countries. The
survey is still on-going and its uniqueness lies in the facts that are the largest and the only one
aiming at covering the entire university sector in Europe. Several of the universities in the networks
mentioned earlier are also covered by this survey. As the EPUE data set has the broadest coverage
as far as we know, we have drawn in the next so generic conclusions from this study.

The EPUE survey data’ has shown that there is a substantial research capacity in energy in the
university sector with up to 1500 groups consisting of 21,000 people, with a multitude of
educational programmes at all three cycles of education, including 900 Master Programmes, in

7 Main outcomes; presentation given at the EUA-EPUE Inaugural Event, 23 February 2012, Delft University of Technology:
http://www.eua.be/Libraries/EPUE Event/Plenary 2 EPUE DELFT v3 LBD-JS.sflb.ashx
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many areas of energy-related matters, both included and not included in the current SET Plan
technology priorities. Research and education programmes also show extensive cooperation with
external partners, particularly research institutes and industry. For example, 28% of the Master
Programmes involved at least another academic partner and 21% involved collaborations with non-
academic partners.

Normally Science, Engineering, Technology and Biotechnology are the traditional fields through
which universities organise the study of energy related matters, but results of the survey show the
development of energy studies in other disciplinary fields (e.g. economics, social sciences) and an
incipient set of interdisciplinary Master and Doctorate courses (e.g. urban planning, energy policy
development). The degree of specialization of the Master Programmes was found to be very
diverse, from those general programmes named “Master in Renewable Energies” or “Master in
Sustainable Energies” to others very specific such as “Master in energy efficient buildings”.
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Figure 1. Number of i) institutions; ii) master programmes; iii) research/doctorate areas within each of
the eleven SET-Plan Energy Research and Training Initiative vertical working groups. Source: EUA -
EPUE (February 2012 - 166 responses)

Respondent universities provided their own titles of programmes and courses in the questionnaire
responses. EUA extracted from them those that specifically made reference to the eleven
technology areas prioritised in the SET Plan Education and Training Initiative. Fig. 1 shows the
number of i) institutions; ii) master programmes; iii) research/doctorate areas within each of the
eleven SET-Plan Energy Research and Training Initiative vertical working groups. A similar exercise
could be done for other areas such as smart cities, smart grids and sustainable energy programs.

As a follow-up step, it would be most useful to continue mapping of on-going activities and in
particular to update research capacity, research projects and education programmes in the
universities. Aiming at broader coverage among European institutions would also be worthwhile in
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particular to support some other recommendations in this report. These would strongly support SET-
Plan goals in education and in providing significant impacts from it.

Based on the survey of on-going activities in university Master and Doctorate and research, we can
provide the following summarizing observations:

There is well-documented coverage of education and research topics in all SET Plan
technology priority areas within universities. A remaining open question is to what extent
this provision is adequate, harmonized, and how will it satisfy the needs for the future. The
reports of the eleven vertical working groups of this exercise will probably provide some
indication on steps to follow in each energy technology field.

There is large potential for developing cross-disciplinary research areas and courses at
Doctorate and Master level. Several disciplines need to be involved here to address the
societal challenge of energy. No clear concept for this is not available and need to be
investigated further.

There is an increasing involvement of businesses and other external partners in research
and doctoral programmes. Many of those are individual businesses and research centres but
regional clusters of companies and authorities are also involved. This indicates that there is
a basis of collaboration that could be strengthened to better serve the objectives of the SET
Plan Energy Education and Training Initiative in the frame of the so-called Knowledge
Triangle.

Furthermore, the following recommendations can be put forward:

Resources should be made available to ensure and facilitate coordination and information
flow among higher education establishments and universities active in energy research and
with other stakeholders of the SET-Plan. This could include organisation, management and
follow up of meetings as well as setting up an internet based information system;

Continued mapping of research and education capacities with respect to academic research
and technical personnel, research projects, partnership with industry and Master and
Doctorate programmes. An important additional element could be to seek for details on the
extent and degree of interdisciplinary collaboration in research and education t, and how
this could be improved and promoted;

Development of clusters of excellence, based on areas of core competence of universities
such as frontier research and education and training and design of common activities within
these clusters;

Develop structured dialogue between the existing EU technology platforms and EU thematic
university platforms and other university initiatives to enhance university-business
cooperation.

This kind of dialogue could be extended to professional development and vocational training
and education as well.
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3. Needs and gaps, in particular main barriers or bottlenecks for
the different sectors and their markets
The Working Group identified several horizontal-type of issues common to all technologies, which

need to be addressed properly in order to meet the SET-Plan goals through educational efforts.
These are listed in the following and described in detail below:

A. Transfer of latest generated knowledge into education;

B. Making available state-of-the-art education with latest knowledge widely in EU;

C. Integrating education, cutting edge research, and rich innovation environment;

D. Creating and coordinating EU wide education, training, doctoral programmes;

E. Mobilise the capacity of professional development agents (and universities) in
Europe;

F. Accreditation and quality assurance of education and training;

G. Harmonization of educational systems.

A. Transfer of latest research generated knowledge into education

High-level education is not possible without integration of latest research outcomes into the
educational programmes.

Present situation and best practices

Most of the contents in courses at undergraduate and Master levels are based on well-established
knowledge. The research learning process is more important than research project findings in the
case of undergraduate studies. Both types of knowledge are considered at Master and first year
Doctorate levels, but this may not the case in all Universities and Research Centres.
Interdisciplinary/ multidisciplinary approaches (needed for paradigm shifts) are often absent. Main
barriers to the transfer are the following: lack of awareness, results not in the right format for
education purposes, fragmented and lack of overall synthesis, and information overload.

Identification of needs and gaps

The lack of harmonization (different discipline backgrounds, different specializations and different
geographical/country needs) may lead to critical knowledge gaps in certain fields. Latest
Research/Technology advances are needed to shorten the pathways from problem definition to
solutions and industry transfer (and hence commercialization). The latest research knowledge in a
given scientific/technological field is crucial for the Doctorate formation at the top level across
Europe (best students in cutting edge research groups, for example). Important solutions in the
future will need of inputs to the problems from many points of view
(interdisciplinary/multidisciplinary vision), especially critical in certain fields (smart grids and smart
buildings and cities).

General recommendations

Transfer can be implemented in Doctorate and Master programmes, through the participation of
appropriate researchers. Master and Doctorate programs can involve researchers identified as
providing research advances in the different fields in their programs. External speakers from
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research and/or industry should be integrated parts of academic curricula through specific lectures
(within a given Master/Doctorate program). Appropriate budget can be allocated in these programs
(from different sources: university, national, EU).

In most EU research projects dissemination activities are programmed and developed (web pages of
the project, technology/result assessment deliverables, press releases, specialized workshops and
conference), but most of this material does not reach the wider society and especially the university
community (students and professors). An effort should be done to compile these efforts and
information in the Energy field and centralize it through different organizations (EPUE, EERA, KIC-
Innoenergy, etc.) in order to identify main results achieved. This initiative is already carried out in
some co-funded projects (for example in SOPHIA, a project related to Research Infrastructure for
PV: http://www.eurec.be/en/Activities/Ongoing-Projects/SOPHIA/).

Press and Media are more and more interested to disseminate technology/science advances. An
effort should be developed in the case of universities engaged in energy research and education
(many universities have their own TV/radio/press media). It is important to transfer
technology/science advances to undergraduate students (self-learning activities), as well as to
vocational training, and hence as a motivation to choose future specialization (Postgraduate
courses, Master and Doctorate).

Open-source-kind of tools may be powerful as well to disseminate research results into education
and should be elaborated further.

B. Making available state-of-the-art education with latest knowledge widely
in EU

The challenge here is knowledge management, in particular increasing the chance that new
knowledge diffuses in the communities. Exploring the potential of new (social) communication
media is of high importance. Not for sending around information, but for sending alerts guiding
people to the new information. In general we should think of new unconventional mechanisms for
the diffusion of new knowledge. A few examples include:

e The EU energy technology community could develop new layered interfaces for making new
knowledge more easily accessible. The first layer of the interface displays the big news,
with behind layers bringing the interested scholar to the academic information
(written/image/video/animation);

e Another way of knowledge diffusion across Europe is making a lecture tour across Europe
part of prestigious academic prices and awards. In this way excellent price and award
winning scientists in energy can lecture to academic communities in different parts of the
EU. This high prestige lecture tour might inspire the next generation price and award
winners among the students in the audience of the lecturing laureates.
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C. Integrating education, cutting edge research, and rich innovation

environment

The complete integration of the knowledge triangle education, research and innovation is considered
to be one of the keys towards creating, and re-launching, the innovation system in Europe. There is
a need for a highly dedicated and skilled work-force in the energy area, a work-force with specialist
knowledge but also with a capacity to change between energy fields. It is expected that this need
will be more apparent over the coming decades as the different energy technologies progress in
directions that today are difficult or impossible to predict. An in-depth analysis of the structure of
the educational system in Europe in the field of energy is required to address this issue. This could
be accomplished through e.g. EPUE and KIC-InnoEnergy which possess comprehensive know-how in
these issues.

The European higher education system is very good in general. European graduates, as well as
European researchers, are highly valued all over the world. The system would benefit, however,
from more frequent and continuous syllabus updates and from more effective approaches to
multidisciplinarity. It is widely recognized that the capacity of Graduates, Masters and Doctorates
evolve along the needs of their employers to achieve the degree of specialization that their jobs
require. This is due to the good and solid background knowledge that the students receive during
their university education.

Importantly, knowledge and labour markets evolve presently at such a speed that it makes it
virtually impossible to update constantly the educational programmes. A typical university Degree
takes 3-4 years to achieve while new technological developments are being implemented every day
in the more innovative business sectors, particularly in the field of energy. Therefore, there is a
significant need for a much higher degree of innovation and creativity in the educational system.
Many energy technologies could today be significantly more effective if there would be a public
acceptance and a social awareness of the energy use. The energy market is a very complex
interaction between many stakeholders, and involves both investments related to private persons
on a small scale (for example windows in a building) up to very large internationally coupled
systems. The word “subsidies” is continuously mentioned related to renewable energy technologies,
whereas it is always forgotten that in principle all fossil fuels are subsidies as they do not bear their
full cost towards environmental effects. There is thus a need for several special energy programs in
which technology is mixed with various combinations of market analyses, social and public
awareness. Special needs are also directly related to the innovation and entrepreneurship of the
energy concept. A new kind of entrepreneurs, using the modern social media, needs to be educated
and given the support to realize the ideas. Europe can, within the SET-Plan be the forerunner on this.

The research output needs to be significantly more coupled to education. Research results are often
published in research journals and do eventually make their way into the higher education at the
institution where the research was performed. But this process must be made much more efficient,
and the “not invented here” syndrome must be reduced in higher education. Research results need
to be disseminated into education at many different universities directly as they are made
available. To enable this researchers/educators are required to work increasingly with educational
material such as Open Resources and as Shareware. The SET-Plan can incorporate such Open
Educational Resources (OER) to make Europe a world leader in energy education, first by offering
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the research and educational community the funding possibility to work together on OER and
second by implementing a more pro-active dissemination policy into all energy research programs
sponsored by the EC. We recommend considering to develop on-line open source Master's program
in sustainable energy engineering with a financial, social, entrepreneurial and humanitarian content.
The effort required here is estimated around €10 M for a 3-year project. Such a tool could reach
broad geographical coverage, enable uniformity in quality, and a quick way to update contents.

D. Creating and coordinating EU wide higher education, training, doctoral

programimes

Coordination of educational programmes is per se a broad theme and would contain e.g.
undergraduate and graduate level activities. Coordination of energy education within a single
university is in most cases non-existing and the same applies for coordination between university
programmes within a single member state. We are aware that there are coordinations “ad-hoc” but
they are often based on interests of single persons and good personal contacts.

We focus here mainly on the university-level programmes, but the observations presented are
applicable to other levels as well.

Present situation and best practices

We have a several university networks that could serve as good examples and cases for
coordination. For example, KIC-InnoEnergy, SEEIT, EUREC, “CLUSTER” universities, Erasmus-Mundus
programme just to mention a few ones. Most of these networks work with a limited number of
partners and universities, and often the scope includes research collaboration as well. Many of
these have been created and supported through EU funding which seems to be one important factor
for successful coordination.

The European Platform for Universities engaged in Energy Research (EPUE) of the European
University Association (EUA) has collected information on master and doctorate provision and could
assist in identifying European wide schemes and coordination needs based on their statistics and
surveys on almost 200 universities, covering all SET-Plan technologies and beyond.

The Erasmus-Mundus scheme offers funding for partnership in higher education, e.g. joint doctoral
programmes. In the energy fields, a few joint-doctorate programmes have been launched such as
SETS - Erasmus Mundus Joint Doctorate in Sustainable Energy Technologies and Strategies, FUSION
DC- International Doctoral College in Fusion Science and Engineering, and SELECT+ - Environomical
Pathways for Sustainable Energy Services. Erasmus-Mundus is not energy-specific but open to other
disciplines as well meaning that energy education is just one more component in the overall
programme.

Identification of needs and gaps

As a general observation one may say that the education and training in energy at any level is not
well coordinated in Europe albeit several coordination efforts. There are though some exceptions, in
particular in the Nuclear Fission field. It should also be observed that there are several pan-
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European networks among universities, but mainly on research collaboration, some also touch
education. The number of different education programmes in Europe, e.g. on Masters or Doctoral
level, is easily counted in many thousands, which makes any coordination effort not easy if
geographical coverage are sought for. However, from the SET-Plan point of view being able to cover
whole Europe is an important aspect. In addition to coordination, resources for special programmes
such as pilot studies on EU-level are important, in particular to enhance good practices and
establishing programmes with high quality and good reputation.

Limited coordination in energy education and training has resulted in major overlap in supply
(though some is justified), little specialization and underutilization of modern educational tools.
Mobility or networking as instruments seems to be underutilized as well. All in all, present situation
leads to ineffectiveness and not being able to capture of the many benefits from doing things
together. A better coordination would lead to economic savings and improving the quality of the
programmes. In a rapidly growing and dynamic field such as sustainable energy, a better
coordination would definitely support SET-Plan goals and industrial competitiveness. The challenge
is to create European-wide flexible and strong coordination efforts, e.g. platforms that are inclusive
for new entrants.

In highly interdisciplinary energy technology fields such as energy storage or energy systems, which
may involve several science and engineering disciplines simultaneously, a single university or
education provider may not be able to offer a wide-enough but in-depth teaching portfolio in all
disciplines involved. In this case stronger coordination efforts would enable universities to specialize
in a few topics only, but at the same time cover all relevant themes through the coordination and
co-operation arrangements. For example, in case of energy storage, there are several storage
technologies based on quite different physico-chemical principles requiring e.g. mechanical
engineering, thermodynamics, physics, chemistry etc. which are not necessarily available at one
university for energy storage specifically.

General recommendations

The demand of coordination of education and education, training, and doctoral programmes is
considerable and here we put forward a few recommendations considered of highest importance:

= Supporting a European-wide neutral, open and one-voice overarching platform for coordination
of higher education Masters and Doctoral programmes which could be organized under the
present frames ; this will require an inherent capability to deal with a broad membership
(inclusive by nature) and take neutral role. As part of such an effort, we propose establishing a
bi-annual high-level dialogue forum of major European networks to exchange information of
on-going and planned activities in education and training in energy, to coordinate such efforts,
to advice on necessary measures on European level to meet SET-Plan Education and Training
goals.

= C(Creating EU-wide programmes; for example an ‘Erasmus-Mundus’-type of joint-educational
(MSc, Doctorate) programmes for the SET-Plan energy technologies either within the existing
EM-scheme or within the SET-Plan;

= Support creating an Open Access Educational and Training Tool based on modern educational
instruments to enable wide-spread, up-to-date and effective education and training in Europe in
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energy. This will necessitate establishing a coordination centre to serve as a supporting body.
The EIT KIC-Innoenergy platform offers an inherent environment for this task, which could be
complemented with the EPUE/EUA forum (see point 1) to ensure good information flow between
suppliers and users of the information.

First steps forward

As a first step we suggest 3-4-year limited-scope pilot activities to test the coordination
recommendations (point 1 and point 3). Once assessed and modified, these could be scaled-up to
European wide practice. This effort could also be combined with the harmonization issues that
follow. In addition, adequate funding should be available to test new ideas.

E. Mobilise the capacity of professional development agents (and

universities) in Europe

Capacity mobilization across Europe will be necessary to provide the educational services needed.
The approaches both for higher education and professional development may be quite similar. Here
we have looked more in detail to the issue through the professional development side, but the
findings can also be applied to higher-education side as well. The practices may though differ
somewhat.

Present situation and best practices

The European Union has launched several actions to support development of education systems
and to increase convergence of member states’ educational policies and training systems, yet
respecting national specifications. A few examples are The Lifelong Learning (LLL) Program,
European Qualifications Framework (EQF) and European Credit Transfer System (ECTS).

The Lifelong Learning Program emphasizes, amongst several things, the need for quality lifelong
learning for European competitiveness, transparent degree and qualifications systems and
cooperation between national training systems. We need projects to support the LLL program
objectives by creating flexible and creative continuing education and professional development
provision, supporting cooperation between higher education institutions and working life as well as
increasing the degree of transparency. These projects also need to create partnerships between
different actors and thus promote one of the key lines of the Charter in Lifelong Learning of EUA.

To our knowledge there is no database or collected information about professional development
training in the energy sector in EU universities or by “other agents” such as professional
organizations, consultants, industries/companies in-house activities etc. The survey that EPUE has
carried out in European universities could be extended to cover also universities’ professional
development activities.

To be able to utilize the full capacity of European University and Professional Development Agents
we need the cooperation with all the players in the field. Below are some good practical examples
of capacity mobilization through Professional Development:
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= Example 1: The example from the nuclear sector EHRO-N/ECVET European Credit for
Vocational Education and Training is a system that could be adjusted also for professional
development (“ECPET”);

= Example 2: EUREC Agency ‘s European Master in Renewable Energy. Master programme is a
good example of European co-operation. We should develop similar concepts i.e. certified
programmes at continuing education and professional development level;

= Example 3: One example of programmes that eventually aims at certification at European
level is the UP-RES project funded by EU/ IEE - Intelligent Energy Europe. UP-RES — Urban
Planning with Renewable Energy Systems aims at overcoming and eliminating non-
technological barriers currently impeding the market penetration of renewable energy
systems offering heating and cooling services (RES H/C). The particular focus is urban and
regional planning, where energy has not traditionally been a key factor. In some countries
planning guidance is already driven by energy efficiency and renewable energy systems, but
there is nevertheless a lack of awareness among planners in local authorities of how to put
this into practice. UP-RES project organizes training of urban and regional planners by
means of short and long courses in 5 partner countries, specifically Finland, Germany, UK,
Hungary and Spain during 2011-2013. The UP-RES training is designed and put together
utilizing the best practices of each country. Industry, business and communities are strongly
involved in the training steering groups. The delivery is country specific due to differences in
energy systems. The tailoring of the training concept to all the participant countries means
there will be various forms and approaches to assisting RES H/C market penetration, and
this will also mean the training material will be relevant and useful to countries across the
whole of Europe. The material will be compiled in the form of usable files and booklets in10
European languages.

Identification of needs and gaps

The demand of BSc and MSc graduates and professionals will exceed supply: turning the entire
energy sector from fossil to RES base demands substantially improved engineering education at all
levels. BSc, MSc graduates have a basic / generic knowledge in energy systems that give them a
basis to add on any specific vertical competence. Continuing Education and Professional
Development can provide for this need faster than basic education. University Professional
Development can, as an example, have an important role in educating professionals with a
background in declining industry fields to a new career in the energy field. This needs attention at
EU level.

RES technologies develop so fast that basic knowledge becomes outdated in a decade. There will be
a constant need for upgrading both basic and professional skills and knowledge. Energy
professionals need cross-discipline thinking and horizontal work related skills and competences,
such as management, systems thinking, project management, economics, multidisciplinary problem
solving skills etc.

Energy efficiency, use of renewable energy sources and reducing CO, emissions are part of social
responsibility and thus issues relevant to many professions and should be part of most CE
programs in each field of human society in years to come. This will lead to a broader societal
understanding and acceptance of the need of required SET Plan energy actions. Especially industry,
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urban planning, building and transportation sector need competent professionals that are capable
of taking into account energy- and environmental aspects in their tasks when designing, planning
and operating in their own field

Recommendations

A similar survey that the European University Association through EPUE has carried out in European
Universities could be done to cover professional development activities. An EU-wide expert database
of researchers and top professional experts would be highly beneficial for professional development
training purposes. Such an action should be undertaken by relevant actors in the Vocational Training
Field.

There are also several recommendations related to professional development and re-training
offered by higher education institutions:

= We need EU supported collaborative projects to build networks of Universities and other
players including business partners to pilot coordinated professional development
programmes;

= Professional organizations, industry and business employers and universities need a
platform to join together to develop master and professional (certified) programmes for
energy business professionals and managers;

= Professional organizations and bodies need to be supported to encourage their members to
include energy and emission related topics into their professional competence profile;

= Professional development has to foster professionals with a holistic understanding of the
energy system and bring together professionals from different fields to tackle common
energy challenges utilizing their best practices.

F. Accreditation and Quality Assurance of education and training

Current situation and present practices

The structure of regulations and practices for educational programmes in Europe is complex.
Regulations and practices exist at three levels: European, national and institutional. Many
regulations originate from old practices and cultural differences between higher education
institutions and nations. The Bologna process in Europe has for the last 15 years slowly but steadily
moved European universities and member states towards a higher degree of interconnectivity in
terms of accepting grades, merit, courses and programs. But barriers still exist.

The external quality assurance normally is performed at two levels in European countries:
Programme and institutional external quality assurance (whether it takes the form of accreditation,
evaluation or audit). It is important to point out that not all EU countries practice accreditation (one
of the types of Quality Assurance) but use evaluations and audits instead. Furthermore, the
autonomy of the establishments may vary in the accreditation process. The Programme
accreditation based on e.g. national accreditation committees for each study programme seems to
be relatively stiff for innovation, but higher education providers such as universities are usually
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free to change the set of courses and their content, e.g. in the range 10 to 30%. The Institutional
accreditation/evaluation/audit can give a possibility to create new study programmes in a general
accredited area rather freely, but requires an internal quality assurance system. A majority of
European countries have Programme accreditation but the university reforms in many countries
show a trend towards the Institutional accreditation, evaluation or audit.

An increasing trend is also on Double degree or Joint degree that may improve quality and cost
efficiency of education. Double degree programmes are simpler for the accreditation process, but
Joint degree programmes would represent a more advanced form of co-operation.

Special programmes for certified professions are usually accredited in each country by the
professional societies or chambers according to very different rules so the co-ordination or co-
operation in the international area seems to be difficult.

Identification of needs and gaps

Although Ministers for higher education of the 47 countries that conforms the European Higher
Education Area (EHEA) have, in the context of Bologna Process, adopted the Standards and
Guidelines for Quality Assurance in the European Higher Education Area (ESG)®, a common
framework for quality assurance in Europe, national accreditation systems are most often not
compatible. National accreditation systems therefore become a bottleneck for the development of
trans-European educational programmes. Accreditation can be a necessary and useful tool for
assessing and evaluating educational programmes. But as accreditation now works, it impedes the
development of joint international programmes.

As an example, the Danish accreditation system aims to ensure and proving both the quality and
relevance of higher education. Furthermore, the accreditation system is based on individual
assessments of all higher education study programmes in contrast to other countries where
institutional accreditation is to be used. The focus on proving of the relevance of a given new
educational programme is a limiting factor for the development of new programmes and in
particular for improved European collaboration. The relevance factor focuses on the
regional/national labour market without having a broader/global perspective. Experience tells that
the process of developing new programmes which can meet the needs of the labour market is
slowed down by this procedure. To proof the relevance of joint European programmes in a national
accreditation system is difficult, as the accreditation board will ask for evidence that the candidates
are needed in a regional/national labour market. Another challenge is the fact that all new
programmes may need to be accredited individually before start up. Altogether, both factors
outlined contribute to a slow implementation of new educational programmes. An estimate is that it
takes up even to 7 years in some countries from the creation of an idea to till the first student
graduates.

8 ENQA report on Standards and Guidelines for Quality Assurance in the European Higher Education Area;
http://www.enga.eu/pubs.lasso
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There are many European HEls offering joint Master programmes or joint course ‘packages’ but it is
apparent that globalization and increasing mobility of students make joint international
programmes more attractive and needed. Through joint programmes HEI can

= use complementary competences;

= pool resources and offer degree programs with increased depth and opportunity for
specialization,

= facilitate a marketplace for Master programmes based on a European Master Programme
platform to be created in specific engineering disciplines (e.g. as part of the vertical technology-
specific recommendations);

= share expensive and highly specialized laboratory facilities with access to all partners;

= increase mobility of students between partners. This will be facilitated through clearly defined
and visible study tracks (to students) so that it is easy for students to move between
universities.

Accreditation systems should take the above mentioned measures and needs in the previous
sections into account. Additionally, national accreditation should cohere with other European quality
measurements. Therefore, there is a strong need for real compatibility between national
accreditation systems, creating incentives for (large-scale) European joint programmes. Educational
systems in Europe as a whole must in the future become more integrated. As such it is logical to
also, further to the excellent national accreditation systems, in the future consider common
accreditation possibilities.

An initial analysis of accreditation processes in European countries in necessary for the
internationalization and harmonization of educational processes has already been conducted and it
should serve as a basis for further efforts aiming at internationalisation and harmonisation of
educational processes’.

Recommendations

Improvement in Accreditation and Certification procedures are considered of outmost importance to
recognise appropriately high-quality European-wide energy education and training in Europe. We
acknowledge that such recognition requires the involvement of the Member States as they are
legally responsible for the national accreditation procedures. However, this issue does not relate
solely to the energy sector and the approach should be systemic. Therefore, the following
recommendations are suggested:

= Provide an analysis of the accreditation processes in European countries in necessary for
the internationalization and harmonization of educational processes in the field of energy;

9 Eurydice Report: "The European Higher Education Area in 2012: Bologna Process Implementation Report”;

http://eacea.ec.europa.eu/education/eurydice/documents/thematic_reports/138EN.pdf
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= Accreditation procedures and criteria in EU member stated should evolve towards more
flexible structures facilitating the accreditation of pan-European educational programmes;

= Encourage Member States through their national agencies to work towards such flexible
accreditation systems and undertake necessary reforms, in particular for the energy field
and SET-Plan purposes. The Commission should initiate such a process and also provide
means to undertake the necessary background analysis and preparations. An example of a
potential flexible approach that could be considered as a starting point for discussion, could
be creating a two-step European accreditation system as follows:

l. National accreditation on an institutional level. Based on this accreditation,
institutions are free to start new programmes (national and in a European
framework);

Il. Programme accreditation on a European level. Specialised European agencies
perform the accreditation process within a specific area (for instance within the
area of applied science, computing, engineering, and technology, like ABET in the
US). The programme accreditation should be mandatory and achieved through a
recognised peer review process, which provides assurance that a university program
meets the quality standards established by the profession for which the program
prepares its students. In this case it should be assured that relevant national
competences recognise this accreditation as equivalent to their national processes,
thus limiting the administrative burden of the HEls.

G. Harmonization of educational systems

Harmonization in broad terms relates also to the Accreditation and Certification discussed in the
previous chapters. Harmonization of educational systems means here setting some kind of uniform
minimum requirements on the energy education and disciplines involved. Harmonization looks here
more on contents side whereas accreditation more on the performer and organizational side.

Present situation and best practices

The European Credit Transfer and Accumulation System (ECTS) is a major effort in Europe to make
higher educational programmes compatible. It is a learner-centred system for credit accumulation
and transfer based on the transparency of learning outcomes and learning processes. It aims to
facilitate planning, delivery, evaluation, recognition and validation of qualifications and units of
learning as well as student mobility. ECTS is widely used in formal higher education and can be
applied to other lifelong learning activities.’® ECTS makes teaching and learning in higher education
more transparent across Europe and facilitates the recognition of all studies. The system allows for
the transfer of learning experiences between different institutions, greater student mobility and
more flexible routes to gain degrees. It also aids curriculum design and quality assurance. The ECTS

10 ECTS User’s Guide: http://ec.europa.eu/education/lifelong-learning-policy/doc/ects/quide en.pdf
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concept also means that there must be more clear recommendations on both program and course
levels related to the Intended Learning Outcomes at all different levels.

On the vocational education and training side, the European Credit system for Vocational Education
and Training (ECVET) aims to facilitate validation, recognition and accumulation of work-related
skills and knowledge acquired during a stay in another country or in different situations. It should
ensure that these experiences contribute to vocational qualifications. This makes it more attractive
to move between different countries and different learning environments.

The European Qualifications Framework (EQF)'' is a step forward to link member states
qualifications systems or national qualifications frameworks (NQF) to the EQF. Basically, the EQF is
a common European reference framework acting as a translation device to make qualifications
acquired within the different education and training systems in Europe more readable and
understandable. It includes Higher Education and Vocational Education and Training which makes
EQF particularly important for the life-long learning sector.

Within the life-long learning sector in particular, the European Qualifications Framework (EQF) is a
step forward to link member states qualifications systems or national qualifications frameworks
(NQF) to the EQF. Basically, the EQF is a common European reference framework acting as a
translation device to make qualifications acquired within the different education and training
systems in Europe more readable and understandable.

The Working Group is unaware of major specific harmonization efforts in the whole energy
education field in Europe. However, there are several coordination initiatives that illustrate
harmonization efforts which should be followed up closely for their potential applicability to other
future harmonization efforts:

=  Example 1: In Nuclear Energy (under the EURATOM-treaty), which can be viewed as a
mature industry area, the educational system seems to be well underway to be harmonized
in Europe. The need to share expensive and unique education infrastructure (e.g. research
reactors), ageing workforce, lack of students, high quality standards, etc. are among the
factors that have forced the nuclear educators to collaborate and plan for more uniform
and effective educational systems. The collaboration among the universities, research
organizations and companies in Europe have led to a kind of nuclear education platform
and have enabled to provide uniformity in education, e.g. minimum requirements. The
nuclear case serves also as an example, where a technology field itself, though with help
and financial support from the Commission, has been able to provide adequate
harmonization and also to implement the changes necessary on a national level.

=  Example 2: The EUREC Agency’s Renewable Energy Master’'s Programme aims to harmonize
learning outcomes, leaving more free space to learning providers for their own teaching
approaches and methods. Harmonization of learning outcomes ensures that students
throughout Europe have similar basic knowledge in a specific technology field. Such

M The European Qualifications Framework (EQF); http://ec.europa.eu/education/lifelong-learning-policy/eaf en.htm
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uniformity seems to ease student and teacher exchange. When done e.g. on a semester
basis, harmonization have also served to synchronize curricula.

Identification of needs and gaps

Traditionally energy education in Europe has been based on national approaches outgoing from the
national needs and traditions in energy and education. However, educational systems have not
evolved under complete isolation and have been subject to inherent benchmarking supported by
visits and exchange of personnel of academia and educational institutions. Moreover the interaction
with stakeholders such as companies having a more international profile has encouraged improving
the contents of the education to toward the best-practice in the field. The interaction of national
education provides with the surrounding society at large has led to a kind of natural harmonization
of the educational system. For example in electrical engineering education, the differences in basic
university education are small throughout Europe. In case of new energy technologies covered in
the SET-Plan the situation is different as the tradition of education in this field is still short and the
practices in the EU are very diverse. In these new fields harmonization would definitely provide a
value, because without some kind of harmonization critical knowledge gaps in certain fields may
result which in turn could lead to poor quality of education and training activities.

There are several perspectives on the harmonization of educational systems that need to be
addressed such as

= Harmonization per technology, e.g. defining some kind of basic education requirements for the
technologies in the SET-Plan. Basically this needs to be addressed within the vertical technology
groups of this exercise;

= |mplementation and creating a framework for harmonization efforts, i.e. how to implement such
initiatives Europe wide;

=  Educational systems are not organized by technologies but by disciplines meaning that
harmonization may touch several science and engineering disciplines simultaneously even when
discussing a single technology. Multidisciplinary energy education would be even more
challenging;

= Harmonization involves definitively both a geographic and time dimension, i.e. harmonization
should be European wide, or it may even go beyond Europe’s boundaries, and should work on a
continuous basis. A major challenge will be to cope with the huge number of universities and
education providers involved throughout Europe.

General recommendations

From the few but successful examples, our recommendations on harmonization of the educational
system within the SET-Plan Education and Training Initiative are the following:

=  Harmonization should be focused on the Intended Learning Outcomes defining the level of
knowledge and skills that students should acquire at different educational levels;

= Adialog is needed with stakeholders to create a framework for harmonization will be necessary
to enable key education providers to define the contextual side of the education and the
learning outcomes for SET-Plan technologies. Utilizing recently established organizational
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structures of the SET-Plan would be advisable to provide such a framework. Two options can be
identified: Energy Industry Initiatives (Ell) and their technology platforms meaning establishing
e.g. Energy Education Platforms within the Ells, or, the European Platform for Universities
engaged in Energy Research (EPUE) within the European Universities Association representing
the university sector, and e.q. KIC-Innoenergy representing the knowledge triangle. Financial
provisions will be necessary to run such an activity. The kind of European level coordination
suggested here will be necessary to provide harmonization throughout Europe on a relatively
short time notice;

Outgoing from the initial positive experiences with the ECVET in the Nuclear Energy field, it is
recommended that the Commission initiates a study to analyse these experiences in more detail
and how these could be applied to less mature energy fields (most of sustainable technologies
are still disruptive industries) than nuclear energy, and what kind of modification could be
required. Following the study, a few 2-3 year pilot projects in selected sustainable energy
technology fields could be set up to establish, test and modify the model concept. This should
lead to a more generic frame applicable to all SET-Plan technologies simultaneously.

4 Recommendations at EU and Member State level within

specific target dates

Europe must ensure a sufficiently specialized work force with competence to exploit technological
opportunities. Recruiting sufficient numbers of young talent, providing them with sound basic
scientific and engineering education in energy relevant disciplines is a key requirement.
Multidisciplinary topics need increasingly be included in the competence portfolio of the students.
This work force must be kept updated with latest research knowledge in specialized fields and
include sufficient vocational training for the needs of energy sectors as a whole.

For this, we propose the following recommendations:

Europe should create a robust and responsive education system that would be able to
effectively and quickly disseminate new research-based knowledge required to implement the
new technologies. This could be achieved, for example, through the creation of an Open
Educational Resources repository from research results as they would appear. This “courseware”
should be made available to education providers. A pilot project could be mounted to develop
this approach;

Since the dynamics of the market is hard to predict, and trends that will be created can change

quickly, the key part of the responsiveness must be created through continuously updating the
competence in the existing work force. This means incorporating Life Long Learning as an
integral part of the SET Plan Energy Education and Training Initiative, since relying only on
newly graduated candidates to disseminate the new knowledge would take too long. In addition,
it is important to ensure the there are enough workforce available which addresses e.q. the
higher education sector;

One of the key bottlenecks in the whole energy education in Europe is its fragmentation on all
levels from within a single entity through member states to EU-level. We think the SET-Plan
could benefit from stronger coordination of the energy education and training, but been given
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specified tasks, e.g. surveys and statistics, link between SET-Plan and grass-root level actors, i.e.
“one voice”-provision, among others:

The innovation system in the energy sector must be sharpened to the maximum possible level
that integrates effectively research, education, and industrial innovation to create and sustain
innovative knowledge triangles. The EPUE survey has revealed the existence of a considerable
number of these knowledge triangles at a local/regional scale and they should receive proper
funding to be sustained and improved where necessary. Education programmes at master and
doctorate level are most important in this context because they can produce educated people
that can act as “agents of change” in terms of energy technological development and its socio-
economic and cultural context;

A pilot project should be devoted to analyse the new types of energy systems and their relation
with the system engineering competence profiles required. This is required because of the
increasingly complex energy supply and end use systems that are being developed. This should
be fostered in a research environment where analytical models of integrated energy systems
are developed. This may need also other multi-disciplinary elements such as socio-economics;

Pan-European studies to further identify current Masters and Doctorates and Life Long Learning
courses should be conducted to map European educational provision in the field of energy. This
could be performed at different scales and stages by the existing networks at European level
(EUA-EPUE, KIC InnoEnergy, EUREC, ESEIA, SEEIT, etc.). These studies should enable the
identification of educational needs and opportunities for harmonization and/or clustering of
courses.

As concrete immediate (pilot) actions to support above statements, we recommend the following
steps to be undertaken:

1

Launching of a three-year pilot-project towards establishing of the world’s first fully on-line
open source Master's program in sustainable energy with engineering, financial, social,
entrepreneurial and humanitarian content, by direct coupling with introduction of latest relevant
research results from all the pilot project partner institutions into the program. (1 year
preparation, 2 years running the first intake of students, tuition-free for the first two cohorts).
The MSc program will cover a few different options. This pilot project is intended to show the
European leadership related to higher education in the renewable energy sector, to be a show-
case for universities, and is intended to lead to larger engagement of such initiatives;

Establish a pilot action on accreditation and quality assurance of energy education. Provide
support through this pilot action to develop accreditation and certification structures in the
member states in cooperation with national accreditation bodies to make high level cooperation
amongst educational institutions possible. Provide support to establish structures which
accelerate a communication (including regular organisations of workshops and seminars)
process between universities to exchange and to plan for harmonized curricula;

Start a pilot action to monitor: (i) skills needed from the energy industry-side; (ii) new/ongoing
research results in the energy field; (iii) educational programmes offered by universities in the
energy area; as a separate effort undertake a survey (similar to the EUA/EPUE for European
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Universities) on professional development activities and establish a EU-wide expert database of
researchers and top professional experts;

Create a pilot action for updating/expanding/creating energy curricula, also aiming at attracting
students to a career in the energy sector. This action need to involve relevant European
stakeholders both from the industrial and educational side; a sub-group on developing
professional (certified) programmes for energy business professionals and managers is also
recommended, to include professional organizations, industry and business employers and
universities;

Initiate a pilot action to establish a structured dialogue between the existing EU technology
platforms and EU thematic university platforms and other university initiatives to enhance
university-business cooperation; this should also include support for sharing the best practices
among knowledge institutes on curriculum design of sustainable energy. This could form a sort
of clusters of excellence;

Start a pilot-action to form a European-wide open and overarching platform for higher
education Masters and Doctoral programmes. As part of this pilot action establish a bi-annual
high-level dialogue forum of major European networks to exchange information of on-going
and planned activities in education and training in energy, to coordinate such efforts, to advice
on necessary measures on European level to meet SET-Plan Education and Training goals.
Provide more support for the mobility of master and Doctorate students across the countries.
Create EU-wide programmes e.gan ‘Erasmus-Mundus’-type of joint-educational (MSc,
Doctorate) programmes either within the existing EM-scheme or within the SET-Plan;

Support a pilot action or study to apply an ECVET-type of a scheme for vocational education and
training in sustainable energy fields outgoing from experiences in the nuclear field. A few 2-3
year pilot projects in selected sustainable energy technology fields should be set up to establish,
test and modify the model concept.
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1 Current Situation

Bioenergy in Europe

Bioenergy is a traditional energy technology in Europe. Hundreds of years ago heat provision for
domestic purposes via biomass combustion was the main energy source. Europe’s industry to a
great also extent relied on char coal as its main energy source for a long time. Both often resulted
in catastrophic effects for the environment. Even with the ascent of fossil energy resources in the
19" century biomass retained an important if diminished position within Europe’s energy system,
mainly for heat production.

In the recent past, utilisation of biomass however has entered a decisive and dynamic phase in
Europe (see fig 1).
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o9
08
08
07
z 07
g 06
5 06
1 05
3
g 05
v 04
>
H 04
& 3
0
£
e 03
5
& 02
02
01
01
00
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 | 2003 2004 2005 2006 2007 | 2008
# Solar 00 0.0 0,0 0,0 0,0 0.0 0.0 00 0.0 0.0 0,0 0,0 0,0 00 0.0 0.0 01 01 01
Wind 0.0 0.0 0,0 0,0 00 0.0 0.0 0.0 01 0,1 01 0.1 0,2 0.2 03 03 04 0.5 0,6
= Geothermal 0.2 0.2 0.2 0,2 0,2 0.2 0.2 0,2 0.2 03 0,2 0,2 0,2 0,3 03 0,3 0.3 0,3 0,3
" Hydro 15 1.5 1.6 1.7 1.7 1.7 16 1,7 1,7 1,7 18 18 1.5 1.5 1.5 14 1.5 1.5 1.6
Biomass and waste 2.6 2.8 29 31 31 3.2 1,2 3.4 15 s 1.6 36 3,7 a0 4.2 a5 49 56 58

Figure 1 Contribution of renewable energy sources in the EU-27, 1990-2008

Primary Biomass, waste biomasses and biomass processed to biofuels provided a share of approx.
7.5 % to the end- energy use in Europe in 2009, as seen in table 1, making bioenergy a provider of
more than 50% of all renewable energy in Europe. The dynamic development of bioenergy, both in
terms of diversification of energy products and services (e.g. the generation and provision of bio-
fuels, bio-heat and —cold, bio- electricity as well as Synthetic Natural Gas) and increasing demand
has led to a considerable push into other sources than wood, particular crops like corn and rape.
This has in turn put bioenergy in competition with the food sector for finite land resources and
increasingly also with established material provision industries like pulp and paper and the wood
processing industries. On top of that the chemical industry may also enter this competition if crude
oil becomes scarcer.
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Tab. 1 Final energy consumption and share of biomass in the year 2009 (Mtoe)

EU 27

Austria
Belgium
Bulgaria
Cyprus

Czech Republic
Denmark
Estonia
Finland

France
Germany
Greece
Hungary
Ireland

Italy

Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovak Republic
Slovenia
Spain

Sweden
United Kingdom

Final Energy
Consumption in Mtoe

11136
26.2
345

86
19
243
147
2.7
240
1555
2132
20.5
164
118
120.9
39
44
40
04
504
60.9
18.2
221
10.6
46
889
316
1375

Final Energy
Consumption Biomass
Mtoe
83.68

4.15
123
0.69
0.03
1.84
243
061
6.95
12.43
1573
0.96
103
0.24
3.45
1.05
0.76
0.07
0.00
147
480
2.87
391
0.58
0.46
463
892
2.38

Share of
Biomass %

751
15.84
357
8.02
1.58
7.57
16.53
22.59
28.96
758
7.38
468
6.28
203
285
26.29
17.27
1.75
0
292
7.88
15.77
17.69
547
10.00
521
28.23
173

Data Source: AEBIOM Annual Statistical Report 2011, www.aebiom.org

This has considerably diversified the supply chain of bioenergy, which now encompasses agriculture,
forestry but also waste management. It will require new suppliers like aquaculture, land based
algae producers and waste water management, with a great number of associated actors within the
chain as shown in fig. 2.

It has to be stated that utilisation of biomass for energetic as well as other industrial purposes is
not by itself sustainable and limitations in production due to the limited areas, but also decreasing
soil fertility must be taken into consideration. In the public opinion biomass is often still assumed as
unlimited, since it is renewable. Biomass is however limited by finite yields per acreage. This is why
by increasing demand biomass imports transferred problems to the less developed world to a large
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Although bioenergy draws on renewable resources, the overall ecological impact along the whole
supply chain shown in fig. 2 (even in terms of carbon emissions and soil fertility) may be
considerable. The complexity of the supply chain means that sustainability of bioenergy is critically
dependent on the sustainability of the sectors involved in the supply chain such as forestry,
agriculture, waste management and transport as well as the sustainability of the competing sectors.

Bioenergy supply chain
* Farmers * Farm associations * Operators
* Farm equipmentdeveloper * Forestassociations *« Maintainance
* Crop developers * Bio-resource based personell

industry

Farms

Resource
management
Technologies

)

Resources
Production

Waste Forest

LT a

* Wagtamanagers Regional planners P
+ Staff of bio-resource * Marketing Managers

Spatial planners :

based process P P * Grid Operators
Investors/entrepreneurs
Biomass logistic \

* Food industry staff

* Technology developers
* Equipmentdesigners
* Systems engineers

¢ Foresters
* Forest small holders
* Forest harvesting equipment developers

Fig 2: The bioenergy supply chain (simplified)

Another result of the complex supply chain is that the economic and social impact of the whole
bioenergy sector is thoroughly interwoven with other strong economic sectors with their own
dynamics. Estimates® are that bioenergy adds about 15 % to the economic value of agriculture.
Cutting out the value added by bioenergy of e.g. agriculture or the transport sector is however
almost impossible. Therefore the focus of the following data will be laid on direct bioenergy
impacts, although this clearly underestimates the overall importance of this sector.

Table 1 shows that bioenergy consumption in the EU 27 varies considerably as share of total
consumption in member states. The average across the Union of about 7,5 % is overshot by a
factor 4 in northern countries like Finland and Sweden, whereas in countries like the UK, the
Netherlands and Italy bioenergy is utilised far below the average in the Union.

Fig. 2a and b show that the bioenergy supply chain is considerably different throughout the EU
member states. Municipal waste plays an important role for bioenergy (both heat and electricity) in
Germany, Denmark, Netherlands and UK, whereas Finland and Austria rely heavily on solid biomass

! Frauenhofer ISI: Final report of EmployRES, 2009
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as fuel for electricity and heat provision. Biogases (from digestion) are the main source for
electricity in Germany and UK, with solid biomass a close runner-up. Although these differences are
strongly influenced by the natural endowment of a country, they also mirror variations in factors
like ownership structures, technological development paths and interaction with other sectors within
a national economy.

[TI/yr] Gross Electric Generation in TJ 2009
50.000
= Municipal Waste™
45.000 M Industrial Waste
m Primary Solid Biofuels
40.000 = Biogases

= Liquid Biofuels

35.000

30.000

25.000

20.000

15.000

Austria Czech Denmar K Finland German y Greece Hungary Ireland Italy Netherlands  Slovak Slovenia United
Republic Kingdom

Fig 2a Gross Electric generation and heat production in TJ, 2009

[Tityr] Gross Heat Production in TJ 2009
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" "
" e
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o - mm I_l-J_l___l -
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Republic Kingdom

Fig 2b Gross heat production in TJ, 2009

Data Source: IEA http://www.iea.org/stats/
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These variations translate into very different development pathways of bioenergy within the Union.
It ranges from Greece, where the bioenergy sector is still mostly dormant to Italy with a vibrant
development in the utilisation of waste flows including waste water sludge and organic municipal
waste as well as generation of biofuels and bio-oils (for use in transport as additives to fossil fuel
as well as in stationary cogeneration plants) produced via 2™ generation biofuel technologies. In
Germany activities to utilise urban waste water fractions (black water) directly are currently under
way. Austria shows a particularly well developed forestry based heat provision sector, with a wide
range of innovative technology companies in this field as well as an important biogas sector.
Finland features even more cutting edge development in the fields of biofuels (in particular by
Neste Oil, a company that also drives BTL development, and UPM producing biodiesel from tall oil),
forestry residues utilisation (e.qg. gasification of bark by Metsa Fiber) and pyrolysis (Fortum). Finland
already pursues a comprehensive approach to a Bio-Economy, driving the systemic development of
bio-refinery technologies.

Germany has the highest overall bioenergy consumption within the EU 27 (Tab.1), and has further
increased it (2010: 2496 TWh). Also the share of biomass increased (2010: 7.9 % of total energy
consumption); biomass contributes around 70 % to the renewable energy share (BMU/AGEE-Stat
March 2011 total) and is mainly used for heating. Wood is with 90% the most important source.
However, electricity generation from biomass has drastically increased in the last years supported
by the Renewable-Energy-Law (EEG). With about 7.000 (as of 2011) plants it has by far the highest
number of biogas facilities in Europe, mainly operated with corn and manure. Most of these
facilities use CHP however 52 facilities already provide bio-methane in natural gas quality, with
increasing tendency. In the biofuel sector biodiesel is most important, but also first and second
generation systems for the production of plant oil, bio ethanol, Bio-ETBE and biogas to liquid are in
operation?.

Regarding the overall impact of bioenergy in economic terms as well as in terms of employment,
fig. 3 and 4 represent the situation in 2005. In these figures Biogas summarises all digestion plants
using agricultural products, Biomass-grid represents all solid biomass utilisation efforts that
produce grid-based energy services like district heat and/or electricity, Bio-waste stands for
utilisation of biogenic wastes from society (e.g. waste water, municipal bio-waste, etc.) and biofuels
represent all liquid bio-based energy carriers used in mobility (e.g. bio-ethanol, bio-diesel, etc.). The
columns are segmented into the economic impact of investment for equipment and infra-structure,
operation of the facilities and the impact created by providing the raw materials utilised in the
installations.

A total induced value added of about 34 billion. €/a (of which 55 % are direct value added and 45
% indirect effects) may be attributed to bioenergy, representing about 0.34 % of total gross EU-
GDP. In terms of employment roughly 0.875 Mio fulltime equivalent jobs can be attributed to the
direct and indirect economic impact of bioenergy in 2005, representing 0.43 % of the European
workforce®.

2 See http://mediathek.fnr.de/grafiken/daten-und-fakten/bioenergie/struktur-des-primarenergieverbrauchs-in-deutschland-
primarenergie.html

3 Frauenhofer ISI: Final report of EmployRES, 2009
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64 % of total value added as well as of workforce is induced by solid biomass utilisation (grid
&non-grid). Particularly interesting is the large fraction of economic impact of the supply chain, with
33 9% of total value added and even 29 % of people employed in bio-energy. This indicates the
strong position of solid biomass utilisation pathways and in particular forest product utilisation

within bioenergy in Europe.
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Fig. 3: total value added in the EU induced by bioenergy (2005)
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Fig. 4: Total employment induced in the EU by bioenergy (2005)
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Future trends

Quantitative Trends

From the point of the European Commission bioenergy development is addressed in one of the
seven SET Plan Roadmaps on Low Carbon Energy Technologies® (calling i.a. for a share of 14 % of
sustainable, cost competitive bioenergy in the European energy mix) as well as in the SET Plan
Materials Roadmap®.

Table 2 shows estimates for the development of bioenergy until 2020 in the Union. In total biomass
use for energetic purposes will, according to this estimate, rise by a factor 2.25 in the 15 years
from 2005 to 2020. Combining these two datasets allows to roughly estimate the impact on
employment. The increase of bioenergy will correspond to a necessary workforce by 2020 of almost
2 million. fulltime equivalent employees, requiring education of almost 1 million employees in the
remaining time to 20206,

This table shows that the increase of bioenergy utilisation will be uneven in different applications.
Whereas electricity from bio-resources will increase by a factor of 3.3, heat provision will only
increase by 70 % (although with the highest increase in absolute numbers). The most dramatic
increase will be seen in biofuels, with a factor of 10!

An increase in combined heat, power and cooling (CHPC) and biofuel provision will translate in a
disproportionate increase in the jobs created in the supply chain, as these two bioenergy
applications require particular strong efforts to provide resources. The jobs created in this field will
predominantly require qualifications geared towards bioenergy in agriculture and logistics of
bioresources especially at the level of vocational training and supply chain management.
Watkinson’ analysed that in comparison to fossil fuels in Europe, biofuels create 50 to 100 times
the number of jobs; electricity from biomass creates 10 to 20 times the number of jobs; and heat
from biomass creates double the number of jobs. The disproportionate increase in bio-electricity as
well as in biofuels will require new jobs in research and technology development, as these
bioenergy sectors are currently subject to especially dynamic innovation.

4See http://setis.ec.europa.eu/about-setis/technology-roadmap/the-set-plan-roadmap-on-low-carbon-energy-technologies
[last consulted July 2012] for further details.

5> See http://setis.ec.europa.eu/activities/materials-roadmap/ [last consulted July 2012] for further details.
& Estimated from Frauenhofer ISI: Final report of EmployRES, 2009

7 Watkinson, LI, Bridgwater, A.V., Luxmore, C, 2011: Advanced education and training in bioenergy in Europe,
Biomass and Bioenergy 38 (2012), 128-143
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Tab. 2 Estimation of total contribution expected from bioenergy (ktoe)

Bioelectricity Biomass for heat and bio-heat Biofuels

2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020
EU 27 5936 9737 14344 19697 52522 61782 72880 89756 2821 13819 19460 28859
Austria 243 406 415 443 3033 3415 3463 3607 35 330 370 490
Belgium 154 259 512 949 477 682 1178 2034 0 329 497 789
Bulgaria 0 0 56 75 724 734 929 1073 0 30 115 196
Cyprus 0 3 7 12 4 18 24 30 0 16 22 38
Czech 62 166 414 531 1374 1759 2248 2517 3 243 438 623
Republic
Denmark 279 324 519 761 1759 2245 2526 2643 0 31 247 261
Estonia 3 21 30 30 505 612 626 607 0 1 35 89
Finland 831 696 850 1110 5490 4990 5810 6610 0 220 420 560
France 328 378 902 1476 9153 9953 12760 16455 403 2715 2925 3500
Germany 1206 2818 3619 4253 7260 9092 10388 11355 1742 3429 3070 5300
Greece 8 22 43 108 951 1012 1128 1222 1 107 386 617
Hungary 0 168 193 286 0 812 829 1272 5 144 250 506
Ireland 10 30 76 87 183 198 388 486 1 134 299 481
Italy 402 743 1179 1615 1655 2239 3521 5670 179 1016 1748 2480
Latvia 4 6 57 105 1114 1020 1147 1392 3 39 39 46
Lithuania 1 13 65 105 686 663 879 1023 4 55 109 167
Luxembourg 4 6 17 25) 19 23 50 83 1 42 81 216
Malta 0 1 12 12 0 1 2 2 0 0 0 0
Netherlands 433 514 1148 1431 609 684 778 878 0 307 567 834
Poland 125 518 851 1223 0 3911 4227 5089 43 966 1327 1902
Portugal 170 206 289 302 2507 2179 2339 2322 0 281 429 477
Romania 0 0 0 0 3166 2794 2931 3876 0 224 363 489
Slovakia 3 52 116 147 358 447 576 690 0 82 137 185
Slovenia 10 26 54 58 445 415 495 526 0 41 79 192
Spain 228 388 513 861 3477 3583 4060 4950 258 1703 2470 3500
Sweden 651 914 1177 1441 7013 7978 8622 9426 144 340 528 716
UK 783 1060 1229 2249 560 323 958 3914 nm 996 2510 4205

Data Source: AEBIOM Annual Statistical Report 2011; www.aebiom.org

This means increased need in academic education. According to the SET Plan about 200,000 new
jobs in bioenergy equipment supply and operation will be created by the year 2020; 800,000 new
jobs in agriculture and forestry. In the engineering field (supply and operation) 5 - 10 % of those
jobs require an academic degree focussed on bioenergy while in the supply chain 3 -5% will require
such a degree. In addition to academics the establishment of bioenergy value chain managers will
be necessary and are also included in the following table:

Foreseen needs | Foreseen needs | Foreseen needs
2020 2030 2050
Bioenergy total
2,000,000 3,000,000 4,000,000
Engineering: Equipment Supply & Operation
Total 200,000 200,000 200,000
Academics graduated per year 1.075 - 2,150 850 - 1700 430 - 850
Academics PHD per year 175 - 350 150 - 300 70-150
Supply Chain: Agriculture and Forestry
Total 800,000 800,000 800,000
Academics graduated per year 2,570 - 4,300 2,050 - 3430 1,030-1,720
Academics PHD per year 430-700 350-570 170 - 280
Supply Chain Manager per year 1,000 1,000 400
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Qualitative Trends

The main challenge for bioenergy in Europe will be to provide considerably more energy, in
particular heat and storable energy (solid, liquid and gaseous energy carriers) as well as support for
smart (electricity) grids by providing energy “just in time”. Competition with the food sector for
agricultural bio-resources as well as with pulp and paper industry and the construction timber
sector for forest biomass and particle board production and chemical industry will on the one hand
drive the bioenergy sector increasingly to the utilisation of lower quality biomass, agricultural by-
products, wastes and non-conventional resources (e.g. algae). On the other hand it will require
highest efficiency standards for the technologies employed. Overseas imports of biomass will
probably increase drastically leading to a demand for political requlations of the imports to reduce
problems by unsustainable utilization in the producing countries. Furthermore it can be expected,
that biomass thefts will increase. They already occur actually with increasing tendency and partly
have already commercial scale.

Bio-resources are highly dependent on spatial context, relying on land and its fertility as the basic
resource. Many bio-resources have unfavourable transport properties (high water content and/or
low transport densities) requiring a thorough optimisation of logistics and in many cases de-central
utilisation. This is in particular true for low quality biomass, agricultural by-products and many
wastes, which will contribute an increasing share to European bioenergy. This will give raise to new
business models and require a high degree of resource management, calling for complex consortia
of stake holders and actors to co-operate in order to bring the full potential of bioenergy to bear.

As the underlying resource for bioenergy, namely land, is limited and subject to competing claims
from food, material industry and energy sectors management of land as well as material flows
from (in terms of harvested biomass) and to land (in form of recycled waste flows) will become
crucial for a sustainable bio-economy. Regional management of this limited resource and
utilisation of bio-resources will become a major driver for integrated policy approaches as well as
economic and political importance, making regional political entities a beneficiary of the increased
role of bioenergy in the European energy mix.

Besides innovation in resource management and business models, the requirement for high
efficiency in resource utilisation will give raise to technical innovation. Bio-refineries will become an
option to utilise resources to their fullest extent by providing no single products but portfolios of
products and services. This will intertwine bioenergy even more with other sectors, namely the
chemical industry. This trend calls for a strong R&D capability in Europe, such as EERA, paired with
sufficient engineering capacity to develop technologies, plan facilities and operate them.

This trend towards innovative technologies will even become stronger as the heat market, the
mainstay of current bioenergy utilisation, will undergo a profound change. More efficient buildings
will generally decrease the heat load to be covered and bioenergy will get competition from other
technologies well geared to supply lower heat loads e.g. heat pumps. This will shift the market for
bioenergy more towards provision of (just-in-time) electricity, SNG and liquid biofuels. Again, this
calls for a forceful technological innovation, even for companies that are currently quite
successfully providing biomass heating systems, with the necessity to provide sufficient research
engineering capacity to support this innovation.
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2 On-going Activities
Staff development strategies of business

Companies employ different enrolling and training strategies depending on their size and strategic
goals:

e Large companies with fossil product portfolios (e.g. ENI in Italy) are heavily investing in R&D in
the field of bioenergy but so far do not convert their research results into substantial industrial
initiatives. These companies will surely come out with striking bioenergy initiatives in due time.
Their hiring strategy is mainly based on excellent quality of traditional science and engineering
curricula. They operate internal training programmes particularly on financial and environmental
topics.

o However, some changes have already taken place. E.g. Neste Qil has hired several experts in
bio-chemistry and biotechnology to support the development on fuels from renewable raw
materials to join their multidisciplinary teams.

e Large engineering companies producing and selling know how are choosing employees with
either science (biology, bio-chemistry, etc.) or engineering (chemical, environmental, energy...)
degrees. Quality of the candidates’ disciplinary knowledge and engineering as well as science
skills are a prerequisite but know-how in the bio-sector is appreciated. These companies often
lament lack of knowledge of university alumni of how an engineering work is done in practice,
how an industrial project is carried out and managed. In addition they would appreciate if life
cycle thinking would enter the intellectual DNA of more than it is now. They are covering these
gaps with internal training.

e Medium-size companies (with 200-300 employees) follow different hiring approaches: either
they bet on the solid scientific and technical knowledge (especially in civil-, environmental-,
chemical engineering) and augment the skills of their employees with internal training on
financial and economic issues or they hire preferentially industrial engineering and
management which allow the best compromise between technical and managerial knowledge.
In both cases employees from top quality master programs featuring renewable and/or green
technologies courses (even if not specifically bioenergy related) are given priority.

e Small companies generally bet on the quality and independence of the persons they hire. The
liberalisation of the market of energy has led to an explosion of small companies pretending to
deliver high tech and risky plants (e.g. bio-waste pyro-gasifiers) which more often than not have
a severe shortage of skilled personnel, especially in the light of their ambitions. This knowledge
deficit can lead to bad industrial practices in the field which in turn severely affects the
standing of the whole sector with business, the general public and political decision makers.

As a general rule bioenergy technology has so far not attained the standing of an engineering
discipline in its own right. The workforce active in bioenergy as well as along the whole supply chain
is therefore composed of employees with different educational backgrounds with companies often
providing educational fine tuning to enhance the skill base of their workforce. The hiring strategy of
business which is looking for excellence in traditional curricula is cementing this status quo.
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On-going educational activities

Bioenergy is less seen as an educational discipline in its own right (such as e.g. electrical
engineering or aerospace engineering) and more as an occupational field to apply different
disciplines. Therefore the vast majority of curricula on all levels of education, from vocational
training to bachelor to master courses and doctoral schools is defined by the need of generic fields
like mechanical, chemical and electrical engineering and, if the supply chain is concerned,
agriculture, forestry, wood management and economics. On the vocational level the same rational
applies, with employees in bioenergy featuring backgrounds like electrician, plumber and mechanic
or, again in the supply chain, farmer and forester.

The rising importance of the sector has however led to different education strategies in Europe to
integrate necessary skills for bioenergy into traditional curricula and the development of special
educational offers. 8

A look on the bioenergy supply chain in Figure 1 point to the following main disciplines wherein
specific bioenergy education plays a main role - agriculture, forestry, wood management,
engineering, policy (including regional development) and sustainable development. An international
review of bioenergy training and education showed that the first three are the dominant relevant
sectors. ?

A recent study!® lists 65 English-language Masters Courses in the EU27 plus Norway and
Switzerland that include at least some bioenergy content. Additional Masters Courses offered in
native languages were not included since their international appeal is limited.

On the international level the EUREC European Master in renewable energy technology is offered by
a consortium of European universities which features a specialization in biomass technologies.

Looking at some sample EU member countries a quite diverse picture emerges. In Italy numerous
master curricula concerning bioenergy are either in panning or implemented however their economic
sustainability (depending mostly on public funding) is often shaky. Bioenergy content on
undergraduate and postgraduate levels is just a minor part of the main curricula in engineering
disciplines.

Austria offers masters courses e.q. in natural resources management and ecological engineering at
the University of Natural Resources and Life Sciences in Vienna. Some University of Applied
Sciences put their focus on renewable energies and natural resources like the one in Wieselburg
offering a master course in renewable energy systems and technical energy management with a
strong bioenergy focus. In most engineering master courses in Austria bioenergy is usually just a
minor and in many cases elective part of the curriculum.

8 Miiller, S, Brown, A, Olz, S, 2011: Renewable Energy - Policy considerations for deploying renewables. An IEA
information paper, November 2011; http://www.iea.org/publications

% Helaion, K, et al,, 2005: Bioenergy Training and Education Needs, SEI; www.seai.ie

10 wWatkinson, LI, Bridgwater, A.V., Luxmore, C,, 2011: Advanced education and training in bioenergy in Europe, Biomass and
Bioenergy 38 (2012), 128-143
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Large Finnish universities have master and doctoral level programmes in which there is at least a
major part related to bioenergy/bio-refining/bio-economy. Several universities join forces in national
doctoral programmes. Bioenergy is included at least in the following programmes: Graduate School
in Chemical Engineering (coordinated by Abo Akademy University with Aalto University,
Lappeenranta University of Technology and Oulu University), Doctoral Programme for Biomass
Refining (coordinated by University of Helsinki, with Aalto University, Abo Akademy University and
VTT), International Doctoral Programme in bio-products Technology (coordinated by Aalto University
with Abo Akademy University, Universities of Helsinki, Jyvaskylda and Oulu, Lappeenranta University
of Technology, Tampere University of Technology), Graduate School in Forest Sciences (coordinated
by University of Eastern Finland, University of Helsinki, University of Oulu and METLA). The Aalto
University is one of the partners of Erasmus Mundus Master Programme SELECT and of Erasmus
Mundus Joint Doctorate SELECT+ with responsibility for bioenergy. Both the programmes are
coordinated by KTH, Sweden.

For Germany bioenergy education is very complex integrated in manifold options. “Studium-
Erneuerbare-Energien“ gives an overview ( http://www.studium-erneuerbare-energien.de/). Around
250 study courses and qualification possibilities for the field of renewable energies are listed there
- ranging from bachelor, master, diploma courses, training activities and dual studies, extra-
occupational studies and long distance studies. From the subject, bioenergy education may be
included in study courses such as: renewable/ regenerative energies, energy management, energy
systems, energy technology, building technique, mechanical engineering, electrical engineering,
process engineering, chemical engineering and environmental technique/ management/ engineering.
But this list is by far not complete.

Other important courses with bioenergy modules are e.g. not included in these list are e.qg. forestry,
wood science and agricultural disciplines. These studies are not only focused on the production and
harvest of bio-resources but include different utilisation routes as well. Besides traditional
utilisation pathways of bio-resources central to these disciplines bioenergy technologies or their
utilisation in bio-refineries are taught intensively.

In case of vocational trainings and lifelong learning a steady growing offer in courses can be seen
across EU member states. Case in point is the Austrian effort on this level. There is a vocational
farming school (in Freistadt) that is particularly dedicated to providing know-how for bioenergy
systems and their supply. The Austrian Biomass Association runs e.g. training programs on
bioenergy ranging from one day seminars to advanced vocational training courses. The Austrian
Biofuels Institute offers training courses to companies in the biofuels business as well as for those
considering entering it and for financial institutions providing biofuel funding and governmental
agencies.

Summarizing on-going activities in education for bioenergy the following general conclusions can be
drawn:

e Bioenergy has not emerged as a professional educational discipline in its own right;
e The workforce in bioenergy is therefore educated in a variety of traditional curricula
following the requirements of their more generic fields;
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e Bioenergy content is in most cases an add-on to existing curricula, mostly in the form of
elective modules;

e Business shoulders the burden of fine tuning more generic education of their employees to
the requirements of bioenergy through in-house training;

e Vocational training initiatives for bioenergy emerge in many EU countries. Co-ordination as
well as standardization of these initiatives on a European (and even national) level is still
deficient.

3 Needs and Gaps

Although bioenergy has a long tradition in Europe and subsequently has an established base in the
education system in EU Member States, recent development and future trends bring educational
requirements that cannot be covered by the existing educational system. Transforming in a larger
context present industry towards bio-economy is creating huge challenges, where traditional tools
taught are not any more sufficient and a modernization of curricula on every level to include
multidisciplinarity, entrepreneurship and teamwork skills in multicultural groups is needed.
Bioenergy in particular will see four major future challenges that together herald a wave of
innovation:

e A substantial broadening of the resource base, including waste and waste water flows, residues
from industry, commerce, landscaping, gardening, agriculture and forestry as well as
unconventional resources like algae;

e The advent of an encompassing Bio-Economy, linking bioenergy with a complex production
system for manifold products combined with the introduction of utilization hierarchies and the
need of evaluation systems

e The particular requirements of achieving the SET plan objectives such as provision of storable
energy, bio-fuels and integration into smart grids.

e Design of the interfaces to other disciplines along the utilization chain and handling of
competitions for bio-resources

These challenges will strain the educational base for the workforce in bioenergy. In particular gaps
between existing education and future requirement of skills of the workforce in bioenergy exist in
the following areas:

e Engineering, technology development and operation

e (Bio)-Resource management

e Business innovation and supply chain management

e Improving skills in existing industries utilising bio-resources
e R&D

e Public involvement and decision making

Within these topical areas success of bioenergy in Europe depends on innovation in educational
approaches and organisation of learning. In particular, innovations are needed in

56|Page



Bioenergy

e Modernization of curricula to include multidisciplinarity, entrepreneurship and teamwork in
multicultural groups

e Practice and problem orientation of education

e R &D as well as educational infra-structure

o New teaching methods, including virtual education

e Mobility of learners and teaching staff

e Life-long learning

It must be stated here that education for bioenergy does not have to start from scratch. Existing
curricula and training courses offer a solid fundament on which to build new educational capacities.
In the following paragraphs the gaps still arising in the fields summarised above will be discussed
in detail as well as needs necessary to bridge these gaps and overcome educational bottlenecks.

Engineering, technology development and operation

Bottlenecks, gaps and barriers

The challenge here is to provide well educated engineers and technicians that will satisfy the
increasing demand for technical personnel in the bioenergy sector. Most jobs here are fairly
conventional in their requirements as technology providers as well as equipment operation and
maintenance call for mechanical engineers, chemical engineers, electronics and control engineers
and technicians as well as manufacturing technicians. Bioenergy is here in a fierce competition with
other sectors outside the energy sector, e.g. the automotive sector, as well as all sectors that
provide renewable and non-renewable resource based energy equipment. All technical sectors in
Europe are confronted with increasing demand for a skilled workforce at a time of shrinking interest
of people entering the workforce in technical jobs. This creates a bottleneck in terms of trained
engineers, that bioenergy shares with other industries in general and other renewable energy
sectors in particular. The barrier here is that bioenergy, although it has a generally positive public
image, is not seen as the particularly dynamic sector generating interesting job chances it actually
is.

The gap to be seen here is not so much a gap in the provision of particular skills than a quantitative
gap between available employees and jobs to be filled. As competition with other sectors will
remain important for the foreseeable future, besides measures to interest European youth in
general for technical careers, making the bioenergy sector more attractive compared to other
contenders is becoming critical for reaching the SET plan goals. There is a definite gap between the
attractiveness of the bioenergy sector and other, more established and bigger competitors for
young technical talent that has to be overcome in order to provide a sufficient base of skilled labour
to shoulder the burden of the highly dynamic development in this sector.

Many alumni of academic as well as vocational (at least in countries that do not require dual or co-
operative education) education in all disciplines touched by bioenergy face a barrier when entering
the job market in the form of missing practical experience. The gap between employer’s expectation
and applicants experience diminishes chances for young job starters on all levels of qualification
and may also reduce market penetration of ideas from academia to business.

57|Page



Bioenergy

Education provides the fundament of a flexible and mobile workforce. It is therefore necessary to
integrate a mobility element in the education on all levels. Though that is already addressed on the
higher education level via European Union exchange programs (with still some room for
improvement), there is a gap on the level of vocational training. Main barriers here are different
educational systems and quality standards in the member states.

Innovation Needs

» Modernisation of curricula to include multidisciplinarity, entrepreneurship and
teamwork in multicultural groups

One particular way of attracting young people to technical training is by offering modern curricula
that while providing sound scientific and engineering fundamentals feature interdisciplinary
education and foster entrepreneurship. This is of particular importance for bioenergy with its
complex supply chain as employees in this sector will inevitably be required to understand
economic, social and environmental implications of their work. More than in other sustainable
energy sectors, life cycle thinking as well as entrepreneurial skills is necessary in bioenergy. This
makes the need for modernised engineering and vocational training curricula especially pressing
from the point of view of reaching the SET plan goals in bioenergy.

» Practice and problem orientation of education

A major factor for improving both effectiveness and attractiveness of education is to link training
with practice. The better this link will be developed between the bioenergy sector and education
institutions the higher the attractiveness of this sector to engineers and technicians of all disciplines
and the better the alumni are prepared to meet the challenges of their professional life. There is a
definite need for programs that link bioenergy industry with institutions for education, ensuring on
the one hand practice and problem oriented learning and on the other hand early contact to
companies, allowing them to impress and attract them to careers in bioenergy. The development of
a tight bond between bioenergy business and education has to cover all levels, from vocational
training to bachelor to master to PhD and post-doc education. The link on the latter two levels has
to be seen in terms of more efficient research co-operation besides its educational impact.

» R & D as well as educational infra-structure

Besides contact to business there is a need for engineering students to be exposed to research and
development within their curricula. In particular training at sites that offer access to pilot scale
installations will greatly improve the skill level of future bioenergy engineers. There is a need to
establish such research and development centres across Europe, co-ordinate their activities and
open them to educational purposes. This should happen jointly with industry and academia.

» New teaching methods, including virtual education

Virtual education offers a chance for many educational institutions to join forces in providing high
quality courses online. This becomes particularly important if curricula have to be modernised which
usually is a costly enterprise. There is a need for enhanced co-operation between institutions for
tertiary education to improve their virtual education capacities and co-operate to make outstanding
courses in relevant topics for bioenergy available to their students.
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» Mobility of learners and teaching staff

Creating a truly European, highly skilled and motivated workforce requires exposing students to
different cultural contexts by supporting and stimulating mobility. Mobility in this respect however
must not be restricted to mobility between universities in different countries, but includes also
mobility to business. The latter mobility is also crucial for teaching staff in order to stimulate the
necessary close co-operation between education and business in general.

A major gap identified here is the lack in mobility programs for vocational education level. If the
bioenergy sector pioneers filling this gap it would provide the sector with a considerable advantage
over other contenders for technical talent on the vocational level, helping to alleviate the deficit in
terms of skilled personnel on this level. On top of that it would increase the capabilities of alumni
from such a program as they gain professional and cultural experience (and possibly language
skills) within their education. This would also add to a mobile and flexible European workforce in
this sector.

» Lifelong learning

Lifelong learning is a necessity in all disciplines and sectors and bioenergy is no exception to this
rule. There is however a particular need here as many new employees in this expanding sector have
a professional background in other fields. It is therefore an urgent need to provide lifelong learning
opportunities to employees in bioengineering that specially focus on technological innovation as
well as issues related to the complexity of the supply chain, life cycle thinking and the interaction
between different actors from resource generation to grid operation. In order to meet this need all
synergies resulting from modernising curricula and implementation of virtual learning tools have to
be utilised.

Resource management

Bottlenecks, gaps and barriers

Competition for limited resource capacity requires careful management of bio-resources. This
competition is already visible in the forestry based supply for bioenergy as increased energy
demand puts bioenergy against more traditional utilisation pathways such as pulp & paper and
timber. Additional forest resources must be mobilised risking over-exploitation and de-forestation in
developing countries. The competition for bio-resources in general will become a particularly vexing
problem as the resource base will be diversified in future and competing claims to resources will
spread far beyond what is currently already visible in forestry and in the case competition of bio-
fuels with the food sector. Here we encounter a number of barriers for bringing on the full
potential of bioenergy:

e Lack of knowledge on mass and energy balances along the utilization chains; danger of
introduction of inefficient technologies

e Lack of consistent management of resources on a regional scale leads to uncertain raw
material provision and resource bottlenecks for bioenergy technologies.

e As bioenergy increasingly utilises agricultural by-products (e.g. straw, intercrops),
uncertainty about possible impact on fertility of taking additional biomass from fields
restrict a broader utilisation of these resources. This is a particularly sensitive topic as over-
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exploitation can lead to lasting damage to fertility and hence diminish further utilisation of
the basic resource of land.

e In some European countries (i.e. Austria, Finland) forest resources are not utilised to their
fullest potential, partly because ownership structures (small holders, unclear ownership)
pose restrictions. The same holds true for agricultural by-products where retrieving and
handling these resources has still room for improvement.

e All waste, waste water and residue-based resources are by far not utilized to their full
potential, there does not even a suitable, broad knowledge, documentations about their
amount and potentials exist.

e (Complete new infrastructures would be necessary for efficient utilization e.g. from kitchen
waste or toilet waste; such changes are difficult in established systems.

e Uncertainty about the impact of re-integrating residues of bioenergy technologies (biogas
manure, ashes, etc.) on fertility of fields restricts implementation of bioenergy systems on a
broader scale.

e Consideration of material products from bio-resources as main product and bioenergy as
side-product; that leads to bio-refinery systems and a highly efficient utilization of the
original resource.

e There is a lack of European-wide regulations for biomass trade, product quality
requirements and subsidies.

e (Consideration of energy savings if old systems are exchanged to new systems (e.q.
conventional waste water treatment is very energy intensive; new systems may even
produce excess energy)

These barriers point to a number of gaps in the educational system that pertain to different levels
of qualification and disciplines:

e Regional planning so far has concentrated on issues of spatial planning and in some cases
regional economic development. Regional resource planning and long term resource
management has been less developed so far, although some industry sectors (e.g. sugar as
well as starch industry) have pioneered the way to some extent. There is a definite skill gap
on the part of regional planners as well as regional authorities on the requirements of an
encompassing “Bio-Economy”, including methods of optimal resource allocation, taking
bioenergy (and bio-refinery concepts) into account. Another skill gap exists with respect to
other spatially relevant SET plan programs such as smart grids and smart settlements and
the contribution bioenergy can bring to meet these objectives. On top of that knowledge of
the societal processes and business models necessary to bring together the different actors
along the bioenergy value chain has also not sufficiently penetrated the communities of
these actors.

e Farmers are responsible for the fertility of their fields and are well educated to maintain it
under current agricultural practice. Skills to handle utilisation of by-products in a sustainable
way retaining fertility however are in short supply in many European countries, leading to an
impediment of the development of innovative bioenergy systems.

60|Page



Bioenergy

e Skills (as well as equipment and appropriate technologies) to harvest additional bio-
resources are missing in many fields. This holds e.qg. for small holder forests, where neither
the knowledge nor the equipment is available to the individual farmer in some countries. It
also holds for agricultural by-products in some cases (e.g. sugar beet leafs, corn cobs, many
intercrops, etc.) and forest residues.

e Reintegration of residues from bioenergy technologies is both a cost factor as well as a
crucial factor for maintaining fertility of the land. Knowledge regarding sustainable
reintegration as well as skills (and in some cases technologies) to apply them properly to
the land is missing in many cases. Handling of residues could contribute to GHG, water
pollution and soil degradation, if it is done wrongly.

Innovation Needs

» Modernization of curricula

Modernisation of curricula in spatial planning, waste and waste water management as well as
agriculture and forestry and wood management on all levels is needed. Spatial planners need to be
exposed to knowledge about spatial requirements of a Bio-Economy as well as optimal site, size
and logistical requirements for bioenergy and bio-refinery installations. E.g. Waste and waste water
management curricula must be enriched by knowledge about new collection strategies, energetic
and (combined) material utilisation of waste materials and waste water, quality requirements for
different technologies and the subsequent utilisation of the residues from energy provision.

Curricula on all levels of agricultural, forestry education need to address challenges posed by a Bio-
Economy in general and bioenergy in particular to production, harvest, transport, conversion and
quality control. Sustainable harvest of residues from fields and forests, optimal handling of residues
from bioenergy production (ashes, biogas manure, etc.), quality control for products utilised in
energy provision and the combined energetic and material use in bio-refineries are among the most
important topics for curricula modernisation. Basic knowledge in Life Cycle Assessment as well as
material flow management must become compulsory elements of curricula. New courses for algae,
marine biomass, handling of urban and rural residues etc. should be offered.

» New teaching methods, including virtual education

Similar to the need stated for engineering modernisation of existing curricula require
implementation of new teaching methods, in particular practice and problem oriented training as
well as utilisation of all possibilities offered by virtual education. The latter is of special importance
here as curricula modernisation is only feasible by close co-operation between educational
institutions covering different disciplines. Also participation of industry should be included,
especially in the development of process simulation and optimisation tools. Looking for co-operative
approaches to make high quality courses available via IT channels and thereby pooling resources
across Europe will decrease costs and increase quality of educational efforts to meet the SET plan
challenges for bioenergy in this field.

» Life-long learning
The same line of argument discussed in the section about engineering holds for resource
management, too. As many employees currently employed in spatial planning and waste
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management did not have a direct link to bioenergy within their disciplinary education, knowledge
about particular aspects of bioenergy and bio-resources must urgently be made available via
lifelong learning channels, possibly utilising synergies with efforts in virtual education.

Existing lifelong learning courses in agriculture and forestry must be augmented by including topics
relevant to the modernisation of curricula, providing practitioners with a possibility to up-date their
knowledge about requirements for a Bio-Economy, again utilising synergies with virtual education
efforts.

To boost bioenergy education one important source of human resources is experts with long
experience either in academia or industry to act as mentors for younger ones.

Business innovation and supply chain management

Bottlenecks, gaps and barriers

As bioenergy demand increases, its resource base broadens considerably and new markets (just-in-
time electricity, bio-refinery product portfolios, etc.) emerge, new business models are necessary to
exploit the sector’s potential. The challenges here are in particular to link the diverse stakeholders
along the value chain economically, providing balanced profit within complex supply chains,
integrate bioenergy and energy provision systems in the broader objective of a Bio-Economy. On top
of that economic models to exploit the particular advantage of bioenergy over other energy forms
based on renewable resources, namely the provision storable energy and support of distribution grid
stability, have to be widely applied.

Besides these challenges an increase in trade of bio-resources and transportable intermediates
produced from them will emerge as demand for bioenergy increases in areas that do not produce
them (e.g. urban areas, densely populated regions, etc). This international trade in bioenergy
resources will also require skilled actors to operate. The main barrier here is that effective supply
chain management (and the required business innovations) are still underdeveloped for bioenergy.

Knowledge gaps exist for many actors along the bioenergy value chain regarding the different
already existing Bio-Economy business models, their particular requirements to transfer them into
different contexts and their legal, technical and organisational requirements. Supply chain
management becomes critically important as limited resources have to be managed, with diverse
and numerous stakeholders involved, to provide stable input to bioenergy systems. As alternative
resources (e.g. wastes, agricultural by-products, etc.) gain more importance, new supply systems
have to build up, involving stakeholders that have limited previous experience of co-operation with
each other. The job profile of a special “bioenergy supply chain manager”, who combines knowledge
about the actors and technologies involved along the whole supply chain with knowledge about
appropriate business models but also about conflict resolution, creative win-win situations within a
supply chain and a basic understanding of psychology and communication may have to be
developed and the necessary education has to be initiated.
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Innovation Needs

» Development of curricula focussed on bioenergy supply chain management

There is an urgent need to develop education for experts capable of managing the supply chain as
well as marketing of services of bioenergy within the larger context of an encompassing Bio-
Economy and SET plan objectives. These curricula must be developed in close co-operation between
educational institutions covering spatial planning, agriculture, waste management, business
administration and technology as the topic is cross-cutting and requires interdisciplinary education.
These new curricula have to be developed for all levels of tertiary education, from bachelor to
master to PhD level.

» Virtual education

The curricula development is only feasible by close co-operation between educational institutions
covering different disciplines. The argument made for resource management, namely that looking
for co-operative approaches to make high quality courses available via IT channels and thereby
pooling resources across Europe will decrease costs and increase quality of education, is particularly
true in this case of implementing a new educational track that requires highly interdisciplinary co-
operation.

» Life-long learning

Supply chain management for bioenergy is an urgent need for reaching the SET plan objectives.
Waiting for alumni of new curricula to start managing supply chains is therefore not an option. It is
therefore particularly needed to jump start improvement of supply chain management for
bioenergy by providing targeted lifelong learning modules to practitioners with backgrounds in
agriculture, forestry, regional development, engineering and business, possibly utilising synergies
with efforts in virtual education in the parallel development of comprehensive curricula for
bioenergy supply chain managers.

Improving skills and knowledge in existing industries utilising bio-resources

Bottlenecks, gaps and barriers

There exist a number of business sectors that have utilised bio-resources for a long time. They
naturally concentrate on their main products (e.g. pulp & paper, animal feed, sugar, food &
beverage etc). In many cases they do not fully realise the chances offered by bioenergy
technologies, either for utilising by-products or wastes or providing additional business chances.
Even if they become aware of these chances, implementation of these technologies often runs
against the barrier of technological path-dependency within the given sector. A case in point is the
sugar sector, which has reacted slowly to the chances of utilising sugar in different ways than as a
food product, even in the face of severe global competition (and ensuing capacity reductions) on
this market.

In this area the main gap is thorough knowledge of technological and market opportunities offered
by as well as of requirements for implementing bioenergy systems within the particular sector. In
many cases adoption of bioenergy technologies requires re-education of the workforce currently
employed and/or integration of employees with a different background as usually employed by the
sector in question. For adopting innovative bio-refinery technologies these sectors have to undergo
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a considerable re-orientation of the skill profile and training of their workforce when entering to the
era of Bio-Economy.

Innovation Needs

» Modernisation of curricula to include multidisciplinarity and entrepreneurship

Existing bio-resource based industries build on traditional educational tracks, such as chemical and
mechanical engineering or food technology, in many cases even with highly specialised curricula.
Bringing the potential of these sectors in terms of bioenergy to bear requires substantial
modernisation of these traditional educational tracks, in particular the highly specialised curricula,
by integrating key know-how on bioenergy technologies as well as related business chances and
models. This calls for using synergies with the modernisation of engineering curricula as discussed
in the section about engineering and development in order to improve on the one hand the quality
of the education for traditional bio-resource based industries in the face of an encompassing Bio-
Economy and on the other hand helping to meet the objectives of the SET plans by mobilising the
bioenergy potential of these industrial sectors that have already mastered their logistic challenges.

» Lifelong learning

Again, waiting for alumni from reformed curricula is not an option for reaching SET plan goals. It is
therefore important to reach decision makers and employees in industries like pulp & paper, sugar
industry but also industries based on fossil resources, in particular refining. The need here is to
develop attractive lifelong learning modules focussed on the need of these sectors and their actors.
Using synergies with curricula development and modernisation as well as with virtual learning tools
is necessary, but main emphasise must be laid on effectively targeting the audience in question.

R&D

Bottlenecks, gaps and barriers

The challenges ahead of bioenergy (broadening of raw material base, bio-refineries, etc.) require a
dramatically increased R & D effort across all science, engineering and business disciplines.
Universities and research institutions across Europe are already addressing major research
questions regarding bioenergy with great effort and dedication. Similar to the engineering field a
capacity bottleneck exists regarding the number of available researchers, in particular in science
and engineering disciplines.

The gap in this field is quantitative and qualitative in nature. It requires raising the attractiveness of
bioenergy as a field for successful academic careers but also as a field of intensive co-operation
between business and academia with the possibility of easy exchange of talent between these two
career lines.

The challenges posed by bioenergy innovation are increasingly interdisciplinary. Current scientific
careers however focus on disciplinary excellence, opening a competence gap. Successful
technological development will require integrated chemical, thermo chemical, bio-chemical and
mechanical skills, innovation along the value chain will draw on technological, entrepreneurial and
social skills.
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Research infra-structure for bioenergy from micro reactors to larger scale facilities is limited and its
modernisation is a great challenge in many countries in Europe, especially on the pilot plant scale
that is crucial for the transition from lab to market. A main barrier besides nationally varying
forms of restrictions on R & D infra-structure at universities is here insufficient co-ordination
between different member states as well as between academia and business to focus available
resources and avoid parallel development. With regard to education (especially in engineering),
these pilot plants may also play an important role in providing students with practical skills and the
problem solving capacity they need in their future jobs.

Innovation Needs

» Modernization of curricula to include multidisciplinarity, problem orientation and
entrepreneurship

Education on the PhD and Post Doc level needs to focus even more on multidisciplinarity, problem
orientation and entrepreneurial skills as it does currently. On top of that attractiveness of research
careers in bioenergy has to be massively improved. This is only possible if innovative skill profiles
among research staff are encouraged and careers on the base of interdisciplinary scientific activity
become the norm rather than the exception. The need here includes close co-operation of existing
and future (see below) research facilities from industry and academia to form the infrastructure for
a strong “bioenergy scientific community”, offering international career plans as well as a strong
research identity as a cutting edge research field for creative and innovative minds not restricted by
disciplinary borders.

A particular need is exchange of researchers in their formative PhD phase between business and
academia. This exchange is not only necessary to foster close co-operation between science and
business in order to shorten lab-to-market times for innovations but must be seen as integral part
of educational efforts to instil practice orientation into prospective researchers.

» R & D as well as educational infra-structure

Bioenergy is facing a wave of innovations as resources diversify, technological solutions proliferate
and systemic utilisation of bio-resources is required by the advent of a Bio-Economy. The current
European research infrastructure is severely deficient, in particular with regard to pilot scale
facilities. It is an urgent need to build a well-integrated network of high quality research facilities in
co-operation between academia and business all over Europe that pertain to the systemic
challenges of utilising a broad range of feedstock providing key energy services (e.g. “just-in-time-
electricity”, biofuel, etc.) as well as other products within the framework of an encompassing Bio-
Economy. The network must fill the gaps of existing pilot plant installations from both academia
and industry by addressing strategic research and development topics currently not adequately
covered (e.q. raw material conditioning and blending, multi-grid integration of bioenergy
technologies, etc.).

This network is not only necessary to provide the hard-ware basis for bioenergy innovation in
Europe. It will play an important role in the educational effort to form excellent researchers in the
field. For this objective to achieve it has to provide high quality research education facilities
enriching PhD and Post Doc curricula at European academic institutions and offer attractive careers
for top scientists in bioenergy related fields.
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» Mobility of learners and teaching staff

The research facility network proposed above needs to build on a focussed mobility program that
allows exchange of students and post docs between the network, universities as well as business.

Public and decision makers

Bottlenecks, gaps and barriers

Market absorption of bioenergy technologies as well as bioenergy services is clearly dependent on
public image of the sector and acceptance by political decision makers on all levels. The main
barrier here is that bioenergy has a multiple image disadvantage against other energy
technologies. On the one hand bioenergy is seen as less “high-tech” (e.g. than photovoltaic or
hydrogen-based technologies), mainly because it is seen as already established technology,
providing a less exciting service, namely heat. On the other hand when it provides biofuel and
electricity from crops (e.g. RME-biodiesel and biogas from corn silage) it is seen to be a major
competitor of the food sector and even a culprit of environmental degradation here and in
developing countries (e.g. using palm oil from questionable plantations that are responsible for rain
forest loss).

The major gaps here are on the one hand insufficient knowledge transfer to the general public by
research as well as business as well as an occasional knowledge gap regarding energy consultants
that are to a great extent influencing public opinion and political actors on all levels. The gap is
aggravated by the complexity of the value chain of bioenergy, making issues relevant to this sector
even less comprehensible to the public as well as decision makers. The message of bioenergy as a
vital element in a future sustainable energy system for Europe, providing fuel and storable energy
as well as income and jobs has to reach political decision makers and the general public. In addition
to that energy consultants have to be trained to exploit the chances of bioenergy as an integral part
of any comprehensive energy solution.

Innovation Needs

» Modernization of curricula

Energy consultants serving the general public as well as business, communities and regions are an
emerging and powerful layer for information transfer for efforts to reach SET plan objectives.
Training for these consultants is regulated on member state level if at all. There is an urgent need
to modernise the curricula of training of energy consultants to include knowledge about the proper
role of bioenergy for achieving SET plan objectives as well as about the particular chances,
requirements and limitations of bioenergy systems.

» Life-long learning

Similar to the argument made for resource management and supply chain management, there is an
immediate need for reaching energy consultants already active and providing them with a
comprehensive picture of bioenergy and its role for achieving SET plan objectives. The only form to
realise that is by developing targeted and attractive lifelong learning opportunities that increase
their competitiveness in offering their services. These lifelong learning modules must take into
account that energy consultants come with widely different training backgrounds and cater to
different customers. This makes focussing these modules a challenging task.
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Besides educating energy consultants there is a need to inform political decision makers on all
levels about chances and requirements for bioenergy as well as about the relevance of bioenergy
for the whole, complex value chain and SET plan realisation. This requires an intensive, sustained
and much focussed program of information modules that support decision makers in their duties.

A co-ordinated PR effort to inform the general European public about the chances and requirement
of a sustainable Bio-Economy and the role of bioenergy is an additional means to further support
the implementation of the SET plan goals. As the utilisation of bioenergy is particularly dependent
on local and regional context, such a PR initiative must also be adapted to the local level and to
direct contact with individual citizens. Activities like town hall meetings, expert lectures and
organised excursions to best practice examples can be employed to this end.

4 Recommendations

The following recommended actions address key needs to overcome gaps and bottlenecks identified
in this report. These recommendations however have to be seen as examples rather than a
comprehensive list of necessary actions, showing pathways to generate the educational basis for a
workforce that is capable of fulfilling the role bioenergy has to play in achieving the objectives of
the SET plans in Europe.

Filling the skills, competences and knowledge gap

Focus Area 1: Meeting the skill/competencies gaps of new and emerging technologies

Title: Prototype Bachelor, Master and Doctoral Curriculum “Bio-resource Value Chain Manager”

Action A prototype bachelor and subsequent master curriculum for a Bioenergy Value Chain
Manager will be developed by an interdisciplinary team of educators with backgrounds in
agriculture, economics and technology and practitioners from across the bioenergy value chain. The
curriculum will enable alumni to manage the supply chain of bioenergy technologies in particular
regional contexts and optimise resource utilisation within the framework of a Bio-Economy and
objectives of SET plans.

In order to educate a new generation of experts for bioenergy with the capacity in renewing the
whole business area also deep knowledge based on scientific understanding is needed. This type of
education requires close connections to research and can/should be done together with industry and
research institutes (e.g. with EERA). The prototype curriculum will provide a benchmark for European
universities for the implementation of such curricula within their institutions.

EQF Level 6-8:R&D, engineering, developers, others

Timeframe The prototype curriculum will be developed until 2014 followed by curriculum

implementation by 2016.
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Objective As there is an urgent need for well-educated bioenergy value chain managers, developing a
prototype curriculum will serve three objectives:

e speeding up the process of implementing such curricula by helping universities to structure
these studies along a ready-made template

e ensuring the quality of curricula by using a broad range of experts from academia and
business in the development of the prototype curriculum

e facilitate joint degree developments between different European universities by providing a
sound benchmark for curricula development

Title: Standardised vocational training for skilled biomass management and bioenergy personnel

Action The vocational education for biomass management and bioenergy is already an existing
vocational education initiative in Austria and has good response. In the Austrian case the training
comes in the form of a full dual, co-operative vocational training (with 3 years duration) as well as
a re-training for personnel with an agricultural and/or forestry background. The action would build
on this experience and implement this training in other EU-member states creating an EU-wide
standardized curriculum.

The training could address:
e young people who aspire a vocational qualification in biomass and bioenergy
e farmers and foresters with appropriate practice
e workers from agriculture and forestry
e all persons interested in biomass and bioenergy with appropriate practice

The curriculum involves the following areas:

Business

Administra-
tion and
Marketing
Management
Basics of
the Energy ey
Systems Industry Biomass
Engineering Production

Occupational
Safety and
Accident
Provention
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EQF Level  1-2:support (assistance, production, transport)

Timeframe Until 2014: Definition of an EU-wide standardized curriculum
From autumn 2014 on: Implementation in the EU-member states

Objective  Bioenergy requirements need a new design and organization of vocational training.
Organized as co-operative dual training with a strong practice element, specialized personnel will be
qualified in the field of bioenergy and biomass management respectively personnel with
background in agriculture and forestry will be re-trained to meet the challenges of bioenergy and
biomass management.

Focus Area 2: Strengthening and developing existing skills/competencies

Title: Skills upgrade for conventional bio-based industries

Action Conventional bio-based industries like sugar, pulp & paper and food industry must play a key
role in implementing bioenergy according to the SET plan goals. These industries already have
excellent access to resources and good command over the supply chain associated with their key
resource. They may supply energy services using residues generated along their supply chain (e.q.
sugar beet leaves, straw, etc.) as well as from their own processes.

This action will develop tailor-made training modules targeted at mid to high management,
engineering staff, procurement and marketing personnel to improve their awareness of chances
posed by bioenergy utilisation as well as providing them with the necessary skills to implement
bioenergy technologies within their industries. The courses will be addressed to each sector
individually and provide a full program for skills-update for all involved employees and
management.

The courses will be developed in co-operation between the sectoral industrial associations (e.g.
Comité Européen des Fabricants de Sucre), EUA-EPUE and the KIC Innoenergy and made available
through partner universities and innovation networks like ESEIA.

EQF Level 4-6: manufacturing, installation, O&M, etc.
Timeframe Start: 2013, implementation of courses 2017

Objective  The main objective of the skills upgrade for conventional bio-based industries is to tap
into the huge potential of bio-based industries to implement bioenergy solutions via removing the
know-how deficit that exists in these industries regarding bioenergy in general and the application
of complex bioenergy systems within their supply chain as well as their processes in particular.

Title: Skills upgrade for energy consultants

Action Energy consultants are key actors in promoting energy solutions in the public arena, business
as well as in communities as they are primary contact persons for any actor willing to change his
energy system. In many cases these consultants are however not qualified to provide reliable and
practical advice regarding bioenergy, given the complex supply chain and demanding technological
know-how necessary to implement bioenergy solutions.
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The proposed action provides training modules targeted towards different groups of energy
consultants (consultants to individuals, business and industry, communities/regions, etc.) and up-
grades their know-how concerning bioenergy solutions within their sphere of activity.

The training modules will be tendered by the KIC Innoenergy who will also co-ordinate their
implementation. Modules have to be developed for distance learning (using the European bioenergy
virtual learning platform as a dissemination channel. National bioenergy associations (under co-
ordination of the European Bioenergy Association) will then be tasked with organising courses in
their national context.

EQF Level 3-8: management, finance/insurance, developer, IPP/utility
Timeframe Start: Tender 2014, implementation of courses 2017

Objective  The main objective of the skills upgrade for energy consultants is to improve the
qualification of key gate keepers to a change in the energy system. It is important to train energy
consultants in understanding the function of the complex bioenergy supply chain as well as the
particular features and chances offered by bioenergy systems in order to promote bioenergy
implementation on all levels.

Focus Area 3: Online information and other tools

Title: European bioenergy virtual learning and information platform

Action The European bioenergy virtual learning platform co-ordinates and manages digital
educational content in the field of bioenergy. It acts as a quality control institution, providing criteria
for all digital educational content (streamed lectures, virtual classrooms, digital courses and course
modules, etc.) for all levels, from vocational training to bachelor, master and doctoral level to digital
lifelong learning modules.

As members of content development teams also senior experts could and should be involved to
provide practical experience.

The platform will employ a content sharing system that remunerates the content providers while
offering educational institutions a possibility to reduce the costs of providing their students with
high quality education in fields where they may not (yet) have skilled staff.

EQF Level all
Timeframe Implementation of the platform: 2015

Objective  The European bioenergy virtual learning platform has the objective to speed up the
modernisation process for curricula relevant to bioenergy and in particular to increase the capacity
for multidisciplinary education by providing quality controlled digital educational content at
affordable costs to educational institutions.
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Fostering public involvement, access and up-take by the labour market
Focus Area 1: Promoting mobility, life-long learning and workforce training

Title: European co-operative education mobility program for bioenergy

Action Practice oriented learning requires co-operative education between academia and business.
This in turn requires special mobility programs, allowing students to move to business and/or pilot
research facilities within their curricula. This mobility is different from current student mobility
programs as it requires more flexibility regarding the duration of the stays as well as strict co-
ordination between the universities and business/research facilities receiving students. Different
programs for cooperation range from compact pilot plant exercises with durations of 2-4 weeks to
team projects of 1-3 months to individual research projects with 1 — 2 semesters duration. The
maoability plans have to include the definition of measurable objectives as well as a detailed schedule
and procedures for grading student achievements. This mobility program will be initiated by the
European Commission as an integral element within its academic mobility efforts in close co-
operation with the EIT, BRISK as well as the enlarged European Network of Bioenergy Research Pilot
Plant Facilities (see below).

EQF Level all

Timeframe Development of program framework and contract templates for co-operation between
educational institutions, pilot plant networks and business until 2014
Implementation of student mobility: 2015

Objective  These mobility programs aim at improving practice oriented education by providing a
co-ordinated exchange of students between academia and business. Although internships are
already common, this mobility program offers a new level of co-ordination between academia and
business so that stints of students in companies are utilised to their full educational capacity.

Focus Area 2: Industry involvement and partnerships

Title: European Network of Bioenergy Research Pilot Plant Facilities

Action The European Network of Bioenergy Research Pilot Plant Facilities comprises installations
from business, research institutes (e.g. EERA) and academia that feature research pilot plants for
bioenergy technologies as well as key technologies along the bioenergy value chain (e.q. pelletizing,
raw material conditioning, conversion processes, grid integration such as biogas cleaning, etc.). It
builds on the existing BRISK network (http://www.briskeu.com) and enlarges it in both size and
scope. The network co-ordinates

e research and technological development;
e interdisciplinary research education for PhD and post doc curricula;

e practice oriented educational programs offered to universities that are members (offering
pilot plants of their own) or associate members (offering educational services) on the
bachelor and master level;
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o further enlargement of the network building pilot plant installations for strategic
technologies within the bioenergy value chain.

The network will be an integral part of action within Horizon 2020 initiated by the EIT and EERA. It
will take the form of a PPP with the EIT taking the responsibility for co-ordination of the network.

EQF Level 6-8:R&D, engineering, developers, others

Timeframe Implementation of the network merging the existing BRISK network with other national
and European bioenergy pilot plant networks: 2016

Objective  The European Network of Bioenergy Research Pilot Plant Facilities will serve four
objectives:

e forming the infrastructural backbone to technological research and development of
bioenergy in Europe

e providing a platform for practice oriented education in the field of bioenergy on all levels

o offering career tracks for top researchers in the field

e providing the field of bioenergy research with additional attractiveness for creative and
innovative scientists, researchers and engineers.

Focus Area 3: Strengthening public involvement

Title: European Bioenergy Public Information Campaign

Action Public information is a key factor to involve the public in the endeavours to utilise biogenic
resources in Europe to their fullest extend as well as to mobilise the workforce necessary to operate
the complex value chain of a Bio-Economy in general and bioenergy in particular. Given the
European significance of bioenergy and the strong link of bioenergy to the spatial context this Public
Information Campaign must be co-ordinated on the European level but brought to the citizens in
their local context. The action therefore involves town hall meetings about chances and
requirements of a Bio-Economy, life-streams of expert lectures via internet to local outlets
providing technical, environmental, social and economic knowledge about key issues of bioenergy to
the public as well as moderated discussion for a in different regional settings addressing local
issues of bioenergy implementation.

The campaign will be framed and co-ordinated by the European Commission in co-operation with
the European Biomass Association, EPUE and other innovation networks involved in renewable
energies. The organisation of the events will be entrusted to national contact points answering a
tender by the EC. The European bioenergy virtual learming and information platform (see above) will
be a partner in providing content to this campaign.

EQF Level undefined

Timeframe  Development of campaign framework and tendering for national contact points
until 2014
Implementation of campaign: 2015-2017
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Objective This campaign will serve two objectives:

e accustom the general European public to the chances and requirements of a bio-based
economy and the utilisation of their bio-resources within their local context and

e mobilising a workforce of young people entering the job market as well as job-seekers with
other backgrounds to join the endeavour to utilise bio-resources for sustainable energy and
material provision.

Planning and enabling skills development
Focus Area 1: Sector skills assessments and observatotries

Title: European Bioenergy Skills Requirement Survey

Action Bioenergy is an extraordinarily broad field with a large number of different actors and
sectors involved. In order to fine tune educational programs for the expected dramatic increase in
well-educated employees and entrepreneurs in this field a comprehensive survey among business
representatives about the skills expected from the future workforce is necessary. This survey should
be oriented along the bioenergy supply chain (see fig.2) and should include all actors listed there.
The survey must also take regional differences in the skill profile of different actors into account. It
has to cover all levels of education but in particular vocational training and academic education.

This survey should be carried out by existing innovation networks as present in the core group and
should be co-ordinated by the KIC Innoenergy.

EQF Level 3-5: manufacturing, installation, O&M, etc.
1-2: support (assistance, production, transport)

Timeframe Start: 2013, end report due 2014

Objective The main objective of European Bioenergy Skills Requirement Survey is to provide a
base line of skill requirements as seen from the business side in order to help educators to fine
tune their courses according to needs required by the labour market in bioenergy. A further
objective of this survey is to provide a common reference system for education in the field of
bioenergy, thus supporting co-operation as well as standardisation of European efforts to
strengthen the skill base of the workforce.

Focus Area 2: Analysis of on-going activities

Title: European bioenergy vocational training report

Action The European bioenergy vocational training report analysis on-going activities throughout
the Union according to

e content
e teaching methods and standards
e co-operation with business
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The report will consist of national chapters, describing vocational training initiatives and exploring
possible synergies between different training courses. It will cross-link the national chapters by
analysing what European synergies are possible between national initiatives as well as what
European educational standards may be implemented in order to facilitate mobility in vocational
training.

EQF Level 3-5: manufacturing, installation, O&M, etc.

Timeframe Tendering of the report: 2012
Report finalised: 2014

Objective The report forms the base for European initiatives to standardise and improve
vocational training for bioenergy in Europe. Besides that it lays the fundament for mobility
programs on the vocational training level within Europe. It will become the starting point for
strategic development of vocational training initiatives that meet the challenges of building and
operating ever more complex bioenergy technologies as well as running the bioenergy value chain.
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Annexes

Annex 1: Questionnaire and replies
Annex 2: List of worldwide large-scale CCS projects (source: Global CCS Institute?)
Annex 3: List of courses considered as essential for a storage education

Annex 4: Manpower needed for the various phases and skills to bring a project of a demonstration
power plant with capture to completion

Annex 5: Non-exhaustive list of universities

Annex 6: Non-exhaustive list of CCS laboratory facilities, mainly from the ECCSEL initiative

! www.globalccsinstitute.com/data/status-ccs-project-database
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Introduction

In order to meet the objectives of the SET-Plan, an exercise has been carried out in order to support
the definition a European Energy Education and Training Initiative that builds on the technology and
research initiatives of the SET-Plan. The goal is to work toward a coordinated approach to assess
the current and future situation with regards to energy skills in Europe and to engage in actions
aimed at building up and attracting energy expertise. This report deals specifically with Carbon
Capture and Storage (CCS). A number of similar reports have been made for various other energy
related areas.

This report aims to answer the following question: Do we need to up-scale, adapt/link existing
instruments, or create new ones to meet the needs and fill the gaps within CCS Education and
Training (E&T), now and in the next 15 years. A survey of the current situation and of the on-going
actions has been carried out. In order to identify and list the work forces needed in the CCS chain
today and in the next 15 years, a questionnaire was developed and sent out to a large number of
CCS stakeholders. A non-exhaustive mapping of EU universities, research centres and laboratories
with expertise and competences in CCS was done. A list of courses covering the CCS chain, i.e.
capture, transport and storage technologies as well as legal issues and communication, was
compiled. That exercise allowed identification of what are the needs and the possible gaps in E&T in
the CCS chain. Final recommendations are derived from the analysis and processing of all the
available data.

It should be emphasized that this work is the starting point of a long-term process. This report is a
result of work in a rather limited time period, and the information about CCS related activities in
Europe is not complete.

Definition and boundaries of CCS

From the technical point of view, CCS consists of the three links of a chain composed of capture,
transport and permanent storage of the captured carbon dioxide (CO,). The use or re-use of CO; in
industrial processes is NOT taken into account in this work, except for Enhanced Oil Recovery (EOR)
and Enhanced Gas Recovery (EGR), which can be associated with permanent storage in depleted
hydrocarbon reservoirs. Anyway, the amount of CO, aimed at industrial applications is so much less
than the projected amounts of CO, captured for climate change reasons that the permanent
storage of large volumes of CO; is unavoidable in the strategy of the reduction of its emission to
the atmosphere. In several pilot and demonstration projects, EOR/EGR is associated with CCS (see
annex 2).

The use of biomass and biological wastes as a feedstock, alone or in mixture with a fossil fuel, for
instance in IGCC power plants, may result in negative emissions or remove CO, from the
atmosphere and consequently may reduce not only the emissions to come, but also the “past”
emissions, provided the biomass utilisation is sufficiently low in life-cycle CO; emissions.

Energy saving as such is not inside the scope of the current work. However, the process integration,
the risk management, and the techno-economic optimization of an industrial installation equipped
with a CO; capture process belong to the objectives of E&T. Bio-technologies, and more particularly
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bio-mineralization, are not considered as being inside the scope, whereas mineralization of CO; is
considered as a part of the storage options.

The storage options are essentially deep saline formations, depleted oil and gas reservoirs, coal
seams, and mineralization (mineral carbonation). Storage in the ocean is excluded.

Economy of the global CCS system, legal, entrepreneurial, environmental, health and safety, social
aspects and required workforce/personnel belong to the assessment of needs and gaps.

A prerequisite for the large scale deployment of CCS is the demonstration of the technical and
economic feasibility of existing technologies. At the same time, the research programs should
deliver more efficient and cost competitive CCS technologies based on improved components,
integrated systems and processes to make CCS commercially feasible by 2020.

The report is assessing the needs and gaps as well as barriers and bottlenecks to set up E&T aiming
at the achievement of these objectives.

78| Page



Carbon capture and storage (CCS)

1 Current situation

In order to have a good picture of the current situation and of the future trends of the workforces
required in the CCS area, both technical and non-technical, a questionnaire was made and sent to a
large number of stakeholders. The mailing lists of various associations were used, covering a large
number of the players within CCS; CO2GeoNet, ZEP Platform, CATO, IEA GHG R&D Programme, and
personal contacts of the group members. The questionnaire was sent to around 2000 e-mail
addresses.

The questionnaire, shown in annex 1, shows the work forces expressed in man-years for the various
items of the CCS activities.

From the replies, the results presented on Fig 1 were derived. There were 75 replies of which 50
came from EU+Norway (EU+No) so that the sample may be considered as representative, although
not demonstrated as such by statistical methods, and hence provides a useful picture for the
interpretation of the needed manpower. The results are presented in more details in annex 1.

4500 2011 |—| 2026 |7

4000

3500

3000

2500

2000

1500

1000

500 -

M EU including Norway M QOutside EU - worldwide Total

Fig 1 Manpower in man-years needed for the different parts of the CCS chain in 2011 and in 2026 in
EU+No, and outside EU.

The analysis of the results shows that the needed manpower in EU+No and outside will both
increase for all the items of CCS during the next 15 years and the need for manpower will be
multiplied by about a factor 2 for the total CCS activities. However, if the CCS implementation does
really take off, the needed manpower will most likely be more than doubled.
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Today in EU+No, the manpower needed for storage (site characterisation + monitoring) is slightly
higher than for capture whereas the needs are about equal for the rest of the world. However, in
the next 15 years, the need in manpower in EU+No will be much higher for storage than for capture.
The replies show that there will be a significant increase in demand of human resources for the
next 15 years within the transport of CO,, the legal issues and the communication techniques
towards the stakeholders and the public at large. The need for personnel within legal issues, storage
monitoring, and communication issues, increases significantly.

With that objective in view, a list of topics to be incorporated in a CCS education program is
proposed (see annex 3). Courses on these topics are at present available in the electro-mechanical
and chemical engineering programs for capture and in the geo-sciences for storage. Special
attention was paid to the storage-related education since it will be crucial for public acceptance and
hence for the deployment of CCS technology. Courses on legal issues and communication
techniques, that turn out to be a real concern in the questionnaire’s replies, should be picked up
where they already exist and be adapted to the CO; issue.

In industry, the expertise and competences existing today can be shifted and extended to the
fabrication, operation and maintenance of capture systems.

At this early stage of CCS development, industry will transfer its skilled personnel from its current
jobs, in a power plant for example, to the operation and maintenance of a capture plant. Additional
hiring will probably not take place until the CCS technology eventually starts to take off. Once it
starts to be deployed at commercial scale, a large amount of skilled personnel will be needed.

Consequently, we will have to attract and educate a large number of students within CCS. They will
have different backgrounds, and that will be a challenge to meet the demand but also to organize a
highly multi-disciplinary CCS education program. A strategy needs to be developed (in universities
for instance) to increase accordingly the number of lecturers and more generally of instructors. On
top, courses on law issues should be created in law schools and courses on finances and economics
should be created in business schools.

It should be noted that there could be a competition for highly skilled engineers and technicians
between the oil/gas sector and CCS. If there is a lot of competence in industry and research
institutions, it is not necessarily the same in universities. Consequently, there may be a need for
creation of new positions of teachers and professors coming both from research institutions and
industry.

In order to provide orders of magnitude of the work forces needed in CCS, the figures given here are
for typical examples: one is for a 250 MWe power plant with capture (either post-combustion or
oxy-fuel) and two other examples on storage. The first storage example is a saline aquifer at the
Johansen formation near the Norwegian North Sea Utsira formation, and the second storage
example is an onshore storage at Belchatow in Poland.

These examples show that, in case of massive deployment of the CCS technology, a huge amount
of manpower will be needed.
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Capture technologies

Executing and operating a Carbon Capture and Storage (CCS) plant requires considerable amount of
work force distributed across different phases of a CCS project (project development, basic
engineering, Engineering Procurement Construction, Operation)

In Figure 2, the work force demand is shown for a single 250 MWe project over the years: 5 years

of Engineering Procurement Construction (EPC) and 10 years of Operation

Chart Employees for Erection and Operation of a 250 Mwe Demo CCS-Plant
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Fig 2 The work force demand (number of employees) generated by a 250 MWe CCS demo plant
execution over 15 years

The work force demand during the EPC phase (first 5 years) is not constant but shows a peak
reaching almost 450 full time employees in the 4™ year. The need of personnel is high from year 3
to 5, especially due to the construction. During the operation phase (10 years), 50 employees are
permanently needed. Considering a normalized value of 1 GWe equivalent plant size, the workforce
demand over 15 years increases by a factor in the range of 2 to 2.4 for EPC phase (first 5 years)
and around 1.2 to 1.3 as estimation for the Operation phase (10 following years).

More details as well as the splitting of the work forces by professions/skills are presented in annex
4. In industry, in the early stages, the existing competence can be extended to the engineering,
fabrication, construction, procurement, operation and maintenance of capture systems.

However, a multiple parallel CCS projects execution will generate a high demand for skilled
personnel and the extent of increase in new skills and competences will depend on how the existing,
advanced and new technologies will evolve and how fast they will be implemented.

A similar possible extension of competence is also true for the technical aspects of CO; transport in
pipelines, trucks, ships.
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Examples for storage of CO,

It is difficult to provide reliable numbers since the needed manpower, including the monitoring and
legal issues (construction, permits, etc.), strongly depends on the storage site, for example off- or
onshore, on the size of the storage (today the current injection rate at the sites in operation are
about 1 Mt?/year) and on a number of geological characteristics.

However, in the following some figures illustrating two planned storage demonstration projects.

1) The Johansen Formation situated offshore in the North Sea in Norway (source: Gassnova?)

From the experience obtained from the maturation of CO, storage in an aquifer, namely the
storage in the Johansen saline aquifer, it turns out that the screening may take 1 year and the
qualification 2 years, including the collection of 3D seismic data. During this 3 years period, it is
assumed that 5 to 15 man-years per year including evaluation of technical concepts are needed.
Then there will be a construction period of 2-3 years where the main effort is the management of
the project, which is the development of operational and monitoring plans and procedures as well
as a limited effort at sub-surface.

In the subsequent phase, the work force for operation and maintenance and of any purchased
services is estimated at 3 to 5 man-years/year and 3 to 5 man-years for the follow-up of the
reservoir as well as for the general management and contracts.

Excluding the construction phase for which any information was not obtained, the site selection and
qualification needs 5-15 man-year/year and the operation & maintenance need about 6-10 man-
years/year for a site of 1 Mt/year.

It must be emphasized that these are rough estimates based on 1 or 2 projects with relatively
significant storage volumes (at least 3 million tons a year). No complete calculations on specific
individual tasks were however carried out.

2) The Betchatoéw project onshore in Poland

Under the assumptions for NER300* applications and CCS-ready studies/assessments in Poland, a
total manpower is estimated at a minimum of 37 to a maximum of 57 man-years for an injection
of 2 Mt/year and is distributed as follows:

. Initial phase: 10 to 13 man-years

1. Screening (1 year), 2D seismic acquisition, other surface geophysics during 2-3 months (4-5
man-years).

2 Mt = million tonnes (metric)
3 www.gassnova.no/?language=UK

4 www.ner300.com
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2. Construction: Drilling and completion of two wells: 2-4 months each (4-5 man-years)

3. Data interpretation, managing the project: 2-3 man-years

Il. Second phase: 12 to 20 man-years

Qualification (2 years): 3D seismic acquisition, other surface geophysics: 1-3 months (2-4 man-
years)

Drilling and completion of two wells, well tests: 4-8 months each (6-10 man-years)

Data interpretation, modelling, permit documentation, managing the project: 4-6 man-years

[ll. Third phase: 15-24 man-years

Site development (2 years):

Drilling two injection wells, testing: 4-8 months each (6-10 man-years)

Drilling one monitoring well, one control well: 3-4 man-years

Construction of the site infrastructure (manifold, compression/control facilities): 3-4 man-years

Baseline environmental & remote sensing monitoring (results of Il used as baseline in case of
seismic and well logging monitoring): 1-2 man years

Managing the project: 2-4 man-years

2 On-going actions

Several universities in Europe and in the OCDE countries have activities in CCS mostly in the form of
advanced courses either for Master and post-graduate students or for PhD students (see annex 5).
Several European laboratories have activities in CCS and many of them are in the inventory made in
the ECCSEL? initiative (see annex 6). Some of the facilities are pilot installations in the framework of
research for validation of models or for preparing the scale-up to a demonstration.

There are already a number of on-going courses and summer schools specific for CCS. One example
is the IEAGHG CCS summer school®. Students with a diverse academic background, who are young
scientists, e.g. PhD students or Post docs, are receiving a broad overview of the issues related to
Ccs.

There are further examples (not exhaustive) of CCS university courses’890!

coursest2i3141516171815 - Angther initiative with a more general focus on energy issues is the Energy

and industry

> www.eccsel.org/
& www.ieaghg.org/index.php?/20091223124/summer-school.html

7 www.kth.se/student/kurser/kurs/KE30407l=en

8 web.mit.edu/professional/short-programs/courses/carbon_capture_storage.html

9 co2-ccs.unis.no/Education.html

10 www.ivt.ntnu.no/ept/fag/fordypn/tep03/index.htm
1www.ed.ac.uk/schools-departments/geosciences/postgraduate/masters-programme/taught-masters/carbon-
management/about

12 www.kema.com/services/training/Training-courses/Gas-sustain-energy/CO2-transportation-introduction-

course.aspx
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Academy Europe (EAE?), which aims to be a centre of excellence in energy education (vocational,
graduate and post-graduate training).

All these institutions involved with laboratory facilities may be considered as the future nodes or
cells constituting a future education network covering all the CCS chain from theoretical concepts to
practical works, covering both technical and non-technical topics. In EU, many projects in the
framework programs FP6 and FP7 involve industry, research institutes and academia, and have as a
common objective to demonstrate the technical feasibility of capture technologies on one hand, and
that of storage technologies on the other hand, and to reduce the CCS cost by half by 2020. These
projects have led to 10 planned CO capture demonstration plants (5 for EU and 5 worldwide) based
on the most promising options, namely post- and pre-combustion capture mostly based on chemical
and physical absorption with solvents and oxy-fuel combustion capture (steam and fluidized bed
cycles). Five commercial plants with CO, storage at the scale of 1 Mt/year injection are today
operating in the world, mainly based on storing supercritical CO; in deep saline formations or for
enhanced oil or natural gas production (EOR/EGR) (see annex 2).

All these activities constitute an excellent basis to organize Integrated Projects, Internships and
Master theses as well as PhD theses. It suggests also that CCS education programs could be partly
or totally included in future FP projects, especially for the storage component of E&T. Partners of
FP6 and FP7 organize currently summer schools and short courses. An interesting benefit of our
work would be implementation of education and training components in FP projects.

Non-exhaustive and incomplete lists of universities and of research institutes equipped of
laboratories with CCS activities are given in annex 5.

In summary, their content is as follows.

Courses on capture:

1. Separation techniques
2. Power plants performance, costs and environmental impacts
Coal as the fuel (supercritical cycles; Integrated Gasification IGCC; Fluidized Beds)
Natural gas as the fuel (all types of combined cycles)
Biomass in co-combustion and co-gasification
Removal of pollutants: sulphur and nitrogen oxides, particles, mercury
4. Capture technologies:

Post-combustion capture

13 www.adv-res.com/pdf/C02%20Storage%20Short%20Course.pdf

14 www.carbontechalliance.org/schedule/calendar/courses

15 www.permianbasinccs.org/ecertification.htm

16 www.co2crc.com.au/ccsw/

17 www.spe.org/training/courses/ICO.php

18 linkedenergy.net/content/ccs-risk-assessment-and-management-course

1S www.energyinst.org/training/technical-training/carbon-capture-and-storage
20 www.energyacademyeurope.nl/widget/22
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Pre-combustion capture
Oxy-fuel combustion capture

Innovative concepts: zero-emission gas turbine cycles; chemical looping combustion; hybrid
fuel cells (GT/SOFC)

Here is a non-exhaustive list of topics on capture techniques: absorption of CO; in solvents,
oxy-fuel combustion in boilers, oxy-fuel gasification in fluidized beds, ionic liquids,
cryogenics, phase change separation, separation by selective adsorption (PSA, TSA, ESA),
adsorption in various frameworks (metal MOF, zeolites), by membranes for the separation
of oxygen and nitrogen and separation of CO. and hydrogen, hybrid systems
membranes/absorbers.

5. Purification and compression of the CO, product for transport and storage

6. Transport through a network of pipelines, by trucks, by ships

7. R&D for the reduction of efficiency penalty and of cost of capture

8. Pilot and demo plants, validation of modelling and up-scaling to commercial size

Courses on storage:

Site characterization

=

Dynamic modelling of CO, storage reservoir
Well engineering for CO, storage ; well design and well plugging techniques

Well performance specialist

2
3
4
5. CO; Monitoring
6. Environmental Risk Assessment
7

CO; Storage Economics

Detailed content of some courses on storage technologies are listed in annex 3.

3 Needs and gaps

CCS is a combination of quite different disciplines and should be a multi-disciplinary education and
innovative program, built on the current and on-going master programs in electrical, mechanical
and chemical engineering, logistics, geology, communication and law, already established and
functioning well. The main question is “how such wide educational program” covering all the area of
expertise should be organized.

Since there could be a competition for the hiring of highly skilled engineers and technicians between
the CCS and other related sectors such as oil and gas, chemical industry, geothermal energy, power
plants, in general large deployment of renewable energy, a large number of well-educated
personnel will be needed if and when the CCS technology will take off. If not, the CCS competence
can be used in the above mentioned sectors so that, whatever the future of CCS will be, there is
little risk for a student to choose a specialization in CCS. For example, competence in capture
technologies can be used in gas processing, refineries, and competence in storage technologies can
be used within gas storage.
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The following structure is proposed: Courses and practical works, existing or to be extended/adapted
or newly created, are incorporated in MODULES. The MODULES are spread amongst the institutions
participating to an EU network. The organization of interconnections between the nodes of the
network is based on two key concepts: mobility and flexibility.

The objective of such a program should address the following topics, considering that a specialized
engineer has to get an education in environmental and law issues:

global warming and its link to CCS

¢ In-depth knowledge of the fundamentals of separation processes for CO capture and the
application to industrial installations with CO, capture

e Understanding and evaluation of key technologies and novel concepts related to CCS, with a
particular emphasis on engineering aspects of power generation and CO, capture

e evaluation of economics, policy and regulatory frameworks necessary for decision-making
to implement CCS projects

e Knowledge of geosciences including geochemistry and geomechanics in reservoirs,
Geographical Information System and Interrogation Tools

e Development of emission reduction projects and associated tradable carbon credits

¢ Organization of a transfer of knowledge between specialists in the CCS supply chain, such
as electromechanical and chemical engineers, geoscientists, regulators etc.

e Evaluation of environmental impacts for specific CCS sites. Interaction with the CCS industry
and on-site practical experience

e Social sciences

A CCS program can be designed from now on at the Master level and as a post-graduate Master
program. The Master courses can be offered as a joint program by a network of European
Universities, research institutions and industrial installations federated around the CCS theme

As an example, the Master program could consist of two years:

The first year is mainly devoted to common basic courses during the first 6 months. During the
following 6 months, the student has to make a choice between elective advanced courses available
in different European Universities

Non-technical courses should be organized in law and business schools, or based on existing
courses in universities, e.g. risk management.

The second vear is mainly devoted to integrated project, possible internship and master thesis,

which can be done in cooperation with the industrial partners, with laboratories or at one of the
participating Universities and research institutions.

Although a close collaboration already exists with industry through FP projects, a benefit could
undoubtedly come from a stronger training program in joint laboratories.
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A possible way to go is the development of a network and the development of educational modules
with a high degree of flexibility in their inter-connections. The development of modules of
theoretical education could be based either on existing courses in European universities (a list is
available in annex 5), and/or on the extension or adaptation of the existing instruments. These
courses can be delivered in the premises of the network members but can also be implemented as
e-learning. The courses on law issues should be organized in law schools while those dealing with
finance and economics should be organized in business schools. For practical works, laboratories
are existing today in education and research institutions and in industrial installations (see the list in
annex 5).

All the European universities are not supposed to develop all the modules but on the contrary,
develop modules either on capture, or on transport and or on storage or on 2 or 3 of them, i.e. there
where they feel strong.

The organization of a 2-year CCS program based on a network of institutions should show a high
flexibility regarding the combination of modules among different universities and laboratories and a
high mobility both of students and of lecturers.

Another option is to organize the CCS program at the Master level. Then a multi degree (EU degree)
master program could be set up by dedicating the last two years of the studies to a CCS education,
including compulsory mobility for the students. Students with bachelor degree in mechanical,
chemical, system engineering and geology, law and finance, communication are eligible to enter this
type of program. Students will start the program at a mother university responsible of admission
and administration. The first semester should include an introduction to the basic concepts of
carbon capture and storage at one Mother University providing a common knowledge to the
students with any background. In the second semester the student starts the specialization in one
of the topics, capture or storage, in one of the collaborating universities through mobility options
and according to their specialization choice.

A tentative specialization could be based on:
1) Chemical aspects of CCS (University 1 or ....)
2) Electromechanical and thermodynamic aspects of CCS (Universities 2 or ...)

3) Geological aspects of CCS (University 3 or ....) : Geology and site selection, geophysics,
geomechanics, geochemistry, CO, trapping mechanisms, modelling of flow in porous
media, environmental impacts, monitoring and verification, long term risk assessment
methods and storage safety

4) Transport in pipelines, trucks, ships (University 4 or/and ....),
5) Law and business schools (University 5 or ...)
6) Social sciences, communication and public acceptance (University 6 or ...)

As an engineering culture, system integration, process optimisation and risk management are
everywhere throughout the CCS education.

In the final year the students will perform the MSc thesis project, either at one of the academic
institutions or at one of the industrial partners involved in the program. The master thesis topics will
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cover different aspects within the field of CCS. It is obvious that educational programs in Capture on
one hand, and Storage on the other hand, are completely different and it could be very difficult for
students with such different backgrounds to feel easy and understand in-depth the concepts in the
“opposite” discipline. Students with different backgrounds usually have a different way of work and
understanding of the everyday industrial process, therefore a period of time for a team work on a
case study or an integrated project can be used to understand how the different specialists work
and should collaborate for the realization of a CCS project. Since the student in the second year is
supposed to have chosen a specialty between Capture and Storage, each student will be given the
chance to get a deep knowledge and understanding of one of these two scientific areas, without
neglecting the rest of the CCS chain though.

An exhaustive list of courses and of accurate contents of the modules is out of the scope of this work
as well as the practical organization of the links between the participants of the CCS network.
However, the group has thought about it and concluded that it is clearer and easier to develop an
engineering program on capture than on storage. As a general statement; no major gaps were

identified in the capture area. All the needs for studying the current status of capture technologies

and the technical challenges for a large-scale deployment can be met by using existing courses or by
their extension and/or their adaptation. Regarding the fundamentals of the capture technologies, the
education of electro-mechanical and chemical engineers is directly applicable. A non-exhaustive list
of topics on capture and transport was given here above.

Similarly, no major gaps were identified on the transport sector.

Current technology and a history of CO, transport suggest that CO, transport through pipeline
networks and with CO, vessels are technically feasible. However, designhing, engineering and
operating a CO, network requires knowledge of CO, fluid mechanics and thermodynamics. No
insurmountable barriers to the implementation of large-scale CO, transport networks are identified.
CO, compressors for up to 200 bars with state of the art technology are available with proven high
availability.

The projection for the period 2020-2030 is the construction of 1,500 km of CO, pipelines per year
on top of the existing ones, which will require a significant manpower.

No major problems are foreseen for the offshore construction. By contrast, onshore construction will
co-exist with large projects in the natural gas distribution networks, constraining the size of the
available skilled work force. Onshore CO, pipeline infrastructure will therefore be harder to construct
than offshore infrastructure.

Shipping CO, with vessels to offshore storage locations might be appropriate in the early stages of
a CCS project and for storage in small depleted gas/oil fields.

The technology to inject CO; in subsurface reservoirs is available today. Some issues remain, mostly
on the operational level, such as the possible requirement of heaters when injecting into low-
pressure depleted gas fields. The feasibility of large-scale CO, ship transport is to be demonstrated
in early CCS projects. Ship transport can potentially play a vital role in the early phase of the
development of the CO, transport infrastructure. The technology for transport and offshore
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unloading are available, but the feasibility of the complete ship transport system remains to be
proven.

Regarding now the needs for an education on storage, it appears that there could be a gap on risk
assessment in education and in the application of this new technology in practice, in spite of the
advances in research. In our view, there is currently no course taught on CO, storage risk assessment

in any university Master programs, while this topic is well addressed in research, meaning that there

is a gap. Therefore the need is to transfer the knowledge from research to the engineering, biology
and geology programs. Such a need is also relevant for related topics such as oil & gas, shale gas,
geothermal energy sectors.

On the other hand, methods of risk assessment were developed in industrial safety, in underground
activities such as waste disposals and in the management of environmental and sanitary impacts of
pollutants. These methods were first developed in aeronautics, in astronautics, in nuclear
engineering and in chemical industry from the sixties. It turns out that an education on risk
assessment should be “adapted” to the case of CO, management.

In conclusion, with manageable adaptations of the existing instruments, an education on storage,
even if not so obvious and if more difficult than that both on capture and on transport, can be set up
from now on, without meeting insurmountable gaps or bottlenecks.

After thorough discussions in the group, an agreement on a tentative program on storage was made,
see suggested list of courses in annex 3.

The group concludes that a CCS education program has to contain technical courses on capture and
storage technologies including risk assessment and monitoring but also on CO, transport. On the
other hand, since it is a wish that engineers get an education in environmental and legal issues,
non-technical courses such as legal issues and communication techniques may have to be created
in the framework of the program.

CCS is an area that could be characterised as a multitude of disciplines and specialty topics. It
would be ideal for development of e-learning modules, where Europe’s top experts in a number of
fields could contribute with state-of-the-art knowledge from comprehensive ongoing R&D efforts.

Educational and training programs should be coupled to Europe’s best laboratory facilities. The
ECCSEL initiative is developing an open-access CCS laboratory infrastructure that could be
integrated into various education and training programs.
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4 Recommendations

Filling the skills, competences and knowledge gap

Focus area 1.1: Meeting the skill/competencies gaps of new and emerging technologies

1.1.1 Action
Three types of educational programmes in CCS can be set up
1) bachelor and subsequent master curriculum for a CCS Value Chain; elective courses

introduced in existing curricula leading to an engineering degree with a sub-specialization in
CCS technologies. Ex : electro-mechanical engineer (energetics orientation)

2) post-graduate complementary master in CCS ; 2 years program leading to a specialization
CCS engineering degree

3) vocational programme intended to educate in CCS technologies technicians and engineers
already working in industry, research institutes, requlation bodies
The programmes, which are highly interdisciplinary, will be developed on the basis of modules
created in different institutes across Europe and organized in a network of education and research
institutions, of laboratories and industrial installations.

An interdisciplinary team of teachers with backgrounds in CCS technologies, economics and legal
and communication issues should be set up using personnel from across the CCS value chain.

In order to educate a new generation of experts in CCS with the capacity in developing the whole
business area now and in the future, a deep knowledge based on scientific understanding is needed.
This type of education requires close connections to research and can be done together with
industry and research institutes.

A multi-disciplinary CCS education programme (master, post-graduate, PhD) for students in CCS,
with different backgrounds, can be organized in a 2-year program, the Master courses being offered
as a joint program by a network of European Universities, research institutions and industrial
installations federated around the CCS theme. The 6 first months of the first year are devoted to
common courses on basic concepts in CCS. Afterwards, the student will have to opt for a
specialisation between capture and storage fields and choose elective advanced courses during the
last 6 months. The 2™ year is devoted to internship, integrated projects and master thesis in
collaboration with labs and industry.

This prototype curriculum could provide a benchmark for European universities for the partial or
total implementation of such curricula within their institutions.

Gaps identified

The biggest part of a CCS programme can be based on existing courses today. Courses on capture
and transport can easily be adapted and improved from existing ones. Regarding the courses on
storage, a gap is identified on risk assessment and management of geological storage. Although
this topic is well addressed in research, it is not properly taught today in University programmes. On
the other hand, and this quite a challenge, courses on legal issues, economics and communication

90|Page




Carbon capture and storage (CCS)

techniques should be adapted from existing ones in other areas (such as nuclear energy) or should
be created from scratch in business and law schools associated to the network.

FEQF Level 6-8: R&D, engineering, developers, others

Timeframe: The prototype curriculum can be developed from now on and can be based on a
network of universities and laboratories for which a tentative list is provided in annexes of the full
report. It could be followed by curriculum implementation 2 or 3 years later if the exercise starts
now.

Objective As there is an urgent need for well-educated CCS value chain managers, developing a
prototype curriculum will serve three objectives:
e speeding up the process of implementing such curricula by helping universities to structure
these studies along a ready-made template and to build an appropriate network across EU
installations

e ensuring the quality of curricula by using a broad range of experts from E&T institutions
and from industry

e facilitate joint degree developments between different European universities by providing a
sound benchmark for curricula development

It is recommended that the proposed programmes contain the topics listed in section 3 in the full
report and be based on the courses on CO; capture, transport and on storage listed in the report

and annexes. The courses can be designed and/or adapted and/or extended in institutions having

already an expertise in CCS.

1.1.2 Action: The biggest gap is found in the non-technical faculties, that are supposed to address
law, regulations, financial and social issues related to CCS. Therefore, it will be a strong need to
create new positions of lecturers coming partly from research institutes and industry. Courses on
law issues should be created in law schools and courses on finances and economics should be
created in business schools. A participation of these latter schools in the CCS network is required.

1.1.3 Action: CCS education programmes could be included in future European FP projects,
especially for the storage component of education and training. Partners of FP6 and FP7 projects
organize currently activities like summer schools and short courses, and in the future could
implement joint programs between different educational providers (on all levels;
vocational/BSc/MSc/PhD).

1.1.4 Action: The courses covering a multitude of disciplines and technologies with a rapid
development can be delivered in the premises of the network members but can also be an ideal
area for the implementation of e-learning modules.
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Focus area 1.2: Strengthening and developing existing skills/competencies

1.2.1 Skills upgrade for conventional industries involved in capture (power generation,
industrial sectors such as petro-chemistry, chemicals manufacture, iron & steel and

cement industry), in transport of fluids and in storage such as oil & gas industries

Action

Conventional existing industries must play a key role in implementing CCS according to the SET plan
goals. These industries have already an excellent access to human resources over the CCS value
chain associated with their expertise. Electro-mechanical and chemical engineers have a sound
education for the operation and maintenance of capture units, fluid -mechanical engineers for the
transport and geologists for the storage.

This action will develop in a first step tailor-made training modules targeted at mid to high level of
expertise for these technicians and engineers either as in-house or as vocational education. The
courses will address each sector individually, i.e. capture, transport and storage technologies.

EQF Level 4-6: manufacturing, installation, O&M, etc.
Timeframe: Start: 2013, implementation of courses 2 years later

Objective  The main objective of the skills upgrade for conventional industries is to take
manpower from the huge potential of their own personnel to implement solutions filling the deficits
in their know-how regarding CCS in general and the application of CCS in particular to their own
installations.

1.2.2 Skills upgrade for energy consultants

Action

Energy consultants are key actors in promoting energy solutions in the public arena, business as
well as in communities as they are primary contact persons for any actor willing to change his
energy system. In many cases these consultants are however not qualified to provide reliable and
practical advice regarding CCS, given the complexity of the supply chain and the required
technological know-how necessary to implement CCS solutions.

The proposed action provides training modules targeted towards different groups of energy
consultants (consultants to individuals, business and industry, etc.) and up-grades their know-how
concerning CCS solutions within their sphere of activity.

The training modules have to be developed for distance learning using different European
platforms, such as the ZEP (Zero Emission Platform), EUA/EPUE, KIC-InnoEnergy, as dissemination
channels. Another channel can be the IEA GHG R&D Programme www.ieaghg.org. Courses can also
be organized in collaboration with international institutions, for example with the MIT in USA
web.mit.edu/professional/short-programs/courses/carbon_capture_storage.html

National associations, several of them such as Tractebel Engineering and VITO (Vlaamse Instelling
voor Techonogie Onderzoek) in Belgium having already a collaboration framework with universities
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and high schools, will then be tasked with organizing courses in their national context, under co-
ordination of the European ZEP, for instance. Another possible initiative with a more general focus
on energy issues is the Energy Academy Europe (EAE), which aims to be a centre of excellence in
energy education (vocational, graduate and post-graduate training)
www.energyacademyeurope.nl/widget/22. Non-exhaustive lists of institutions are given in annexes
of the report.

FEQF Level 3-8: management, finance/insurance, developer, utility
Timeframe: Start: Tender 2014, implementation of courses 2017

Objective The main objective of the skills upgrade for energy consultants is to improve the
qualification of energy consultants and training them in understanding the function of the complex
CCS supply chain.

Fostering involvement, access and up-take by the labour market

Focus area 2.1: Promoting mobility, life-long learning, workforce training

2.1.1 European education mobility programme for CCS
Action

Practice oriented learning requires co-operative education between academia and laboratories and
industry. This in turn requires special mobility programs, allowing students to move to labs and pilot
research facilities within their curricula. This mobility is different from current student mobility
programs as it requires more flexibility regarding the duration of the stays as well as strict co-
ordination between the universities and industry/research facilities receiving students. Different
programs for cooperation range from compact pilot plant exercises with durations of 2-4 weeks to
team projects of 1-3 months to individual research projects with 1 — 2 semesters duration. This
mobility program will be initiated by the European Commission as an integral element within its
academic mobility efforts and can use already existing bodies like ZEP, EUA/EPUE, EERA and existing
projects like ECCSEL described in the full report

FEQF Level Al

Timeframe Development of program framework and contract templates for co-operation
between educational institutions, pilot plant networks and industry until 2014
Implementation of student mobility: 2015

Objectives These mobility programs aim at improving practice oriented education by providing a
co-ordinated exchange of students between academia and the other CCS stakeholders. Although
internships are already common, this mobility program offers a new level of co-ordination between
academia and industry so that the time the students spend in companies are utilised to their full
educational capacity.

2.1.2 Action: Although there are no critical missing skills in industry to date, since it is

possible to convert or use the existing skills into manpower in CCS, an appropriate
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continuing education has however to be organized to keep the professionals updated

(seminars, short courses, e- learning...).

2.1.3 Action area: Development of an EU network and cooperation with non-EU

countries such as China, USA, Australia, Canada, India, and Japan.

Focus area 2.2: Industry involvement and partnerships

2.2.1 Action

From the analysis of the replies to our questionnaire, the needs in work forces within the CCS area
will increase a lot (nearly double and most probably more, especially in industry) if CCS technology
implementation takes off in the next 15 years. To go through the transition period from today to the
operational phase of a larger number of CCS plants, the industrial companies have up to now used
their in-house skilled personnel and shifted them from their normal daily job, but that will not be
enough for the next 15 years.

Consequently, the cooperation between industry and academic and research institutes is required
and has to be strongly fostered. In particular, industry can provide teachers and labs and pilot and
demo installations for practical exercises, integrated projects, internships and thesis.

2.2.2 Action: Educational and training programmes should be coupled to Europe’s best laboratory
facilities. The ECCSEL initiative is developing an open-access CCS laboratory infrastructure that
could be integrated into various education and training programs. The ECCSEL initiative should be
supported and integrated with development of new educational programs.

Planning and enabling skills development

Focus area 3.1: Sector skills assessments and observatories

3.1.1 European CCS Skills Requirement Survey

Action

CCS is a broad field with a large number of different actors and sectors involved. In order to fine
tune educational programs for the expected dramatic increase in well-educated employees and
entrepreneurs in this field, a comprehensive survey among all sectors’ representatives about the
skills expected from the future workforce is necessary. This survey should be oriented along the CCS
value chain and should include all actors listed in a still to be completed list in the report. It has to
cover all levels of education. This survey should be carried out by existing networks and should be
co-ordinated by an EU body, such as ZEP.

EQF Level 3-5: manufacturing, installation, O&M, etc.
1-2: support (assistance, production, transport)

Timeframe: Start: 2013, end report due 2014

Objective  The main objective is to provide a base line of skill requirements as seen from the
industry side in order to help educators to adapt the content of their courses to the needs of the
labour market in CCS. A further objective of this survey is to provide a common “standard” reference
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system for education in the field of CCS.

Focus Area 3.2: "Train the trainer"

3.2.1 Action: There could be a competition for highly skilled engineers and technicians between the
CCS sector on one side and oil and gas, chemistry, geothermal energy and power sectors on the
other side, a lot of well-educated personnel will be needed. Although competence and expertise are
existing in industry and research institutes, that is not necessarily the case in universities. New
positions of teachers and trainers will have to be created and that particularly for non-technical
topics such as law, regulations, business, communication.

Universities should organize themselves to hire (and pay them) educators from outside the
academic body.

Focus area 3.3: Development of teaching materials and courses

3.3.1 Action: Development of modern teaching material that can be used to create continuously
updated courses in CCS and should include teaching material enabling students trained in
traditional disciplines to absorb sufficient specialised knowledge in the various disciplines in the CCS
chain, in which they are not necessarily specialised themselves.

Teachers having an expertise in research and industrial applications should ensure a transfer of up-
to-date knowledge and of the last research findings to students. Dedicated web sites can be
designed and operated for E-learning.

Focus area 3.4: Online information and other tools

3.4.1 Action

The European bodies identified earlier such as ZEP act as a platform and co-ordinate and manage
digital educational content of CCS courses. They act as a quality control institution, providing criteria
for all digital educational content (streamed lectures, virtual classrooms, digital courses and course
modules, etc.) for all levels, from vocational training to bachelor, master and doctoral level to digital
lifelong learning modules.

As members of content development teams, senior experts, possibly retired, could and should be
involved to provide practical experience.

In case of CCS take-off and development during the 15 following years, there will be a lack of
teachers, in particular in the universities where new teachers from industry could be hired and
existing professors should commit themselves to extend or adapt their courses to cover CCS.

FEQF Level all
Timeframe |mplementation of the platform: 2013

Objectives The European CCS virtual learning platform has the objective to speed up the
modernisation process for curricula relevant to CCS and in particular to increase the capacity for
multidisciplinary education by providing quality controlled digital educational content at affordable
costs to educational institutions.
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Annex 1: Questionnaire and replies
Dear CCS stakeholder,

The European Energy Education and Training Initiative under the SET-Plan (Strategic
Energy Technology Plan) is investigating the human resources available for the
implementation of the EU 2020 plan and future energy policy. The investigation addresses the
quantity and quality of human resources required to implement these plans.

The SET-Plan, adopted by the European Union in 2008, is a first step to establish an energy
technology policy for Europe. It is the principal decision-making support tool for European energy
policy, with a goal of:

e Accelerating knowledge development, technology transfer and up-take;
e Maintaining EU industrial leadership on low-carbon energy technologies;
e Fostering science for transforming energy technologies to achieve the 2020 Energy and
Climate Change goals;
e Contributing to the worldwide transition to a low carbon economy by 2050.
e The projected budget for the SET-Plan has been estimated at up to €71.5 billion.
The SET-Plan has two major timelines:

e For 2020, the SET-Plan provides a framework to accelerate the development and
deployment of cost-effective low carbon technologies. With such comprehensive strategies,
the EU is on track to reach its 20-20-20 goals of a 20% reduction of CO2 emissions, a 20%
share of energy from low-carbon energy sources and 20% reduction in the use of primary
energy by improving energy efficiency by 2020.

e For 2050, the SET-Plan is targeted at limiting climate change to a global temperature rise
of no more than 2°C, in particular by matching the vision to reduce EU greenhouse gas
emissions by 80 - 95%. The SET-Plan objective in this regard is to further lower the cost of
low-carbon energy and put the EU’s energy industry at the forefront of the rapidly growing
low-carbon energy technology sector.

The EC SET-Plan working group on Carbon Capture and Storage (under DG Research &
Innovation, Energy Education and Training Initiative) is producing an assessment report to EC DG
Research & Innovation, which will be used as a basis for defining the initiative. The working group is
led by Professor Olav Bolland, from the Norwegian University of Science and Technology (NTNU).
The assessment report will cover the CCS technology sector and include the technology specific
aspects of associated fields with the aim to identify opportunities, actions and barriers, where
education and training could boost SET-Plan implementation. To produce this assessment report,
the working group needs your help with answers to the following questionnaire to assess the
current situation with regard to CCS expertise and experiences and to build up an attracting future
for CCS in Europe.

Please help us by answering the questionnaire on the following and return it to Fedora
(fedora.quattrocchi®@ingv.it and nep@geus.dk) by May 31. Thank you in advance for your help.
Please feel free to call Fedora Quattrocchi (+39-06-51860302) or Niels Poulsen: +45 3814 2366)
if you have any questions.

Sincerely, Fedora Quattrocchi & Niels Poulsen
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Carbon capture and storage (CCS)

Questionnaire:
1: name and nature of the institution (education, research, public body) and company: public, private

Do you reply on behalf of your institution or for your country? Institution / country

2: sector of activity (capture, transport, storage)

3: Workforces in person years (man .year). Current situation — existing workforces' profiles and
workforces required to achieve the SET-Plan vision.

a) now in 2011

i.  CO2 Capture technology person year
ii.  Transport of CO2 person year
iii. CCS base line studies person year
iv. C02 storage site characterisation, risk assessment

and dynamic behaviour person year

V. CO2 storage monitoring person year

Vi. CCS legal issue person year
Vii. CCS communication person year

b) expected for the next 15 years

i.  CO2 Capture technology person year
ii.  Transport of CO2 person year
iii. CCS base line studies person year
iv. C02 storage site characterisation, risk assessment

and dynamic behaviour person year

V. CO2 storage monitoring person year

vi. CCS legal issue person year
Vii. CCS communication person year

4. Other comments. Do you have:
» On-going actions - training initiatives, etc.

= Needs and gaps in education & training, in particular main barriers or bottlenecks for the
different industrial or public sectors.

= Recommendations at EU and possibly Member State level.
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EU institution / country sector of activity 2011 2026
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1 Amphos21 Consulting S.L. 0 1 0 1 1 0 5 2 4 0 3 1 1 7 3 6 1 5
1 Austria and Geologische BUndesanstalt (Geological Survi 1 0 0 1 0 0 0 0.1 0 0 0.1 0 0 0.25 0.25 0 0 0.1
1 BGR 0 0 0 0 0 0 3.4 3.4 3.4 3.4 3.4 0 0 3.4 3.4 3.4 13.4 3.4
1 Biorecro AB, private company registered in Sweden 0 4 5 55' 30
1 BLOS International LTD 0 0 0 1 0 0 0 3 0 0 0 0 0 0 125 2 0 1
1 BRGM 0 0 0 1 0 0 0 33 8 0.5 0.5 0 0 0 33 8 0.5 0.5
1 British Geological Survey 0 0 0 1 0 0 1 5 4 0 0.5 0 0 4 8 6 0 1
1 BTU Cotthus, Chair of Power Plant Technology 0 1 1 0 6 1 0 0 0 0 0 4 4 0 0 0 1 1
1 CATO 0 1 1 1 75 52 50 75 25 10 25 40 20 20 40 20 5 20
1 CIEMAT, Energy, Environment and Technology Researcl 0 0 0 1 0 0 0 4 0 0 1 0 0 0 6 0 0 1
1 CO2-H2 Eurl 0 1 0 0 0.5 0 0 0 0 0 0 0.5 0 0 0 0 0 0
1 DNV KEMA Energy & Sustainability 0 1 1 1 30 5 0 3 2 0 1 60 20 5 40 40 5 5
1 ELCOGAS S.A. 0 1 2 0.4 2 0.4
1 Energy Geoscience International Ltd. 0 0 0 1 0 0 0.3 0.1 0.5 0 0.1 0 0 0.2 0.1 0.3 0 0.4
1 Energy research centre of the Netherlands 0 1 0 0 12 2 2 0.5 0.5 2 4 8 1 1 0 1 2 1
1 Foster Wheeler Italiana (FWI) 0 1 0 0 28 1 12 0 0 0 0 50 4 25 2 0 1 1
1 Fracture Systems Ltd 0 0 0 1 0 0 0 0 0 0 0 0 0 5 5 5 0 0
1 Fraunhofer Institute for Systems and Innovations Researc 0 1 1 1 0.1 0.1 0 0.1 0 0 0.5 0.1 0.1 0 0.1 0 0 0.5
1 Fundag&o Ensino e Cultura Fernando Pessoa / Universid 0 0 0 1 0 0 15 225 0 0.5 0.5 0 0 2 4 2 1 15
1 Fundacion Ciudad de la Energia (CIUDEN) 0 1 1 1 45 10 5 10 10 5 10 70 15 7 15 15 7 12
1 Gassnova SF 0 1 1 1 21 9 0 10 0 1 5 21 13 3 10 3 1 5
1 Gassnova SF oo 1 1 1 5 2 1 2 0 3 3 5 2 2 3 1 3 3
1 Geogreen 0 0 1 1 0 1 2 2 1 0.5 0.5 0 4 4 10 20 2 2
1 GeoinZeniring d.o.o., Ljubljana, Slovenia 0 0 0 1 0 0 0 1 1 0 0 0 1 1 3 3 1 1
1 Geological Survey of Belgium — Royal Belgian Institute of 0 0 1 1 0 0.25 1 0.5 1 0.25 0.5 0 1 1 2 1 1 1
1 Geology Department; Faculty of Sciences; University of L 0 0 0 1 0 0 0 1 0 0 0 0 0 0 2 0 0 )
1 German Ministry of Economics; public 0 0 0 0 0 0 15 0 0 0 0 0 0 1 0
1 IFPEN 0 1 1 1 30 1 0 30 10 1 1
1 IMPERIAL COLLEGE LONDON 0 1 1 1 5 2 5 40 5 2 0 10 5 10 70 8 4 0
1 IMPERIAL COLLEGE LONDON, education, public 0 1 1 1 5 2 5 40 5 2 0 10 5 10 70 4 8 0
1 Institute of Energy Systems, Hamburg University of Tech: 0 1 12 1 0 0 0 0 0 14 1 1 0 0 0 0
1 Institute of Geology at Tallinn University of Technology (T 1 0 0 1 0 0.3 15 0 0.6 0.3
1 Instituto de Carboquimica, CSIC, Spain 0 1 0 0 24 0 0 0 0 0 0 35 0 0 0 0 0 0
1 INSTITUTO TERRA E MEMORIA 0 1 1 1
1 INSTITUTO TERRA E MEMORIA, Portugal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 IRIS - International Research Institute of Stavanger 0 0 0 1 0 0 0.5 7 2 0 0.3 0 0 2 10 3 0 0.5
1 ISPE —Institute for Studies and Power Engineering 0 10 10 20 0 0 5 5 20 20 10 0 0 5 10
1 Istituto Nazionale di Oceanografia e di Geofisica Sperime 0 0 0 1 0 0 3 5 2 0 1 0 0 45 75 60 7 30
1 IVL Swedish Environmental Research Institute 0 0.1 0 0.1 0 0 0 0.5 0.5 0 0.5 0 0 0 1
1 Laboratério Nacional de Energia e Geologia, |.P. LNEG 0 1 1 1 5 1 1 4 1 1 1 6 2 1 5 2 1 1
1 Lappeenranta University of Technology (Finland) 0 1 0 0 4 0 0 0 0 0 0 75 0 0 0 0 0 0
1 METBE — Ministry of Economy, Trade and Business Envi 1 1 1 1 15 10 30 10 0 5 5 20 20 10 20 5 5 10
1 METU PAL 0 0 0 1 0 0 0 4 1 0 0 0 0 0 8 3 0 0
1 Ministry of Economics, Poland 0 1 1 1 0.1 0.1 1 0 0 0.2 0.1
1 Polish Geological Institute, PGI 0 0 0 1 0 0 0 20 3 2 2 0 0 0 10 5 3 2
1 RD Partners 0 1 0 0 0.2 0 0 0 0 0 0 0 0 0 0 0 0 0
1 SINTEF 0 0 0 1 0 0.1 0 4 2.5 0 0 0 0 0 8 7 0 0
1 State Geological Institute of Dionyz Stur 0 0 0 1 0 0 0 3 0.2 2 0 1 0 0.5 0.5 0.2 0 0
1 Technical University Hamburg Harburg, Institute of Thern 0 1 1 1 1 1 1 1 0 0 0 1 1 1 1 0 0 0
1 The Geological Survey of Denmark and Greenland - GEL 0 0 0 1 0 0 1 8 1 0 0.1 0 0 1 15 2 0 1
1 The Research Council of Norway, public 0 1 1 1 00 "100 "100 "100 " "100 "2000 " "500 "2000 "2000 G
1 uk.bp.com 0 2 0.25 0.1 4.5 3.8 0.1 0.15 1 0.1 25 3.5 15 0.25 0.25
1 VTT Technical Research Centre of Finland 0 1 1 1 6.5 1 3 0 0 1 0.5 13 2 5 0 0 1 2
1 Zero Emission Resource Organisation, ZERO 0 1 1 1 1 0.2 0.2 0.4 0.2 0 1 1.5 0.2 0.2 0.4 0.2 0 5
0 ALSTOM Power - CO2 Capture Solutions (CCS) 0 1 0 0 300 0 0 0 0 0 0 1000 0 0 0 0 0 0
0 Corporate R&D Institute of Doosan Heawy Industries & C: 0 1 0 0 15 0 0 0 0 0 1 20 0 0 0 0 0 3
0 Dalhousie University, Nova Scotia Canada 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0
0 Dept of Petroleum Engineering, Curtin University- Austral 0 1 1 1 8 10 0 12 14 0 0 5 5 0 10 50 0 0
0 ECOPETROL. Colombian Petroleum Company 0 1 1 1 1 1 1 1 0 0 0 5 2 2 5 2 2 1
0 Federal Government Research Institute 0 1 1 0 7 1 1 0 0 0 0 20 5 2 0 0 0 0
0 Foster Wheeler Energy Limited (FWEL), Reading HQ 0 1 1 1 22 1 3 0 0 1 0 40 4 3 2 0 4 0
0 Geoscience Australia, Government Department 0 0 0 1 0 1 4 50 10 10 0 0 5 20 100 50 20 0
0 Global CCS Institute 0 1 1 1 1 0 0 15 15 2 3
0 Gulf Coast Carbon Center, Bureau of Economic geology, 0 0 0 1 0 0 3 5 5 0.5 1 0 0 2 4 5 1 1
0 Indiana Geological Survey - USA 0 0 0 1 0 0 0 3 0 0 2 0 0 1 2 0 0 0
0 IPAC-CO2 Research Inc. 0 0 0 1 0 0 0 4.5 4.5 0 25 0 0 0 6.5 6.5 0 25
0 JSC “All-Russia Thermal Engineering Institute™ VTI 0 1 0 0 2 0 0 0 0 0 0 45 15 15 30 30 0 0
0 Lawrence Livermore National Laboratory 0 0 1 1 2 0 0 10 0.5 0 0 2 0 0 10 1 0 0
0 MDA Geospatial Services Inc. (Canada) 0 0 0 1 0 0 0 1 1 0 0 0 0 0 4 4 0 0
0 National Tsing Hua University, Hsinchu, Taiwan (mx.nthu. 0 1 15 0 0 0 0 2 2 25 0 0 0 0 5 3
0 Northwest University (public) o 1 1 1 5 3 5 50 30 2 2 10 5 6 50 30 2 2
0 PETRONAS, O&G Company, Kuala Lumpur, Malaysia 0 5 0 1 1 0 0 0 5 2 2 2 1 1
0 Rahbord Energy Alborz Itd Private company 0 1 0 1 36 10 25 20 0 6 0 100 40 30 80 25 15 10 98 | P a g e
0 The University of Queensland 0 1 0 1 5 0 0 5 0 0 0 5 0 2 10 2 1 1
0 University of British Columbia, Clean Energy ResearchC 0 1 0 0 3 0 0 0 0 0 0 4 0 0 0 0 0 0
2011 2026




Carbon capture and storage (CCS)
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Carbon capture and storage (CCS)

Annex 2: List of worldwide large-scale CCS projects

(source: Global CCS Institute www.globalccsinstitute.com/data/status-ccs-project-database, July 2012 )

This operating enhanced oil recovery project uses carbon dioxide sourced from the Mitchell, UNITED Onshore to Enhanced Oil
Val Verde Natural Gas Plants Gray Ranch, Puckett, Pikes Peak and Terrell gas processing plants and transported via the Val Texas STATES 1.3 Mtpa 1972 Natural Gas Processing Pre-Combustion 132 km h inel R
Verde and CRC pipelines. onshore pipeline ecovery
" " . . Since 1982, the Enid Fertilizer plant has sent around 680,000 tonnes per annum of carbon UNITED " . Industrial Onshore to Enhanced Oil
Enid Fertilizer CO2-EOR Project dioxide to be used in enhanced oil recovery operations in Oklahoma. Oklahoma STATES 0.68 Mipa 1982 Fertiliser Production Separation 225 km onshore pipeline Recovery
Around 7 million tonnes per annum of carbon dioxide are recovered from ExxonMobil's Shute "
Shute Creek Gas Processing Facility Creek gas processing plant in Wyoming, and transported by pipeline to various oil fields for ‘Wyoming LSJ";‘/LTI'EE% 7 Mtpa 1986 Natural Gas Processing Pre-Combustion 190 km Snn:hh;r: Ri) eline EZE:CZEd oil
oil recovery. This project has been since 1986. pip v
Sleipner is the second largest gas development in the North Sea. Carbon dioxide is separated 1 Mtpa +0.2 0 km (capture
. - from produced gas at Sleipner T and reinjected into a deep saline formation above the L . Industrial same as Onshore to Offshore Deep
Sleipner CO2 Injection hydrocarbon reservoir zone. This project has been in operation since 1996. LS NORWAY o OnMS‘!prﬁCIlnIOn 1996 Natural Gas Processing Separation storage offshore pipeline Saline Formations
location)
" About 3 million tonnes per annum of carbon dioxide is captured from the Great Plains Synfuel "
reat Piane pymiuel Plant and plant in North Dakota. Since 2000 the carbon dioxide has been transported by pipeline into Saskatchewan CANADA 3 Mitpa 2000 | Synthetic Natural Gas Pre-Combustion 315km Onehore 0 ine Eohanced O
Y| ) Canada for enhanced oil recovery in the Weyburn and Midale Oil Fields. pip i
In Salah is a fully operational onshore gas field in Algeria. Since 2004, 1 million tonnes per .
In Salah CO2 Storage annum of carbon dioxide are separated from produced gas and reinjected into the producing \g::ﬁ:e ALGERIA 1 Mtpa 2004 Natural Gas Processing Pre-Combustion 14 km Snn:hh;r: Ri) eline ggl?:gr:o?meiﬂons
hydrocarbon reservoir zones for storage in a deep saline formation. 9 Pip
The Snghvit offshore gas field and related CCS activities have been in operation since 2007. -
Snghvit CO2 Injection Carbon dioxide separated from the gas produced at an onshore liquid natural gas plant is Barents Sea NORWAY 0.7 Mtpa 2008 Natural Gas Processing Industrial 152 km Onshore to Oﬁ;hore Deep
: . Separation offshore pipeline Saline Formations
reinjected into a deep saline formation below the reservoir zones.
Occidental Petroleum, in partnership with Sandridge Energy, is operating a gas processing
Century Plant plant in West Texas that at present can capture 5 Mtpa of carbon dioxide for use in enhanced Texas g"l\“/IATTEE% 8.5 Mtpa 2010 Natural Gas Processing Pre-Combustion 256 km oonn:hh;': lio eline ggg:cged ol
oil recovery. Capture capacity will be increased to 8.5 Mtpa in 2012. Pip i
. This project in construction will capture more than 1 million tonnes per year of carbon dioxide "
Q'erfi:;ﬁcésoit?g EM;lhane from two steam methane reformers to be transported via Denbury's Midwest pipeline to the Texas g#‘LTTEE% 1 Mtpa 2012 Hydrogen Production Post-Combustion 101 - 150 km DOnnsshh;ree l? eline szzgc:ec' oil
) Hastings and Oyster Bayou oil fields for oil recovery. Pip i
The project will capture around 1 million tonnes per annum of carbon dioxide from ethanol Onshore to Onshore Deep
Illinois Industrial Carbon Capture and production. Carbon dioxide will be stored approximately 2.1 km underground in the Mount Si S - UNITED . Industrial Saline
Storage ProjectStorage Project dtdlifti Simon Sandstone, a deep saline formation. Ilinois STATES 1 Mtpa 2013 Chemical Production Separation 16km ;i":;i?‘fpipelme FormationsFormation
s
This project will retrofit the Lost Cabin natural gas processing plant in Wyoming with CCS "
Lost Cabin Gas Plant facilities, capturing around 1 million tonnes per annum of carbon dioxide to be used for ‘Wyoming g"l\" /I\TrEEZ 1 Mtpa 2013 Natural Gas Processing Pre-Combustion 370 km Onshhore to | Enhanced oil
enhanced oil recovery. onshore pipeline ecovery
i o CVR Energy is develaping} a new compression facility at its fenili_ser p\a_nt in !(ansas‘ The plant UNITED B X X Onshore to Enhanced Oil
Coffeyville Gasification Plant currently produces approximately 850,000 tonnes of carbon dioxide which will be transported to Kansas STATES 0.85 Mtpa 2013 Fertiliser Production Pre-Combustion 112 km onshore pipeline Recover
the mid-continental region for use in enhanced oil recovery. pip Y
Mississippi Power (Southern Company) is constructing an air-blown 582 MW IGCC plant using "
Kemper County IGCC Project a coal-based transport gasifier. Up to 3.5 million tonnes per annum of carbon dioxide will be Mississippi "SJ?LTT%E% 3.5 Mtpa 2014 Power Generation Pre-Combustion 75 km oonn:hh;t lio eline Egzgc:e‘j oil
captured at the plant and used for enhanced oil recovery. Pip Y
Boundary Dam Integrated Carbon is currently ing a coal-based power generator with carbon capture Onshore to Enhanced Oil
Capture and Sequestration technology near Estevan, Saskatchewan. When fully operational in 2014, this project will Saskatchewan CANADA 1 Mtpa 2014 Power Generation Post-Combustion 100 km onshore pipeline Recover
Demonstration Project capture around 1 million tonnes per annum of carbon dioxide. pip v
. " Agrium’s fertiliser plant in Alberta is currently being retrofitted with a carbon dioxide capture .
Alberta Carbon Trunk Line ("ACTL") unit. Around 585,000 tonnes per annum of carbon dioxide will be captured and transported via Alberta CANADA 0.585 Mtpa 2014 Fertiliser Production Pre-Combustion 240 km Onshore to Enhanced Oil
with Agrium CO2 Stream © § onshore pipeline Recovery
the Alberta Carbon Trunk Line (ACTL) for enhanced oil recovery.
Sinopec Shengli Oil Field EOR ‘Around 1 million tonnes per annum of carbon dioxide will be captured from an existing power : ) } B Onshore to Enhanced Gas
Project plant in Shangdong and used for enhanced oil recovery. Shangdong CHINA 1 Mtpa 2014 Power Generation Post-Combustion 51-100km onshore pipeline Recover
Leucadia and Lake Charles Cogeneration plan to build a gasification plant to produce synthetic UNITED Onshore to Enhanced Oil
Lake Charles Gasification natural gas from petcoke. Around 4 million tonnes per annum of carbon dioxide will be captured Louisiana STATES 4.5 Mtpa 2014 Synthetic Natural Gas Pre-Combustion Not specified onshore pipeline Recoves
at the plant and used for enhanced oil recovery. pip v
Summit Power Group is developing a 400 MW IGCC polygeneration plant capturing 2.7 million "
Texas Clean Energy Project of tonnes per annum of carbon dioxide to be used for enhanced oil recovery in the Permian Texas UNITED 2.5 Mtpa 2014 Power Generation Pre-Combustion <50 km Onshore to Enhanced Oil
Basin in West Texas. STATES onshore pipeline Recovery
Alberta Carbon Trunk Line ("ACTL") Up to 1.2 million tonnes per annum of carbon dioxide will be captured at this new heavy oil Onshore to Enhanced Oil
with North West Sturgeon Refinery upgrader in Alberta. In partnership with Enhance Energy, the carbon dioxide will be transported Alberta CANADA 1.2 Mtpa 2014 Oil Refining Pre-Combustion 240 km onshore pipeline Recover
CO2 Stream via the Alberta Carbon Trunk Line (ACTL) for enhanced oil recovery. Pip Y
More than 800,000 tonnes per annum (tpa) of carbon dioxide from a natural gas processing "
Jilin Oil Field EOR Project (Phase 2) plant are planned to be injected into the Jilin oil field for enhanced oil recovery by 2015. Around Jilin CHINA MoreN:Pzn 08 2015 Natural Gas Processing Pre-Combustion Not specified Snnsshh;I: l? eline Egzgcged oil
200,000 tpa are currently being injected at Jilin. P Pip i
This project will consist of a 1200 MW IGCC power plant and a 1300 MW supercritical power Onshore to Enhanced Oil
Lianyungang IGCC with CCS Project plant capturing up to 1 million tonnes of carbon dioxide per annum. Synthetic natural gas and Jiangsu CHINA 1 Mtpa 2015 Power Generation Pre-Combustion 201 - 250 km onshore pipeline Recove
i will be co-produced at this plant. pip v
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The Taylorville Energy Center is a proposed 602 MW IGCC power plant located in lllinois.

Taylorville Energy Center Around 3 million tonnes per annum of carbon dioxide will be captured at the plant and stored in lllinois g"l\"/‘\TTEEDS 1.92 Mtpa 2016 Power Generation Pre-Combustion 8 km Oor?sshh;r: (? eline gglf:gr:n[rﬁgzons
onshore deep saline formations or used in enhanced oil recovery. pip
The Ultra-Low-CO2-Steel (ULCOS) consortium proposes to build a prototype blast furnace that Iron and Steel Industrial Onshore to Onshore Deep
ULCOS - Blast Furnace will efficiently capture up to 700,000 tonnes per annum of carbon dioxide from a steel plant. Lorraine FRANCE 0.7 Mtpa 2016 Production Separation 60 - 80km onshore pipeline Saline Formations
The carbon dioxide would be stored in a deep saline forma \cn P Pip
Air Liquide is building a new hydrogen plant in ofa Industrial Enhanced Oil
Green Hydrogen pugflcallorl\ unit at the plant, capturing up to 550,000 wnnes per annum of carbcn dIOXIde is Zuid-Holland NETHERLANDS 0.4 Mtpa 2016 Hydrogen Production Separation 600 km Ship/Tanker Recovery
under evaluation.
Dongguan Taiyangzhou IGCC with Dongguan Taiyangzhou Power Corporation intends to construct an 800 MW IGCC plant Onshore to Onshore Depleted
CCS Project capturing up to 1 million tonnes of carbon dioxide per annum to be stored in depleted oil and Guangdong CHINA 1 Mtpa 2017 Power Generation Pre-Combustion 101 - 150 km onshore pipeline Oil and Gas
gas reservoirs. Reservoirs
This project is a new build mine to mouth coal to synthetic natural gas plant in Kentucky UNITED Onshore to
Kentucky NewGas proposing to capture around 5 million tonnes per annum of carbon dioxide for storage in a deep Kentucky STATES 5 Mtpa 2017 Synthetic Natural Gas Pre-Combustion <50 km onshore pipeli Not specified
saline formation. Pipeline
Browse Reservoir CO2 Up to 3 million tonnes per annum of carbon dioxide would be captured at this proposed liquid Western Unspecified Saline Formations or
Geosequestration natural gas development located on the Dampier peninsula in Western Australia. Australia AUSTRALIA 3 Mtpa 2017 Natural Gas Processing Pre-Combustion Not specified pipeline Depleted Gas
Reservoir
This project is developing a 340 MW oxy-fuel natural gas-based power plant in Rotterdam that Oxyfuel Onshore to Offshore Depleted
Pegasus Rotterdam would capture around 2.5 million tonnes per annum of carbon dioxide. The project is part of the Zuid-Holland NETHERLANDS 2.5 Mtpa 2017 Power Generation " 151 — 200 km P Oil and Gas
Climate Initiative. Combustion offshore pipeline Reservoirs
A 175 MW IGCC electric power generating facility in southwest North Dakota. The facility will UNITED Onshore to Enhanced Oil
Quintana South Heart Project convert lignite into hydrogen and power, capturing up to 2.1 million tonnes per annum of carbon North Dakota STATES 2.1 Mtpa 2017 Power Generation Pre-Combustion Not specified onshore pipeline Recovery
dioxide for enhanced oil recovery.
This project proposes to capture around 2 million tonnes per annum of carbon dioxide from two
Emirates Aluminium CCS Project natural gas-based power plants by 2017. The project is being developed as part of the Abu Abu Dhabi LEJ’\’\/“‘ITR%J.S?AB 2 Mtpa 2017 Alumina Production Post-Combustion 351 — 400 km Onshore to Enhanced Ol
Dhabi CCS Network (Masdar). onshore pipeline Recovery
This project proposes to capture up to 1.5 million tonnes of carbon dioxide per annum from an REPUBLIC OF Offshore Deep
Korea-CCS 1 integrated circulating fluidized bed combustion (CFBC) power plant for storage in deep saline Not Decided KOREA 1.5 Mtpa 2017 Power Generation Post-Combustion 251 — 300 km Ship/Tanker Saline Formations
formations.
The Bow City Power Project is a proposed super critical 1,000 MW coal-based power plant in Onshore to Enhanced Oil
Bow City Power Project Alberta, incorporating post-combustion carbon capture and storage. Around 1 million tonnes Alberta CANADA 1 Mtpa 2017 Power Generation Post-Combustion <50 km onshore pipeline Recovery
per annum of carbon dioxide will be captured for enhanced oil recovery.
Surat Basin CCS Project (formerly This project is a new build 340 MW IGCC power plant that will capture up to 2.5 million tonnes y . Onshore to Onshore Deep
Wandoan CCS Project) per annum of carbon dioxide for storage. The capture scope is under review. Queensland AUSTRALIA 1 Mtpa 2017 Power Generation Post-Combusion 151 - 200 km onshore pipeline Saline Formations
S(_:S Energy is proposing to build a 590 MW IGCC power plant in New Je_rsey, Around 2.6 UNITED . : Onshore to Offshore Deep
PurGen One Elrll\r?ar:‘lconlnaesoﬁrlzrén;w gfffsc;\;?:n dioxide would be transported by pipeline to deep saline New Jersey STATES 2.6 Mtpa 2017 Power Generation Pre-Combustion 160 km offshore pipeline Saline Formations
. . SCS Energy has taken over the HECA project from Hydrogen Energy. The new design will be a ’
E‘.\{ggg)en Energy California Project 400 MW polygeneration plant capturing 2.3 million tonnes per annum of carbon dioxide for California ;’F‘EFEEDS 2 Mtpa 2017 Power Generation Pre-Combustion 6.4 km Snn:hhé)rf;;iopeline Egz:cg?: oil
enhanced oil recovery enhanced oil recovery.
This project will convert natural gas into hydrogen and carbon dioxide. The 380 MW hydrogen
Hydrogen Power Abu Dhabi (HPAD) power plant will generate over 5 per cent of all Abu Dhabi's current power generation capacity. Abu Dhabi LEJI\,\/‘I‘ILS\?'?SAB 1.7 Mtpa 2017 Power Generation Pre-Combustion 201 - 250 km Onshore to Enhanced Ol
. p onshore pipeline Recovery
Captured carbon dioxide will be used for enhanced oil recovery.
Eemshaven CCS cEliiS;S; ﬁ)ﬁis;ﬁg:éngg ﬁe&f:;f:;ﬁi:::;g;z;:g@z:3?:;% per annum of carbon Groningen NETHERLANDS 1.2 Mtpa 2017 Power Generation Post-Combustion Not specified Ship/Tanker Not specified
Summit Energy proposes to replicate its Texas Clean Energy Project concept at this new build UNITED Onshore to Enhanced Oil
Caledonia Clean Energy Project plant in Scotland. Carbon dioxide captured at the plant would be stored or used for enhanced Scotland Not specified 2018 Power Generation Post-Combustion Not specified P
KINGDOM offshore pipeline Recovery
oil recovery in the North Sea.
The V\clo_rian Government is qeve\oping this. carb_op transport and storage h_ub project in the . X i Onshore to Offshore Deep
CarbonNet Project fr‘:rlr?\?;r\igﬁ‘sogz ;Ll:: fpargl\ie&ic(;:lms to collect 1.2 million tonnes of carbon dioxide per annum Victoria AUSTRALIA 1.2 Mtpa 2018 Power Generation Not Decided 51 - 100 km offshore pipeline Saline Formations
Solid Energy and Ravensdown have partnered to investigate a coal to fertiliser plant (1.2 million Onshore to Onshore Deep
Southland Coal to Fertiliser Project tonnes per annum of fertiliser) with carbon capture and sequestration in a deep saline Southland NEW ZEALAND 1 Mtpa 2018 Fertiliser Production Pre-Combustion 51 — 100 km onshore pipeline Saline Formations
formation. The plant is projected to begin operations in 2016. pip
Shen Hua Ningxia Coal to Liquid This project developed by Dow Chemical proposes to build a coal to liquids plant capturing 5 . . Industrial Onshore to .
Plant Project (formerly Yulin) million tonnes of carbon dioxide per annum. Various storage options are under evaluation. Shanxi CHINA 5 Mtpa 2019 Coal-to-liquids (CTL) 201 - 250 km onshore pipeline Various
This project proposes to capture 1.5 to 2.5 million tonnes of carbon dioxide per annum from an
Korea-CCS 2 oxyfuel or IGCC power plant. The carbon dioxide captured at the plant would be shipped for Not Decided EEEEBAUC OF 1 Mtpa 2019 Power Generation 8xyfuel : 251 — 300 km Ship/Tanker Off;hore Deep
i : ombustion Saline Formations
injection into a deep saline formation.
This project proposes to capture 2.5 million tonnes per annum of carbon dioxide from an
l';Aarllsa Thermal Power Plant CCS existing lignite-based thermal power plant in Bulgaria. The plant belongs to the Maritsa Iztok Stara Zagora BULGARIA 2.5 Mtpa 2020 Power Generation Post-Combustion Not specified Onshore to Onshore Deep
roject . onshore pipeline Saline Formations
Complex, which is the largest energy complex in South Eastern Europe.
Datang Dongying Carbon Dioxide The China Datang Group is developing a new power generation project with CCS, with a Onhore to onshore Enhanced Oil
Capture and Storage Project planned capture capacity of around 1 million tonnes per annum of carbon dioxide, which will Shangdong CHINA 1 Mtpa 2020 Power Generation Not Decided Not specified Ji R
then be used for enhanced oil recovery. pipeline ecovery
Shenhua/Dow Chemicals Coal to This project intends to capture around 1 million tonnes of carbon dioxide per annum from an Industrial Onshore to
Chemicals Plant Project (Ordos) existing coal-to-liquids facility by 2020. It is the second phase of the operating pilot-scale Ordos Inner Mongolia CHINA 1 Mtpa 2020 Chemical Production Separation <50 km onshore pipeline Various
Shenhua DCL plant CCS Project.
This project is considered on hold. Ayrshire Power proposed to construct a new multi-fuel UNITED Onshore to Offshore Depleted
Peel Energy CCS Project power station that would have captured around 2 million tonnes per annum of carbon dioxide KINGDOM North Ayrshire 2 Mtpa N/A Power Generation Post-Combustion 301 — 350 km offshore pipeline Oil and Gas
for storage in depleted oil and gas reservoirs. pip Reservoirs
This project will involve the construction of a new, super-critical coal-fired power plant with More than 2 Not Oxyfuel
CCUS project oxyfuel combustion capturing more than 2 million tonnes per annum of carbon dioxide. Shanxi CHINA Mtpa s;éec\fi Power Generation Combustion Not specified Not specified Various
e
StatoilHydro and the Norwegian government entered into an implementation agreement to Not
Félél:—;(;ale €02 Capture Mongstad develop carbon dioxide capture solutions at the Mongstad natural gas power plant, with a view Hordaland NORWAY 1 Mtpa specifi Power Generation Post-Combustion Not specified Sf?ssf:]lgrf “i) eline (Sjglis:srlieulrjrﬁ:{?cns
to capture and store up to 1 million tonnes per annum of carbon dioxide. ed PIP
Tenaska is developing a site near Sweetwater, Texas, to construct a supercritical pulverised UNITED Not Onshore to Enhanced Ol
Tenaska Trailblazer Energy Center coal-based power plant designed to capture up to 85-90 per cent of the carbon dioxide that Texas STATES 5.75 Mtpa specifi Power Generation Pre-Combustion 201 - 250 km onshore pipeline Recovery
would otherwise enter the atmosphere. ed
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Annex 3: List of courses considered as essential for a storage
education

CO; storage

1. Storage site characterization

A typical workflow for reservoir evaluation of potential sites for geological storage of CO, involves
acquisition and interpretation of geophysical and petrophysical data, and geological modelling
integrating different types of data (seismic data, logs, geological data, etc.). Geological modelling is
a critical step which provides the key characteristics of the storage reservoir including the size of
the storage site, porosity and permeability distributions, confining layers and boundaries and faults.
Knowledge of these properties and other geological attributes is essential for estimating the
storage capacity and for realistic dynamic reservoir modelling as described below.

The first geological reservoir also provides the baseline model for long-term monitoring of the
storage site which requires acquisition and interpretation of seismic data at time intervals (4D
seismic). Following workflow outlined above a time resolved depiction of the motion of the stored
CO; is obtained. The 4D seismic images thus obtained are compared with predictions of the
dynamic reservoir flow models to verify that CO, motion in the storage site proceeds according to
predict patterns.

Geophysicists, petro-physicists and geologists involved in these activities have in general basic
education and training in earth sciences. However they need to acquire expertise in CO storage. In
particular it is important that they master the following topics:

= interpretation of high-resolution seismic data for reservoir charged with CO2 (differences with
natural gas reservoirs for instance arise from the phase behaviour: supercritical or liquid gas
equilibrium at storage conditions)

= seismicity induce by injection of CO2, where re-pressurization of the reservoirs (depleted gas or
oil reservoir will lead to redistribution of stresses in the formation)

= geochemical effects resulting from COZ2 interaction with cap-rock and formation rock (this is
critical input for the dynamic modelling of CO2 storage)

= static reservoir modelling based on high resolution seismic data with emphasis on geological
reservoir heterogeneity, migration of fluids through faults

= |t is very likely that high-resolution seismic data is not detailed enough to provide information
on the heterogeneity and migration pathways of fluids. An improved modelling of existing
depositional systems seems to be essential. These aspects deal mainly with risk knowledge on
long term CO2 migration and escape.

2. Dynamic modelling of CO. storage reservoir
The static reservoir modelling is key input for CO; reservoir management. After selection of the CO;
storage site a dynamic reservoir modelling should be done to achieve the following main goals:

= predict the long-term fate of the CO2 in the storage reservoirs (aquifers, depleted gas fields or
EOR)

= help determining strategies (number and location of wells, injection rates, etc.) to assure
optimum utilization of the storage capacity

= assert the stored CO2 will be contained within the boundaries of the reservoirs and that there
are no risks of uncontrolled flow of CO2 to the surface

= identify risks of technical failure of the storage process and determine potential pathways for
leakage into the atmosphere

Dynamic reservoir modelling requires extensive knowledge of the interaction of the CO, and the

formation. Even in the case of depleted oil and gas fields where much information will be available
at the start of CCS activities a dedicated dynamic modelling of the CO, will be critically needed.
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Indeed CO, storage demands more attention to geo-mechanical aspects because re-pressurization
of storage reservoir could potentially lead to large changes in the stresses. This could lead to
formation of cracks, re-activation of faults and mechanical damage of the cap-rock. These effects
can potentially create pathways through which store CO, might leak into the atmosphere.

When CO; is in contact with the cap-rock in presence of saline water there could be chemical
reactions which may result in the formation of flow paths through which the CO; can escape toward
the surface and ultimately the atmosphere.

The interaction of CO, with reservoir fluids (mainly saline water but also oil or gas) should play an
essential role in whether storage capacity will be actually realized or not. The complex
thermodynamic behaviour of CO, stems from the fact that at the reservoir pressures and
temperatures CO, might be in the liquid, gas or supercritical phases. Dissolution of CO2 into saline
water leads to large scale convective phenomena, chemical reactions and mineral precipitation or
dissolution and geo-chemical processes. When CO; is contact with the cap-rock in presence of saline
water there might occur chemical reactions, which may result in formation flow paths through the
CO; can escape toward the atmosphere and the surface.

These factors will to a large extent determine the short- and long-term fate of CO, injected in the
geological formations. CO, storage reservoir engineers need master the following topics:

= thermodynamics of CO2-water-hydrocarbons systems

= geochemistry of CO2-saline water-rock systems (including cap-rock and faults)

= rock-fluid physics properties (relative permeabilities, capillary pressures, wettability, etc.) and

their dependence on geochemistry and thermodynamics
= (02 mass transfer into water or oil (saline aquifers or depleted oil fields)
= convective mixing of CO2 mass with natural gas (depleted gas fields)

3. Well engineering for CO. storage

The well design (vertical and horizontal wells, well completion..) and the well plugging techniques
(after closure) may come from the adaptation of the techniques developed in the oil & gas industry,
and their improvement in terms of leakage and long-term safety.

During CO; injection into a reservoir (saline aquifer, depleted oil or gas field, etc.) the CO, will be
subject to variations of pressure and temperature. Therefore the CO; will undergo phase changes
that will impact the efficiency of the injection process. Even small amounts of water present in the
CO, stream may lead to corrosion of metal parts constituting the well equipment (casing, tubing,
valves, etc.). Finally stored CO, will be in contact with cement use to stabilize the casing. Technical
specialists who are responsible for the design and construction of the wells used for the injection of
CO; are required to have a highly specialized CO, knowledge about:
= thermodynamic behaviour of CO2, the physical chemistry of CO2-saline-water-natural gas
systems
= materials science and engineering with emphasis on interaction of CO2 and casing materials
the interaction of with materials used in well construction, i.e. casing and tubing used in the
construction of casing and injection/production tubing and cement.
= chemical reactions of CO2 and cement and impact of such chemical processes on the integrity
of the cement
= good understanding of the principles of corrosion by CO2 and the methods to prevent it.

Microbiological understanding of the subsurface is needed to understand how the presence of
microorganisms can affect the pressure during the injection of CO.. This is because pressure
fluctuations have been reported in some injection wells due to the build-up of a ‘biofilm’ around the
injection point caused by CO; loving bacteria.

4. Well performance specialist

The injection of CO, into geological formations requires careful planning to ensure optimum
utilization of the existing injection capacity (volume per unit time) taking into account the
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constraints imposed but supply of CO.. For a proper design, planning and execution of CO; injection
operations in saline aquifers and depleted oil or gas reservoirs extensive engineers should have
extensive knowledge of the multiphase flow in the near-wellbore zone. For accurate modelling of
the CO; injection process it is necessary to take into account the phase behaviour of CO.-water-
hydrocarbon systems, chemical reactions in the water phase, precipitation and dissolution of
minerals and geochemistry. Good knowledge of these factors is require throughout the injection
stages, to ensure carefully monitoring and of the injection parameters (pressures, temperatures,
injection rates, etc.) is critical for a successful execution of the injection operation.
The following topics should be including in the education and training of well performance
specialists for CO; storage:
= multiphase flow under near-wellbore flow conditions (extremely high flow rates)
= phase behaviour of CO2-water-hydrocarbon adiabatic cooling (Joule-Thompson effect, hydrate
formation, drying effects)
= geochemistry of CO2-saline water-formation rock and related precipitation/dissolution of
minerals
= effects on phase behaviour and geochemistry on petrophysical parameters (porosity,
permeability, etc.) and rock-fluid properties (relative permeabilities, capillary pressured,
wettability, etc.)
= effects if seasonal changes in CO2 delivery to the storage site on the injectivity
= laboratory testing of CO2 injection in aquifers (natural convection, mineral
precipitation/dissolution, clogging, etc.)

5. CO; Monitoring
Monitoring entails observing the physical and chemical phenomena, which develop during the CO;
injection process. It focuses on the influence that the presence of CO; has in the reservoir system,
as well as the tracking of the CO, plume within and potentially outside the reservoir. Additionally
the monitoring system used, should be able to identify a leakage long before it reaches the surface,
ensure public health and confirm the reliability of trapping mechanisms. It can also, help verify the
Co2 capacity of the reservoir and provide early warning of any storage failure. It should also be
noted that monitoring of a CO, Storage Site is obligatory throughout the lifecycle of the project as
per the EU Directive 2009/31/EC. The operational principles of monitoring are directly linked to the
engineering principles of reservoir and wells performance, though a further inside and different
perspective of these principles is essential for the construction of an effective and robust
monitoring system. Additionally production data sampling, reservoir pressure regular
measurements, logging and other processes can be part of a complete monitoring program. The
following topics could be included in the relative module:

= Factors affecting leakage fluxes and Storage failures

= |dentification of monitoring techniques.

= Applicability of the different monitoring techniques and their operational principles

= Results interpretation

6. Environmental Risk Assessment

All reservoir systems are geological formations of intense complexity. Their main components are
the geology of the reservoir and overlying and underlying layers, various well types, groundwater
flow regimes and fluid characteristics. The aforementioned processes should be well understood, in
order to assist and identify all the mechanisms and critical parameters that could be relevant to the
evolution and performance of the CO2 storage system. In that way one can get a good idea of how
the system might evolve over a certain timeframe in the future, identifying possible future base or
alternative scenarios. In general we can sum up that the risk assessment aims at assessing the
long-term integrity of the reservoir seal, the integrity of the injection and production wells and the
potential risk of human intrusion. More specifically the areas which can be covered within this MSc
can be:

= |dentification of CO2 Storage potential consequences
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= |dentification of leakage mechanisms and preventive actions
= Risk Assessment studies standards and procedures and scenario analysis
= Managing uncertainties and reducing risks.

7. CO; Storage Economics
An introduction to Energy and CO, storage economics is necessary for the Economic Evaluation and
Sustainability of the project. Moreover, a basic knowledge of the economic terms and process can
help to better understand the financial implications of engineering decisions, which are normally
made in an environment of uncertainty, both from a financial but also an engineering point of view.
The module could potentially involve concepts relative to:

= Financial terms (assets, market value, valuation concepts, depreciation etc.

= Evaluation Methods

= (ash flow methods and models and scaling up

= Budgeting

= Presentation of different Case Studies
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Annex 4: Work forces in the CCS chain

WORK FORCE DEMAND FOR CCS DEMO PLANT EXECUTION AND OPERATION
(Transport and Storage excluded)

By Gian Luigi Agostinelli, Alstom Thermal Power

Executing and operating a Carbon Capture and Storage (CCS) plant requires considerable amount of
work force distributed among:
- different scope: CO2 Capture unit, Transport and Storage

- different stakeholders: Authorities, Plant owner, EPC contractor, EPC Equipment Suppliers,
EPC Services Suppliers. Due to the fact that the project creates a cascade of work force
demand here limited to the first sub level.

- different categories and skills (e.g. Engineering, Management, Expediting, controlling,
construction, equipment installations, Environmental , Health & Safety)

- different phases of a CCS project (project development, basic engineering, Engineering
Procurement Construction, Operation)

The analysis given below shows the work force demand generated by CCS Demo Plants execution
under the NER300 funding plan for the following scope:
- EPC and Operation of CO2 Capture unit
o Transport and Storage not included (see specific section for the analysis)
o Operation and Maintenance is a long term effort that requires stable and constant

work force
2010 2012 2015 2020 2030
‘ |ngo projects Projectscall > Projectselection > Jmplementation > B projects- 12 projects
CCSreserves
C032 store
£ CO2stored Cumulative stored CO2
Develop Lighthouse programme ) Lighthouse projects [ ] [ | B [ |
R&D Technology today [ | [ |
Post2015 plan Develop post2015 plan including infrastructure Implement post2015 plan Commercial

deploymentof CCS

Publiccomm Coms Educate & Awareness - Demo programme

Education & Awareness

& Education and Lighthouse /R&D programme
2 R NER 300 Develop +set enduring . 3
Regs & Policy M.S. Regs & Policy transition policy e Phase to Carbon price
vl.o. Regs & Policy =T
Ell &

Figure 1. SET Plan and CCS DEMO Plants.

Although the projects planned for such demo phase are about 8 to 12 and each project is in the size
of around 250 MWe, in order to have data more easily useable for later assessment, the work force
demand has been calculated in a parametric approach assuming 1 GWe CCS demo Plants with the
following assumptions:

- 4 units of 250 MWe each in different locations
- Europe
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- CO2 capture technologies: Post combustion and Oxy combustion
In the Figure 2 the work force demand is shown for only a single 250 MWe project over the years: 5

years of EPC and 10 years of Operation (we limited the operation to 10 years as this is period can
vary substantially depending on the business plan of the Plant owner specifically the Plant lifetime).

The work force demand is split into the categories:

- Client Owner’s services

- EPC contractor and Engineering sub-contractors

- Vendors of Equipment and Bulks

- Construction sub-contractors
It can be noted that the work force demand during the EPC phase is not constant but shows a peak
reaching almost 450 full time employment demand per year.

A multiple parallel CCS projects execution in this regard could generate an issue of resource
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availability.

Figure 2. Chart of Work force demand of 250 MWe CCS plant (only Capture scope).

1 GWe of CCS projects in this size would then generate the following average work force demand
expressed in full time employed persons per year (Table 1).

Assuming then the overall CCS projects deployment of 8 to 12 CCS plants equivalent to 2 to 3 GWe
(assuming a reference 250 MWe size for each of them), the total average full time employment for
would range between

2200 to 3300 FTE's / Year for EPCS Phase
400 to 600 FTE'’s / year for Operation
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Table 1. Average full time employment requirement for 1 GWe CCS plant: EPC (5 years) and Operation
Phases

Average full time work force for 5 years construction (*})  full time work
force for

operation (*)

E P c (]

Engineering Procurement Construction Operation
EPC Contractor & Eng. A
Subcontractors i LRicc]
Vendors of Equipment & .
Bulks 200 [50/project] 204
Construction . [51/project]
Subcontractors 25 [141/project]
Client Owner's Services 2g [9.5/project]
Total -

1082 [270/project]

{'} persons / year

Once again this refers only to the CO2 Capture part, the Transport and Storage is not considered in
this assessment and in general these figures have some degree of uncertainty due to the different
plant type, locations, technologies applied, so in general a tolerance of +/- 10% should be kept in
mind.

The workforce demand for CCS Plant installation after the Demo phase (post 2020) will depend
mainly on two drivers:

- learning curve that includes both productivity improvement, optimization of designs, volume
effect (synergies between parallel projects, standardization)

- plant size.

The plant size effect has slightly different impact on the different categories (engineering vs.
erection and civil) and on the plant phases (EPC vs. Operation). Keeping the same normalized value
of 1 GWe equivalent plant size, the workforce demand does not increase by factor 4 compared to
the figures given for CCS Demo Plants under NER300 but in the range of around 2 to 2.4 for EPC
phase and around 1.2 to 1.3 as estimation for the Operation phase.

The total average full time employment would range between
- 550to 650 FTE's / Year for EPC Phase
- 60to 65 FTE’s / year for Operation

Work force type of skills:

Executing a CCS plant requires a wide spread of expertise and skills due to its multi disciplines
aspects, equipment manufacturing and due to the extensive site works. For each of the
stakeholders categories mentioned before the main activities are the following:

- Client Owner’s services

o Operation, Management
- EPC contractor and Engineering sub-contractors
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o Process and Technology, Mechanical, Electrical and Instrumentation, Civil, Plant
Design, Project Services, Procurement, Administration and management,
Construction Supervision
- Vendors of Equipment and Bulks
o Heat Exchangers, Aircoolers, Towers, Trays, Vessels , Filter & Dryer, Tanks, Pumps &
High Voltage-Motordrives, Pumps & Low Voltage-Motordrives, Compressors & HV-
Drives, Booster Fans, Special-Electrical: Hoist/Crane, Plant Utilities incl. Waste Water
Treatment, TEG, Reclaimer, Piping Material, Electrical Equipment, Instrumentation
Material, Steel Material, Insulation Material
- Construction subcontractors
o Equipment Erection, Piping Installation, Electrical Installation, Instrumentation
Installation
o Steel Construction, Civil Construction
o Insulation & Painting Labour
Although it is difficult to figure out the details of the expertise involved in such activities on the
Vendors side, the work forces have been filtered according to the following professional/skills main
categories and for each category the relative percentage of work force has been derived (Table 2).

Source analysis of required skills:

The skills required to execute the CCS Demo Plants do exist and they can be found mainly in the
Oil & Gas, Chemical Industry, Power industry fields. One aspect important is the new multi-
disciplines scope, where the expertise from different fields have to meet, and have to face the
challenges of understanding different technical backgrounds and different businesses culture,
procedures and especially different needs. Therefore besides the professionals with a specific deep
expertise there will be the need to grow more cross expertise professionals with the ability to
integrate the CCS Plant into the Power Generation Plant needs. This process will be easier into EPC
companies that will offer the full value chain of Power and CCS as OEM (Original Equipment
Manufacturer) and into Universities with an existing broad teaching disciplines portfolio.

Table 2. Work force split by professions/skills.

Engineers (Chemical, Process, Material, Mechanical, Civil,
Electrical) 15.5 %

Management, administration, pro curement
12.5 %

Project services {logistic, health and safety, transport,
environmental) 6.0 %

manufacturing / production qualified workers

10.0 %
Construction supervision

7.0%
Equij t qualified installation workers

32.0%
Civil and structure steel qualified workers

17.0 %
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Another important aspect is the evolution of the skills required as CCS technologies will most likely
evolve in a way that is however difficult to forecast.

The skills required by CCS will evolve as the type of process and the technologies applied to
commercial demo plants and full commercial scale plants will evolve after 2020 with an evolution
characterized by winning technologies, preferred solutions by specific stakeholders, second and third
generations of products. This process will lead naturally to an evolution and adaptation of the skills
applied and requested by the market and it will be a smooth process. We know that the R&D
worldwide is very active in several directions not only on the separation process of CO2 but also on
the reutilization of CO2. This mechanisms may lead either to integrate new technologies into
existing processes (e.g. membrane, oxygen separation, contactors) in order to optimize the CC plant
performance in terms of CoE decrease therefore impacting capital investment and efficiency (2™
generation) or may lead to new processes with different core concept (3™ generation). Therefore
the extent of growing new skills and competences will depend on how this evolution will take place
and how fast it will be implemented.
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Annex 5: Non-exhaustive list of universities

This list has been provided by some of the group members and has to be completed in order to
develop a flexible network of Institutes/organisations involved in CCS research

Institutes/organisations involved in CCS research in the UK

UKCCSRC, The UK CCS Research Centre: The UKCCSRC is funded by the RCUK Energy for a Low
Carbon Future programme, with additional funding from the Department of Energy and Climate
Change. The aim of the UKCCSRC is to provide a national focal point for CCS research and
development in order to bring together the user community and academics to analyse problems,
devise and carry out world-leading research and share delivery, thus maximising impact. A key
priority is to help stimulate the UK economy by driving an integrated research programme focused
on increasing the contribution of CCS to a low-carbon energy system for the UK. Members of the
UKCCSRC are individuals working in the UK academic community who are currently participating in
(or have recently completed) CCS projects. Membership of UKCCSRC therefore includes all of the
institutes mentioned below.

The British Geological Survey: BGS is a major centre of geoscientific expertise and data curation,
responsible for providing impartial geological advice and information to government, industry,
academia and the public. Since co-ordinating the ground-breaking Joule Il project in the mid-1990s,
BGS has forged a leading role in CCS, with more than 40 staff involved in storage research funded
by the EU, industry, UK and overseas governments and the UK research councils. Our work covers
the full storage spectrum including site characterisation, performance prediction, monitoring and
verification, and long-term processes, supported by state-of the-art laboratories. We have also been
involved in developing reqgulatory frameworks for storage, and have provided technical advice to a
number of authorities, including the European Commission, the UK government, the Australian
Government, and the regional governments of Western Australia and Alberta. Andy Chadwick is
Head of CO, Storage Research at BGS and brings 15 years broad experience in the. Sam Holloway is
a lead author of the IPCC Special Report on CCS with research interests in storage capacity and
integrity. Jon Harrington works on fluid flow processes in low permeability media and Julia West
specialises in biological processes and environmental impacts of CCS.

University of Cambridge: The Cambridge Centre for Carbon Capture and Storage (C4S) brings
together some 20 faculty with interests and activities in CCS-related research and is part of the
Energy@Cambridge strategic research initiative. David Reiner has experience on diverse social,
political and economic aspects of climate policy and CCS including public and stakeholder
acceptance, economic modelling, scenario design and communications. Daniel Ralph works on
computational methods for optimization and equilibrium models, including electricity markets and
uncertainty. Stuart Scott works on carbon capture processes based on combustion and high
temperature looping and is UK representative on the |IEA-GHG high temperature looping network.
John Dennis has published extensively on chemical looping combustion and gasification of fossil
and renewable fuels, with CO, separation.

Cranfield University Cranfield University is a post-graduate university with a very strong
industrial/engineering bias; industrial research funding is higher at Cranfield per academic than all
other UK universities. Cranfield’s activities include capture technologies development (oxy-
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combustion, gasification, Ca-looping, etc), process integration and modelling, reliability and risk,
controls and instrumentation and environmental impact to pipeline and sub-sea engineering for
C02 injection. Cranfield has won over £5m of research funding in covering work related to CCS in
these areas in the last few years. Professor JOHN OAKEY (Head of Centre for Energy and Resource
Technology) has more than 30 years’ experience of power generation systems and leads a range of
UK and International energy research projects, including collaborations with the USA and China,
involving many industry partners from the power sector.

Durham University: is a leading, research-intensive university ranked 83" globally and 3™ in the UK.
CCS research is done in Earth Sciences (RAE 2008, 70% of research 3&4*), Engineering and
Anthropology. Durham University also leads N8 CCS. CCS research was initiated in 2005. Dong and
Ikon Sciences fund the UK’s first ever chair in Geoenergy & CCS (Prof Gluyas appointed). Dr Simon
Mathias, who has a strong record of CCS research joined the team in 2009. The team of staff,
research fellows and research students have already made significant contributions to work on
injectivity, integrity and monitoring. About £2 million of research funding has been won by this team
since late 2009. New research facilities include high pressure flow reactions cells enabling
investigation of reactions between CO, with reservoir and seal and wellbore materials at storage
conditions.

The University of Edinburgh: This research team has been researching and communicating on
CCS since 2000 and several academics provide advice to Government committees and Ministers in
Westminster and Holyrood. Research leadership by Profs Brandani, Gibbins, Haszeldine and Dr
Shackley includes capture since 2002, UK CO; reservoirs since 2005, storage capacity since 2008,
activity on gas CCS and gas separation since 2009, biomass sustainability and combustion since the
1970’s and CCS public perception since 2000. The School of Engineering was ranked third in the UK
during the 2008 RAE. The School of GeoSciences includes the world’s first CCS programme. The
Schools of Chemistry, Law, Social Sciences and Business are also involved in current CCS projects,
with numerous industrial linkages. UoE is also one of three core partners in the Scottish Carbon
Capture and Storage (SCCS) academic grouping. SCCS. It has a broad base of industry funding
combined with close links with other stakeholders, including Scottish and UK Government and
requlators. Prof Gibbins, has experience of running two major CCS consortium projects and a
network: the UK CCS Consortium multidisciplinary research project (14 partners, 2005-2009), which
led to the current, much larger RCUK CCS programme; the co- lead for capture in NZEC
(www.nzec.info); and PI for the UK CCS Community Network project linking academic and other
researchers (2009-) www.ukccsc.co.uk. Gibbins has worked on gasification and combustion for 30
years, at Foster Wheeler, Imperial and Edinburgh and on CCS since 2002, is Col on many RCUK
projects : MATTRAN (transport), Oxycoal UK (technical director), China OxyCoal, China FOCUS
(adsorption), UKERC CCS innovations (interdisciplinary). He initiated carbon capture ready work for
UK G8 Gleneagles initiative, followed up with an IEAGHG CCR report, input to UK standards, work in
India and China, UK rep on international definition team. First CCS lectures in China 2003,
subsequently led/participated in many missions, projects, invited presentation etc. on CCS as well as

NZEC, also missions, invited lectures etc. in India, now also linking to South Africa, Brazil and Mexico
(invited R&D programme reviewer). Links with CCS research in the USA and Canada, participated/led
a number of missions, invited presentations for conferences, policymakers etc., invited member of
SaskPower advisory panel, international reviewer etc.
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Heriot-Watt University: We are recognised internationally as a leading centre of excellence in
petroleum engineering and petroleum geosciences teaching, training and research with strong links
to industry worldwide. Research activity within IPE (Institute of Petroleum Engineering) has
traditionally spanned across the complete spectrum from exploration, through reservoir appraisal
and development, to production technology. In addition our research remit includes focus beyond
petroleum into the whole energy sector and related environmental issues. Within this broad remit
we have 12 distinct research themes, each represented by an interactive grouping of
academic/research staff and postgraduate research students. Because of the truly inter-disciplinary
nature of much of our research, several of these themes span the rather artificial boundaries
between exploration, development and production, while individual staff may also work across
different themes. At the same time, several themes contribute to larger regional or national
frameworks. Our research into CCS includes, but is not restricted to, the following research themes:
Centre for Enhanced Oil Recovery and CO2 Solutions, and Carbon Capture and Storage, lead by Eric
Mackay and Mehran Sohrabi.

Imperial College London: has one of the UK’s largest CCS academic research program, with over
30 staff involved in CCS related activity. The college-wide research effort, in conjunction with the
Energy Futures Laboratory and the Grantham Institute for Climate Change yields an integrated
approach, from capture through transport to geological storage, with an overarching systems
approach to ensure coherence. In addition, we are involved the analysis of legal and regulatory
issues and researchers regularly present on CCS to the general public (e.g. at the Cheltenham
Science Festival 2011; Nature virtual lecture). Paul Fennell works mainly on high temperature solids
looping cycles and synergies with industrial CCS, Nilay Shah on multiscale systems modelling
analysis and optimisation, Martin Blunt has broad expertise on multiphase flow in porous media and
Martin Trusler on the measurement and prediction of thermophysical properties with application to
capture, transport and storage. Each is a globally recognised leader in these respective fields, but
all understand the broader context of CCS research.

The University of Leeds: The Centre for Computational Fluid Dynamics at Leeds is one of the
largest virtual system simulation centres in the UK and is an EU Centre of Excellence in CFD (EU MC
mono site grant of €2.4M). The CCS group within the Centre is aided by 7 post-doctoral fellows and
16 PhD students working on a wide variety of CCS modelling and experimental work encompassing
gas/solid fuel combustion, emissions, gas turbines, process systems modelling and techno-economic
studies. Prof M. Pourkashanian is the Head of the University Energy and Technology Innovation
Initiative with over £5M of active research grants on capture related projects. Dr Kevin Hughes has
extensive experience in chemical kinetic modelling and laser diagnostic measurement with a
number of collaborative national/internationally funded projects. Dr Lin Ma specialises in CFD and
power station simulation with three active research projects in the field.

Energy is a recognised research strength at Newcastle University and is one of the University’s
strategic priority research themes. The CCS Research Group within the School of Marine Science and
Technology (MAST) reflects the core disciplines of MAST and has been conducting research into CO»
transportation for over six years. MAST is the largest and most broadly based marine department in
the UK with 65% of its research rated as world leading in the last RAE. Julia Race has worked as a
senior materials engineer in the chemical, oil and gas and pipeline industries for 20 years. Since
coming to Newcastle University in 2005, she has been Pl on 5 projects related to CCS pipeline
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transport and is widely consulted on aspects of pipeline transportation for CCS (e.g. as a co-author
of the IEAGHG report on building CO, pipeline infrastructure, as an invited member of British
Standard and industry CO, pipeline standard committees and as a consultant member of the
National Grid technical R&D. Prof John Mangan is an expert in shipping logistics and is Pl on the
‘Low Carbon Shipping’ project, jointly funded by the EPSRC under the Research Councils RCUK
Energy Programme and by Industry (partners include Maersk, Shell, Damco, LR and BP).

University of Nottingham: The research programme in fossil energy and carbon capture and
storage carbon capture & storage has expanded enormously over the past 3 years with the current
portfolio of projects amounting to ca. £14M. It encompasses a number of key projects and
initiatives, including the Engineering Doctorate Centre in Efficient Fossil Energy technologies (EFET)
led by Colin Snape which is the UK focal point for doctoral training in the field, and a number of
EPSRC, ETI and China grants on CCS technologies. Overall research activities are integrated to cover
novel capture technologies, transport and storage research. Trevor Drage works on developing solid
sorbents and processes for capture in collaboration with Colin Snape as well as collaborating
extensively with Mike George on measurement of physical properties of CO, mixtures for transport
applications. Colin Snape and Hao Lui have extensive experience in oxygen enriched combustion and
a number of collaborative national and internationally funded projects in the field. Barry Lomax
specialises in plant responses to elevated CO,, funded via National Grid and BBSRC.

Nottingham Centre for CCS (NCCCS): NCCCS is a collaborative research and training centre
formed between the University of Nottingham (UoN) and the British Geological Survey (BGS).
Research is cross-disciplinary bringing together engineers, mathematicians, bio-scientists,
geographers and geologists. The Centre collaborates and is supported by industries, international
energy policy advisors, government organisations, regional development agencies, national and
international universities and other research centres. The Centre comprises approximately 50
researchers split roughly 50:50 between the BGS and the UoN, and as such is one of the largest
groupings of CCS researchers in the UK.

Plymouth Marine Laboratory: PML undertakes leading international research responding to
societal needs and promoting stewardship of the world ocean in relation to global change and
sustainability of ecosystems. PML has led environmental research into CCS for 8 years, specialising
in ecosystem impacts and modelling. Jerry Blackford leads the RCUK funded QICS consortium and is
a work package leader on two EU funded projects (RISCS, ECO2), also serving on the advisory board
of the UK CCS academic network. Steve Widdicombe leads the biological impacts research of QICS
and ECO2, developing world leading experimental facilities. PML regularly provides advice to UK
government departments, international organisations and environmental NGOs on issues related to
climate change mitigation and CCS and is a delivery partner for NERC National Capability.

SCCS, Scottish Centre for Carbon Storage: SCCS is a partnership of The British Geological
Survey, The University of Edinburgh and Heriot-Watt University. SCCS is the largest carbon capture
& storage research grouping in the UK. We comprise in excess of 65 researchers and are unique in
our connected strength across the full CCS chain, as well as in our biochar capability. SCCS builds on
and extends the established world-class expertise in CO2 storage evaluation and injection, using
petroleum and hydrocarbon geoscience (based on geology, geophysics, geo-engineering and
subsurface fluid flow). The Centre comprises experimental and analytical facilities; expertise in field
studies and modelling; key academic and research personnel, to stimulate the development of
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innovative solutions to carbon capture and subsurface storage. We undertake strategic fundamental
research, and are also available for tactical consultancy. In addition, we perform a key role in
providing impartial advice to help industry, the public sector and policy makers.

Institutes/organisations involved in CCS research in Norway

Norwegian University of Science and Technology (NTNU)

NTNU (The Norwegian University of Science and Technology) is a fully integrated university with
emphasis on technology and engineering. It is the main technical university in Norway with over
80% of all master- and PhD-degrees awarded in science and technology. Over the last 30 years
NTNU and the research institute SINTEF have jointly developed a research area covering 8,000
square metre hosting a 40 million Euro research facility, where 750 people work on mitigating
emissions like CO2, NOx, SOx and other greenhouse gases. This includes removing such emissions
from oil and gas production processes and from use in industry, buildings and transport.

NTNU is and has been involved in a series of national projects (BIGCO2, BIGH2, BIGCLC, BIGCCS) and
EU projects (ENCAP, DYNAMIS, DECARBIt, iCap) and has been the coordinator of the FP6 funded
ENGAS-RI (Environmental Gas Management Research Infrastructure).

NTNU is also the coordinator of ECCSEL (European Carbon dioxide Capture and Storage Laboratory
Infrastructure — www.eccsel.org) put on the official ESFRI Roadmap in 2008.

NTNU is working with a multitude of technologies both within capture, transport and storage of CO..
SINTEF Energy Research

SINTEF Energy Research (a legal entity affiliated to SINTEF) is a contract research institute focused
on thermal power generation, conversion technologies, and the supply, distribution and end-use of
energy. Over the last two decades it has established a sizeable group of people working on various
topics relating to CCS technologies. In this area SINTEF ER has developed a considerable level of
expertise pertaining to CCS, mainly related to capture techniques in power cycles, gas handling, gas
pre-treatment, transport of CO2, as well as low-temperature processing. In collaboration with NTNU,
SINTEF ER has more than 30 years of experience in numerical simulation of combustion processes
and experimental capabilities (advanced laser diagnostics for combustion measurements). Of
special relevance are a novel high pressure oxy-combustion facility (HIPROX) and a 150kW CLC cold
pilot that is going to be extended with a hot pilot. Experience has particularly been gained on oxy-
combustion and hydrogen combustion in CO2 capture processes through various projects under the
Norwegian research programme CLIMIT, and the EU projects ENCAP, DYNAMIS, ECCO and DECARBIT
— led or coordinated by SINTEF ER.

SINTEF ER possesses world-class expertise in refrigeration and cryogenics, including modelling and
simulation capabilities covering components, working media and systems, and is i.a. responsible for
advanced cryogenic air separation units in DECARBit. SINTEF ER was also in lead of the WP2
Capture Technologies in the Sino-European COACH project (2006-2009), much devoted to pre-
combustion concepts, notably polygeneration in a Chinese context.

SINTEF ER is the coordinator of the national strategic R&D project BIGCO2 and the International CCS
Research Centre BIGCCS. The BIGCCS Centre is considered to form the largest single R&D project
portfolio in the world addressing the CCS chain from CO; capture to underground storage.
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SINTEF Petroleum Research

SINTEF Petroleum Research (SINTEF PR) is a non-profit contract research institute affiliated with the
SINTEF Group. It develops technologies and solutions for the exploration and production of
petroleum resources. The institute early identified CO, storage as an option for reducing greenhouse
gas emissions and has since 1986 established research activities within several topics critical for
safe and cost-efficient CO; storage.

SINTEF PR has expertise to perform evaluation both of regional geology and of individual potential
CO; storage sites, including assessment of temperature and pressure history from seismic depth
maps and sedimentation history, fault seal analysis and building of digital geological models. With
the state-of-the-art rock mechanical laboratory and numerical modelling tools the geomechanical
response to CO; injection can also be investigated.

The reservoir technology laboratory combined with industry-standard or in-house developed
numerical tools are being used to investigate short and long-term behaviour of CO, storage sites,
including the effect of dissolution, diffusion induced gravity convection, potential mechanisms for
leakage and well-reservoir interactions. SINTEF PR also has a long experience in experimental and
numerical modelling of enhanced oil recovery using CO; flooding.

SINTEF PR is actively developing numerical tools for geophysical monitoring of CO, storage,
including seismic inversion and forward modelling tools, CSEM modelling and inversion tools, and
tools for joint inversion of seismic, gravity, magnetic and CSEM data.

SINTEF PR also holds extensive expertise related to drilling, well design and well integrity, and
quantitative risk assessment. Multiphase well and pipeline flow is a main competence area including
flow assurance simulation, experimental work in a large scale multiphase laboratory facility and
models for well injectivity suited for flow simulation and well completion.

The institute has been participating in several EU projects (e.g. ULCOS, CASTOR, DYNAMIS,
CO2ReMoVe, ECCO, CO2GeoNet, RISCS, SiteChar) as well as industry projects addressing CO,
storage, process technology, concepts for reduction of CO, emissions, CO, based EOR and aquifer
storage of CO,. Currently, SINTEF PR coordinates the CO, Field Lab project, conducting shallow
injections at the Svelvik site to develop and test monitoring systems and to validate CO, migration
models. In the BIGCCS Centre, the institute leads the scientific work related to CO, storage. The
research of SINTEF PR is performed in cooperation with several universities, predominantly the
Norwegian University of Science and Technology (NTNU).

Bachelors and Masters Education in Carbon Capture and Sequestration — CCS
State of the art
Carbon Capture and Sequestration Technologies — Massachusetts Institute of Technology:

The Carbon Capture and Sequestration Technologies Program at MIT conducts research into
technologies to capture, utilize, and store CO2 from large stationary sources. A major component of
the program is the Carbon Sequestration Initiative (an industrial consortium formed to
investigate Carbon Capture and Storage Technologies launched in July 2000). MIT research
examines carbon sequestration from multiple perspectives, including technical, economic, and
political. Current research interests include technology assessments, economic modelling, analysis
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of regulatory and political aspects, and development of a Carbon Management Geographic
Information System (GIS).

For more information: http://sequestration.mit.edu/index.html

Carbon Mitigation Initiative (CMI) — Princeton University:

CMI through its affiliation with Princeton University serves as an interdisciplinary platform
connecting innovative educational programs that engage and support undergraduate, graduate and
post-doctoral students to become leaders in the fields of Climate Science, Carbon Capture and
Storage and Integration and Policy.

Princeton University offers a wide range of opportunities to undergraduate students interested in
topics related to carbon mitigation, ranging from courses and certificate programs, summer and
year-round internships to student run organizations.

For more details about courses: http://cmi.princeton.edu/programs/education.php

Geologic Carbon Sequestration Program — Lawrence Berkeley National Laboratory:

The Earth Sciences Division (ESD) of Lawrence Berkeley National Laboratory has been carrying
out research on geologic carbon sequestration since 1998. The GCS mission is to develop the
knowledge and understanding of CO2 injection, storage, migration processes, impacts, and
monitoring to inform and guide the safe and effective implementation of geologic carbon
sequestration.

The GCS program can be categorized into six Research Areas like Monitoring, Site Characterization,
Risk Assessment, Model Development, Laboratory Studies and Geochemistry/Geophysics Theory &
Analysis.

For more details: http://esd.lbl.gov/research/programs/gcs/

Carbon Sequestration Program — University of Nebraska, Lincoln:

Carbon Sequestration Program of University of Nebraska, Lincoln focus on determining the
potential for carbon storage in dry land and irrigated cropping systems in the north-central U.S.A
and the factors that govern carbon sequestration. Research is being conducted at the western
edge of the favourable rainfed “cornbelt” of the north-central USA, which is one of the most
productive and largest agro-ecosystems in the world.

For more: http://csp.unl.edu/Public/index.html

Carbon Capture and Storage — Scottish Carbon Capture and Storage:

The CCS masters provide high-level interdisciplinary skills and training in the entire value chain of
carbon capture and storage, including combustion, transport, geoscience and legal aspects.

The Carbon Capture and Storage (CCS) Masters is designed for science graduates in Engineering
or Geoscience related subjects seeking an advanced academic qualification as a launch pad for
careers in business, industry and government in the field of low carbon energy production.

For more details: http://www.ed.ac.uk/schools-departments/geosciences/postgraduate/masters-
programme/taught-masters/carbon-capture-storage

Carbon Capture and Storage — Imperial College London:

Imperial College has the country’s largest CCS research program, with over 30 staff involved in
CCS related activity.

The Research Program aims at an integrated approach to Carbon capture, from capture, through
transport to geological storage, but with overarching systems approach to ensure a coherent
research effort and also involved in legal and regulatory issues.
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More from here: http://www3.imperial.ac.uk/carboncaptureandstorage

Centre for Innovation in Carbon Capture and Storage — University of Nottingham:

The Centre for Innovation in Carbon Capture and Storage (CICCS) is an interdisciplinary,
innovative, and international leading centre for research at the interface between science and
engineering and international cooperation to accelerate the technological innovation needed for the
wider deployment of carbon capture and storage (CCS). CICCS is active in a large number of
research programs which include Decentralized options for CCS, Integration of capture and storage
systems, Utilization of CO2 as a feedstock, CO2 capture: improving efficiency and reducing costs,
Terrestrial CO2 storage, Public acceptability and regulatory issues and Cleaner coal technology.

For details of these research programs:

http://www.nottingham.ac.uk/carbonmanagement/research.php

Carbon Capture and Storage — School of Chemical Engineering, UNSW, Australia:

The School of Chemical Engineering and School of Petroleum Engineering at the University of New
South Wales has a significant research group headed by Prof. Dianne Wiley investigating the
economics of capturing CO2 from industrial sources and injecting it into underground reservoirs in
Australia. The project team is seeking PhD or Masters by Research candidates to join our research
team. This research is part of the work of the Cooperative Research Centre for Greenhouse
Gas Technologies (“CO2CRC"), which is a joint industry / Australian Government sponsored
programme that brings together the work of research institutions, Government agencies and private
companies in Australia and overseas.

More: http://beasiswa.info/phd-and-research-masters-scholarships-in-carbon-capture-and-storage-
at-unsw-australia.html

Online Courses for Carbon Capture and Sequestration:

This course is ideal for geologists, researchers, operators, landmen, engineers, and students who
want to learn about carbon capture and sequestration. This course covers the fundamental concepts
involved in carbon capture and sequestration, and explains the geological conditions required for
successful carbon storage. It profiles extraction, transportation, injection, and monitoring of CO2.
This course is offered at the beginning of every month. You may sign up for it at any time, and your
course will begin the first day of the upcoming month. It is a 4-week online course which consists of
4 one-week units that involve readings, multimedia, guiding questions, and assignments for you to
do and to email to your instructor.

Existing courses for CO2 capture:

Professor Olav Bolland at the Norwegian University of Science and Technology (NTNU) is offering a
course CO2 capture in power plants

CO; capture in power plants: Brief review of thermal power plants (coal, natural gas). How is CO,
formed? Why is CO; capture difficult; where dilution in flue gases and syngas is explained. Methods
of gas separation; absorption, adsorption, membranes, distillation, anti-sublimation. Work
requirement for separation of gases. Integration of CO, capture in power plants; pre-combustion,
post-combustion and oxy-combustion methods. Examples of power cycles with CO, capture. Energy
penalty/efficiency reduction caused by CO2 capture. Gasification and reforming for pre-combustion
capture. Compression and conditioning of CO, for transport and storage conditions. Briefly about
storage of CO..

More: http://www.ivt.ntnu.no/ept/fag/fordypn/tep03/index.htm
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Annex 6: Non-exhaustive list of CCS laboratory facilities (ECCSEL

initiative)

This is a document being expanded as we receive information about CCS lab facilities from
European companies, research institutes and universities.

The following institutions have been suggested to be included in the list of European CCS
laboratories:

1

2.

10.

11.

12.

13.

INERIS, French Institute for Industrial Environment and Risks (Regis Farret)
Ecole des Mines de Paris, Mines-ParisTech (Denis Clodic, Emmanuel Garbolino)

INPL (Institut National Polytechnique de Lorraine) within Nancy University (and in association
with CNRS), (Jacques Pironon)

Pau University (Université de Pau et des Pays de I'’Adour), Lab of Complex Fluids (D.Broseta)

CIRED: Centre International de Recherche sur I'Environnement et le Développement (Minh Ha
Duong)

University of Provence-Aix Marseille 1 (GSRC), together with CNRS-Geosciences Azur (Yves
Guglielmi)

IPGP : Institut de physique du Globe de Paris (in association with CNRS), (Pierre Agrinier)

IFFSTAR (Institut francais des sciences et technologies des transports, de 'aménagement et
des réseaux - former Ecole Nationale des Ponts et Chaussées)

Conservatoire National des Arts et Métiers (CNAM and ENSAM - Paris and Chalons), (Giovanni
Radilla)

Orleans University (ISTO)
Toulouse University (Paul Sabatier, Laboratoire des Mécanismes et Transferts en Géologie)
Montpellier University (Geosciences Montpellier)

Bordeaux University.
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European
CCS laboratories

il TUV Austria
2 BRGM France
3 IFPEN France
4 USTUTT Germany
5 CERTH Greece
12, 385
14,15 6 ENEA Italy
7 IFRF Italy
8 OGS Italy
9 UniRomal Italy
10 DUT Netherlands
11  TNO Netherlands
23,24 12 NTNU Norway
16 13 SINTEF ER Norway
22 10 a 14  SINTEF-PR Norway
o 15  SINTEF Norway
16  PGI-NRI Poland
3 1 17 17 BBU Romania
20 18  CIUDEN Spain
2 6,7, 19  MATGAS Spain
. i 20 ETHZurich  Switzerland
21  METU-PAL Turkey
1 19 5 22 BGS UK
23  UEDIN UK
24 HWU UK

Version 4, May 16, 2012 - Prepared by:
Morten Grgnli, NTNU
On behalf of:
ECCSEL & ECRI Consortia

European Energy Education and Training Initiative under the SET-Plan
SET-plan working group on Carbon Capture and Storage

This is a document being expanded as we receive information about CCS lab facilities from
European companies, research institutes and universities.
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Summary
The objectives of the ECCSEL initiative are to:

e establish a world class Carbon Capture and Storage (CCS) research laboratory infrastructure
in Europe;

e integrate and upgrade existing laboratories and supplement with new ones;

e enhance European science, technology development, innovation and education in the field
of CCS.

ECCSEL has been in preparation since 2006 and was posted on the roadmap of the European

Strategy Forum on Research Infrastructures (ESFRI) in 2008. The goal is to have ECCSEL fully
operational by 2015.

Background - the growing need for CCS research in Europe

NTNU and SINTEF believe that there is an increasing demand for CCS research in Europe, which
cannot be met by today’s research laboratories and organisations. This demand stems from the
urgent and growing need for clean energy and the crucial role for CCS in meeting this need at a
reasonable cost to society. IEA analysis suggests that without CCS, overall costs to reduce
emissions to 2005 levels by 2050 will increase significantly (IEA CCS Roadmap, 2009).

ECCSEL is not a standalone project. It represents a robust strategy to build upon current research
and the experience that will be gained through, for example, large scale CCS demonstration
projects. These projects represent first generation CCS technology and further research is needed to:

e reduce the cost and energy penalty of CO, capture;
e ensure the safety of the CCS chain as projects grow in scale;
o develop new, second generation technologies.

The scale of further research will also have to increase if these benefits are to be realised in the
required timeframe and at an industrial scale, as illustrated by the following statements:

“expanded global collaboration on CCS research and development and
technology transfer will be critical to achieve the BLUE Map emissions target”
- IEA CCS Roadmap, 20089.

“Global public energy R&D funding should double, to around $20 billion, for
the development of a diverse portfolio of technologies” — Stern Report, 2006.

A new approach to funding CCS research laboratories will be required to achieve future goals in a
cost-effective manner. Three challenges that need to be addressed in order to scale up CCS
research in Europe are cost, coordination and cross-fertilisation of ideas. These are described
below.

How will ECCSEL improve the cost-effectiveness of increased research?

e Increased costs may be expected to take the form of high CAPEX and OPEX for new
upgraded laboratories and equipment. ECCSEL will allow for resources and budgets to be
pooled in order to meet these higher costs.

e (Cost sharing between ECCSEL partners may allow for reduced contributions from single
sources.
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ECCSEL will provide a mechanism to create research facilities that would otherwise be
unaffordable to any single institution, thus increasing the breadth and depth of research
that will be performed.

How will ECCSEL coordinate increased research within Europe?

Cross-institute access to labs and facilities will be coordinated within and between
countries.

ECCSEL will foster commitment to common research objectives and priorities between
researchers, industry and EU demonstration projects.

Duplication of effort and/or poor utilisation of resources shall be avoided by adjusting
research priorities according to industrial needs and EC strategy.

ECCSEL will coordinate the funding of new and upgraded research laboratories to an
estimated value of 250 million Euros provided by European, regional and national agencies.
Industrial funding would be additional.

How will ECCSEL promote cross-fertilisation of new research ideas?

Research across the CCS chain will be promoted in order to integrate work that is currently
organised in capture/ transport/ storage silos.

Research efforts within specific discipline areas may be pooled in order to overcome
institutional barriers that separate researchers within the same disciplines.

ECCSEL shall facilitate interaction between researchers from different organisations in
order to create new synergies and motivation.

ECCSEL organisation structure

Cooperation within ECCSEL will be managed by an Operations Centre with a light administration.
The Operations Centre will be established as a separate legal entity to be governed by the ECCSEL
Board and shall have the authority to manage access to equipment and facilities belonging to
ECCSEL partner organisations. See Error! Reference source not found.. The management of such
access will be based on agreements between the Operations Centre and the partners. In addition,
the Operations Centre will perform the following functions:

set daily rates for access to equipment and facilities based on established cost models;

process applications for access to infrastructure from partner and non-partner
organisations;

coordinate development of the research laboratory infrastructure in accordance with the
priorities to be determined by the ECCSEL Board;

organise ‘knowledge markets’ that provide a forum for partners to interact, take place in
workshops and explore mutual opportunities.
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ECCSEL
General Assembly

ECCSEL —l Innovation Advisory Board l
Board of Directors ._| T Coordnation Compnittee I
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Research Infrastructure 3 I
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Figure 1: proposed organisation chart for ECCSEL

The required operating budget for the Operations Centre is estimated to be around 1 million Euros
per annum. This estimate is based on the value of the activities that shall be performed within
existing, upgraded and new CCS research laboratories. The value of the new and upgraded
laboratories alone is estimated to be in the order of 250 million Euros.

The annual budget of the Operations Centre should be financed by ECCSEL partners with possible
contributions from the host nation.

The geographical location of the Operations Centre is yet to be decided
ECCSEL - Q&A

Q) Will ECCSEL be able to dictate the work programme for members, thus stifling
diversity of research?

A) ECCSEL shall be at the forefront of experimental research and make efforts to initiate new
research facilities and coordinate their use. ECCSEL shall be an instrument to bring researchers and
budgets together to accomplish more than they would be able to on their own. Innovation and novel
ideas will be encouraged. ECCSEL will:

e recognise the importance of freedom of research;
o determine access to facilities based on transparent rules and priorities;

e judge the quality of proposed projects and the value of the research direction, but not
dictate areas of research;

e ensure that relevant HSE standards are upheld.

Q) Will researchers come under pressure to give away their good ideas?

A) Equipment/infrastructure within ECCSEL may give rise to patentable ideas. The equipment itself,
if patentable, should not be part of ECCSEL. The pool of ECCSEL equipment/ infrastructure should be
generic. Synergy may be created by new ideas stemming from visiting researchers.
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Q) Will the intellectual property rights of a researcher be compromised by
collaborating with ECCSEL?

A) No. The legal framework for collaborative research is well established and ECCSEL will follow
best practice in the field. Intellectual property rights will be protected.

Q) Could my organisation lose control over its own facilities and which activities
get carried out?
A) No. The host organisation will have to approve the proposed activities at its site and may decline

on the basis of, for example, HSE concerns. Risk assessments will be required.
Each facility within the ECCSEL network will agree a schedule of availability in advance

Q) How will ECCSEL handle the threat of industrial or academic espionage?

A) All research applications will be screened by the ECCSEL Operation Center and the Peer review
Committee in order to exclude disreputable individuals or organisations. Individual researchers will
be required to sign a confidentiality agreement. Research facilities may be organised with restricted
areas to visiting researchers.

Q) Why should a researcher collaborate if they have sufficient funding already
and require exclusive use of their own facilities?

A) In order to participate in research that would otherwise not be carried out. ECCSEL will be greater
than the sum of its parts and by sharing knowledge and infrastructure a researcher will facilitate
additional research over and above what is already planned.

Q) Who will cover operating expenses?

A) The user of the research laboratory infrastructure will cover operating expenses through daily
rates that will be based on established cost models

Q) Who will be responsible for HSE?

A) The owner of the research laboratory infrastructure will be responsible for building and
maintaining the infrastructure to local HSE standards. The user of the research laboratory
infrastructure will be responsible for fulfilling local HSE requirements. ECCSEL will require partner
organisations to demonstrate that they have appropriate HSE systems in place

Q) Who will have liability for breakdown?

A) Liability should be assigned on a case by case basis in an agreement between the owner and
user of research laboratory infrastructure. The following would normally apply:

o the user will be liable for negligent use of research laboratory infrastructure (insurance may
be required);

e the owner of research laboratory infrastructure will be liable for faulty construction or
maintenance.
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Short Name Organisation name Country
TUV TECHNISCHE UNIVERSITAET WIEN Austria
BRGM BUREAU DE RECHERCHES GEOLOGIQUES ET MINIERES France
IFPEN IFP ENERGIES NOUVELLES France
USTUTT UNIVERSITAET STUTTGART Germany
CERTH CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS Greece
ENEA AGENZIA NAZIONALE PER LE NUOVE TECNOLOGIE,L'ENERGIA Traly
E LO SVILUPPO ECONOMICO SOSTENIBILE
[ERE FONDAZIONE INTERNAZIONALE PER LA RICERCA SULLA Traly
COMBUSTIONE - ONLUS
OGS ISTITUTO NAZIONALE DI OCEANOGRAFIA E DI GEOFISICA Traly
SPERIMENTALE OGS
UniRomal | UNIVERSITA DEGLI STUDI DI ROMA LA SAPIENZA Italy
DUT DELFT UNIVERSITY OF TECHNOLOGY (DUT) Netherlands
TNO NEDERLANDSE ORGANISATIE VOOR TOEGEPAST |\ 0 s
NATUURWETENSCHAPPELIJK ONDERZOEK - TNO
NTNU NORWEGIAN UNIVERSITY OF SCIENCE AND TECHNOLOGY Norway
SINTEF ER | SINTEF ENERGI AS Norway
SINTEF-PR | SINTEF PETROLEUMSFORSKNING AS Norway
SINTEF STIFTELSEN SINTEF Norway
PGLNRI PANSTWOWY  INSTYTUT =~ GEOLOGICZNY - PANSTWOWY|,
INSTYTUT BADAWCZY
CIUDEN FUNDACION CIUDAD DE LA ENERGIA Spain
MATGAS | MATGAS 2000 AIE Spain
ETH Zurich | EIDGENOSSISCHE TECHNISCHE HOCHSCHULE ZURICH Switzerland
METU-PAL | MIDDLE EAST TECHNICAL UNIVERSITY Turkey
BGS NATURAL ENVIRONMENT RESEARCH COUNCIL UK
UEDIN THE UNIVERSITY OF EDINBURGH UK
HWU HERIOT WATT UNIVERSITY HWU

126 |Page




Carbon capture and storage (CCS)

List of laboratories
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Carbon capture and storage (CCS)

1. AUSTRIA

1.1 TUV

Organisation name Short Name Country

TECHNISCHE UNIVERSITAET WIEN TUV Austria

Description of the infrastructure

Name(s) of the infrastructure(s)*: | 100-150kW Chemical Looping Pilot Plant (CLPP150)

Location (town, country): Vienna, AUSTRIA

Web site address: www.chemical-looping.at, www.vt.tuwien.ac.at

L. . i Vienna University of Technology
Legal name of organisation operating the infrastructure: ) i ) .
Institute of Chemical Engineering

Location of organisation (town, country): Vienna, AUSTRIA

CLPP150 (Energy conversion systems, Chemical Looping)

Description of the facilities

General description:

The 120-200 kW dual circulating fluidized bed, pilot plant at Vienna University of Technology is the
worldwide largest, currently operating facility for experiments in the field of chemical looping technologies. It
was designed to feature chemical looping combustion as well as chemical looping reforming operation with
utilization of gaseous fuels. In Figure 1 a sketch of the pilot plant (a), an overview of the pilot plant
arrangement (b) as well as a photograph of the upward view of the non-insulated pilot plant (c), are shown.
The pilot plant design is optimized in terms of gas-solids contact, overall solids inventory and solids
circulation rate, whereby particular emphasis was placed on the scale-up potential of the reactor configuration.

Pilot plant arrangement and instrumentation:

A natural gas driven start-up burner together with an electric air-preheater are usually operated to reduce
starting procedure to about 4 hours. The system is equipped with 30 online measurement points for
temperature and pressure. Operation and monitoring of data points is performed by computer-integrated
process control. The system temperature can be controlled via three air/steam cooled jackets attached to the
air-reactor. Measurement of reactor pressure profiles allows online determination of the actual solids
inventory. Although the pilot rig is designed for natural gas (98,7 vol% CH,), the fuel reactor can also be
operated with mixtures of CO, COz, Hz and CsHs. The measurement and flow rate control of fuel gases is
performed by rotary instruments (Elster Instroment RVG). The exhaust gas streams of both reactors are
analyzed to evaluate the fuel conversion efficiency and possible gas leakages through the loop seals connecting
both reactors. The fuel reactor exhaust gas is analysed within a Rosemount NGA 2000 for determination of
CO- (0-100%), COs- (0-100%), Oa- (0-25%), Ha- (0-100%), CH4- (0-100%) concentrations. In addition a
Syntech Spectras GC 955 online gas chromatograph for N2 measurements and cross-checking of carbon
species is used.

The air reactor exhaust gas stream is analysed using a Rosemount NGA 2000, determining gas fractions of
CO (0-100%), CO2 (0-100%) and O (0-25%). Downstream to the gas analysis units the exhaust gases are sent
into a post-combustion unit. After passing a bag filter they are released into a chimney. One uniqueness and
great advantage of the present pilot rig is that it allows simultaneous online measurement of exhaust gas
concentrations together with bed material sampling from the loop seals. Therefore determination of particle
oxidation state for each operating point is possible. This allows calculation of the overall solids circulation rate
for accurate interpretation of experimental results.
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Figure 1- Chemical looping pilot plant at Vienna University of Technology

Preparation of data:

Experimental data are recorded and afterwards evaluated within a mass and energy based process model
implemented in a process simulation software. Each operating point is determined within a time range of
about 30min under steady-state operation. The mean values during a steady state operation period of 10-20
minutes constitute the data base for evaluation of the operating point. Data reconciliation methods are used in
combination with the mass and energy balance requirements. Thus, a consistent data set is available for each
operating point which represents the true values operated best in statistical terms.

Results from experimental campaigns:

The analysed data sets are usually documented within a standard report, including measurement point
conditions (fluidization velocities, pressure profile, gas composition in reactor inlets, ...), oxygen carrier
oxidation states (necessary for determination of solids circulation rate) and exhaust gas compositions.
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State of the art

The 120-150 kW pilot plant in Vienna is the largest successfully operating facility for chemical looping
combustion and chemical looping reforming. Since the erection of the plant, several experiments designated to
process demonstration, oxygen carrier performance, fuel type influence, operating temperature influence and so
forth have been conducted. Therefore, the staff working at Vienna University of Technology has large
experience in plant operation as well as in evaluation of experimental data (see references below, more
publications available at www.chemical-looping.at).

Future test campaigns

The development of oxygen carrier materials for chemical looping combustion and reforming has not yet come
to fully satisfactory conclusions. The main requirements to be met are (i) high reactivity in the fuel reactor, (ii)
high stability against attrition and fragmentation, (iif) no agglomeration in fluidized beds, (iv) environmental and
safety risks, (v) cost of production, and (vi) access to the necessary raw materials. It is expected that new oxygen
carrier candidates will be developed during the next years and testing at relevant operating conditions will be
necessary to assess the application potential of these materials in full scale chemical looping. In this area, the
need for sharing the pilot plant infrastructure is expected.

Further experiments may be conducted for example to investigate:

o Performance of novel oxygen carriers (reactivity, deactivation, attrition, ...)

o Influence of sulphur components (including slight adaption of measurement equipment)
o Influence of higher hydrocarbons (including evaporated tar substances)

o Chemical looping combustion of liquid fuels

. Chemical looping reforming (CLR)

List of CCS related EU/national funded projects where the infrastructure was developed or used

o GRACE (EU/FP6), CCCC (EU/RFCS) .

o CLC GAS POWER (EU/FPG)

o CACHET (EU/FPG)

o UNIQUE (EU/FP7)

o G-volution (Austrian Climate and Energy Fund)
o INNOCUOUS (EU/FP7)

Achievements (original contributions to knowledge based on the infrastructure)
e Original modelling of chemical looping combustion by combining air reactor and fuel reactor
o Prediction of the dynamic equilibrium governing the mean degree of oxidation of the oxygen
carrier
e Development of the dual circulating fluidized bed (DCFB) design approach combining two circulating
fluidized bed reactors in a novel way
o High global solids circulation rates
o Improved gas-solids contact for lower specific solids inventories
o Stable solids distribution between air reactor and fuel reactor
o Improved scalability avoiding bubbling bed reactors
e Successful construction and operation of the chemical looping pilot plant, the largest with successful
operating data presented so far
o High fuel conversion in CLC at reasonable specific oxygen carrier inventories
o Demonstration of CLR with full CH4 conversion in the fuel reactor and quantitative oxygen

removal from the air stream in the air reactor
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2. FRANCE

2.1 BRGM

Organisation name Short Name  Country

BRGM

BUREAU DE RECHERCHES GEOLOGIQUES ET MINIERES France

Description of the infrastructure

Name(s) of the infrastructure(s)*: Technology platform Montmiral

Location (town, country): Montmiral France

Web site address: Not yet

Legal name of organisation operating the infrastructure: BRGM

Location of organisation (town, country): Orléans France

Technology platform Montmiral ( Storage, Site characterization and monitoring/CO, impacts)
Montmiral is a natural gas field with 97-to 99% CO,, in Triassic sandstones and Rhaetian to Hettangian
carbonates at more than 2400 m depth. CO; has been exploited from 1990 to 2010 for an industrial use.

The infrastructure comprises:
- the Montmiral CO; well (V.Mo.2) — total depth 2480 m, currently immobilized by brine
- two nearby wells Saint-Lattier SL1 (2790 m deep) and SL2 (2425 m deep) at distances 8 to 10 km
from Montmiral. SL2 well cross-cut CO»z reservoirs in triassic to hettangian levels.
- two other CO; well exist in the Valence Basin: at Montoison (B.Mt1 — 50 km in the south of V.Mo.2,
3976 m depth) and at Brézin (Br.1- 25 km in the north of V.Mo.2, 1833 m depth)
- thirty springs (depth zero) and groundwater wells (up to depths 250 m) which exploit pliocene and
miocene aquifers, within a radius distance of 15 km around Montmiral
- the knowledge acquired on the site through research projects
It is envisaged to upgrade the facility with:
- Reopening of the well to produce CO>
- Surface installations to test impact of CO2 on materials or CO; reuse technics
- On site small laboratory
Projects to fund these upgrades have been submitted

Unigune infrastructure

Throughout the world there are many occurrences where natural CO;z has been trapped in geological
reservoirs. These reservoirs, called natural analogues, offer a unique opportunity to study the long-term
behaviour of COz underground, the chemical reactivity of the reservoir and caprock due to CO; interactions
with rock minerals and fluids, the trapping mechanisms, and the nature of leakage if it occurs. Therefore, the
studies of natural COs-rich reservoirs, which act as long-term laboratories and give specific examples in
various settings of long term COz behaviour and impact, raise lot of interest in the international scientific
community. Long term observations at these sites usefully complement the investigations carried out at CO»
storage pilots and demonstrators that have been operating at most 15 years and for which only short-term lab
or field observations can be made, while long term behaviour can only be predicted. They also enable to
integrate better the long term perspective for site selection, characterisation and risk management of future
COs storage sites.

The Montmiral research infrastructure is unique in Europe and even in the world due to the rare
combination of the following characteristics:
- fluid samples from the CO; reservoir can be collected at the well-head of V.Mo.2, and along the CO>
purification process chain;
- rock samples (cores) at various depths from the basement, the reservoir, the caprock and the
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overlying formations are available (TOTAL corestore at Boussens)

- cuttings samples from the base to the top of the well (TOTAL corestore at Boussens);

- comparison possible between the COx field and adjacent zones with no COz in order to discriminate
the effects due to CO»

- Opverlying fresh-groundwater in the surrounding area can be sampled

- extensive set of data and knowledge being acquired on this site from 2001, plus historical data
acquired in the 1960s during oil & gas exploration (geochemistry, seismic, petrography, well test,
diagraphies, ...) .

|y

Fl. Motniral COzﬁeld and technology platform

State of the art
The ateas of research supported at the Montmiral research infrastructure are:

- long—term behaviour of the reservoir and the caprock: COs-rock-fluid geochemical interactions,
impact on the CO» trapping mechanisms, on reservoir physical properties (porosity, permeability, ...),
on geomechanical stability

- relationship between diagenetic history, tectonic events of the basin, and CO, migration along faults
and fractures

- identification of leakage pathways, if any, through the caprock, the overlying formations and up to
the surface; characterisation of mineral infills ; description of processes using logging tools and
geophysical methods (active seismic, magnetotelluric (MT), Electrical resistivity imaging (ERT) and
EM soundings).

- co-mobilisation of other substances than CO» (hydrocarbons, heavy metals, H2S, Rn, etc.)

- assessment of impacts on associated and overlying groundwater and on ecosystems at depth or at
ground surface, or demonstration that no impact is observed.

- Monitoring techniques at surface or at depth to track the CO; or any indirect impact.

- Well behaviour after 20 years of CO; production.

Services currently offered by the infrastructure:

- Access to rock samples from the Paleozoic and the sedimentary column until the Oligocene.

- Access to fluid samples from the deep CO; reservoir at the well head of exploitation borehole and from
overlying groundwater (springs and irrigation wells)

- Possibility of field monitoring at various depths and at surface using geophysical, geochemical, biological,
remote-sensing techniques

- Access to specific equipment for field measurements, services for fluid and rock field and lab analyses

- Access to the knowledge already gathered around the site

The planned upgrades will allow:
- to study the impact of COzo0n materials for surface storage and transport
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To test CO; reuse technology
To simulate CO; leakage to study the dispersion of CO in the atmosphere

The most interesting scientific achievements already obtained by users are the following:

Mantle origin of the COg;

The CO; induced in Triassic sandstones, the dissolution of K-feldspar and precipitation of kaolinite
and carbonates; 3% increase of porosity

CO2 migration along faults was detected into Rhaetian and Hettangian formations by fluid inclusions
studies COx fluid inclusions are locally linked to hydrocarbon;

This CO2 migration is estimated to be of post-Pyrenean age during an extensive phase (35-23 My);
Along the overall well, petrographical and geochemical data demonstrate a possible connection
between Palacozoic substratum and Triassic Liassic levels and a disconnection between the base and
the top of the well created by the Jurassic marly level (575 m thickness);

Concerning soil gas analyses, two field trips were done in 2006 and 2007. In the vicinity of the
exploited CO; well, no evidence of leakage of deep origin is found, CO: concentrations and Rn
activities suggesting a sub-surface or biologic-related origin. Nevertheless, at some distance (10 km to
the NW), CO» concentrations can rise up to 8%, but with isotopic ratios apparently due to biologic
soil activity. This discrepancy between high CO; content and depleted ratio is not well understood up
to now, and need further studies (campaigns in winter during low biological activity, sampling at
depth greater than 1 m).

This site has become a European research infrastructure from 2001 at the start of the FP5 NASCENT project
entitled “Natural Analogues for CO2 Storage in the Geological Environment” (2001-2004). The has been
used for further research activities within the CO2GeoNet European Network of Excellence (from 2004), a
French research project (ANR-Monitoring 2006-2008) and a PhD thesis (2005-2008). The site is also part of
the current FP7 project COZ2care site abandonment and RISCS on impacts and safety of CO2 storage.

The following publications quoting scientific results acquired at the Montmiral infrastructure demonstrate that
there is a widespread interest worldwide:

1.

Czernichowski-Lauriol I., Rochelle C., Gaus I. et al. (2000) - Geochemical interactions between
COz, pore-waters and reservoir rocks: lessons learned from laboratory experiments, field studies and
computer simulations. In : Advances in the Geological Storage of Carbon Dioxide, p.157-174. Ed. by
Lombardi, S. et al. Netherlands : Springer

CZERNICHOWSKI.LAURIOL.L, Persoglia.S., Riley.N. (2006) On-going joint research activities
within the CO2GeoNet European Network of Excellence on CO: geological storage, in
Proceedings of the GHGT-8 International Conference on Greenhouse Gas Control Technologies -
Trondheim - Notrway - 18-22/06/20006, 6 p.

Gaus I., Le Guern C., Pearce J. er al. (2004) - Comparison of long-term geochemical interactions
at two natural COs-analogues: Montmiral (Southeast basin, France) and Messokampos (Florina basin,
Greece) case studies. 5-9 sept. 2004, GHGT7 - Vancouver, Canada.

NASCENT project, Final report (2005) - Natural analogues for the geological storage of CO». 92
p- IEA-GHG Report Number 2005/6.

Pauwels H., Gaus 1., Le Nindre Y. M. et al. (2007) - Chemistry of fluids from a natural analogue
for a geological CO: storage site (Montmiral, France): Lessons for COz-water-rock interaction
assessment and monitoring. Applied Geochemistry, 22, p. 2817-2833.

Pearce ]J. M., Shepherd T. J., Kemp S. J. et al. (2003b) - A petrographic, fluid inclusion and
mineralogical study of Jurassic limestones and Triassic sandstones from the Montmiral area of the
Southeast Basin of France, British Geological Survey External Report. 76 p. (CR/03/144).

Rubert Y (2009) - Petrographic indicators of CO» migration in the Montmiral natural analogue. Phd
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2.2 IFPEN

Organisation name Short Name Country
IFPEN

Name(s) of the infrastructure(s)*: TransProS (Transport Properties for CO; Storage)
CRC (Caprock Characterization)
U544 (CO; post combustion capture mini-pilot)

IFP ENERGIES NOUVELLES France

Description of the infrastructure

Location (town, country): Rueil-Malmaison and Solaize (Lyon), France

Web site address: www.ifpen.fr

Legal name of organisation operating the infrastructure(s): IFP Energies nouvelles

Location of organisation (town, country): Rueil-Malmaison, France

TransProS (Transport Properties for CO, Storage)

This research infrastructure provides advanced techniques for measuring capillary pressure (Pc) and relative
permeability (Kr), needed for proper simulations of CO: behaviour. Due to the high mobility of gas, the
measurement of Kr curves is not trivial and needs advanced techniques such as local saturation measurements
during displacement experiments in a core sample. Furthermore, Pc should be measured on the same sample in
order to perform the numerical interpretation of the collected data. We propose here two experimental
installations to measure Pc and Kr curves: i) a CT scanner equipped with a flooding cell providing 3D saturation
maps and i) an automated centrifuge providing simultaneously Pc and Kr curves. The associated numerical
tools for data interpretation are also included.

Centrifuge laboratory (Storage, ITaboratory: Characterization and
processes)

Description of the facilities

The centrifuge laboratory comprises two large size centrifuges with
rotating speed up to 4000 rpm. One centrifuge has the capability of
measuring the produced fluids continuously using an accurate capacitance

based technique. Custom-build core holders can accommodate samples of . |
diameter 40 to 50 mm, and length up to 60 mm, at a mean radius of Figure 2 Automatedh—
rotation of 170 mm. Six samples can be analysed in a single experiment. centrifuge at IFPEN
The range of capillary pressure for the air-water fluid system is 50 mB —

15000mB.

The second centrifuge can accommodate longer samples, up to 120 mm, without fluid measurement
capabilities. It is mostly used to desaturate samples at irreducible saturation.

State of the art

The centrifuge experiment when performed with continuous recording of saturation, is well adapted for the
simultaneous determination of air-brine Pc and Kr curves, in the entire saturation range. IFPEN's unique
system overcomes frequently encountered technical difficulties of measuring precisely water saturation while
rotating and is complemented by a dedicated numerical interpretation procedure. Centrifuge air-brine Kr
experiments are largely superior to standard gas injection subject to fingering instabilities caused by local
heterogeneities. At the end of drainage, samples can be immersed in water in order to obtain the residual gas
saturation, another useful quantity for reservoir simulations.
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Services currently offered by the infrastructure and achievements

Air-water capillary pressure curves in drainage, and water relative permeability curve; Oil-water capillary
pressure curves in drainage and forced imbibition; Oil-water relative permeability curves in drainage and forced
imbibition; USBM wettability tests

Relevant scientific publications

Fleury M., P. Poulain and G. Ringot, ‘A capacitance technique for measuring production while centrifuging’,
Proceedings of the International Symposium of the Society of Core Analysts, La Haye, September 14-16, 1998.
Fleury M., P. Egermann, E. Goglin, A model of capillary equilibrium for the centrifuge technique, International
Symposium of the Society of Core Analysts, 18-22 October 2000, Abu Dhabi, United Arab Emirates

Fleury M., S. Gautier, N. Gland, P. Boulin, B. Norden, C. Schmidt-Hattenberger, Petrophysical measurements
for CO; storage: Application to the Ketzin site. International Symposium of the Society of Core Analysts,
Calgary, Canada, 10-13 September, 2010.

X-RayComputed tomography (CT)

Description of the facilities

IFPEN's CT scanner is a commercial medical scanner GE Fxi. This
equipment, combined with an appropriate flow cell, has the
capability of measuring the fluids saturations in a core while
flooding, from which the Kr curves can be deduced. If used with our
semi dynamic approach both of Pc and Kr curves can be obtained.
The measured local saturation profiles bring a significant
improvement in the interpretation of coreflood experiments by a
better accounting of the capillary pressure effects during the relative ,
permeabilities determination. Figure 3 CT Scan

State of the art

Relative permeabilities are usually determined from flow experiments performed on core samples using either
the Unsteady Steady State (USS) or the Steady State (SS) method. The main advantage of the semi dynamic
approach is to establish several equilibrium states between the viscous and the capillary forces within the sample
by injecting one fluid while the other circulates at the outlet face. These equilibrium states enable the analysis of
both the kr of the injected phase and the Pc curve. The kr of the displaced phase can also be obtained by history
matching of the transient evolution of the pressure drop.

The in-situ saturation monitoring brings a significant added value to the interpretation process because it
enables the direct identification of the influence of the capillary effects on the experimental data. Several ways
exist to use this information in the inversion procedure of the kr data. To date, the local saturation profiles are
either included in a global objective function (in addition to the production and the pressure drop data) that is
minimized during the inversion process, or smoothed and used as input data in the simulation, which leads to
non-smoothed simulated pressure drop.

Services currently offered by the infrastructure and achievements

Capillary pressure curves and both fluids relative permeability curves can be measured. In a standard
experiment, Swi is first established. If the wettability has to be restored, the wettability is restored by aging at
reservoir conditions with live oil. Then, the live oil is replaced by dodecane using several successive miscible
displacements prior to injection of nitrogen at ambient conditions.

The gas injection experiment is conducted under the medical CT-scanner (voxel 0.12X0.12X1 mm3) to follow
the evolution of the saturation profiles as a function of time (1 acquisition every 2 seconds). The oil and gas
productions are recorded and CT-profiles are measured regularly during the experiment. Different differential
pressure are successively applied. Further details on the experiment can be found in a previous paper dedicated
to gas injection processes.
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Achievements (include the most relevant scientific publications, up to 5)

Lombard J.-M., Egetmann P., and Lenormand R., "Measurement of Capillary Pressure Cutves at Resetvoir
Conditions", SCA n° 2002-09, Society of Cotre Analysts, Monterey, California, 2002

Egermann P., Robin M., Lombard J.-M., Modavi A., and Kalam M. Z., "Gas Process Displacement Efficiency
Comparisons on a Carbonate Reservoit”, SPE n° 81577, Middle East Oil Show, Bahrain, 2003

CRC (Caprock Characterization)

The research infrastructure provides advanced techniques for measuring porosity, permeability and entry
pressure of caprock formation.

Caprocks may have very low permeabilities, down to 1 nD (10-?! m?). Traditional equipments cannot be used at
such low values. IFPEN developed in the recent years specific installations and protocols for measuring liquid
permeability in a reasonable amount of time on standard plug sizes, including the effect of confining pressure.
Using the same installation, entry pressure can be measured after permeability. In addition, orders of magnitude
of permeability can be obtained quickly on cuttings when plugs are not available. This infrastructure is
composed of two independent installations

NMR laboratory (Storage, Laboratory: Characterization and processes)

Description of the facilities

The laboratory comprises 4 NMR devices characterized by different resonance frequencies, different diameters and
different capabilities:

- a 2.2 MHz device equipped with a 50 mm probe and 1D vertical gradient (50 G/cm)
- a 2.2 MHz device equipped with a 70 mm probe

- a23.7 MHz device equipped with a 18 mm probe and 1D vertical gradient (300 G/cm), and a 10 mm
probe with 3D vertical gradient (300 G/cm)

- a20.7 MHz imaging system equipped with a 30 mm probe and 3D
vertical gradient (150 G/cm)

e laboratory has also several home build interpretation software such as 1D
and 2D inverse Laplace transforms, diffusion analysis software. Depending
on the size of the probe, inter-echo time as small as 30 us can be reached,
allowing small relaxation time to be detected. The various diameter probes
allows the NMR characterisation on powders, cuttings, small, standard or
large size plugs. Temperature and pressure cells are also available with some

devices. Figure 4 Two NMR
State of the art devices: 23.7 MHz (left)

. . . . . and 2.2 MHz (right)
The NMR technique is unique for characterizing porous media in a non

destructive way; it was initially developed at IFPEN to perform laboratory to

log integration but is also used to measure porosity and pore size distribution, as well as pore connectivity from
advanced 2-dimensional relaxation experiments. The NMR technique is particularly well suited for
characterizing tight formation such as caprocks or coals because water contained in nano-pores can be detected
casily.

Services currently offered by the infrastructure and achievements

The installation is used on an everyday basis for porosity and pore size distribution measurements, and control
of these two quantities at different steps of experiments performed in other laboratories. It can be coupled with
centrifuge and resistivity experiments in order to measure saturation and fluid distribution in porous media. For
tight rocks, samples need not to be dried, and this is a clear advantage for not perturbing the pore structure of
preserved samples containing clays.
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Relevant scientific publications

Fleury M., D. Boyd and K. Al-Nayadi, Water saturation from NMR, Resistivity and Oil-Base core in a
heterogeneous Middle-East carbonate reservoirs, Petrophysics, vol 47, 1, 2006.

Nicot B., S. Gautier, M. Fleury and S. Durucan, Pore structure analysis of coals using low field NMR
measurements and thermogravimetry analysis, Proceedings of International Symposium of the Society of Core
Analysts, Trondheim, Norvay, 12-16 September 2006.

Guichet X., M. Fleury, E. Kohler, Effect of clay aggregation on water diffusivity using low field NMR, J. Coll.
Inter. Sciences, 327, 2008.

Fleury M., J. Soualem, Quantitative analysis of diffusional pore coupling from T2-store-T2 NMR experiments, J.
Coll. Inter. Sciences, 336, 2009.

Berne Ph., P. Bachaud and M. Fleury, Diffusion properties of carbonated caprocks from the Paris Basin, Oil
Gas Sci. Technol. — Rev. IFP 65 3 (2010) 473-484

Fleury M., S. Gautier, N. Gland, P. Boulin, B. Norden, C. Schmidt-Hattenberger, Petrophysical measurements
for CO; storage: Application to the Ketzin site. International Symposium of the Society of Core Analysts,
Calgary, Canada, 10-13 September, 2010.

VLP laboratory (Storage, Laboratory: Characterization and processes)

Description of the facilities

The VLP (Very Low Permeability) laboratory comprises two experimental set up to measure liquid permeability
in the nanoDarcy range (102! m?) within one day — one experimental set up to measure gas permeability — one
experimental set up to measure entry pressure by more than four different methods — one device to measure
low permeability on small size sample (used for screening purpose).

Water permeability measurement is performed using the steady state method with a pump in a push/pull
configuration. One device is at a controlled temperature of 20 to 30 °C. The other one is at a controlled
temperature of 20 up to 80°C. The confining pressure limit is 350 bar and the pore pressure limit is 300 bar.
The measured permeabilities range from 0.1 nD up to 1 uD (102 m?2 to 10-8 m?). Measurement can be fast (1
nD in one day) since high precision pumps are used. The device uses plugs of 40 to 50 mm diameter and 20 to
50 mm length.

Gas permeability experiments are based on transient and steady state
techniques. Klinkenberg effect can also be assessed. Permeabilities
from 10 nD up to 100 pD can be measured. The confining pressure
limit is 350 bar and the pore pressure limit is 200 bar. The device uses
plugs of 40 to 50 mm diameter and 20 to 50 mm length. For cuttings,
a specific device called Darcygaz can be used, based on the GRI
method. The experiment is made at 1 bar and no confinement is
applied. The measured permeability are from 50 nD up to 100 pD (5

1020 m2 to 10-'® m?). The plugs used here are 15 mm diameter and 20 Figure 5 Water permeability
mm length. measurement device

The experimental set up used for the entry pressure measurement can

performe several techniques: step by step approach, dynamic method, dynamic racking method and the residual
method. The gas used is nitrogen but the device will be upgraded in 2012 to be able to used supercritical CO.
The device uses plugs of 40 to 50 mm diameter and 20 to 50 mm length. The confining pressure limit is 350 bar
and thus entry pressure estimation limit is 300 bar.

The entry pressure device can be used now but an upgrade will be done in 2012. During one month in 2012,
the sensor will be replaced and the system simplified to allow the use of supercritical CO2. The upgrade is
expected in June 2012.

State of the art

The water permeability device allow the measurement of water permeability within an estimate error of 10 to
20% due to the high resolution pump used. The measurement can be fast considering the amount of water that
is measured (few pl). This technique is believed to provided more relevant permeabilities than pulse decay test
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usually performed on very low permeability tests.

The experimental device dedicated to entry pressure measurements can be used with different protocols.
IFPEN laboratory is the only one performing the dynamic method that proves to be the most efficient way to
measure entry pressure values in caprocks. In addition, the racking method has been implemented this year.
This method is not new, not well known but it has a very good accuracy compared to other techniques. To our
knowledge the racking method has never been involved in a CSS project.

Services currently offered by the infrastructure and achievements
. Entry pressure measurement / Permeability measurement with gas or water

o Entry pressure and permeability can be assed with 10 to 20 % uncertainties
Relevant scientific publications:

Boulin, P.F., Bretonnier, P., Gland, N., and Lombard, ].M., 2011, Contribution of steady state methods to water
permeability measurement in very low permeability porous media, Oil & Gas Science and technology, article in
press

Carles, P., Egermann, P.; Lenormand, R., and Lombard, J.M., 2007, Low permeability measurements using
steady state and transient technics, International Symposium of the Society of Core Analysts, Calgary, Canada,
10-14 September 2007.

Egermann, P., Lombard, J.-M., and Bretonnier, P., 2006, A fast and accurate method to measure threshold
capillary pressure of caprocks under representative conditions, International Symposium of the Society of Core
Analysts, Trondheim, Norway 12-16 September 2006.

Boulin, P.F., Bretonnier, P., Vassil, V., Samouillet, A., Fleury, M., and Lombard, J.M., 2011, Entry pressure
measurements using three unconventional experimental methods, SCA 2011 Symposium, Austin, TX, USA,
September, 2011.

CO, post combustion capture mini-pilot (Capture, Absorption)

Description of the facilities

This apparatus consists in a small laboratory pilot that corresponds to the
process of post-combustion CO2 capture via amine based solvents. It
mainly consists of two columns : the absorber, where the gaseous and
liquid phases flow countercurrently and where the CO2 contained in a
synthetic gas is absorbed, and the stripper, a heated regeneration column
where the CO2 is desorbed.

The flue gas is synthetically prepared and is generally a mix of N, Oz and
COs. Small amounts of SOz, NO and NO; can also be added. The mini-
pilot plant is able to treat up to 1 Nm3/h of flue gas, whereas the solvent
(generally an aqueous amine solution) will circulate at a rate of around 2

L/h.

The absorber consists in a glass plate column (10 cm in diameter, 1 m high)
where COz chemical absorption between the flue gas and the solvent
occurs. The solution collected at the bottom of the column is rich in CO2,
it is heated electrically and sent to the desorber column. The desorber is
also a glass plate column (10 cm in diameter, 1 m high). There, the rich
solution reaches its boiling point while flowing downwards to an electric reboiler. Elevated temperatures reverse
absorption. As a result, a mixture of COz and water vapour is released. The water vapour is condensed in the
overhead condenser and returned to the regeneration column with total reflux. The stripped COx is released.
The regenerated solvent is collected in the storage tank and recycled back to the absorber for further CO>
removal. The absorption section works at atmospheric pressure while operating pressure in the desorber is 2,5
bata. Reboiler temperature is 120 °C.

Figure 6 General view of the pilot
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The gas flowing in the absorption column and flowing out from both columns can be sampled. The gas selected
for analysis is directed towards a cold trap, then heated at 180 °C, in order to minimize condensation in the
analysis equipment. In an analyses room located close to the unit, a FTIR module, equipped with a measuring
cell with a 5 m optical path, is able to determine compounds such as NH3, NO2, SO2, CO2, H20 or CO.
Alternatively, the user can also choose to analyse gas samples by gas chromatography. It is possible to follow
amines concentration, CO2 loading and degradation products such as Heat Stable Salts by off-line
measurements. Except for the glass columns, all the other components of the plant are built in 316 stainless
steel.

State of the art

e The research infrastructure described here is fully automatic and allows to run long-term tests (up to several
weeks), in order to study degradation properties of solvents. There is also the possibility to monitor
corrosion in several locations of the pilot with corrosion coupons.

e The infrastructure is currently dedicated to CO» capture with amine solvents. But, other types of solvents
can also be used, as long as the operating conditions are in the appropriate range. The infrastructure can
also be used for gas treatment for H»S capture.

Services currently offered by the infrastructure and achievements

If external users were interested in conducting research on this infrastructure, the access to a certain amount of
off-line analyses (ionic chromatography, HPLC, ionic exclusion chromatography) would be allowed. Also, a
room for off-line analyses, a control room, a workshop and a changing room would be available on the site of
IFP Energies nouvelles.

The infrastructure is mostly used for internal research projects. The research performed on this pilot plant has
allowed IFPEN to develop processes such as Hicapt™, Hicapt+™ or more recently, DMX™.,

The infrastructure is expected to be upgraded during 2012 and the upgraded pilot could then be made available
from mid-2013 on.
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3. GERMANY

3.1 USTUTT

Organisation name ‘ Short Name Country

USTUTT
Description of the infrastructure

UNIVERSITAET STUTTGART Germany

Location (town, country): GERMANY

Web site address: www.ifk.uni-stutteart.de

Legal name of organisation operating the infrastructure: Universitat Stuttgart

Location of organisation (town, country): Vathingen, Stuttgart, Germany

Pilot scale 0.5 MWth combustion facility - KSVA (Energy Conversion Systems, Combustion)

Description of the facilities

The scheme shown in Figure 1 depicts the KSVA in oxy-fuel configuration, which essentially simulates the flue
gas side of a power plant in small scale including a flue-gas cleaning path with a high-dust SCR catalyst, an
electrostatic precipitator (ESP) and a baghouse filter. Combustion air or recirculated flue gas is provided by a
forced draught (FD) fan, an induced draught (ID) fan ensures the transport of the flue-gases through the flue-
gas system towards the stack. Modifications essential for oxy-fuel operation are described in the following.

The combustion chamber consists of six cylindrical segments with a total length of 7,060 mm and an inner
diameter of 800 mm. The combustion chamber is covered with a burner plate of 1,400 mm in diameter. In the
centre the burner is installed.

Refractory lining covers the inner surface of the upper four segments of the combustion chamber to a distance
of 4,000 mm from the burner. A water jacket is integrated into the double-wall of the reactor. Numerous
measurement openings are integrated into the reactor wall with distances between each level of 150 to 170 mm.
In several segments there are up to three ports per level, shifted by 90° one to another. Flame detectors are
installed with inclined view to the combustion flame core. Either air or COz is used for cooling of the detectors,
depending on the applied combustion modes: conventional or oxy-fuel.

State of the art

Advantages/Special Features:

e Fuel flexibility: due to different dosing systems, it is possible to fire different solid fuel or blends.

e Flue gas recirculation

e Modular Flue Gas Cleaning (FGC) system: ESP, DeNOx (SCR), Fabric Filters and possibility to introduce
Flue Gas Desulphurization (FGD) unit.

e The combustor is equipped with a flexible char and gas sampling system and in addition with a flexible
overfire air/oxidant injection system. Both enable the performance of combustion tests over a broad
residence time (1s-5s) and stoechiometrie (air ratio 0.7-1.3) range. Stage or unstaged combustion tests can
be carried out.

e Furthermore, material testing with corrosion probes can be performed.
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Figure 1. Scheme of 500 kWth test facility (IKSVA)

Areas of research:

High efficiency and COs-free combustion processes, co-combustion of biomass/RDF in coal-fired power
plants, optimization of burner setup and burner parameters, HCl, SOx behaviour, NOx reduction,
slagging/fouling processes, high and low temperature corrosion, performance of FGC system (e.g. ESP,
DeNOx, etc.), fly ash characterization. Fauture areas: biomass co-combustion in oxy-fuel

Scientific environment:

This test facility is one of several pilot test installations available at IFK and is surrounded by a very complete
infrastructure. For instance, fuel pre-treatment facilities and several continuous flue gas analysers are readily
available. Also, a well-equipped laboratory for fuels, ashes and slag characterisation operates at IFK.
Additionally, other useful techniques for characterization of different solid samples (e.g. fuel, fly ash, etc.), such
as XRD and SEM, are available at other institutes within the University. Furthermore, the facility is operated by
experienced scientists and technicians and is equipped with state-of-the-art measurement equipment. Within
several years of successful operation, it has proved to deliver high quality reliable results. This allows for the
comparison of newly gained data against the experiences collected at IFK within the previous years and
provides a possibility for better interpretation of data.

Services currently offered by the infrastructure and achievements

Every year up to 10 different projects (EU, national or industrial projects) make use of this facility. For
instance, some ongoing EU-Projects at KSVA are RECOMBIO, DEBCO and Flox Coal. Specifically, some
recent CCS related EU funded projects, where the infrastructure was used, are ENCAP, OxyCorr, Oxyburner
and Oxymod. Besides other CCS related projects can be mentioned: OxyVal (industrial project) and ADECOS,
KW21 (national projects).

A minimum of 3 publications per year are based on experimental results obtained in this facility. Here a list of
the most recent scientific publications is presented:

1. Spérl, R.; Stein-Brzozowska, M.; Maier, J.; Scheftknecht, G.: Schwefeloxidkonzentrationen bei Koblenstaubfeuernng
im Oxcyfuel-Betrieh. 43. Kraftwerkstechnisches Kolloquium. October 2011. Dresden

2. Stein-Brzozowska G., Babat S., Maier J., Scheftknecht G., Influence of oxy-coal on fly ash transformations and
corrosion bebavior of heat-excchangers, 2nd Oxyfuel Combustion Conference, Australia 2011

3. Grathwohl, S.; Maier, J.; Scheftknecht, G.: Testing and Evaluation of advanced Oxyfuel Burner and Firing Concepts.
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2nd Oxyfuel Combustion Conference Australia 2011

4. Stein-Brzozowska, G.; Maier, J.; Scheftknecht, G.: Impact of the oxy-fuel combustion on the corrosion behavior of
adpanced austenitic superheater materials Energy Procedia 4 (2011)  2035-2042, ISSN 1876-6102, DOI:
10.1016/j.egypro.2011.02.085; 2011

5. Stein-Brzozowska, G.; Maier, J.; Scheftknecht, G.: Deposition bebavior and superheater corrosion under coal fired
oxyfuel conditions. IEAGHG Special Workshop on SO», SOs3;, Hg and Boiler Corrosion under Oxy-fuel
Combustion. 25/26th January 2011, London.

Technical scale 20 kW electrically heated combustor - BTS (Energy Conversion Systems,
Combustion)

Description of the facilities

The electrically heated part of the ceramic tube has a length of 2500 mm and a diameter of 200 mm. The
electrical heating with an overall electrical power of 57 kWy, ¢ makes it possible to adjust a constant wall
temperature as well as a temperature profile along the furnace. This enables reliable investigations of a variety of
temperature related combustion parameters from 800°C up to 1400°C. For the conventional air firing the
pulverized coal is supplied by carrier air to the top-mounted burner through which it is injected into the
combustion chamber. The feeding system consists of a volumetric conveyor and a screw feeder. The coal feed
rate ranges from 1 to 2 kg/h and it depends on a thermal input of 8.5 kW, and corresponds to approximately 1
kg/h for bituminous coals and about 1.5 kg/h for lignite. The combustion air is injected through annular
clearances, divided into primary and secondary air. The facility provides a good environment to investigate
staged combustion conditions because burnout air can be added at each position along the reactor axis by a
probe from below. Figure 2 shows a schematic outline of the BTS combustion chamber. For the oxy-fuel firing
the combustion air is replaced by a mixture of O and CO; from the gas storage tanks. The flue gas is extracted
at the final section of the heated reaction tube. Standard emissions analysed are Oz, CO», CO, SOz, NO and
NOx. Profile measurements of the flue gas composition can be taken by means of an oil-cooled sampling probe
which transports the extracted flue gas to the standard analysers or a FTIR system.

State of the art

Advantages/Special Features: The test rig is equipped with a flexible char, fly ash and gas sampling system and
in addition with a flexible overfire oxidant injection system. Both enable the performance of combustion tests
over a broad residence time (1s-4s) and stoichiometry (air ratio 0.7-1.3) range. Due to that, staging can also be
implemented in this facility.

Areas of research: Investigation of combustion behaviour of different coal qualities, combustion and co-
combustion of various solid fuel mixtures (biomass, SRF, coals), coal burner development (flameless oxidation),
oxyfuel combustion

Scientific environment: As in the case of KSVA, this test facility is also sutrounded by a very complete
infrastructure (fuel pre-treatment facilities, laboratories, etc.) and an experienced team of scientists and
technicians.
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Figure 2. Schematic outline of BTS combustion

Services currently offered by the infrastructure and achievements

Every year up to 10 different projects (EU, national or industrial projects) make use of this facility. Some
ongoing EU projects at BTS are RECOMBIO, DEBCO, Flox Coal 2. Specifically CCS related recent EU-
Project are ENCAP, OxyCorr, Oxyburner and Oxymod. Other national and industrial projects that have made
use of the facility are ADECOS, KW21 and Oxyval.

A minimum of 3 publications per year are based on experimental results obtained in this facility. Here a list of
the most recent scientific publications is presented:

1.

Dhungel, Bhupesh. Experimental Investigations on Combustion and Emission Bebaviour During Oxy-Coal Combustion.
Dissertation Universitit Stuttgart, 2010.

Al-Makhadmeh, Leema. Coal Pyrolysis and Char Combustion under Oxy-Fuel Conditions . Dissertation Universitit
Stuttgart, 2009.

Dhungel, B.; Monckert, P.; Maier, J.; Scheftknecht, G.: Investigation of oxy-coal combustion in semi-technical test
facilities. Tagungsband: Third International Conference on Clean Coal Technologies for our Future, 15 - 17
May 2007, Sardinia, Italy; 2007

Dhungel, B.; Maier, J.; Scheftknecht, G.: Emission behaviour during oxy-coal combustion in a 20 W once through
Sfurnace. Tagung: Ninth International Conference on Energy for a Clean Environment, 2-5 July 2007, Povoa
de Varzim, Portugal; Verotfentlichung auf CD-ROM; 2007

Maier, J.; Dhungel, B.; Monckert, P.; Scheftknecht, G.: Combustion and emission behaviour under oxy-fuel condition.
Tagung: 39. Kraftwerktechnisches Kolloquium 2007, 11 und 12. Oktober 2007, Dresden; Veroffentlichung
auf CD-ROM; 2007
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4. GREECE

4.1 CERTH/ISFTA (GREECE)

Organisation name Short Name Country

CERTH

CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS Greece

Description of the infrastructure

Name(s) of the infrastructure(s)*: CERTH/ISFTA Storage, CERTH/ISFTA Capture
Location (town, country): ATHENS, PTOLEMAIS, GREECE

Web site address: www.lignite.gr

Legal name of organisation operating the infrastructure:

Location of organisation (town, country): Athens, Ptolemais, Greece

CERTH/ISFTA Storage

Description of the facilities

The CERTH/ISFTA Storage infrastructure provides facilities for the characterisation of a storage site. That
includes an X-Ray Diffractometer for the mineralogical characterisation of the reservoir and cap rock, a
spectrophotometer for the chemical analysis of the water samples, a CHNS analyser for the determination of
the carbon, hydrogen, nitrogen and sulphur. The facilities can be seen in the pictures below:

- 1
Figure 1. X-Ray Diffractometer (left), CHNS analyser (middle), specrophotometer (right).

The laboratory is under ISO17025 certification for the determination of: moisture, ash, volatiles, total moisture,
chlorine, CHNS, heating value, ash metals, as well as the biogenic fraction of SRF fuels. The process will be
completed within next few months which lay the uniqueness of CERTH/ISFTA facilities in Greece.

Moreover, the CERTH/ISFTA Storage is equipped with an Atomic Adsorption Spectrometer (AAS) for the
determination of chemical elements and a calorimeter (figure 2) for the measuring of the high heating value of
coal and lignite samples.
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Figure 2. Pictures of the Atomic Adsorption spectrometer (left) and the calorimeter (right)

CERTH/ISFTA Capture

Furthermore, CERTH/ISFTA has a 5kWth high temperature bubbling fluidized bed flexible in operation either
for gasification or combustion expetiments of coal/lignite that can be performed in the presence of Ca
sorbents. The infrastructure can be seen in the figure below. Additionally, the CERTH/ISFTA Capture
infrastructure can support activities relative to combustion and gasification technologies.
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Figure 3. Picture of the Bubbling fluidized bed gasifier (left) and its diagram along with an explanatory table
(middle and right, respectively)

The replacement costs for the Infrastructure (€): 100,000

State of the art for TA5.1 and TA5.2

Over the last years, both CERTH/ISFTA’s facilities ate becoming more and more attractive for carrying out
scientific research due to uniqueness of the services that it can provide. The equipment and the highly qualified
personnel have drawn, also, the attention of the industrial sector. That led to a large private contract with Public
Power Corporation (PPC). Also, one of the key assets of the infrastructure is the fluidised bed installation. One
of the most important advantages of this is the in situ capture of CO2 and SO: by calcined additives.

e The areas of research that are normally supported by the infrastructure are outlined below:
Promotion, implementation and improvement of “cleanet” coal combustion technologies (CCTss).
Minimization of pollutants including fly ash, other by-products utilization and CCS technologies.

Optimization of coal deposits exploration techniques and development of innovative environmental
management methods.

Biomass and/or waste co-combustion with lignite in existing combustion/ gasification systems.
e Promotion and enhancement of gasification and hydrogen production technologies.
e Technology transfer from and to market operators and decision makers.
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The CERTH/ISFTA’s infrastructures are part of a larger ensemble and the scientific personnel of the Institute
and the visiting scientists can be benefit from that by having access to other laboratories that will help achieve
the expected, each time, results. Moreover, CERTH/ISFTA is the main Greek organization for the promotion
of research and technological development aiming at the improved and integrated exploitation of solid fuels and
their by-products. It develops a number of activities aiming to enhance the exploitation of the indigenous solid
tuel supplies, such as lignite and solid biomass. The experience gained throughout the years and the collection
of know — how, by undertaking large — scale R&D and demonstration projects, may classify CERTH/ISFTA
among the Centres of Excellence and of equal importance to other European and non-European centres
involved in solid fuels technologies. Furthermore, CERTH/ISFTA represents Greece in the Carbon
Sequestration Leadership Forum (CSLF), the Euracoal and the Technology Platform for Zero Emission Power
Plants. CERTH/ISFTA is involved in vatious European Commission's Research Projects related to CCS.

Services currently offered by the infrastructure and achievements

The setvices that are offered by CERTH/ISFTA Lab are achieved through the use of its equipment
infrastructure and involve proof of concept experiments, heat balance studies, combustion and gasification
studies, mineralogical and petrographical examination, cores/samples studies etc.

High-quality research can be performed in CERTH/ISFTA’s infrastructure. Both visiting and
CERTH/ISFTA’s scientists can conduct experiments that will add value to the state-of-the-art energy research,
by utilizing CERTH/ISFTA laboratory equipment, which consists of state-of-the-art instruments, of the latest
technology. The constant use of this equipment within cutting-edge EU energy research projects, has resulted in
a number of journal publications of significant importance by CERTH/ISFTA’s scientists, with a clear
increasing trend over the last 5 five years. Thanks to the possession and the continuous upgrade of such
equipment, as well as by steadily training its scientists on the latest advances in energy research, CERTH/ISFTA
has managed to build an important expertise in the field of conventional and alternative fuels. It is noted that
such expertise is widely recognized and has led to the attraction of both major research and industrial projects.
It is noted that CERTH/ISFTA has been recently officially evaluated as a Centre of Excellence in Greece;
CERTH/ISFTA’s infrastructures are currently under ISO17025 certification, which will led to its expansion
both inside and outside the country’s borders.

After 2000, CERTH/ISFTA has been awarded with over 90 EU- and national-research and industrial projects.
Some of them are mentioned further below. Thanks to its overall research activity, CERTH/ISFTA has

published over 500 papers at international scientific journals and conferences. Some of the most important
research and industrial projects, CERTH/ISFTA has been awarded with, are:

Finally, in the last five years, a large number of scientists from Europe have chosen CERTH/ISFTA in order to
petform their research in CERTH/ISFTA facilities. Amongst them, scientists from renown Institutes from
Germany, Spain, and the UK have spent a sufficient time in CERTH/ISFTA’s facilities conducting expetiments
for the successful advance of theirs projects. An overwhelming interest from scientists from China and India
has been also expressed; the Institute is currently in the phase of considering such applications for short-term
research visits.

List CCS related EU funded projects where the infrastructure was used, or other large initiatives
EC DG Research / RFCS: UCG-CO,, CAL-MOD, ASSOCOGS

EC DG Research / FP6, 7: RISCS, ENCAP

Other EC DG Research: FENCO.ERANET

GSRT / Bilateral Cooperations — national projects: CO» mineralization

Other large initiatives: Solid and fossil fuels analyses according to ISO 17025
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Achievements (include also 5 recent relevant scientific publications )

e N. Koukouzas, F. Ziogou, V. Gemeni (2011), Cost of pipeline-based CO transport and geological storage in
saline aguifers in Greece, Energy Procedia, 4, p. 2978-2983

e Pietzner, K., Schumann, D., Tvedt, S.D., Torvatn, H.Y., Naess, R., Reiner, D. M., Anghel, S., Cismaru,
D., Constantin, C., Daamen, D.D.L., Dudu, A., Esken, A., Gemeni, V., Koukouzas, N., Ziogou, F. Public
Awareness and Perceptions of Carbon Dioxide Capture and Storage (CCS): Insights from Surveys Administered to
Representative Samples in Sixc European Conntries, Energy Procedia, 4, p. 6300-6306

e Koukouzas, Gemeni, V., Ziock, H. (2009) "Sequestration of CO2 in magnesinm silicates, in Western Macedonia,
Greece”, Int. Journal of Mineral Processing, 93 (2), p. 179-186

e N. Koukouzas, F. Ziogou, V. Gemeni (2009) Preliminary assessment of CO2 geological storage opportunities in
Greece, International Journal of Greenhouse Gas Control, 3 (4), p. 502-513.

e Koukouzas, N., Typou, 1. (2009) _An assessment of CO: transportation cost from the power plants to geological
formations suitable for storage in North Greece. GHGT-9, Energy Procedia, 1, p. 1657-1663

e Kakaras E., Koumanakos A., Doukelis A., Giannakopoulos D., Vorrias 1. (2007) "Oxyfuel boiler design in
a lignite-fired power plant” Fuel, 86 (14), p 2144-2150
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5. ITALY

5.1 ENEA

Organisation name Short Name

ENEA

ntry

AGENZIA NAZIONALE PER LE NUOVE TECNOLOGIE,L'ENERGIA E LO Italy

SVILUPPO ECONOMICO SOSTENIBILE

Description of the infrastructure

Name(s) of the infrastructure Infrastructure: ENEA CCS PLATFORMS

Location (town, country): ENEA Casaccia Research Centre, Rome

Web site address: Www.enea.it

Legal name of organisation operating the infrastructure: Italian ~ National =~ Agency  for  new

technologies, Energy and  sustainable
economic development

Location of organisation (town, countty): Rome. Italy

ZECOMIX platform

Zecomix platform is aimed at studying H2 and electrical energy production with advanced coal gasification and
CO2 capture processes, as well as post combustion
technologies.

In pre-combustion case, the hydrogen and steam syngas
produced can be feed a 100 kWe microturbine for electrical
energy production. It is possible to test the gasifier with
different O2/steam temperature (until 600 °C. The fluid bed
is olivine based with dolomite adding for tars and H2S
removal. The fluid bed gasifier of 50 kg/h of coal works at
atmospheric pressure whereas the decarbonation section is
based on a fluid bed reactor working at high temperature with
solid sorbents alternatively in absorption and sorbent
regeneration phase; the power production section, based on a
microturbine, derived from a Turbec 100 kW model in which
the combustor chamber has been modified to work with H2 and steam. The plant has been designed to test both
the whole process from gasification to power generation and the single sub-systems (gasification test, carbonator
test, micro-turbine test).

Gasification island (Energy conversion, gasification
Description of the facilities

The coal gasifier is a fluidized bubbling bed reactor having a nominal load of 50
kg/h of coal. Steam and oxygen are fed on different points of the reactor, in order
to control the solids hydrodynamics, and the reaction rate all over the reactor.
Dolomite is added to the coal helping tar removal and capturing the H2S formed
duting coal gasification. The syngas, at 800°C, is sent to a regenerative heat
exchanger to pre-heat inlet O2/steam mixture, reducing its temperature around
600°C. Then the syngas can be introduced into the carbonation reactot, or can be
clean-up in a scrubber, after a second cooling step to 350°C.
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State of the art

Coal/biomass gasification in fluid bed teactor can be performed, changing oxygen/steam feed composition and
flow rate in more inlet points. More types of additives can be added in fluid bed, also during operations, for “in
situ” H2S and tars removing. The experimental activities in the infrastructure are supported by laboratory tests;
the laboratory is equipped by several instruments for solid sorbents and coal analysis and characterization
Services currently offered by the infrastructure and achievements

By using the gasifier one can evaluate the purity of produced syngas against existing gas cleaning and conditioning
systems, by means of fluidized bed reactor at pilot scale to provide sufficient and dependable information for
industrial applications. Furthermore, by using a catalytically active agent such as dolomite and olivine, indeed
primary tar reforming reaction could happen with a simultaneous sulphur compound removal. Particularly the
effect of pre-treatment of olivine as catalyst agent for tar removal will be investigated.

References

A. Calabro’, P. Deiana, P. Fiorini, G. Girardi, S. Stendardo. Possible optimal configurations for the ZECOMIX
high efficiency zero emission hydrogen and power plant . Energy 33 (2008) 952—-962

S. Attanasi, A. Calabro, S. Cassani, A. Dedola, C. Herce, S. Stendardo, L. Pagliari. Commissioning of the Zecomix
Pilot Plant. Clean Coal Technologies CCT 2011 Zaragoza 8-12 May 2011.

P.Fiorini, E. Sciubba, A. Calabro, P. Deiana, G. Girardi, S. Stendardo. Thermo-economic analysis of an

innovative CO2 zero emission process for the co-production of thydrogen and power. Clean Coal Technologies
CCT 2011 Italy 15-17 May 2007.

Carbon capture and mineral carbonation (Capture, adsorption

Description of the facilities

Decarbonising reactor is a cylinder 1m diameter and 4.5m height cylindrical
chamber. At the bottom of the reactor there are two burners in order to
increase temperature up to 900 °C for regenerating the sorbent. The incoming
syngas can be added with methane and steam, to improve steam methane
reforming and CO-shift reactions. The fluidized bed reactor is loaded with a
mixture of Ni-based catalyst, necessary for the steam methane reforming, and
Ca-based sorbent in order to capture CO2. Once the solid sorbent reaches at
its ultimate conversion (after around one hour of operation which decarbonises
approximately 120 Nm3/h of methane enriched syngas), it is sent back to the
regeneration step activating the burners.

State of the art

The infrastructure permits to perform several tests on: a) advanced reforming of natural gas, with simultaneous
CO2 capture and H2 production; b) CO-shift and CO2 capture of syngas with variable composition; c) post-
combustion CO2 capture of NGCC or USC plants flue gas; all these tests are performed in a significant scale
reactor in adiabatic conditions.

Services currently offered by the infrastructure and achievements

Particularly multi-cycling CO2 capture could be performed coupled with water gas shift and steam methane
reforming reactions. This reactor could be used in a pre-combustion CO2 capture mode by reforming the fuel gas
or in a post-combustion CO2 capture mode when flue gases are passed through the solid bed of CO2 acceptor.
Finally in such a reactor different types of CO2 acceptor agent could be tested ranging from naturally occurring
sorbents to synthetic ones. The experimental campaign will end up with a collection of data for model validation,
developing or improving existing models. Particularly the hydrodynamics and kinetics interacting in the
investigated fluidised bed reactor has been considered.

References

S. Stendardo, L. Di Felice, K. Gallucci, P. U. Foscolo. CO2 capture with calcined dolomite: the effect of sorbent
particle size. Biomass Conv. Bioref. 1 (2011) 149-161;

K. Gallucdi, S. Stendardo, P. U. Foscolo. CO2 capture by means of dolomite in hydrogen production from syn

150|Page



Carbon capture and storage (CCS)

gas. Int. J. of hydrogen energy 33 (2008 ) 3049 — 3055;

S. Stendardo, P. U. Foscolo. Carbon dioxide capture with dolomite: A model for gas—solid reaction within the
grains of a particulate sorbent. Chemical Engineering Science 64 (2009) 2343 — 2352;

S. Stendardo, L. K. Andersen, C. Herce, A. Calabro. Experimental investigation of synthetic solid sorbents for
multi-cycling carbon dioxide uptake. Clean Coal Technologies CCT 2011 Zaragoza 8-12 May 2011;

Power generation section (Energy conversion, combustion)

Description of the facilities

The power generation is produced by means a micro-turbine, modifying the Turbec
T100, with 100 kWe of power output, by retrofitting with a hydrogen burner
developed by Ansaldo Energy. The high H2 content syngas, at the outlet of the
scrubber is compressed until 6 bar, by means a three stage intercooled compressor
and then re-heated until 250 °C before mixing of a fixed amount of steam.

State of the art

The combustion chamber, designed for burning H2 and enriched air, is of lean pre-mix emission type achieving
flue gases with low content of CO and NOx and unburned hydrocarbons. In order to prevent high temperature
in the combustion chamber a certain quantity of water steam is injected.

Services currently offered by the infrastructure and achievements

The activities will test the hydrogen combustion technology at different scale levels and grades of integration with
the whole experimental platform. In particular a dynamic model of the microturbine has been developed and
integrated in a commercial power plant simulator. Such a model is a valuable tool for the simulation of a the
microturbine in a number of operative conditions.

COHYGEN PILOT + SOTALABS
COHYGEN PILOT (Energy Conversion Systems, Gasification) PLANT

Description of the facilities

The plant has been developed in order to study and optimize the gasification process and to produce a syngas
flow to feed the experimental syngas treatment process for combined production of hydrogen and electrical
energy. It can be described into five sections:

Section 1 - Gasification process

The Pilot unit is based on a 50 kg/h of coal gasifier, where temperature profile is determined through a series of
11 thermocouples disposed over a metallic probe (which can operate up to 1200 °C) insert through the top of the
gasifier and located near the reactor vertical axis. A series of three ceramic lamps allows the heat of the reactor,
initially feed with wood pellets and subsequently charged with coke.

Section 2 - Dust and tar removal system

The raw syngas from the gasification process is sent to an integrated component which includes a wet scrubber, a
first cold gas desulphurization stage and an electrostatic precipitator (ESP). Finally, the need to use coal with a
very high sulphur content and to protect the electrostatic precipitator by the effects of acid atmosphere,
suggested to insert, between wet scrubber and ESP, a first cold gas desulphurization stage, which generally uses
sodium hydroxide (40% in volume, diluted in water), as solvent for H2S removal. Downstream the ESP, syngas
can be sent to the power generation line or to the hydrogen production line.

Section 3 - Power generation line

Power generation line is constituted by the second cold gas desulphurization stage directly followed by an internal
combustion engine (ICE), fed with clean syngas, eventually enriched in hydrogen. In particular, the second cold
gas desulphurization stage is a packed column, made of polypropylene, in which hydrogen sulphide is chemically
absorbed through a proper solvent.
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Section 4 — CO; capture and Hydrogen production line

Hydrogen production line includes a compressor followed by an electric
heater, a dry hot gas desulphurization process, an integrated water-gas shift
(WGS) and CO2 absorption system and a hydrogen purification section. In
particular, hot gas desulphutization process operates at about 300-500 °C and
includes three main components: a catalytic filter for COS conversion and
two H2S adsorbers.

In the catalytic filter, the small amount of carbonyl sulphide contained in
syngas reacts with hydrogen to be converted in H2S, according with the
hydrogenation reaction. The integrated water-gas shift and CO2 separation
system includes both high and low temperature shift reactors with an
intermediate and a final CO2 absorbers. In particular, WGS process takes
place into two reactors (operating at 300-450 °C and about 250 °C,
respectively) which have been installed in order to test different catalysts,
including conventional Fe304/Cr203/CuO based catalysts for high
temperature (HT) stage and CuO/ZnO/AI203 based catalysts for low
temperature (LT) stage; to this goal, the reactors have been designed with a maximum bed volume of 9.6 and 17.5
dm3, respectively. Carbon dioxide absorption takes place into two identical bubbling reactors, in which syngas is
injected through 40 diffusers based on ceramic membranes and reacts, at about 30 °C and atmospheric pressure,
with amine-based solvents. In particular, different solvents, such as monoethanolamine (MEA) in different
concentrations and a solution of methyldiethanolamine (MDEA) and piperazine (PZ), have been used in this
process in some experimental tests. Finally, the hydrogen purification section is based on the pressure swing
adsorption (PSA) technology, which is widely common in the industrial applications due to its low costs. In
particular, PSA is composed by a simple double-stage process based on carbon molecular sieves.

Section 5 - Regeneration plant

The amine regeneration unit is able to regenerate continuously and batch amine solutions from sections of CO2
adsorption. In general, this system is very flexible and easy to use and does not require long time of switch on and
switch off. The regeneration plant mainly consists of a stripping column and ancillaries components like heat
exchanger, back wash tank; recirculation pump of the solution regenerated; column stripping back wash pump,
Feed pump to the column of the solution to be regenerated, reboiler of the stripping column, Piping and control
instrumentation.

State of the art

The plant has been widely tested, and now it’s - together with ZECOMIX - one of the most important
infrastructures involved in CCS national programme, mainly for studying capture technologies — both pre and
post combustion — in power plants fed with low rank coal.

Services currently offered by the infrastructure and achievements
1. Availability of basic services as air, steam, gas, electricity supply
2. Availability of extended online monitoring and data acquisition of all operative plant parameters
3. Availability of gas analysis equipment that will enable users to conduct high quality research
4. Availability of laboratories for off line analysis of solid and liquid materials

References

A. Pettinau, F. Ferrara, C. Amorino, “An overview about current and future experimental activities in a flexible
gasification pilot plant”. Accepted for publication in: “Gasification: Chemistry, Processes and Applications” Nova
Publishers, New York (USA), 2011, ISBN: 978-1-61209-681-0;

A. Pettinau, C. Frau, F. Ferrara, “Performance assessment of a fixed-bed gasification pilot plant for combined
power generation and hydrogen production”, Fuel Processing Technology, vol. 92, 2011, pp. 1946-1953.

SOTALABS — (Energy Conversion and Capture Systems, Gasification /Absorption)
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Description of the facilities

The laboratories were built in the framework of the activities funded by the Italian Ministry of Industry in the
field of CCS R&D. The main laboratories are:

Sample preparation e granulometric analysis

Elementary analysis (CHN + TGA)

Thermal analysis (CAL)

Chemical analysis

Porosimetry

Gas analysis (mGC)

Bench scale plant for hot desulphurization system by using oxide metallic sorbents

Nouyhk L=

The main equipments ate: Thermogravimeter Analyzer (TGA), CHN/S analyzer, Porosimetet, Jaw crusher, Cross
Beater Mill and Sieve Shaker, Calorimeter, Gas chromatography.

|

State of the art

The main use of laboratories is in characterization of substancies and materials related to the activities carried in
gasification and CO2 capture sperimentation. The areas of research normally supported by this installation is
related to activities funded by the Italian Ministry of Industry in the framework of Carbon Capture and Storage
R&D.

Services currently offered by the infrastructure and achievements

5. Availability of basic services as air, steam, gas, electricity supply

6. Availability of gas, liquids, solid analysis equipment that enable users to conduct high quality research
7. Off line analysis of solid and liquid materials.
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5.2 IFRF

Organisation name Short Name  Country

IFRF

Name(s) of the infrastructure(s)*: | Livorno Experimental Area (L.E.A.)

FONDAZIONE INTERNAZIONALE PER LA RICERCA SULLA
COMBUSTIONE - ONLUS

Description of the infrastructure

Location (town, country): ITALY

Web site address: www.ifrf.net

Legal name of organisation operating the infrastructure: International Flame Research Foundation

Location of organisation (town, country): Livorno , Italy

IFRF has access to ENEL I&I Experimental Area located in Livorno. The area has been developed to answer
to the research needs coming from different aspects of power generation sector (fuel characterisation,
combustion, heat transfer, emission treatment, industrial measurement, etc.) and includes several facilities of
different scales.

The infrastructure is part of a network of research structures including the University of Pisa Engineering
Departments (Energy, Processes and Systems Engineering) and ENEL I1&I Research Centre, Pisa. Visiting
scientists and industrial users would benefit of the opportunity to interact with Pisa research and academic
environment.

In the frame of ECRI , IFRF is in the position to offer two installations ( TA 8.1 Isothermal Plug Flow
Reactor (IPFR), TA 8.2 Experimental Furnace with flue gas recirculation (FOSPER) that fit into
combustion/gasification topic for CCS. .The two installations are unique, and are thought to be complementaty
among them, and between other facilities in ECRI project, since they range from 50kW to 3 MW and allow to
petform tests in different controlled atmospheres of O2/CO2/H20/N2/ and other gases (SO2, NO,etc.).
Details are reported in the following.

IPFR (Combustion/gasification/chemical looping, solid fuel/sorbent characterisation)

IFRF has developed a drop tube reactor — the Isothermal Plug Flow Reactor (IPFR) - to characterize the
combustion/gasification properties of pulverized coal, substitute fuels and blends in vatious atmosphere
compositions (oxy-fuel combustion/gasification) and solid sorbent performances. This facility allows running
tests under conditions similar to industrial applications, since pulverized solid fuel particles are injected into a
high temperature reactor (1400°C max) wherein they increase temperature rapidly due to the heat transmitted by
the pre-heated gases flowing in the reactor and the hot tube walls. The particle heating rate is evaluated within
the range of 104 — 10> K/s. The gases flowing into the reactor are preheated by an air - natural gas burner (max
thermal input 60 kW) in the range of temperature of 900 — 1400°C; Secondary gases (O2, CO2, N2, SO2, etc) can
be injected to obtain the desired composition in the reactor (that can be checked 7z situ by a gas analyser). The
reactor tube consists of eight modules that can be independently heated with 32 (4 each module) electrical
Silicon Carbide (SiC) elements (max electrical input 32 kW) controlled by 24 thermocouples. In this way it is
possible to adjust isothermal conditions within 10°C over the whole reactor length. The tube has an operating
length of 4.5 m and an internal diameter of 150 mm. It is built of Morganite Triangled 90V Alumina that allows
the performing of test with very high concentration of O». Laminar or transient flow can be chosen by changing
the flow of inlet gases. The pulverized solid fuel (minimum flow: 100 g/ h) is injected in the drop tube reactor
with a water-cooled probe that can be inserted at various heights in the reactor (there are 19 ports along the
reactor) to simulate various residence times. The particles are quenched to 100°C at the exit of the reactor by a
cold nitrogen flow. For devolatilisation tests the particles are quenched inside a water-cooled sampling probe
that can be inserted from the bottom of the reactor. Residence times obtainable ate in the range of 5 to 1500
ms. The particles, after being quenched, are collected by a set of high-efficiency cyclones.
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State of the art

The qualification activities (upgrading of specific components and diagnostic tests) and the experimental

rocedures developed for IPFR —make it a unique facility for providing data and parameters for advanced
models of pulverized fuel combustors as well as innovative plants (e.g., oxyfiring and gasification, chemical
looping). Users will be enable to conduct high quality research thanks to the qualification of the IPFR, that is a
continuous in-progress activity consisting in improving the reactor characteristics, verifying the performance
and validating the reliability of data obtained. The isothermal conditions of the reactor are a crucial issue to
provide reliable data for combustion related investigation. The interpretation of the raw results requires further
efforts, in particular on the balance of macro-products, that hardly closes, and the effective thermal history of
solid particles, that may differ significantly from the nominal conditions of the reactor

The IPFR is used to study char burnout and devolatilisation properties of coals, secondary fuels and blends in a
very large range of temperature (900 - 1400°C), residence times (5 — 1500 ms) and atmosphere composition
conditions, including oxygen-free and oxy-fuel combustion atmosphere. Combustion characteristics such as
pyrolysis and combustion/gasification behaviour of pulverized fuels can be determined by analysing gaseous
and solid combustion products thanks to the University of Pisa fuel characterisation lab (Elemental, Proximate,
chemical analysis of samples, FTIR gas analyser for gas species O,, CO, NO, SO, Scanning Electron
Microscope (SEM) for sample) and ENEL research area, with additional pilot and semi-industrial facilities The
slagging and fouling tendencies of ashes can be analysed by using specific probes for ash collection (slagging)
and with a section of controlled gas cooling and ELPI diagnostics for inorganic aerosols (fouling).

Services currently offered by the infrastructure and achievements

The IPFR is currently used in several projects (EU, National projects, Private companies) for solid fuel
characterisation and sub-model development for combustion/gasification-related heterogeneous phenomena.

The following projects will be running for the next four years: FP7-ENERGY-2010-2: RELCOM—Re/iable and
Efficient Combustion of Oxygen/ Coal/ Recycled Flue Gas Mixtures, FPT GA 284498: BRISK- The European Research
Infrastructure for Thermochemical Biomass Conversion

Recent publications

Simone M. Biagini E., Galletti C., Tognotti L. Evaluation of global biomass devolatilization kinetics in a drop tube reactor
with CED aided excperiments, FUEL,vol. 88,pp 1818, tot.pag 10, 2009

Karlstrom O., Brink A., Hupa M., Tognotti L., Multivariable optimization of reaction order and kinetic parameters for high
temperature oxidation of 10 bituminous coal chars,Combustion and Flame,vol. 10.1016/j.combustflame.2011.03.003,
pag 15,2011

Hercog J., Oskar K., Brink A., Hupa M., Tognotti L., Kinetic combustion parameters for chars using the IFRF solid fuel
data base, 16th IFRF Members’ Conference, pp O1-O12, Boston, MA,2009
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FOSPER (Combustion, oxy-FGR)

The furnace FOSPER is a replica of the IFRF Furnace N.1, a well-known and extensively tested 3 MW furnace
which was specially designed for characterizing innovative burners fired with a wide range of fuels (gas, heavy
fuel oil and coal but also coal-water slurries, petcoke, wood residues, sewage sludge...) in conditions similar to
those encountered in boilers and other industrial combustion equipment (e.g. glass furnaces, petrochemical
furnaces, iron and steel heat treatment furnaces). Recently the furnace and its ancillary equipment has been
modified to allow the execution of oxy-fuel combustion tests. This special capability makes FOSPER one of the
few in the world where new burners and combustion techniques for CO, capture can be studied

The FOSPER furnace is a single burner facility with maximum furnace wall temperature of 1600 °C and air
preheating temperature up to 350 °C. The length of the test furnace can be varied between 2 and 5 m. If the
total length of the furnace is used, burners designed for a total maximum heat input of up to 3 MWy, can be
tested.

The furnace has several accesses for different measurement techniques. On the right side there are five

viewports (& 50 mm) for flame visualization and in-flame measutements (a range of conventional and new
designed IFRF probes is available for this scope, see JRA1.1s and figure 2). In order to characterize oxy-flames
which can reach temperatures up to 2300 °C, a special pyrometer has been developed together with an
innovative calibration system. In addition to conventional techniques for the on-line analysis of major pollutants
(NOx, CO, COy) both in flame and at the stack, special probes and in-lab techniques are available for measuring
micropollutants both organic and inorganic. The FOSPER furnace is also equipped with a patented on-line
carbon-in-ash analyser (MITER), which is particularly useful to check the steady operation of the furnace and
the repeatability of tests when coal is used.
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The full plant is shown in the Figure 1. The flue gas coming out the combustion chamber is sucked by a fan for
flue gas extraction, set upstream the bag filters. This fan is used also to control the pressure inside the
combustion chamber. The flue gases go in the first convective section where they are cooled down to about
400°C. This convective section is a flue/water heat exchanger that uses closed-circuit water. After the
convective section the gas stream crosses the Ljungstrém exchanger that further reduces its temperature up to
about 150°C, and increases the temperature of the comburent stream. The cooled flue gas then crosses through
two bag filters, which remove the solid particulate, and afterwards it is divided in two streams, one is sent to the
stack, the other is recycled. Another fan is set upstream the furnace and the Ljungstrdm exchanger; it provides
the secondary and tertiary RFG streams. RFG pass through two electrical pre-heaters; the secondary/tertiary
RFG crosses first the Ljungsttém and then the electrical pre-heaters reaching a temperature about 300°C. All
the pipelines are equipped with the instrumentation for measuring flowrates, temperature and pressure.

The plant allows a number of experimental configurations available:
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Wet/Dry recycle — a condenser is installed in the flue gas recycle line, in order to enable both dry recycle and
wet recycle. In this unit there is a system to neutralize the pH of the condensate, which is expected to be very
low due to the solubilisation of the SOy present in the flue gas. The neutralisation system uses a solution of
NaOH and it is regulated by measuring the pH of the condensate. The dry recycled flue gas is used as
secondaty/tertiaty comburent and also as primary transport gas for coal;

Ljungstrém mode — the Ljungstrém can be by-passed, both in comburent and in the flue gas sides, in order to
study the influence of this equipment in the air-in leakage into the system. Hence it can be set in three modes:
completely by — passed, completely in service, with flue gas in both the hot and the cold side; partially by-passed
with air in the cold side and the flue gases in the hot side;

Oxvgen injection — there is the possibility of feeding oxygen in the primary gas, injecting it in primary duct of
the burner. As far as the secondary and tertiary gas are concerned, the oxygen is mixed with the flue gas prior to
the burner. When coal is fired, is also the possibility of injecting part of oxygen directly in flame through lances
located inside the burner (see later on burner description). The flexibility in the injection mode of the oxygen is
crucial to study the influence of this parameter on flame stability and NOx emissions, which is one of the issues
about the design of oxy-burners, and one of the scopes of the research going on.

Service currently offered by the installation

e Study the feasibility of the conversion of power plant components from conventional combustion to oxy-
combustion with recycled flue gas. In particular tests are carried out for evaluating the maximum CO2 level
achievable in the system, and thus assess the air in-leakage amounts and their causes.

e Study the influence of the burner type and settings and of the recycle ratio on flame stability, heat transfer
and pollutant emissions.

e Perform in-flame measurements both in conventional air combustion, to be used as baseline, and in oxy-
combustion with recycled flue gas, to assess and compare tflame structure and properties.
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IFRF probes for in-flame measurements in FO.SPER

Test rig FOSPER provides unique opportunity in Hurope regarding combustion testing of industrial scale
burners with a wide range of gaseous, liquid and solid fuels in oxy-combustion conditions or in conditions
similar to those encountered in the power, steel and glass industries.

CCS related EU funded projects where the infrastructure was used, or other large initiatives

Contract n° RFCR-CT-2006-00007 Cost Effective and Environmental friendly Oxyfuel Combustion of Hard
Coals

Contract RFCR-CT-2009-00005: Boiler Corrosion under oxyfuel conditions

FP7-ENERGY-2010-2: RELCOM—Reliable and Efficient Combustion of Oxygen/Coal/Recycled Flue Gas
Mixtures

Achievements

Coraggio G., Laiola M., Cumbo D., Rossi N., Tognotti L.,Oxy-combustion tests on low nox burners at fo.sper. furnace,
16th IFRF Members’ Conference, pp 1-10, Boston,2009

Brunetti I., Rossi N., Galletti C., Sorrentino L., Tognotti L.Numerical model of oxy-fuel experiments in a semi industrial
Sfurnace, 10th Conference on Energy for a Clean Environment, pp CD Rom-, Lisbon,2009

Coraggio G., Cumbo D., Brunetti 1., Tognotti L., Retrofitting oxy-fuel technology in a semi-industrial plant: Flame
characteristics and NOx production from a low NOx burner fed with natural gas, PROCEEDINGS OF THE
COMBUSTION INSTITUTE,vol. 33,pp 3423 tot.pag 3430,2011
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5.3 OGS

Organisation name Short Name Country

ISTITUTO NAZIONALE DI OCEANOGRAFIA E DI

GEOFISICA SPERIMENTALE OGS OGS

Italy

Description of the infrastructure

Name(s) of the infrastructure(s)*: Data acquisition systems for terrestrial and marine natural field
laboratories

Location (town, country): ITALY

Web site address: WwWw.0gs.trieste.it

Legal name of organisation operating the Istituto Nazionale di Oceanografia e di Geofisica

Infrastructure: Sperimentale - OGS

Location of otganisation (town, country): Sgonico (Trieste), Italy

Sites where natural CO; is produced and leaks are recognised as important field laboratories that provide unique
opportunities to understand leakage mechanisms, migration pathways and travel times, chemical reactions,
potential impacts of leakage on groundwater and ecosystem, and to test and improve techniques for monitoring
and early warning. Italy has many of such sites and some of them have been widely used in previous researches,
mostly supported by the EC. So, large data sets are available for these sites, together with the results of such
previous studies and a comprehensive set of modern high quality cross-calibrated equipment for the geophysical
and geochemical detection of COz in the shallow underground and at the surface, both on land and off-shore, as
well as monitoring and evaluating its impacts on marine ecosystems.

The infrastructure here proposed, consists in a series of installations for identifying and monitoring CO» leakages
on land and at sea bottom, imaging the near subsurface, evaluating the effects of CO2 on marine ecosystems,
identifying target species to be used for quick alerts.

Aircraft and remote sensing instruments (CO2 detection over large areas)

Description of the facilities

The Piper Seneca II aircraft, of property of OGS, is managed by a team of expert researchers and technicians. It is
equipped with the most advanced remote sensing instruments:

e Lidar sensor Riegl LMS-Q560 (full waveform digitizer)

e Hyperspectral sensor Specim Aisa Hagle 1K (Visible Near Infrared field)
e Thermal camera Nec TS9260 (from 8 to 13 pum)

e Digital camera Canon EOS 1Ds MKIII (21 million pixels)

The performance of the installation is very high. The aircraft can operate to a maximum height of 1500 m. The
Lidar sensor can reach a spatial accuracy of 40 cm in xy and 15 cm in z axes. The hyperspectral sensor has a pixel
of 70 cm for an average flight height of 1000 m; the bands number can be set up to 252. The thermal camera has a
pixel of 50 cm for an average flight height of 800 m.

State of the art

The equipped Piper Seneca II is part of EUFAR (Buropean Facility for Airborne Research); it is inserted and
operates in an European context.

The entire instrumental equipment has been used to perform remote sensing surveys during several European
projects, among which CO2 GeoNet, to detect leakages at natural field laboratories (Latera, Italy and Laacher See,
Germany).

This aircraft is unique because it integrates different instruments on board and can accommodate additional new
equipment provided by group of researchers. The data acquired are processed by the Remote Sensing Group at the

158 | Page


http://www.ogs.trieste.it/

Carbon capture and storage (CCS)

OGS central site, where specific codes for multiparameters leakages detection has been developed. All these
computer programs are available and can incorporate new routines for novel instruments / images processing.

Services currently offered by the infrastructure and achievements

The aircraft can operate over the whole European territory. It can be used to perform accurate remote sensing
surveys over wide areas, onshore and offshore (especially coastal areas). Data collected can be easily geographically
referenced and integrated with other data collected over the natural field laboratories, for joint analysis. Flight crews
will organise all logistics of the flights and will decide in consultation with the users the suitable time and
atmospheric conditions for the acquisition of their data. When necessary, training on the processing and analysis of
remote sensing data will be provided as well as support for the inclusion of new routines into the base processing
packages.

r

P

Equipment for the geophysical imaging of the subsurface (CO2 pathways to the surface)

Description of the facilities

Geophysical methods are needed to accurately image the subsurface in order to understand the interaction of CO2
with rock formations, its migration mechanisms up to the surface, and to predict maximum CO; flow rates. To this
purpose, many indirect prospecting method may be used, as multichannel reflection seismics, electromagnetic
surveys (Ground Penetrating Radar), current measures (Earth Resistivity Tomography) and microgravimetry. The
choice of the appropriate method depends on several factors, such as target depth, required resolution,
environment characteristics, etc... However the joint availability of all these equipment is unique because it has been
demonstrated that the integration of many geophysical methods can produces a better image of the subsurface at
various depth ranges. The proposed installation is formed by the following data acquisition instruments.

High Resolution Multichannel Seismic

e DMT Summit telemetric system (24 bit, delta sigma technology) with 300 active stations
e scveral types of geophones (single, six-geophones arrays, 3 components, with 10 Hz, 100 Hz and 200 Hz
natural frequencies)

e various energy sources (accelerated Power Weight Drop truck mounted, MiniVib T2500 IVI truck mounted
with plates for P and S waves in the range of £5-500 Hz , various guns and hammers, and dynamite shooting
systems)

Ground Penetrating Radar

e SIR2000 GSSI equipped with monostatic and bistatic antennas. The frequencies are 35 MHz and 70 MHz
(Subecho), 100 MHz and 200 MHz.

Earth Resistivity Tomography

e Syscal R2 (Iris Instruments) with 64 electrodes, suitable for a multimode line 630 m long or shorter 3D area.

Gradiometer

e  G-858G (Geometrics), a walking cesium gradiometer with 2 sensors. This instrument has a very high
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sensitivity, fast-sampling and GPS connection.
State of the art

The proposed installation is formed by a series of equipment for geophysical surveys that are used also by service
companies and can be leased. What is peculiar is their joint availability and the support by a group of expert
researchers and technicians involved in projects for CO2 imaging and can assist new users in similar surveys. The
said data acquisition systems have been widely used to map the subsurface at the Latera field laboratory. Their joint
use has allowed there to image the subsurface and to identify very small faults, interpreted as preferential pathways
for the leaking CO2. Moreover, the data processing by Cat3D, a proprietary tomographic package developed by
OGS, has identified there velocity anomalies in the near subsurface, in relation with “gas accumulation areas”
feeding the leaking points at the surface.

Services currently offered by the infrastructure and achievements

All the data acquisition systems forming the installation are managed by a group of experts, who can provide
support for new field campaign in Latera or other natural sites of interest. Such support can consist in one, many of
all of the following actions: planning of the surveys, acquisition of the needed permissions, instruments calibration
and test, data acquisition (by field crews), data processing, comparison with the data and results exploited in
previous studies, data interpretation.

A large set of poro-visco-elastic 2D modelling programs, developed at the OGS is also available to model the
subsurface seismic response and assist the researchers in the interpretation of the seismic data collected in complex
geological settings.

Equipment for studying CO2 leakage at sea, and its impacts on marine biosphere

Description of the facilities

The BiO Department of the OGS offers a wide range of laboratories and technical and scientific facilities. This
installation is equipped for studies in the marine biology field concerning biogeochemical analysis of sediments and
overlayer water, characterization of plankton community from prokaryotes to zooplankton, characterization of
benthic community from prokaryotes to macrobenthos, identification of the role of biological activities in the
release (community respiration processes) or in the uptake (photosynthetic processes of phytoplankton and
microphytobenthos) of CO2 in the water column and at the sediment-water interface, evaluation of microbial
activities variation as consequence of CO2 concentration changes, determination of prokaryotic community
structure, toxicological and physiological responses of invertebrates. The installation is complemented by
equipment for measurements of physical parameters in the water column (CTD probe, Profiling Natural
Fluorometer, etc), for samples collection (e.g rosette, boxcorer, plankton net, grab, etc), and with dark and
transparent benthic chambers useful to perform in situ benthic flux measurements and to assess the potential
importance of sediment-water nutrients exchanges for respiration and production processes. The equipment and
expertise in the installation allow determining the main parameters necessary to describe both the carbonate system
and the organic carbon cycle in order to fully characterized marine sites in terms of leakage detection and
quantification. This installation may be considered “unique” due to its proximity to the sea, the availability of
running seawater and the existing collection of planktonic organisms. Thus, field work at storage sites and natural
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CO2 seeps that serve as analogues for potential CO2 leaks, can be supported by laboratory experiments as the
installation allows performing ecological and ecophysiological studies under controlled conditions (light,
temperature, pH, salinity), in order to estimate the immediate and long term effects of CO2 exposure on organisms
and communities.

State of the art

The installation has been and is actually used within national and EC-funded research and demonstration projects
in the fields of Energy, Environment and Marine Sciences, in the framework of CO2GeoNet Network of
Excellence and in other CO2 related projects as RISCS (Research into Impacts and Safety in CO2 Storage -
http://www.tiscs-co2.eu ), ECO2 (Sub-seabed CO2 Storage: Impact on Matine Ecosystems - http://www.eco2-
project.eu ), MEDSEA (Mediterranean Sea Acidification in a changing climate - http://medsea-project.eu ),
EUROFLEETS (Towards an alliance of European research fleets - www.curofleets.cu ). Recently, the installation
has been used for defining the base-line in the off-shore area considered for the Porto Tolle CO2 storage
demonstration project (in Northern Adriatic).

Services currently offered by the infrastructure and achievements

The BiO installation is located in the Gulf of Trieste - Northern Adriatic Sea — Italy. All analytical activities carried
out in the Microbiological, Ecology, Primary Productivity, Molecular Biology and Biogeochemistry Laboratories are
offered by this installation. The technical and logistic support offered to the users will be guaranteed both inside
the laboratories as during the field activities.

Equipment for characterising and monitoring offshore natural laboratories (oceanogtraphic
parameters)

Description of the facilities

OGS has developed and used over marine field laboratories a series of support vehicles for collecting meteo-
oceanographic physical and geochemical data. Floating buoys have demonstrated to be efficient and flexible, but
generally too costly to be maintained at sea for long periods. More recently, OGS has preferred a new family of
Deeplab Sea Floor Landers, with a stainless steel structure that allow to place scientific instruments at the sea
floor. These stations are equipped with an underwater telemetry system with 5 miles range able to control the
releasing of a subsurface buoy for the recovery of the lander. This has to be done at due interval to change
batteries, verify and eventually re-calibrate the matine instruments, download the recoded data.

In the current configuration Deeplabs are equipped with base instruments to measure temperature, conductivity,
pressure, dissolved oxygen, pH, dissolved CO2 , sea currents on the water column every 0.5 m and estimate waves
height and direction.

The shape, size and weight/thrust of the DeepLabs make them patticularly robust and suitable for long-term time-
series measures, minimizing damages and data loss caused, for example, by fishing activities.

The modular design of power supply system and data logger, allows an easy integration with additional instruments
provided by new users.
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State of the art

The more recent version of the Deeplab Sea Floor Lander has been used successfully for collecting data in
Nortnern Adriatic sea, continuously from November 2010 to July 2011, in the COZ2 base-line survey of the Porto
Tolle demonstration project.

Services currently offered by the infrastructure and achievements

Support in the use of the Deeplab Sea Floor Landers will consist in: planning surveys, acquisition of the due
permissions for the areas of interests (sea natural laboratories), eventual installation of additional equipment,
calibration of these new instruments, positioning at sea, maintenance and recovery of data by suitable support
boats, pre-processing of the data, their upload to internet for a long-distance access.

An important component of the installation and the given services is the Oceanographically Calibration
Laboratory (OCL) of the OGS Department of Oceanography.

Thermally-regulated and humidity-controlled, the OCL is currently equipped with primary physical standards,
secondary transfer standards and support equipment for performing high-accuracy calibrations of devices and
sensors measuring temperature, conductivity and pressure, the fundamental seawater parameters, across the full
oceanographic range. It is also endowed with a number of instruments for making standard electrical measurements
of various kinds. Recently, the OCL has been evaluated by the Consultative Committee of the Amount of
Substance (CCQM) endorsed by the SCOR-UNESCO/IAPSO Working Group, resulting the more accurate
(together with the Chinese IMGC) among 11 oceanographic calibration centres of excellence.
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5.4UniRomal

Organisation name Short Name Country

UNIVERSITA DEGLI STUDI DI ROMA LA SAPIENZA UniRomal

Italy
Description of the infrastructure

Name(s) of the infrastructure(s)*: | Terrestrial and marine natural field laboratories — access and support

Location (town, country): ITALY

Web site address: www.unitomal.it

Legal name of otganisation operating the infrastructure: Universita di Roma “La Sapienza”

Location of organisation (town, country): Rome, Italy

Sites where natural COz is produced can be studied to make geological CO; storage sites safer. As some of
these sites store the COz in deep geological strata, they can be studied to understand what conditions permit
long-term underground isolation. As some of these sites leak, these locations can, instead, be used to
understand leakage mechanisms, migration pathways and travel times, chemical reactions, potential impacts of
leakage on groundwater and ecosystem, and to test and improve techniques for monitoring and early warning.
Most researchers do not have access, however, to these ’natural” laboratories because these sites are
concentrated in specific regions where the geology and tectonics are presently active. One such area is central
Italy, where a large number of cutting edge CCS research projects (NASCENT, CO2GeoNet, CO2ReMoVe,
RISCS, ECO2) have been conducted. Due to this work a strong scientific foundation exists for these sites on
which new CCS research projects could be built.

The present work package consists of access to this natural laboratory infrastructure and logistical / scientific
support for the associated CCS research. The various installations making up this infrastructure consist of
individual sites, each having a unique geological, structural, hydrogeological setting. This variability allows for
results to be extended beyond the confines of a single locale, and thus to develop generalised approaches /
methods / results that can be applied to real-world CCS sites in different geological settings throughout
Europe. Services offered include site access, logistical support, geological knowledge, access to historical and
present-day site data, training facilities, and geochemical analysis equipment from UniRomal, as well as the
remote sensing, geophysics, biological, and oceanographic installations offered by OGS in WP19-TA11

Field laboratories and support (Storage, Site characterization and monitoring / safety)

The chosen natural laboratories provide the opportunity to study gas migration in different structural and
geological settings. In general, Italy can be divided into two main stress domains. The area to the east is
dominated by compression and hosts the main Italian oil and gas reservoirs; to the west the stress regime is
extensional and is geologically active with volcanoes, high seismicity, and both non-leaking and leaking CO»
caused by mantle degassing and thermo-metamorphic reactions. The chosen natural laboratories include both
terrestrial (Latera, San Vittorino, Vasto/Maiella, Pecore, Fucino) and marine (Panatea) sites.

The Latera caldera, within the western extensional regime, is an agricultural valley about 60 km from Rome
where naturally-produced COs is leaking to the atmosphere. This extinct volcano has a high geothermal
gradient which forms CO3 via thermo-metamorphic reactions in carbonate rocks. This gas migrates along faults
to the surface where it is released from gas vents. The site is unique because of the large data-set describing the
deep subsurface (from geothermal exploration) and CO; leakage to the atmosphere (from various EC projects).
The site has been studied for site characterisation, to understand the link between gas migration and faults, to
test geophysical, geochemical, biological, and remote sensing methods for CCS leakage monitoring, and to
study potential ecosystem impacts of leakage (Fig. 1a).
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Figure 1. Photos of a gas vent at Latera that impacts vegetation (a), a sinkhole at San Vittorino (b), and
gas bubble leakage at Panarea (c).

The San Vittorino plain, located about 75 km from Rome, is an intermountain basin filled with up to 170 m of
fluvial-lacustrine sediments, surrounded by peaks of carbonate and foredeep sediments, and cut by several
regional faults. Large volumes of CO; migrate along these faults and are released at surface both from gas vents
and bubbling mineralised springs, which are often associated with sinkholes (Fig. 1b) that were likely formed by
COr-acidified ground waters. This site has been examined using various geophysical and geochemical tools and
is particularly well adapted for the study of gas migration in plastic sediments and the potential impact of CO»
on groundwater quality.

The Vasto natural gas field, located about 150 km from Rome in the Adriatic foredeep, is an example of a
micro-leaking site where deep gas leakage to the atmosphere can only be defined using sensitive analytical
equipment. About 100 small hydrocarbon fields have been discovered in this area since 1950, in what is
primarily an over-pressured, gas prone province. Soil gas surveys in the area prior to, and 17 years after, major
exploitation of one reservoir showed a decrease from high to low soil-gas helium values, implying that reservoir
de-pressurising caused by hydrocarbon extraction resulted in reduced gas leakage. The outcropping carbonate
rocks of the Maiella mountain to the west can be considered analogous of the buried hydrocarbon reservoirs,
thus they can also be studied for structural, fluid migration, and fluid-rock reactivity purposes.

The Piano di Pecore (180 km from Rome) and Fucino Basin (90 km from Rome) are intramountain basins
located in the Apennine chain that are seismically active, with the former being affected by the large 1980
Irpinia earthquake and the latter by the 1915 Avezzano earthquake. The geometry of soil-gas anomalies at the
surface reflects the different gas-bearing properties of the seismogenetic versus the shallow-buried faults, with
radon highlighting brittle fracture zones while helium defines better buried faults covered by surface sediments.
Temporal variations related to seismic activity have also been observed at both sites.

The only marine natural laboratory is located near the island of Panarea (Aeolian Islands), where natural,
thermo-magmatic COs is leaking at substantial rates from the seafloor (Fig. 1¢) at water depths ranging from 5
to 30 m. This natural COs-release field has been active for centuries, with gas emanating from a series of NW-
SE and NE-SW trending fractures. In the early 1980’s researchers began to conduct gas geochemistry surveys
of the area, showing that the system was relatively stable in both gas chemistry (e.g. 98% CO2, 1.7% HoS plus
trace gases) and flux rates. This site has been studied to better understand the potential impact of a CO; leak on
water chemistry and biology, and to test marine leakage monitoring methods.

Description of the facilities — Support

The Department of Earth Sciences at the Universita di Roma “La Sapienza” has conducted research at the
described sites for many years, and will use this knowledge and experience to support researchers wishing to
conduct research at the natural laboratory sites. To begin with, classrooms and meeting rooms will be made
available for training purposes prior to leaving for the field. This could involve informative meetings to describe
the sites to be visited, or could involve the teaching of methods for best practice, consultancy, and training
courses. Various laboratories within the department will also be made available, including an aqueous chemistry
lab equipped with ion chromatographs and an ICPMS, a gas chemistry lab equipped with various gas
chromatographs, and a geotechnical laboratory for petrophysical testing. Innovative CO2 monitoring probes and
stations have been developed by UniRomal, and are presently deployed at a number of the natural laboratory
sites; these units, and others if required, will be made available to the researchers for real-time, continuous
monitoring of CO; in the groundwater, the soil, or the atmosphere. A mobile laboratory can be used by the
visiting scientists to conduct measurements or experiments; this vehicle is equipped with a diesel power generator
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and there is space to mount various laboratory instruments that can be provided by UniRomal (e.g. GC, 1C, He
spectrometer, etc.) or by the visiting researchers. Access will be provided during the summer months to avoid
problems and difficulties related to the weather and to avoid overlap with courses taught at the university.

State of the art

Cutting edge research conducted at these sites has included testing of novel monitoring and site assessment
technologies (remote sensing, open-path infrared lasers, soil gas and flux, seismic, GPR, EM, hydroacoustics,
etc.), examination of potential impacts of leaking CO» in the near surface environment (botany, microbiology,
mineralogy, groundwater chemistry, surface water chemistry, etc.), and the study the migration of gas along faults
and fracture networks (field measurements, modelling with COMSOL and PETREL, etc.). Much of this work is
published, and there has been extensive interest in the results due to the need for concrete “real-world” data.

This type of data, compared to that obtained in laboratory experiments or via computer modelling, is a much
more realistic representation of natural geological complexities, of large spatial and temporal scales, of interacting
site parameters, etc. In addition, as the CO; has been leaking for hundreds of years, and will continue to leak at
the same rate for the foreseeable future, site experiments can be conducted for extended periods of time without
being concerned with environmental permissions, permits, and COx costs that would be associated with a man-
made CO leakage experiment.

Each site is unique, and provides characteristics that will allow for a very wide range of studies. Latera exhibits gas
vents that appear to be aligned along fault structures, with channelled gas migration and spatially variable flow
caused by different fracture-zone morphologies. Outcrops of faults allow for study of mineralogy related to gas-
induced alterations and shear mechanical activity related to gas permeability, while a wide variety of vegetation
allow for ecosystem impact studies. San Vittorino has gas leakage through plastic sediments, along intersecting
fault systems, with the formation of sinkholes and the alteration of groundwater quality in correspondence with
the COx leaks. The presence of trace gases associated with the CO> can also be studied in terms of CO» stream
impurities. Vasto is an area of hydrocarbon reservoirs where slow gas microseepage appears to have occurred in
correspondence with seismically-defined faults, but where exploitation of these units appear to have affected gas
migration towards the surface via a change in subsurface pressure conditions. At the outcropping analogue of the
Vasto reservoir, at Maiella mountain, the reservoir and cover rocks can be sampled in the field for petrophysical
studies (porosity, permeability, Young module, etc.). The Piano di Pecore and Fucino Basins are seismically active
areas where gas migration has been shown to have a temporal variability due to movement along the structure,
and where various gas species have given different types of information for the different fault styles. Finally, the
Panarea site can be studied for the impact of COz on surface water bodies, for testing sea and sub-sea monitoring
technologies, and for examining the fate of released CO; and its eventual transfer to the atmosphere.

Besides studies addressing the types of issues given above, opening areas of research that could also be applied at
these sites include new monitoring techniques, the study of impurities associated with injected CO», impact on
different biological species, more detailed and realistic modelling of gas migration processes in reservoir rocks and
overlying stratigraphy, secondary storage in aquifers, the vadose zone, and water water bodies, risk assessment,
and public perception, to name just a few.

Services currently offered by the infrastructure and achievements

The services offered include logistical support (e.g. land access and permits, translation, transportation, finding
accommodations, etc.), access to each site’s historical data set (gas leakage locations and rates, geology, structure,
chemistry, hydrogeology, etc.), and access to geochemical/geophysical monitoring data collected during the study
via instrumentation already installed on site. In addition this can also be integrated with the other infrastructure
offered by UniRomal described above (training facilities, mobile and laboratory geochemical analyses) and by
OGS described in WP19-TA11 (geophysics, remote sensing, and biological / oceanographic monitoring). All the
proposed terrestrial sites are centred within a range of between 100-200 km of the Department of Earth Sciences
facilities at the University of Rome, whereas the marine site is located at a greater distance in the south of Italy off
the coast of Sicily. It is expected that there will be significant interest in the use of these sites by European and
international users based on the large number of researchers that have conducted “hands-on” research at the
sites, which has been estimated to more than 50 people from across Europe over the last 5 years.

Regarding EU-funded CCS projects, the sites of Latera and San Vittorino have been used in NASCENT,
CO2GeoNet, and RISCS, while Panarea has been used in CO2GeoNet, CO2Remove, RISCS, and ECO2. The
other sites have been studied in national research initiatives, not always focused on CCS.
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Achievements (include the most relevant scientific publications, up to 5)

E. Pettinelli, S.E. Beaubien, A. Zaja, A. Menghini, N. Praticelli, E. Mattei, A. Di Matteo, A. Annunziatellis, G.
Ciotoli and S. Lombardi, 2010. Characterization of a CO2 gas vent using various geophysical and geochemical
methods. Geophysics, 75(3): B137-B146.

B.I. Oppermann, W. Michaelis, M. Blumenberg, J. Frerichs, H.M. Schulz, A. Schippers, S.E. Beaubien and M.
Kruger, 2010. Soil microbial comuity changes as a result of long-term exposure to a natural CO2 vent.
Geochimica et Cosmochimica Acta, 74: 2697-2716.

S. Lombardi, A. Annunziatellis, S.E. Beaubien and G. Ciotoli, 2009. The study of CO2 natural reservoirs to
develop critetia for risk assessment and safety strategy. First Break, 27: 61-70.

C. De Vittor, P. Del Negro, A. Paoli, C. Falconi, M. Celussi, B. Cataletto, C. Comici, C. Fabbro, K. A., G.
Caramanna and S. Lombardi, 2008. Field experiment to evaluate impacts of pH decrease on matine microbial
assemblage, EAGE CO2 Geological Storage Workshop, Budapest Hungary.

A. Annunziatellis, S.E. Beaubien, S. Bigi, G. Ciotoli, M. Coltella and S. Lombardi, 2008. Gas migration along fault
systems and through the vadose zone in the Latera caldera (central Italy): Implications for COZ2 geological
storage. Int. J. Greenhouse Gas Control, 2/3: 353-372.
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6. NETHERLANDS

6.1DUT

Organisation name Short Name Country

DELFT UNIVERSITY OF TECHNOLOGY (DUT) DUT Netherlands

Description of the infrastructure

Name(s) of the inftastructure(s)* | Thermolab

Location (town, country): The Netherlands
Web site address: www.pe.tudelft.nl
Legal name of organisation operating the infrastructure: Delft University of Technology

Location of organisation (town, country): Delft, The Netherlands

Laboratory for thermodynamic experiments (Thermolab)

The laboratory for thermodynamic experiments in Delft is well known for its unique high-pressure facilities.
The equipment used the synthetic-static method. The cell is filled with a sample of known composition. Phase
boundaries are determined by visual observation by variation of temperature at constant pressure or of pressure
at constant temperature . The pressure ranges are 0.2-15MPa (for Cailletet setups, 8 in total) and 0.5-
4000MPa (for high-pressure autoclave setups). The temperature range is in all cases 240-473K.

Figure 2. High pressure autoclave setup (left) and Cailletet setup (right).

Typical thermodynamic properties that can be measured are: dew points, bubble points, gas solubilities. Since
the 70s, the laboratory has been involved in many industrial projects involving the measurement of
thermodynamic properties. In cooperation with companies like Shell, DOW and DSM, phase equilibria were
determined with are relevant for transport of oil and gas, enhanced oil recovery, preventing wax and gashydrate
precipitation in pipelines and high pressure polymer producing processes. Another line of research was the
application of ionic liquids and supercritica