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This report is an outcome of a study on mutual Beam Union (EU) & India’s nano-materials

training needs in sustainable energy technologiesitais developed as part of tE#¢COON —

Euro-Indo forum for nano-materials research cooation & cooperation of researchers in

sustainable energy technologigsoject (Grant agreement no.: 233466), co-fundgdthe

European Commission (EC) under the Seventh Frankewoogramme for Research and

Technological Development (FP7). It forms Delivdead1.2 of the project and it aims to:
Make a strategic assessment of mutual EU-India -n@eterials researchers training
needs;

Identify topics for future joint training initiates by RTD and DST?

Within sustainable energy technologies, the stoduges on the following areas:
Advanced coal combustion and gasification combimath carbon capture & CO
sequestration;
Solar & photovoltaic;
Fuel cells including hydrogen production and sterag

Batteries and super capacitors.

The European Commission and the EU Members States theen committed to cooperation in
the field of education and training through theggic framework for European cooperation in
education and training ("ET 2020"). In the areascitnce and technology several instruments
have been established to provide research traboirsgientists and researchers throughout the
EU. These especially include the Marie Curies Awfiotraining activities included in the
research projects of FP7, events funded by thepearo Science Foundation (ESF) and actions
under the Erasmus Mundus programme. In India tigirdand education funding related to
nanotechnology is provided through the Mission can® Science and Technology (Nano
Mission). This funds post-doctoral fellowships grabt graduate teaching programmes (Master
of Science and Master of Technology). Internatiooahferences are also funded by the
Department of Science and Technology (DST). Otlrecttraining actions are also provided
through other schemes, such as the training fansisis and technologists working in the
government sector and training actions funded tmotlne Council of Scientific & Industrial
Research (CSIR). The Ministry of New and Renewdbiergy (MNRE) provides training to

scientists and engineers working in the area cfweible energy.

1 EC Directorate-General for Research
2 Department of Science and Technology, Governmenicia



In the thematic area of advanced coal combustiah gasification combined with carbon
capture & CQ sequestration, the training identified in Euromeuses especially on the
preparation, characterisation, synthesis, modellgigulation and application in the field of
nanomembrane research for energy. In India, althahgre is teaching activity in the areas of
carbon capture and sequestration, the trainingranogies seem less focused on nanomaterial
development for this area.

In the solar and photovoltaic field, the main areB8aining in Europe cover solar engineering,
solar heating and cooling, photovoltaics and so#lls, concentrated solar power (CPS) and
solar desalination and solar cooking, and eleatsoand semiconductors. In India the courses
run by the major educational institutions in thiernatic area deal with utilization of solar
thermal energy, solar energy for industrial prochesat, materials and devices for energy

applications, solar architecture, and solar refagen and air-conditioning.

As for training programmes in the fuel cells aneduding hydrogen production and storage, it
was observed that that the Master courses covemlynbroad subjects such nanomaterials
synthesis, manufacturing, processing, charactésizaspecially structure-property-processing
relationships and applications. There are also RitDsanomaterials linked to sustainability and
energy applications and summers schools and sharses on energy technologies including
fuel cells and hydrogen topics. However, this tgpéraining action is limited to nanomaterials
for sustainable energy technologies. As for Indiere are very few institutes that teach
hydrogen production and storage aspects. Thesmaja institutes that have post-graduation
initiatives containing components related to thespects. Most knowledge comes from

conferences and workshops held at these organizatio

In the batteries and supercapacitors fields in peiib was observed that as it happens in some
previous thematic areas, nanomaterials and namessdor energy applications are embedded
in courses of broader areas, eg. chemisty, maes@énce, etc. The same happens in India in
relation to batteries and supercapacitors.

Based on the detailed analysis of the educatiortraiming strategies, priorities and activities in
the EU and India suggestions on training needs jaimd training initiatives have been
developed.

The general conclusions on training needs are:

Given the highly interdisciplinary nature of theseas students (master and PhD)
and (junior) researchers should be well educatedhenessential basics, e. g.
nucleation and growth, materials property-structf@r@rocessing relationships,

characterisation methods & tools, etc. to gainrasheustanding of nanomaterials;



They should broaden their horizon to understanduth@erlying facts and the
context of their studies and research especiallgnvpursuing an international
career or taking part in international collaboratio

Their institutions whether academia or industryutigprovide for appropriate
opportunities to acquire such knowledge by teachingd/or practice as to better
pursue their studies and research as well as terliatget the most appropriate
funding sources in the course of their career dgpreknt;

The training of students and junior researchersllshimclude, as part of career
development aspects, acquisition of funds includgffgctive proposal writing
and efficient project coordination and management;

“Nano-education” including nanomaterials teachimgl goractising should form
part of interdisciplinary Master courses (or PhDd#s), for example, in natural
sciences or engineering and technology rather fpacialized Master courses,
for example, in nanotechnology or nanomaterials;

On-the-job-training of junior researchers whetheracademia or industry is
advantageous for nanomaterials research given titengs interdisciplinary
character and the need to combine various toolgv@itiods to gain insight into
the processing-property-structure relationshighefrnaterials at nano-scale;
International exchange of personnel such as Philests and junior researchers
as well as senior scientists is commonly seen agpgmopriate and effective
means to provide on-the-job training and to stiuldurther research
collaboration for all assessed areas;

Joint EU-India training events such as short cauesal Summer/Winter Schools
are virtually non-existent for these areas thoughéfits of jointly organizing
such events are clearly appreciated.

The suggested topics for future joint trainingiatites as part of a coordinated RTD and DST
call for proposals are:
Organization of joint workshop(s) on EU and Indizey context and issues
(energy & research policies including funding, thesearch landscape and
competencies, etc) including dissemination of tlegian’s research acquis
targeting policy & decision makers, regulatorsesshers, students, and young
professionals alike;
Development of common training materials suitabler fshort courses
Summer/Winter Schools on energy applications ancbmaterials as well as on



aspects of career development for PhD student#rjuasearchers and young
professionals;

Organization of a series of joint training eventgls as short courses and
Summer/Winter Schools on nanomaterials in energgliGgions including
synthesis, manufacture, processing, and charaaierismnethods and tools with a
balance of teaching and practice opportunities RitD students, junior
researchers and young professionals;

Establishment of a staff exchange programme betweenmegions’ energy and
materials research institutions whether from acaademindustry to further foster
research collaborations and to provide on-the4jaining and career development

opportunities.



This report is an outcome of a study on mutual geam Union (EU) & India’s nano-materials
research needs in sustainable energy technologieg & developed as part of tE#COON —
Euro-Indo forum for nano-materials research cooadtion & cooperation of researchers in
sustainable energy technologigsoject (Grant agreement no.: 233466), co-fundgdthe
European Commission (EC) under the Seventh Frankewoogramme for Research and
Technological Development (FP7). It forms Delivéead1.2 of the project and it aims to:
Make a strategic assessment of mutual EU-India #naaterials researchers training
needs;
Identify topics for future joint training initiates by RTD and DST!
Within sustainable energy technologies, the stoduses on the following areas:
Advanced coal combustion and gasification combiméth carbon capture & CO
sequestration;
Solar & photovoltaic;
Fuel cells including hydrogen production and sterag

Batteries and super capacitors.

Project background

The project is coordinated by MESA+ Institute foarMdtechnology, University of Twente
(MESA+, NL). The project partners are:
EC, Directorate-General Joint Research Centrefutestor Energy (JRC, NL);
Sociedade Portuguesa de Inovacao -ConsultadoriadSanil e Fomento da Inovacéo,
S. A. (SPI, PT);
National Chemical Laboratory (NCL, India);
Indian Institute of Technology — Delhi (IITD, Indja
Indian Institute of Technology - Kharagpur (IITKdpdia);
S. N. Bose National Centre for Basic Science (SNBSCIndia);
Agenzia nazionale per le nuove tecnologie, l'ereergi lo sviluppo economico
sostenibile (ENEA, IT);
Valtion teknillinen tutkimuskeskus (Technical Ras#aCentre of Finland) (VTT, FIN);
Jawaharlal Nehru Centre for Advanced Scientificdaesh (JNCASR, India);

3 EC Directorate-General for Research
4 Department of Science and Technology, Governmiinidia



Institute of Nanotechnology (IoN, UK);
Confederation of Indian Industry (ClI, India).
The 3 years EICOON project started on 1 Septemb@9.2

Report methodology and structure

The principal methodology used to map research syeseal possible topics of future joint
training initiatives between the EU and India wasmesgy analysis. This method implies
identifying gaps and overlaps between current imgiractivities in the two regions in the
thematic areas of the EICOON project comparing alsoent and future education and training
related strategies especially in the nanotechnologyosciences and energy areas.

The source of information collected for this pumpascluded the:

Knowledge of the EICOON partners (or their confatiisough face-to-face, telephone

consultation and via questionnaires used by orteeoproject partners for this purpose;

Visit to various web sources, such as for exampla thases of scientific publications,

policy reports and strategies and web sites ofvasle organizations from the two

regions;

Distribution of the draft report to selected Eurapeand Indian stakeholders who

provided their suggestions and comments for imprearés;

Organization of an assessment workshop, implemesmietd2 November, 2010 in New

Delhi, India with the participation of European amdlian stakeholders from the field,

including policy makers, researchers and scientist&/ersity professors, students and

industry members. The workshop provided an:

0 Overview on the scope and context of the EU andhlsenergy, energy research
and international research cooperation policiesitedl to sustainable energy
technologies;

o Overview on the regions’ nano-materials researah tasining landscapes in this
field;

0 The workshop also allowed participants to givertieemments on topics of nano-

materials research in the field for future coortidgoint training initiatives.

Before starting its preparation, project partnegnead on a common structure for the report to

enable the application of the synergy analysis ptethhich has the following main sections:
Policy and funding: This section deals with education strategies pr@jrammes
related to nanotechnology and energy currentlylavi@ in both regions. Analysing

current strategies in the EU and India aims to igie\a better picture of what the



existing and future education and training focuatia policy level. Although some EU
countries have their own national priorities antigies, these are not considered in this
report as the scope is at European level; therebolg EU wide policies are included.
The second sub-section concerns funding instrumpeotrammes for education and
training in relevant areas available in the twoioeg. This provides details of budget,
objectives, background, beneficiaries, geograpliops, type of funding, topics
covered, start and end date, as well as the websference for the funding
programmes.

Organisations active in training The second main section is an analysis of the
activities of relevant organisations active in etian and training in the four thematic
areas of the project. First the summary of eduoatiad training is presented per
thematic field which contains the main topics/tachhthemes that are currently under
focus in training both in the EU and India. Sugges for training needs and
collaborations between EU and India are also ddfiffdis summary is based on the
detailed analysis presented in ANNEX 1 of the doenm

Conclusions on training needsThis section is the result of the synthesis aralysis

of the information presented in the two previoustisas. Through this study, gaps and
overlaps in training in the thematic areas in thgions are identified and mutual
training needs and possible future joint traininigiatives are delineated.

ANNEX 1 — ORGANISATIONS: This section gives an overview of the main
organisations in the thematic areas in the twooregiincluding also information about
their type of courses and key individuals that bglto the organisations. Where it was
considered relevant, non-EU European organisati@sgarch activities were also taken
into consideration.

ANNEX 2 — SUMMARY AND ORGANISATIONAL MATRIX : Based on the
detailed analysis presented in ANNEX 1, an orgdimisal matrix is also included in
ANNEX 2 to show in a simple way in which thematieas the selected European and
Indian organisations have competences in training.

ANNEX 3 — LIST OF STAKEHOLDERS: In this section project partners gathered
information about important European and India etakders active in the thematic
areas. This contains details on the organisatioes are affiliated with, their contacts,
profile and expertise, where information on théelatwo are found.

ANNEX 4 — LIST OF ABBREVIATIONS: This section gathers the main
abbreviations used in the text.



The EU Member States and the Commission have wotgether in this area under the
Education & Training 2010 work programme since 200His cooperation takes the form of an
‘open method of coordination’ to stimulate reforrasd build higher skills through better
education and training systems. This includes rooinig progress towards a set of shared
objectives and against common indicators and beadksrtaking into account Member States’
very different starting points, with mutual leargias an important means of exchanging good
practice and implementing tools and instrumentsedjiat European level. In 2009 EU Member
States and the European Commission strengthenegeration in education and training with

strategic framework for European cooperation incation and training ("ET 2020").

The long-term strategic objectives of EU educatiod training policies are:

Making lifelong learning and mobility a reality;
Improving the quality and efficiency of educatiardaraining;
Promoting equity, social cohesion and active aititep;

Enhancing creativity and innovation, including epteneurship, at all levels of

education and training.

Education and training in specific areas of sciesuoe technology is the key component of the
policy. EU studies estimate that the pool of redears needed in Europe to meet the challenge
of nanotechnology would be of ~350,606y 2015. The key objectives of EU policy on
education and training in the area of nanosciendenanotechnology are:

Increasing the number of well qualified researclheisurope;

Raising the interest of young people for sciensfiadies.

There are four main avenues for practical implergn of the above policy to provide

research training for a wide range of scientistsr@searchers across the EU:

Marie Curie Actions aimed at dedicated researdhitrg;

5 Bruno Schmitz, European Commission, DG ResearofcRirate, Human Factor, Mobility and Marie Curietiéns: Research-Training in
Nanosciences and Nanotechnologies, Brussels, Jpfif 2005. Available on internet:
ftp://ftp.cordis.europa.eu/pub/nanotechnology/dedstationworkshop_introductory session_schmitz_dopdf




Training activities integrated into Integrated Raig, Networks of Excellence
within FP7, etc;

Research Networking and Conferences programme®duadd coordinated by the

European Science Foundation (ESF);

Erasmus Mundus - a co-operation and mobility Progne of the European
Commission, DG Education and Culture in the fidithigher education.

Figure 1. — Investment in nano research training

Around 10% of European Framework Programme 6 feearch and development was invested
in nano research-training. This continues in FRAYe Bulk of funding for research training is

provided through Marie Curie actions.

Marie Curie actiongrovide opportunities to researchers at all stafelseir career through the

following mechanismshttp://cordis.europa.eu/fp7/mariecurieactions/hosmehtm):

Individual Advanced Fellowships to support IntrarGaean & International
mobility;

Host Advanced Fellowships for Transfer of Knowledgedevelop and promote
partnership between industry and academia;

Host Fellowships for Early-Stage research careers;

Research Training Networks;

Support for organising and attending ConferencesTaaining Courses;

Return and Reintegration Grants.

6 Renzo Tomellini, European Commission: OvervieviEafopean-Level Initiatives in Nanosciences anddtechnologies



Marie Curie Actions are open to researchers ogdls and levels of experience, and, in many
cases, regardless of nationality. The range of misgHons able to take part in the actions
includes:

Public research organisations (e.g. universitiesjtutes, etc);

Commercial enterprises, especially Small and MedBimed Enterprises (SMES);

Non-profit making organisations (NGOs, e.g. hodgpitetc);

International and European Interest OrganisatiofldO( e.g. the European

Southern Observatory, The European Molecular Biploaporatory);

International Organisations (10, e.g. World Healdhganisation, United Nations

Educational, Scientific and Cultural Organization)

Research Networking Programm@aNP) of the ESF lay the foundation for nationdlynded

research groups to address major scientific andarek infrastructure issues, in order to

advance the frontiers of existing science. Thesg-term programmes, aim mainly to form

links among academic groups, subject to selectivough an open call and an international
peer review process, must deal with high-qualitierste and demonstrate its added value of
being carried out at the European level. Theredsreiderable proportion of nanoscience and
energy related networks funded by RNP under theiPalyand Engineering themes.

RNP activities are complemented by the ESF Resdaottierences Scheme that provides the
opportunity for leading scientists and young reslears to meet for discussions on the most
recent developments in their fields of researclacts as a catalyst for creating new synergistic
contacts throughout Europe and the rest of thedvdithe scheme develops principally through
the establishment of long-term partnerships betwdenESF and national and international
organisations, including universities. Each paghgr funds a series of conferences which
focuses on the same topical area and takes plaaereaturring venue. Individual conference
topics are either selected by the ESF and its pastiaking into account their strategic interests,
or are generated through an open call for propaa®unced at the beginning of each year.
Nanoscience is represented in the scheme throngmaer of scientific areas.

Erasmus Mundu$2009-2013) is a cooperation and mobility programmthe field of higher

education for:

the enhancement of quality in European higher dduga

the promotion of the European Union as a centrexo€llence in learning around

the world;

10



the promotion of intercultural understanding thdougooperation with Third
Countries as well as for the development of Thiml@ries in the field of higher

education.

Erasmus Mundus 2009-2013 (Decision N° 1298/2008/&D}inues and extends the scope of
the activities already launched during the firsagd (2004-2008) of the programme. It now
includes the Erasmus Mundus External Cooperationddiv scheme, which was launched in
2006 as a complement to the original programmeaddition, the Programme integrates

cooperation activities with Industrialised Courdrie

The European Commission is responsible for theingnof the Erasmus Mundus Programme
2009-2013. It manages the budget and sets prmritéggets and criteria for the Programme.
Furthermore, it guides and monitors the generallempntation, follow-up and evaluation of
the Programme at European level. The Educationjodisgiial and Culture Executive Agency

(EACEA) is responsible for the implementation of tirasmus Mundus Programme.

11



The Education and Training policy of India is cleaed under the Ministry of Human Resource
Development. The ministry is responsible for thevedl@oment of human resources and its
activities are divided under the Department of ®thBducation and Literacy and the
Department of Higher Education. The Department éfhier Education is in charge of
secondary and post-secondary education. The Degairtis divided into eight bureaus, and
most of the work of the department is handled thhoover 100 autonomous organisations
under these bureaus. The development and promattispecific areas are handled by different
departments such as the case of the Departmentiefc® and Technology that takes care of
promoting new areas of Science and Technology sp#tial emphasis on emerging areas. In
addition, the Council of Scientific and IndustriResearch (CSIR) and Ministry of New and
Renewable Energy Sources (MNRE) are two additiggmlernmental agencies facilitating
many nanotechnology related research training rB&tiwith special emphasis on hydrogen

energy and fuel cells.

The training and education requirements in nanoi@cdgy are solely supported under the
Mission on Nano Science and Technology (Nano Migsibhe Nano Mission provides funding
for several post-doctoral fellowships and suppabitgier education. International conferences
have also been funded by the Department of Sciemcke Technology (DST).The Nano
Mission also provides funding for post graduatecléay programmes (Master of Science and

Master of Technology)

Some of the activities carried out by the governnt@improve training in nanotechnology are:

a) Three International Conferences organized focusingdifferent aspect of Nano
Science and Technology - at Kolkata in DecembeB20@Ihi in March 2006 and
Chennai in February, 2008". These conferencesarelarly known as ICON SAT.

b) Two National Review and Coordination Meetings oiged based on projects

supported under the programme, in March 2005 abdulgey 2007.

c) Three Advanced Schools organized on 'Nanomatd?igparation, Characterization
and Manipulation' at Bangalore in February 2003,'Ssience of Size Reduction,
Different Routes of Preparation and Characteripatf Nanomaterials and
Applications' at Kolkata in February 2005 and ormfgscience & Nanobiology’ at

Bangalore in February 2007.

7 http://nanomission.gov.in/

12



d) Nanotechnology Conclave is an annual internaticoalference organized by ClI

with support from DST.
e) Postdoctoral Fellowships initiated through INCABRBngalore.

13



Name

SEVENTH FRAMEWORK PROGRAMME, PEOPLE

Overall budget

Overall budget of more than € 4,7 billion

Main objectives

'Strengthening, quantitatively and qualitativelye thuman potential in research and technology o8 by stimulating people to enter into the
profession of researcher, encouraging Europeamngsers to stay in Europe, and attracting to Euregearchers from the entire world, making

Europe more attractive to the best researcherddiBgion the experiences with the 'Marie Curielaw under previous Framework Programim
this will be done by putting into place a coherseit of 'Marie Curie' actions, particularly takinmgd account the European added value in term

es,
s of

their structuring effect on the European ResearcdaAThese actions address researchers at alssbhgbeir careers, in the public and private
sectors, from initial research training, specificatended for young people, to lifelong learniagd career development. Efforts will also be made
to increase participation by women researchergnmpuraging equal opportunities in all ‘Marie Cukitions', by designing the actions to enspre

that researchers can achieve an appropriate werkéiance and by facilitating resuming a reseaesker after a break.'

Background

The 'People’ Specific Programme acknowledges thatod the main competitive edges in science antht@ogy is the quantity and quality of its
human resources. To support the further developameshiconsolidation of the European Research Ahés Specific Programme's overall strateg

objective is to make Europe more attractive forlibst researchers.

Beneficiaries

c

The programme is open to all domains of researchtechnological development addressed under th&E&ty and research fields are chosen

freely by the applicants.

Geographic scope -
Funding to which
countries

It covers EU Member States and Associated coungres thosethird countriescovered by the Science and Technology agreemeby dhe
European Neighbourhood Policy

Type of funding
instruments

Financial support for the career development cfasshers through various types of activities

Type of activities
funded

Initial training of researchers to improve mostiyung researchérsareer perspectives in both public and privatgass, by broadening

their scientific and generic skills, including tleolated to technology transfer and entreprengursh
Life-long training and career developmetiat support experienced researchers in complenggioti acquiring new skills and competenc
or in enhancing inter/multidisciplinarity and/otténsectoral mobility, in resuming a research caadr a break and in (re)integrating in
a longer term research position in Europe afteamstnational mobility experience.
Industry-academia pathways and partnershipstimulate intersectoral mobility and incredas®mwledge sharing through joint resear

partnerships in longer term co-operation programbg&een organisations from academia and industpyarticular SMEs and including

traditional manufacturing industries.
International dimensidnto contribute to the life-long training and carelevelopment of EU-researchers, to attract rebetatent from
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Name

SEVENTH FRAMEWORK PROGRAMME, PEOPLE

outside Europe and to foster mutually beneficiategch collaboration with research actors fromidet&urope.
Specific action'sto support removing obstacles to mobility andamding the career perspectives of researchersropEu

Topics covered

NANOICP - Self-organized TiO2 nanotubes-intrinsigatonductive polymer composite material for apalions in solar cells, biomedicin
systems, and electro-chromic devices;

SUPERIOR - Supramolecular functional nanoscaleitactures for organic electronics: a host-drivetwoek;

SOLARPAT - Self-nanostructuring polymer solar cells

NANOSOL - From femto- to millisecond and from end#ento single molecule photobehavior of some nanfiged organic dyes for solar cel
improvement;

HIGH-VOLTAGE PV - New materials for high voltagelapcells used as building blocks for third generaphotovoltaics;
OPTOELECTRONIC_DCA - Advanced optoelectronic matksrthrough dynamic combinatorial assembly;

RAINBOW - High quality material and intrinsic prapes of INN and indium rich Nitride alloys - (THRAINBOW ITN);

NANO-MAT - Self-assembled nanostructures for organbrganic hybrid nanomaterials;

Is

Start date

2007

End date

N/A

Website references

http://cordis.europa.eu/fp7/people/home _en.html
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Name

COST — EUROPEAN COOPERATION IN SCIENCE AND TECHNOLO GY

Overall budget

EUR 210 million to EUR 250 million for the period 2007-2013 out of the FP7 Cooperation butiget

Main objectives COST aims to foster cooperation between nationalhdéd research activities. COST Actions are netsvofkscientists receiving support to enaple
them to cooperate and to disseminate the resuttedfcooperation.

Background COST is an intergovernmental framework for Europ€aperation in Science and Technology, allowing ¢bordination of nationally-funded
research on a European level. It anticipates antpbtments the activities of the EU Framework Progrees, constituting a “bridge” towards the

scientific communities of emerging countries. CO®Es not fund research itself but provides a platffor European scientists to cooperate gn a

particular project and exchange expertise. Thesgqs are called "Actions”. Each COST Action iseawork centred around nationally-fund
research projects in fields that are of interestttieast five COST countriés.

ed

Beneficiaries

COST Training Schools of 3 days to 2 weeks duragi@naddressed to young researchers across Europe

Geographic scope -
Funding to which
countries

35 member states: Austria, Belgium, Bosnia and éfgovina, Bulgaria, Croatia, Cyprus, Czech Repulilienmark, Estonia, Finland,

France, Germany, Greece, Hungary, Iceland, Ireldtatl, Latvia, Lithuania, Luxembourg, Malta, Theeterlands, Norway, Polan
Portugal, Romania, Slovakia, Slovenia, Spain, Swedwitzerland, Turkey, United Kingdom, Serbia, fer Yugoslav Republic o
Macedonia and

One cooperating state: Israel

=5

f

In addition, COST has also signed reciprocal agesgswith Australia, New Zealand and South Afri€hais means European scientists can work

with other researchers in these regions and iner@dsrnational collaboration.

Type of funding
instruments

The financial support averages EUR 100 000 per fya four-year period per action (project).

The model to support training schools is:
the ‘Pay as you go’ system: the activities are &thdirectly by the COST Office on an event by e\ssis, participant per participant

Type of activities
funded

COST Training Schools are part of COST actionsjéute)

Topics covered

Under the Domain Committee "Materials, Physical &tzhosciences" an action (project) related toBh#eries and super capacitotspic was
funded. The project is called “High Performance fggeStorages for Mobile and Stationary Applicatidr3207/2006 to 31/12/2009. In the projec
training school of 4 days was organised with tHlWang objectives:
to provide dissemination of Actions activities redjag new:
o trends in the R&D on supercapacitor and fuel eglhhologies and improved materials
0 supercapacitor and fuel cell application in th@sgortation and energy technique
o toprovide a long life image about supercapaciofgel cell and consequences to the fields of aapion

ta

8 About COST, 2009 http://www.cost.esf.org/about_cost

9 www.cost.esf.org
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Name

COST — EUROPEAN COOPERATION IN SCIENCE AND TECHNOLO GY

to provide information on approaches, used in tfjeiaing COST Actions as well in the TUD Domain aadactivate the implementatig
of the tools and findings from one Action in anathe

and herewith to redound to the emergence of alifrieieas and new cooperation projects, based antardisciplinary approach
to demonstrate advantages of the Pan-Europeanaxtpas a suitable way of efficient improvementightrequested
technologies and their application

to demonstrate the necessity to implement a msattigiinary approach to assure the evolution ofaherging technology to the winnirn
technology

to illustrate to the ESR’s the “supply chain”: ioped materials — innovative energy storage dewvicbgh performance energy stora
systems — “low — carbon” strategy and herewith the

advantages of a multidisciplinary approach

to close the circle of research between the fund#aheside — nano-materials and devices such asrcagsitors and fuel cells an
challenging of applicative side (application fields these devices) — renewable integration in ngdds, electric vehicles and hea
transportation systems, mechatronic applications et

to contribute to the anchoring of a multidiscipliypapproach in the curriculum of European univessit

and last but not least to strengthen the networketgieen ESR from different parts of Europe baserholtidisciplinary approach.

Start date

1971

End date

N/A

Website references

www.cost.esf.org

>

ge
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Name

EUROPEAN SCIENCE FOUNDATION (ESF) - RESEARCH NETWORKING PROGRAMMES

Overall budget

N/A

Main objectives

Research Networking Programmes (RNPs) lay the fationl for nationally funded research groups to esslrmajor scientific and research
infrastructure issues, in order to advance thetigo of existing science.

Background

The ESF provides a common platform for its MembegaDisations in order to:
Advance European research
Explore new directions for research at the Europeasl
ESF Research Networking Programmes are "open'idgesivPrincipal participants within a Programmey. eSteering Committee members, are
expected to network with colleagues in other ragegroups to ensure that opportunities in a
Programme's activities are known and are operl &igible participants.

Beneficiaries

Members of ESF contributing organisations

Geographic scope -
Funding to which
countries

ESF Research Networking Programmes can be foungl&@ trontributing organization” of the 30 ESF Epean countries.

Type of funding
instruments

Funding of the Programmes operation and the orgdrastivities under them.

Type of activities
funded

Programme can include the following activities:
Science meetings (workshops, conferences or sgharganised either by Programme participants dofohg an open call for proposals;
Travel grants for short and exchange visits awafdiolwing an open call for applications;
Publication of information brochures, leaflets estific books and meeting proceedings etc; creaifomebsites;
Creation of scientific databases at the Europeasl.le

Topics covered

Research Networking Programmeew generation of organic based photovoltaic devis§ ORGANISOLAR) (2006-2011)
Through scientific meetings (workshops, internagiononferences) organized by the Steering Committee proposed network will
implement more coherent national and European resegtivities in the field of organic based satatls and will allow closer relation
between the various already existing organizatiohsscientific and technological cooperation in ttveo largest organic solar cel
communities (dye-sensitized nanocrystalline devered polymer-based devices) in Western and Ea&erape. The proposed network
will also promote a greater European cohesionigirésearch field based on the best experienclesoviledge transfer at European leve

=0

»

Proposals can be submitted for the organizatianwbrkshop, a school, or conference. Activitiesiedrout:

YEAR 2010
o Conference "Hybrid and Organic Photovoltaics2010
o Conference: ISOS-3 2010
o Workshop on Semiconductor Sensitized Solar Cells
YEAR 2009
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Name

EUROPEAN SCIENCE FOUNDATION (ESF) - RESEARCH NETWORKING PROGRAMMES

o International School on Organic Photovoltaics
0 International Symposium on Mesoscopic Dye Sensitased Organic Heterojunction Solar Cells - parthef EMRS 2009
o Conference on Hybrid and Organic Photovoltaics

YEAR 2008

o Conference on Excitonic Solar Cells
Research Networking Programme on
Thin Films for Novel Oxide Devices (THIOX) (2003 -2009)
THIOX aims at establishing a European network fiamugs working on different aspects of oxide thim& and oxide heterostructure
THIOX likes to build a strong European communityttwits own profile, support the European researchhis important field, anc
strengthen the links with the oxide electronics amity in the US and Japan. The main activitiethefnetwork include especially R&

workshops and meetings with tutorial nature fornguscientists. Special grants for young scienfmtwisits to other laboratories, as wg
as joint publications are also promoted.
Some initiatives supported by THIOX include:

O O o oo

U ~n

D

A symposium on “Functional Interfaces in Oxides’2i007

The Nanoscale Superconductivity and Magnetism eenfe in school format in 2006

International conference on “Trends in future elegics: Quantum digital circuits, materials withceptional
Electronic properties, novel device concepts amdiegtions” in 2006, etc.

European School On Nanosciences & Nanotechnoldgigs://www.esonn.fr/). This initiative is also @ngized under THIOX
since 2004. This 3 weeks course is aimed at progidiaining for graduate students, postdoctoral gmibr scientists from
European universities and laboratories in the fifldNANOSCIENCES and NANOTECHNOLOGIES in PhysicgplBgy and
Chemistry. The academic and practical courses cthwerelaboration, functioning and characterizat@dnnano-objects. The
program emphasizes the role of laboratory coutsal$ ¢f the program is devoted to practical work).

The topics taught are:

1. Mesoscopic transport

Single-electron effects

Molecular electronics

Spintronics

Physics of devices

Nano and Quantum Optics

Surface and molecule physico-chemistry
Advanced biophysics for designing micro-systems
9. Mechanics of molecules and biological structures
10. In Cell Art Company

11. Microfluidics for Lab-on-chips

12. Nano-object synthesis

N GOROD
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Name EUROPEAN SCIENCE FOUNDATION (ESF) - RESEARCH NETWORKING PROGRAMMES
13. Technologies of nanofabrication
14. Near-field microscopies
15. Self-assembled systems and materials
Research Networking Programme on
Nanoscience and Engineering in Superconductivity (ES) (2007 — 2012)
NES aims to investigate the effect of the nanoscatdginement of condensate and flux on supercomdtycin order to reveal its nanosca]
evolution and to determine the fundamental relatibetween quantized confined states and the plhysioperties of these system
enabling “quantum design” of their properties. Thgsimportant for the scientific fields of supercasting elements for quantu
computing, nanoelectronics, hydrodynamics, liquigstals, plasmas.
Under the programmes several scientific events) siscconferences, workshops, implementation ofdioated joint scientific researc
sharing complimentary equipment of the participgtieams, exchange of lecturers, researchers, sansplitware, data bases, etc.
Start date 2003
End date N/A
Website references www.esf.org
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Name

EUROPEAN SCIENCE FOUNDATION (ESF) — ESF RESEARCH CONFERENCES

Overall budget

N/A

Main objectives

ESF Research Conferences is a funding schemerihaties the opportunity for leading scientists godng researchers to meet for discussiong
the most recent developments in their fields oaesh. It acts as a catalyst for creating new gysiéc contacts throughout Europe and the res
the world.

Background

The ESF provides a common platform for its Membegaisations in order to:
Advance European research
Explore new directions for research at the Europeasl

ESF Research Conferences can be organized undst tesearch thematic areas and Conferences ggrastlfor four or five days and up to 1%

5 0N
t of

b0

participants and invited speakers may be acceptattend. The Scheme has recently been extendedltale World Conferences in some cases as
well as a series of Summer and Winter Schoolspiatide advanced scientific training in physics.
Beneficiaries Applicants for funding for conference organisat&iould be individual scientists/researchers bas&iigpean universities/research institutes|(in
the broad sense) in ESF Member Organisation cauflisied previously).
Geographic scope - | ESF member countries
Funding to which
countries
Type of funding Regular funding
instruments
Type of activities Organisation of conferences and Summer and Wiotesals.
funded
Topics covered Example of conferences funded by ESF:
- ESF-FWF Conference in Partnership with LFUl: NANGOHNOLOGY FOR SUSTAINABLE ENERGY in Universitatszenin
Obergurgl, Otz Valley, Austria on 14-19 June 2008.
ESF-FWF Conference in Partnership with LFUI: Nanbt®logy for Sustainable Energy in Universitatsmemt Obergurgl, Obergurgl,
Austria on 4-9 July 2010
Topics include:
o Photovoltaic Solar Energy Conversion
o Nanomaterials and Nanotechnology
o Batteries
o Supercapacitors
o CatalysisThermoelectric Energy Conversion
O Hydrogen Storage
European Energy Conference in Barcelona, SpairBe@v42April, 2010
This conference, the first edition of a series afiferences in this area, was based on the conwithiat fundamental scientific aspects|of
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Name

EUROPEAN SCIENCE FOUNDATION (ESF) — ESF RESEARCH CONFERENCES

energy research and development will be substhntiabre efficient, with faster progress and a préoro of understanding through g

interaction of their specialist disciplines; chetmismaterial sciences and physics. The conferenvered topics that included at&o

(0]

QOO0 o0oo0oo0oo0ooooooo

Productive and cost efficient coating technolod@essolar cell production;

High Volume Production of PV — Silicon;

Competitiveness improvement in thin film silicongbbvoltaic technology;

Qualification of Photovoltaic (PV) — Modules;

Steps towards the implementation of an attractoreept: the intermediate band solar cell;

Challenges in Electrochemical Bio-Energy Converskgfifiects of Biogas Impurities on Fuel Cell Perfamae;
Supercapacitors for High Performance Energy Storddebile and Stationary Applications;
Nanocomposites for Thermal Solar Collectors andhslieé Decomposition Catalysts;

Hydrogen Storage Capacity on Carbon Nanofibers @NRfluence of Type CNFs and Modifications;
Challenges and Limitations of Inorganic Thin Filradgd Solar Cells;

Polymeric Composites with Organic Dyes and Metdllamplexes for Photoelectric

Converters of Solar Energy;

Carbon Doped TIO2 Through Sol-Gel Processes ifPtesence of Melamine — Towards More Efficient Pbatalysts, etc.

N

Start date

2003

End date

N/A

Website references

www.esf.org

10 http:/iwww.e2c¢-2010.org/images/stories/Final_Paogme_E2C-FINAL.pdf
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Name

ERASMUS MUNDUS PROGRAMME

Overall budget

454 Million Euro (2009-2013j

Main objectives

To promote the mobility for the most talented studeand academics from third countries toward<Eiim@pean Union and vice versa.
To contribute towards the development of humanuess and the international cooperation capacithigfier education institutions in
third countries through increased mobility stredresveen the European Union and those countries.
To improve accessibility and enhance the profild gisibility of European higher education in therndoas well as its attractiveness for
third country nationals and citizens of the Eurap&aion.

Background

Erasmus Mundus is a co-operation and mobility Rnogne of the European Commission, DG Education anitu@ in the field of highe
education. It aims at enhancing the quality of een higher education and promoting dialogue amtenstanding between people and cultyres
through cooperation with third countries. In adtfitithe programme contributes to the developmertiushan resources and the international
cooperatlon capacity of higher education institgiin third countries by increasing mobility betwahe European Union and these counties.

Beneficiaries

Higher education institutions; Any organisationieetin the field of higher education and research;
Students;

Doctoral candidates;

Teachers;

Researchers;

University staff (academic and/or administrative)ni any part of the world.

Geographic scope -
Funding to which
countries

Countrles that can be beneficiaries of the programm
The Members states of the European Union;
Other countries or potential candidates possiblytlom same footing as Member States (this categociudes Iceland, Norway
Liechtenstein, Albania, Bosnia-Herzegovina, Crgaasovo under UNSC Resolution 1244/99, the ForrMegoslav Republic of
Macedonia, Montenegro, Serbia, Turkey and Switnef)lia

In addition, all third countries can also parti¢ga the programme but they cannot act as apgbaarbeneficiaries.

Type of funding
instruments

Maximum co-funding of 75% of the eligible costs
Cost of staff;
Travel and subsistence allowances;
Purchase of equipment;
Consumables and supplies;
Contracts awarded by the beneficiaries;
Requirements linked to the performance of the ptdj@issemination of
Information, specific evaluation of the action/md, audits, translations, reproduction, etc.).

 http://ec.europa.eu/education/external-relatiomgpammes/doc/call09/guide_en.pdf

12 http:/lec.europa.eu/education/erasmus-mundus/doeFihtm
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Name

ERASMUS MUNDUS PROGRAMME

Type of activities
funded

Joint programmes of outstanding quality at masemmd doctoral levels including scholarships/felloipshto participate in these

programmes;
Erasmus Mundus Partnerships between European andl Chuntry higher education institutions includiagholarships and fellowship
for mobility at all academic levels;
Collaborative projects covering activities relatedthe international dimension of all aspects ajhleir education, such as promotig
accessibility, quality assurance, credit recognitimutual recognition of qualifications, curriculidavelopment and mobility.

Topics covered

Below are some relevant initiatives supported gsBErus Mundus:

IDS-FunMat - International Doctoral Programme in Functional Materials for Energy, Information Technology and Health
(http://mww.idsfunmat.u-bordeaux1.fr/)
This initiative offers scholarships for PhD progat Functional Materials Science, carried outdrsapervision between universities frg
two different countries. In most projects an indygiartner is also involved. The PhD candidatestrspend at least 6 months in eg
university. The projects start around October ake 8-4 years.
Examples of projects are listed below:

o 2010-22 - (LF) Synthesis, structural and electraubal characterisation of new materials : mixed drgrtors for non aqueoy

batteries (UCBN, TUD)

o 2010-16 - (LF) Carbon-xerogel-supported bimetaiimo-electrocatalysts for the anode of Direct Bydolde Fuel Cells (INPG
ULG)
2010-11 - (EM) Improvement of solar cell efficiensy up-conversion based on RE doping (IST, INPG)
2010-10 - (LF) Organic Photovoltaics: Active lapencepts for increased feasibility (UB1, UW)
2010-08 - (EM) Functional coatings for solar eneingyvesting from ionic liquid (IST, UB1)
2010-07 - (EM) Sintering of Multi-Layer Ceramics fi2&itors: Relation between microstructure and fonel properties (INPG
TUD)

o 2010-06 - (EM) Nanoceramics for Thermoelectric Gatas (UCBN, ULG)
EMM- nano, Master of Nanoscience and Nanotechnologywww.emm-nano.org)
It is a joint Erasmus Mundus Master course withuaation of two years. The objective of the prograemis to provide top-quality
university multidisciplinary education in nanosaieras well as in the use of nano-technologiesystiesns and sensors at the macro-scg
The course programme covers a range of aspecemophysics and nanochemistry, as well as otheesssu
MESC — Master in Materials for Energy Storage and @nversion (ttp://www.u-picardie.fr/mundus MESC/)
It is a 2-year ERASMUS MUNDUS Master's course ire@iistry & Materials Science at 5 universities iE@ropean countries (Franc|
Poland and Spain). The curriculum of the courdmlsw:

o TU 1: General electrochemistry

TU 2: Solid-state chemistry

O O o o

n

le.

@

[0}
o TU 3: Physical chemistry of materials: bonds, defec
o TU 4: Language (English)

24



Name

ERASMUS MUNDUS PROGRAMME

o TU 5: Application of surface treatment to the erestprage
o TU 6: Energy storage and conversion 1
o TU 7: Surface and Interface Analysis
o TU 8: Materials Science and Modelling
o TU 9: Polymer electrolytes
o TU 10: Materials technology and fuel cells
o TU 11: Energy storage and conversion 2
o TU 12: Photovoltaics TU 13 : Language (English)
o TU 14: Structural investigation and characterizatsd materials
o TU 15: Thermal, structural, morphological analysfisnaterials
o TU 16: Materials at the nano scale
o TU 17: Energy sources & storage : demands & apjica
o TU 18: Laboratory practice and bibliographic thesis
o TU 19: Modern techniques for the synthesis of naatenmals
o TU 20: Application of nanomaterials to energy sggr& conversion
o TU 21: Battery technology and benchmarking
o TU 22: Materials for hydrogen storage
o TU 23: Master Thesis oral defence and poster ptaten
Start date 2004
End date 2013

Website references

http://ec.europa.eu/education/external-relatiomgmmmes/doc72 en.htm
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Name

MISSION ON NANO SCIENCE AND TECHNOLOGY (NANO MISSIO N)

Overall budget

INR 100 mn

Main objectives

Basic Research Promotion, Infrastructure Develogrf@Nano Science & Technology Research, Nano ispfibns and Technology Developme
Programmes, Human Resource Development, Intersdtoilaborations

Background

The Nano Mission is the second phase of DST a@#viin Nano Science and Technology. DST, in Octd@@01, had launched a mode
programme in Nano Science and Technology, calletiN&hd the Nano Mission is the successor of thiggmmme.

pSt

Beneficiaries

Higher Education Institutions (Graduate Programrvester of Science and Master of Technology)

Geographic scope -
Funding to which
countries

Organization of joint workshops and conferencestatnational level

Type of funding
instruments

Grants, public-private partnerships, loans

Type of activities
funded

Post Graduate Courses, namely Master of Sciencélaster of Technology

Topics covered

All Nanotechnology

Start date

2007

End date

2012

Website references

http://nanomission.gov.in/about_nano.htm#Objectives
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Name

SCHEME FOR TRAINING OF SCIENTISTS AND TECHNOLOGISTS WORKING IN THE GOVERNMENT SECTOR

Overall budget

Main objectives

To provide holistic training to scientists

Background

In view of total lack of holistic training for saiéists of S & T Departments/Organisations eitherwgy of Induction / Foundation course
Refresher / In-service course from time to timeikenin the other organized services for whom sudgm@mmmers are meticulously drawn-up,
close coordination with Department of Personnel @&ralning and Planning Commission, the scheme riining of scientists and technologis

working in the government sector was launched.

in
ts

Beneficiaries

Scientists and technologists working in the goventisector

Geographic scope -
Funding to which

India

countries

Type of funding Direct Training
instruments

Type of activities Training
funded

Topics covered All

Start date 2010

End date Ongoing

Website references

http://www.dst.gov.infadmin_finance/training-progrh
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Name

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH (CSIR ), NEW DELHI

Overall budget

Main objectives

The Council of Scientific & Industrial Research (8F--the premier industrial R&D organization india was constituted in 1942 by a resolution
the then Central Legislative Assembly. It is aroaoimous body registered under the Registratioroofefies Act of 1860. CSIR aims to provide
industrial competitiveness, social welfare, str&&I base for strategic sectors and advancemeninofaimental knowledge.

Background

The Strategic Road Map designed for CSIR as ip&tépnto the new Millennium envisages

Re-engineering the organisational structure;

Linking research to marketspace;

Mobilising and Optimising the resource base;

Creating an enabling infrastructure; and

Investing in high quality science that will be th@binger of future technologies.

Beneficiaries

Scientists and technologists working in the goveentracademic and private sectors

Geographic scope -
Funding to which
countries

India and also EU countries through bilateral resteand international cooperation

Type of funding
instruments

Direct Training and sponsored research by extrahpuogrammes

Type of activities
funded

Training and research

Topics covered

All but special programmes on solar, fuel celleatl coal technologies etc through XI and Xl fivay programmes

Start date

2010

End date

Ongoing

Website references

http://www.csir.res.in/home.asgmdhttp://rdpp.csir.res.in/csir
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Name

MINISTRY OF NEW AND RENEWABLE ENERGY (MNRE), NEW DE LHI

Overall budget

About 10 million Indian Rupees

Main objectives

To provide holistic training to scientists and eragirs working in the area of renewable energy

Background

The MNRE is the nodal Ministry of the Governmentrmdia for all matters relating to new and renewadaiergy. The broad aim of the Ministry is
to develop and deploy new and renewable energyuipplementing the energy requirements of the cguntr

Beneficiaries

Scientists and technologists working in the governimand industrial sector

Geographic scope -

Funding to which Mainly India
countries

_Type of funding Direct Training
instruments

Type of activities
funded

Training and research; technology development

Topics covered

Renewable Energy, Fuel cells, batteries

Start date

2010

End date

Ongoing

Website references

http://www.mnre.gov.in/
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This section provides a summary of the detailedlyaisa on the activities of relevant
organisations in the EU and India involved in thenbatic areas of this EICOON project
presented in ANNEX 1. In addition to the researclkethmdology used for identifying
information on each topic/region, details on thémtapics/technical themes of the education
and training activities both in the EU and India, veell as suggestions on training needs and

collaborations between the EU and India are defined

Main topics/ technical themes

Data for the present analysis are based on recasitigic publications at the Web of Science
websité® of CQ, gas separation through membranes using nanosaaerties that helped to
identify major organizations involved in the fiel&Experts from the EICOON project

coordinator, MESA+ were also consulted to identifming programmes.

All universities/institutes with research groupdiieh perform extensive research in the field of
nanomembranes for CO2 separation, also provideirigacourses for (under)graduate students.

An overview will be given below.

The European Membrane Society (EMS) organizes dignsiammer schools for students to
provide fundamentals and case studies in preparativaracterisation and application in the
field of nanomembrane research. The school progeisnbased on high-level lectures and
practical demonstrations given by experts of iraéomal reputation in the field of membrane

preparation and characterization.

Internationally, several European partners collateoin the NanoMemCourse program (FP6)
(www.nanomemcourse.eu), which is a training couose Nanostructured Materials for
Advanced Membrane Processes. The NanoMemCoursecpisja series of training courses

designed to deliver to the young researchers th&t metevant state of the art knowledge on

3 http://www.isiwebofknowledge.com
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nanostructured materials for a career developmering with the scientific, industrial and
societal needs and challenges. The project cowats the fundamental knowledge and three
fields of application, with a high and long-termteuatial, in order to draw a maximum of
interest from the young and senior internationagérdgdic and industrial communities. The
objectives are those identified by NanoMemPro, wltbe European research should focus on,

to gain competitiveness in the next decade:
Develop excellence in the modelling/simulation d@he synthesis/characterisation
of the nanostructured material and processes;

Strengthen the links between academic researchirahgstry, in the different
scientific disciplines involved in nanonostructuradterials and membranes;
Create a Multidisciplinary European Community olugg researchers involved in
nanostructured materials at the most advanced, Ibasis of the future decision

makers in this field in Europe.

This series of events are divided in two seriesd&imental knowledge and applications.

The first part of the programme concerns the furetatal knowledge split in 2 training courses:

EF1: Nanostructured material and membrane synthesi€haracterisation;

EF2: Nanostructured material and membrane modedlivtysimulation.

The second part of the programme addresses thpdieadjons in 3 training courses:

EAL: Nanostructured materials and membranes fordyne
EA2: Nanostructured materials and membranes folthiea

EAS3: Nanostructured materials and membranes fod Ryocessing.

NanoMemCourse is designed to offer a coherent sefiescientific topics from fundamental

knowledge to technology and industrial applicatiomsansversal topics such as knowledge
management, technology transfer, EU RTD projectagament, and specific topics related to
each application, such as Industrial/Societal ss#J) standards/regulations and ethics are
integrated as part of complementary skills to bguaed by the young researchers. The same
training format based on alternated lectures, cenfees and practical courses: hands-on
materials, processes and analytical tools, andtunabservation / studies of industrial / field

cases, is applied to all the events. Both inteiplisary academic and industrial standpoints /
approaches will be presented and discussed by tegpeakers and experts from the scientific

and industrial communities.
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Main topics/ technical themes

Carbon capture and sequestration (CCS) plays aworteng role in reducing Europe’s and

India’s emissions in the future. Many European bmtan institutions are actively working in

this area including many national laboratories aeemical engineering departments of
universities. Accordingly many nanomaterials haeerbdeveloped for this purpose including
polymer membranes for CO2 separation, new catafgsthiydrogen generation using more
efficient reformers, theoretical modeling of gassifions reactions, biomass conversion, etc.
Many of the solutions will need new nanomateriglsbé developed with cooperative action

across nations, for mitigating climate change.

However, to enable the development of new nanomigefor CCS applications extensive
training of young scientists is necessary to previdem the appropriate basic knowledge.

Currently training programs, such as CCS summesashonly exist in Europe.
Therefore, it is recommended that a collaboratieévork programme is initiated between

Europe and India to facilitate the organizatiorireérnational workshops and summer schools

in the field of carbon capture and sequestration.
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Main topics/ technical themes

A questionnaire concerning training activities live ffield of solar energy and nanotechnology
was sent to 50 European universities providing atlog in the field of solar energy. A total of

9 answers were received. These answers are tahidaAdNNEX 1.

The main training themes identified from the ansneere:

Solar engineering;

Solar heating and cooling;
Photovoltaics and solar cells;
Concentrated solar power (CPS);
Solar desalination and solar cooking;
Physics and Chemistry;
Nanotechnology;

Electronics and semiconductors;

Renewable energy.

According to the answers, more than half of thiniing is related to nanotechnology. One third
of the institutes are delivering training in theldis of physics and chemistry and electronics and
semiconductors. Solar engineering, photovoltaiod senewable energy were mentioned by
roughly 10 % of the institutes. None of those whgveered the questionnaire stated that they
were providing training in the fields of solar Hagtand cooling, concentrated solar power, and
solar desalination and cooking. The analysis oinitng activity is based on the answers
received. All the universities listed in the reskainstitute survey have education in the field of

nanotechnology.

Main topics/ technical themes

Information concerning training activities in thelfl of solar energy was collected by searching
the course contents run by premier Indian univiessiand institutes under the departments of
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physics, electrical engineering and department refrgy studies. Four institutes/universities
were identified which run courses directly relatedsolar energy, in particular and energy, in
general. The lists of courses run by these fouvarsities/institutes under the solar energy
theme are:

Utilization of Solar Thermal Energy;

Solar Energy for Industrial Process Heat;
Materials and devices for energy applications;
Solar Architecture;

Solar Refrigeration and Air-conditioning.

The rest of the courses listed in the report da#h wther means of energy generation and
energy management. Thus even in these four iresittite thrust of energy generation training
is not on solar cells but other means such as waterd, energy from non-conventional

sources, waste to energy conversion, pollutioroiwgy reactors and energy conservation.

As already pointed out, very few universities/inggs in India (like in Europe) are offering
graduate or post graduate courses in the fieldblalr £nergy harvesting. Based on our search,
training initiatives can be planned on the topieghs as photovoltaics and solar cells,
concentrated solar power, solar desalination atat sooking and nanotechnology. In addition

courses on topics such as:

Materials for solar energy harvesting: synthests @raracterization; and

Solar panel designing using computer aided teclesiqgan be planned through

mutual discussion.
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Main topics/ technical themes

At the level of university education, numerous edion providers across the EU including the
surveyed organizations have recently establishedtdvlacourses on the broad subject of
nanoscience & nanotechnology. Nanomaterials whetimertheir synthesis, manufacturing,
processing, characterization especially structuopgrty-processing relationships and
applications form often one of many aspects indhmalti-annual courses.

In addition, Master courses on materials sciena engineering including nanomaterials as
well as on energy sciences, engineering and tegpied are well established at many technical
universities and colleges in Europe. The subjeot®m@d in these courses include sustainable

energy technologies along the more traditional gneonversion technologies.

At the level of PhDs, many research subjects pdriisethese researchers in the EU involve
issues such as sustainability and energy linkechdnomaterials in varied aspects from
synthesis, manufacturing, processing, charactéizancluding structure-property-processing

relationships and applications.

Training for researchers at the level of summepstshand short courses is well established in
the field of energy technologies especially on foells and hydrogen as well as renewable
energy sources and technologies particularly blsfusolar and photovoltaic. Apart from the

research and technological aspects, safety, regylaind energy policy aspects are also
thought.

As far as training for researchers active in tledfiof nanomaterials for sustainable energy

technologies is concerned, the number of summeradstand short courses in the EU is rather

limited. Some of these events focus more on noratid, health, safety, environmental and

legal aspects of nanomaterials and less on techicalaspects and research and the application
of these materials in the sustainable energy tdobies.
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Main topics/ technical themes

A detailed survey was undertaken using web bassolrees (including also Web of Science
and Scopus), documents published by the Governaoidntlia and also using personal contact
to report on the training on fuel cells, hydrogeermgy and also on related nanotechnology used
in these fields.

Though solid state physics and chemistry are extelystaught in India, only a few institutes
(especially engineering institutions) have spepngli material science courses. However, these
are more conventional materials science with swessetallurgical aspects. However in recent
times exclusive institutes such as the JawaharkshriN Centre for Advanced Scientific
Research, Indian Institute of Science, Indian tusts of Technology, and some National
Universities have taken to teaching nanoscience rsmbtechnology. Very few institutes
provide degrees specifically related with nanosméeand nanotechnology as core subjects, but
some premier institutes cover basic aspects ofciiisemporary field as sections and parts of
the core curricula. Thus, there is hardly any tosti that specifically teaches aspects hydrogen
production and storage. Most of this instructiod &nowledge comes from several conferences
and workshops that are held frequently at majotituies. These institutes, since they do
extensive research in fields related to nanosciemcknanotechnology, offer post graduation
(Master of Science, Master of Technology + PhD)rses that contain significant components
of this field.

It is very strongly advised that workshops, schawid training programs have to be conducted
in the bilateral activities, specifically addreggirssues related to hydrogen production and
storage and materials that enable this. Summerokct{tong duration) with focus on these
specific topics with resource persons who are expuesearchers from India and Europe who
will spend time conducting tutorials and researealks, will be the right approach, also
organizing hands on training programs at laborasoir India and Europe will be very useful to
familiarize with the synthesis and characterizatechniques, which will provide the necessary

motivation and confidence for students to pursseaech in this field. Hydrogen and fuel cells
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are most important topics in the near future foergy security and low carbon foot print,

specific training in these fields has to be supmbend encouraged extensively.

Main topics of collaboration should include:

Synthesis and characterization of nano materials;
Water splitting reactions;

Nano catalysis.
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Main topics/ technical themes

The data for this section is collected though a wedrch on existing data bases, such as ISl
web of knowledge and other organisational websitesyell as on personal knowledge.

In our findings, it is clear that the teaching aboanomaterials and nanoscience for energy
applications is very often embedded in more tradél courses, belonging to the broad fields of

chemistry, electrochemistry, materials sciencergne

We deduce that, right now, nanomaterials are censitl by teachers as an incremental

knowledge to already existing knowledge areas.

We deem that additional lectures or courses abmamomaterials production technologies,
safety of engineered nanomaterials, nanomaterigtisction in the environment, recycling of
nanomaterials-based products, for example, shoeléhduded in the future in the existing

training programmes.

This allows to raise awareness and sensitivityoofng students to the concepts of green energy
and green technologies of tomorrow, facing theagsimpact of nanomaterials in the fabrication
technologies of batteries and supercapacitorstaihtreased diffusion in the consumer market

and the environment.

Main topics/ technical themes

In India, training programmes on batteries and seppacitors are predominantly confined to
basic level as a course in the undergraduate astdgpaduate studies. For the advancement of
research in this direction, regular training progm@es need to be conducted on the following

themes:

Nano-structured and novel materials for electroddsatteries, super-capacitors and
solid-oxide fuel cells;

Electrolytes of batteries and super-capacitors;
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Fundamental studies on the effect of nano-strugjuon properties related to

electrodes, electrolyte and membrane applications;
Designing and fabrication of super-capacitors;

Environmental impact on the application of new miate and technology.

There are rather similar overlaps, gaps and suggesemerging from the comparison of

surveys for India and EU. In summary:

Teaching about batteries and supercapacitors andetated nanomaterials should

gain more importance in the related courses aridltwel;

Both parties recognize the importance to train extisl on the environmental and

safety impact of related nanomaterials;

The emphasis on design emerging from survey inalmdight be integrated and
empowered by the concept of eco-design of devicesnprove recyclability and

decrease the impact of the devices that will beldped.
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Based on the results of the research conductetleirEtU and India and on the discussions
during the assessment workshop the following caiehs in relation to researchers training
needs and suggested joint training initiativeshim drea of nano-materials in sustainable energy
technologies, most specifically in the areas of &ubed coal combustion and gasification
combined with CCS, batteries and supercapacitoescells including hydrogen production and

storage, and solar & PV are drawn:

General conclusions on training needs

o Given the highly interdisciplinary nature of theseas students (master and
PhD) and (junior) researchers should be well educan the essential
basics, e. g. nucleation and growth, materials gnggstructure &
processing relationships, characterisation metf@dsols, etc. to gain an
understanding of nanomaterials;

0 They should broaden their horizon to understandutidgerlying facts and
the context of their studies and research espgciglien persuing an
international career or taking part in internatioc@laboration;

0 Their institutions whether academia or industry ustio provide for
appropriate opportunities to acquire such knowleligeteaching and/or
practice as to better persue their studies andareseas well as to better
target the most appropriate funding sources incihrse of their career
development;

0 The training of students and junior researchersilshmclude, as part of
career development aspects, acquisition of fundduding effective
proposal writing and efficient project coordinatiand management;

0 “Nano-education” including nanomaterials teachimgl gractising should
form part of interdisciplinary Master courses (tiDPstudies), for example,
in natural sciences or engineering and technolagfyer than specialized
Master courses, for example, in nanotechnologyaoomaterials;

0 On-the-job-training of junior researchers whettmeacademia or industry is
advantageous for nanomaterials research givertraagsinterdisciplinary
character and the need to combine various toolsrettods to gain insight
into the processing-property-structure relationsifithe materials at nano-

scale;
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o International exchange of personnel such as Phdests and junior
researchers as well as senior scientists is conynsa@n as an appropriate
and effective means to provide on-the-job trairémgl to stipulate further
research collaboration for all assessed areas;

o Joint EU-India training events such as short caumsd Summer/Winter
Schools are virtually non-existent for these atéasigh benefits of jointly

organizing such events are clearly appreciated.

Suggested topics for future joint training initiatives as part of a coordinated

RTD and DST call for proposals

o Organization of joint workshop(s) on EU and Indizey context and
issues (energy & research policies including fugdiresearch landscape
and competencies, etc) including dissemination hef tegions research
acquis targeting at policy & decision makers, raguis, researchers,
students, and young professionals alike;

0 Development of common training materials suitabde $hort courses
Summer/Winter Schools on energy applications antbmaterials as well
as on aspects of career development for PhD stsidgmiior researchers
and young professionals;

o Organization of series of joint training events lsws short courses and
Summer/Winter Schools on nanomaterials in energicgtions including
synthesis, manufacture, processing, and charaatierismethods and tools
with a balance of teaching and practice opportesiifior PhD students,
junior researchers and young professionals;

o Establishment of staff exchange programme betwkenrdgions’ energy
and materials research institutions whether acal@mindustry to further
foster research collaborations and to provide @nj¢h training and career

development opportunities.
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