Assessment report on nano-materials
research needs in the European Union and India

EICE@N

EURC-INDO FORUM ON ENERGY




Name of report editors & authors

Chapters/Annexes Authors |
Introduction and report organization
Policy and funding, Funding Instruments/Programmes
(European sections)
Annex 2 — Summary and Organisational Matrix
Annex 4 — List of Abbreviations
Policy and funding, Overview of Strategies (Eurapea

Dora Fazekas (SPI), Miguel
Santos (SPI)

Sergey Gordeyev (IoN)

sections)
Policy and funding, Overview of Strategies, Funding G K Moinudeen (CIl), V N Shiju
Instruments/Programmes (Indian sections) (ClI), Hariharan T (CII)

Organisations active in research

ANNEX 1 - Organisations

(European sections on Advanced coal combustion and
gasification combined with carbon capture & CO2
sequestration)

ANNEX 3 — List of Stakeholders

Organisations active in research

ANNEX 1 - Organisations

(Indian sections on Advanced coal combustion and
gasification combined with carbon capture & CO2
sequestration)

ANNEX 3 — List of Stakeholders

Organisations active in research

ANNEX 1 - Organisations

(European sections on Solar & photovoltaic)
ANNEX 3 — List of Stakeholders

Organisations active in research

ANNEX 1 - Organisations

(Indian sections on Solar & photovoltaic)

ANNEX 3 — List of Stakeholders

Organisations active in research

ANNEX 1 - Organisations

(European sections on Fuel cells including hydrogen
production and storage)

Mark Huijben (MESA+)

Vijayamohanan K Pillai (NCL),
Vivek Ranade (NCL)

Tommi Vuorinen (VTT), Pertti
Kauranen (VTT), Mika Paajanen
(VTT)

Bodh Raj Mehta (IIT-D),
Mandeep Singh (IIT-D)

Thomas Malkow (JRC), Aurelien
Pitois (JRC), Andreas Pfrang

ANNEX 3 — List of Stakeholders (RC)

Conclusions on research needs

Organisations active in research

ANNEX 1 - Organisations S.M.Shivaprasad (JNCASR),
(Indian sections on Fuel cells including hydrogen Sugata Mukherjee (SNBNCBS)

production and storage)
ANNEX 3 — List of Stakeholders
Organisations active in research
ANNEX 1 - Organisations Dario della Sala (ENEA), Mario ENEN
(European sections on Batteries and super capgitor | Conte (ENEA)

ANNEX 3 — List of Stakeholders
Organisations active in research
ANNEX 1 - Organisations
(Indian sections on Batteries and super capacitors) (M”;:(n%ggr‘](}/l(?l:[slg a I)Dutta
ANNEX 3 — List of Stakeholders ) 9p

Dora Fazekas (SPI), Thomas Malkow (JRC), Racheltbie\(SPI), Miguel Santos (SPI)

Acknowledgements

This report forms part of the deliverables from EIEOON project which has received funding from Ewgopean
Community's Seventh Framework Programme FP7/20Q3-2Mder grant agreement no.: 233466. The content o
this report lies with the authors. It does not esent the opinion of the Community. The Europeam@ission is
not responsible for any use that may be made ofitftemation contained therein. This project aimsassess
nanomaterials research needs in sustainable etechgologies and the researchers’ training neettseifield, as
well as define research topics and subject aredme taddressed in future coordinated calls, ideg®inf project
proposals and of joint training initiatives. It algtends to disseminate this information as reptwrtthe decision &
policy makers of both regions. More informationtbe project can be found at the project websiteyneicoon.eu)

or by contacting the project coordinators Dave Rlaifd.h.a.blank@utwente.nl) and Mark Huijben
(m.huijpen@utwente.nl).

I. Manna (lIIT-Kgp), R. N. Basu




Table of Contents

TabIlE OF CONLENTS ...ttt e et ee e e e e e e e e e e s sabenbeeeaaeeeeaann 1
EXECULIVE SUMIMAIY ....iiiiieiiieeees ittt e e e s eei et ee e e e e e s e ettt e e e eee e s s s eneansntbeeeeaeeeesennsnnenneeeens 1
1. Introduction and report OrganiZation ..............eeeeeocieeiieieee e e e e s rreee s 6
2. Policy and fUNAING........cooiiiiiiiiiiii ettt rrree e e e e e e e e e eeeaeeee e 10
2.1 OVEIVIEW Of STFALEQIES ..uvvvviriiiiiiiiiiiiieeres e e e e e e aaeaan s 10
2.1.1 Nanotechnology iN EUIMOPE .....cooi ittt e e e e eeeeeeenes 10
2.1.2 Nanotechnology iN INAIA...........ccuvviiiii e e eeeee e 16
2.1.3 ENErgy iN EUIOPE .ottt mn e e ee e 19
2.1.4 ENErgy iN INQIa. ...t e e ae e e e e e 23
215 Research cooperation between the EU and Indi@...............oovvvveviiiiiiiiiiiiieiiininnn. 25
2.2 Funding INStrumentS/ProgramIMES ..............ommssnrnnnnnnnnnnsanansansasanssssesssssaassees 27
221 LU 0] o1 PP PPPPPPPPP 27
222 1o = TP O PP PP UPPPRPPP 45
3. Organisations active iN reSEArCH .........oi i 53

3.1 Advanced coal combustion and gasification combinild carbon capture & CO

LT 0 [U L= 2] = U1 o] o SO PUPPRR 53
3.1.1 SUMMATY - BUIOPE ... e 53
3.1.2 Y0004 a = UV | o - P 55
3.1.3 Suggestion on research needs and collaborationsdretlie EU and India............. 56
3.2 Solar & PhotOVOIAIC .........ccoiiiiiei e 58
3.2.1 SUMMANY - EUMOPE ...ttt e e e e ettt e e e eeeaeeeeees 58
3.2.2 Y0014 a = UV | o - P 60
3.2.3 Suggestion on research needs and collaborationsdretlie EU and India............. 61
3.3 Fuel cells including hydrogen production and sterag............cccccevveeiiiiiiiiinneeeen 62
3.3.1 SUMMANY - EUMOPE ...ttt e e e e ettt e e e e e e e e eeees 62
3.3.2 Y000 4o = UV | o - S 64
3.3.3 Suggestion on research needs and collaborationsdvethe EU and India............. 66
3.4 Batteries and SUPEr CAPACITOIS ........... . cuummeemceeeeeeeseesiitrieeeeeeeesaseeeeeeeeesenseneeeeeens 67
3.4.1 SUMMATY - BUIOPE ... e 67
3.4.2 SUMMATY = INAIA c.eiiiiiiiiiiiiiiiiee e b s bmmnmneeeeeeeee e 69
3.4.3 Suggestion on research needs and collaborationsdvethe EU and India............. 71
4. Conclusions 0N researCh NEEAS ............ icccrmeee ettt 73
ANNEX 1 - ORGANISATIONS ... 76

Organisations in advanced coal combustion andigasdn combined with carbon capture &

CO2 SEAUESIIALION AIA........eeeeeeeeeee s s s eteeeeeaeeasasststeeeeeeeeeasamnnaesssannsrneeneeeeseenannnes 76



Organisations in Solar & PhOtOVOILAIC Ar€a ... rvrreerrreeeiiiiiiiiiiieeee e e s siiieeeesseeeeeeeeeens 86

Organisations in Fuel cells including hydrogen prcithn and storage area...................... 50.1
Organisations in Batteries and super CapacCitOBB.Ar ............uveerrreeeeiiireeeieeeeescmmmmeeeeeeens 193
ANNEX 2 - SUMMARY AND ORGANISATIONAL MATRIX ..ooviiiiiii 222
ANNEX 3 - LIST OF STAKEHOLDERS ... 228

ANNEX 4 - LIST OF ABBREVIATIONS .......ooiiiii s 258



Executive summary

This report is an outcome of a study on mutual geam Union (EU) & Indian nano-materials
research needs in sustainable energy technologéeg & 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-fundedthsy
European Commission (EC) under the Seventh FrankeWwoogramme for Research and
Technological Development (FP7). It forms Delivdeab1.1 of the project and it aims to:

Make a strategic assessment of mutual EU-India -neeterials research needs in

sustainable energy technologies;

Identify topics for future coordinated joint calts research proposals.

Within sustainable energy technologies, the stodyges on the following thematic areas:
Advanced coal combustion and gasification combimath carbon capture & CO
sequestration (CCS);

Solar & photovoltaic;
Fuel cells including hydrogen production and sterag
Batteries and super capacitors.

Both the EU and India have recognised the impogarmanotechnology and developed their

own strategies related to this sector. In the lB6,EC Communication on “Towards a European

Strategy for Nanotechnology” adopted in 2004 arad“ghction Plan” for its implementation in

2005 represent major policies, as well as the &ratNanotechnology Action Plan (SNAP)

2010-2015, which is to be published in the comirgiqu. In India similar policy initiatives

were launched especially through the Nano SciendeTachnology Initiative (NSTI) and the

Mission on Nano Science and Technology (Nano Migsio 2007, which is responsible for the

majority of Indian nanotechnology investment andpgurts around 130 projects.

In the area of energy the main objectives of theopean energy policy are sustainability,

competitiveness and security of supply. The EC Canioation on “An energy policy for

Europe” introduced policy measures in 2007, oneluth was the development of new energy

technologies via a 50% increase in spending onareBein the energy sector. The

implementation of this is carried out through tixeaution of the Strategic Energy Technology

Plan (SET Plan). Research in the area is implerdeviee various instruments. The guiding

principle of the Indian energy policy is to meet themand for energy services of all sectors at

competitive prices. Coal is expected by the govemnio be the most important source of
energy till 2031-32. Solar power was also highlgghas of importance in the Integrated Energy

Policy of India.



Scientific collaborations between the two regioaseéhbeen built on the first EU-India Science
and Technology (S&T) Agreement signed in 2001. Nume Indian researchers have
participated in the EU Framework Programmes andrdioated joint EU-India calls for
research proposals have been launched includingm®lar Energy Research in 2009.

From the analysis of the research activities ofwaht stakeholders in the EU and India, it is
concluded that in the thematic area of advanced @wabustion and gasification combined
with carbon capture & COsequestration, in Europe the development of a mamebprocess
for the removal of C® from flue gases is a main challenge. Current rekeand main
achievements so far are dedicated to the moledefsign of polymeric membranes to improve
the macroscale membrane permeance while maintasetertivity. In addition C@ capture
from flue gases, also G@apture from high pressure applications deseriteateon. The main
challenge for high pressure ¢@apture lays in the development of plasticizatiesistant
membranes. Research in India focuses on polymerbmagres for carbon dioxide separation,
metal-oxide frameworks for GOsequestration, development of nanostructured ystafor
coal combustion/gasification, modeling and simolatiof coal gasification kinetics, new
methods of biomass utilization with enhanced efficy and hybrid nanocomposites for £O
storage and electrochenical and photo-catalytiaatoh of CQ (using the visible light range)
with the help of hanostructure ionic liquids/ sadiéctrolytes.

In the solar and photovoltaic thematic area, thenmesearch focus in Europe is on silicon solar
cells, thin-film solar cells, dye-sensitised solaells (DSSC), organic photovoltaics,
nanostructures, transparent conductors and othgcstoe.g., concentrated photovoltaics,
flexible substrates, organic—inorganic hybrid ¢edisd tandem and multijunction cells. In India
ongoing research concentrates especially on siBotar cells, organic photovoltaics and DSSC.
In the thematic area of fuel cells including hyd¥ogroduction and storage, research in Europe
is focused on two main types of fuel cells, theypwr electrolyte or proton exchange
membrane fuel cell (PEFC) and solid oxide fuel ¢SIDFC). For low temperature fuel cells
such as the PEFC, research is focused on the gevetd and use of primarily non-noble metal
electrodes, and for high temperature fuel cellqhsaagthe SOFC, on the synthesis, manufacture
and characterization of the traditional kind of emtls currentlyused at the nanoscale and of
newly developed especially ceramic (like) materials

In hydrogen production, two main technologies asedu water electrolysis and reforming of
hydrocarbons and the research themes are simildwose for fuel cells. In hydrogen storage,
the two major technologies are the storage of gesé&ydrogen (compressed up to 700 bar)
most often in composite tanks and liquid hydrogenriyogenic vessels. Research often focuses
on solid state storage. In India, fuel cell researdates to the development of nanostructured
materials for various types of fuel cells namelg tBOFC, PEFC, direct methanol fuel cell
(DMFC), alkaline fuel cell (AFC), etc.



Research in Europe concerning nanomaterials saitbdyl batteries and supercapacitors is
related mainly to electrodes. The enhancementepecific surface area of electrodes based
on the peculiar nature of nanomaterials seems #regearch theme with a large impact on the
community of scientists and technologists. In Inthie major focus in batteries and super-
capacitors includes development of materials far gathode and anode, electrolytes and
membranes.
Based on the detailed analysis of the researctegtes, priorities and achievements in the EU
and India general conclusions regarding suggest@mdopics for joint calls for research
proposals and future joint research projects haen lleveloped.
The general conclusions are that:
Collaborations between research organizations éusiies, research centres and
industry) in EU and India on nanomaterials in fied is rather limited, but has
great potential for future enhancement for mutesdsits;
Thematic areas of research in this field in Eurapd India show some overlap
especially in CO2 capture (nano-structured memisranenetalo-oxide
frameworks), hydrogen & fuel cells (novel nanomiaier for SOFC,
nanomaterials for electrodes, nano-catalysts artbnasupports including CNT
mainly for PEFC and conductive polymers) and sBMr(thin films, DSSC,
silicon based cells);
Collaboration between academia and industry is wdelleloped in Europe but
appears to be somewhat lacking in India;
Academia and industry collaborations as well amgardisciplinary approach to
research on nanomaterials should be mandatorydordmated joint calls for
research proposals;
An interdisciplinary approach to research on nartenals in sustainable energy
technologies is only partly developed in both regiobut is essential since the
structure-properties relationships of these mdweridepend heavily on the
methods and techniques of their synthesis, manufaeind processing involving
different disciplines; similarly the vast varietie$ the different post- or in-situ
characterization techniques require such an approac
The human resource potential for this area shoeldully exploited, thus the
large numbers of young people especially in Indi@vige an immense
opportunity for scientific excellence;
Nanomaterials research especially in energy agplits is judged as having
great economic potential and contributes to meetate policy goals;



Both regions have steadily increased investmemanomaterials research by
providing more funds and improving infrastructures;

Research collaboration should address IPR issusyuatability for funds
provided and research conducted, affordability mérgy supply going beyond
mere cost reduction, relevance for society anchsifieexcellence;

There is a need for up-scaling of laboratory devieed production routes to
industry scale and volumes;

Exchange of researchers in the field between keglons exists, but is could be
further developed to enhance mutual benefits imsesf exchange of knowledge
and research results, allow testing of novel id&asoncepts and to obviate

duplication of research including streamlining véiéable resources.

The suggested joint call topics are:
Nanomaterials in sustainable energy technologieh a8 energy conversion
(Clean coal including carbon capture & CO2 seqaéisin (CCS), fuel cells
including hydrogen production and storage, andrs&l®V) as well as energy
storage (CNT, hydrides, batteries and supercapagitoovering aspects of
materials synthesis, manufacture, processing, ctaization, processing-
structure-properties relations, and modelling &dations;
Mapping of competences of research expertise péatly of CoE in synthesis,
manufacture, processing, characterization of nateniads and of their modelling
& simulation at the nano-scale in India and EU uddhg a gap analysis;
Mapping of available research infrastructure in Ei¢ and India for use in the
synthesis, manufacture, processing, characterizatial modelling & simulation
of nanomaterials in India and the EU including p gaalysis;
Establishment of standardized methods to assessatiddte effects at the nano-
scale in materials by means of inter-laboratory garison;
Development of schemes for access to researchsinfcdures (synthesis &
manufacture, characterisation tools, software cadkgsbases, etc);
Socio-economic studies on the use and effectiveoiesanomaterials for energy
and other applications (i.e. cross fertilizatioriguials) including future research

spending required and societal benefits and impacts

The suggested areas for joint research projects are



Development of (high temperature) and nano-strectumembranes whether
composites or hybrids for CO2 separation and foelversion (reforming, fuel
cells, electrolyzer);

Development of improved and low (production) costas cells (thin films,
DSSC, Si based, organic) with increased light heting capabilities and reduced
degradation;

Development of novel nano-catalysts and carbon a@tpp including
functionalized (carbon) nanostructures for ele@sosvith no or reduced noble
metal content/loading;

Development of new (multifunctional) nanomaterifds solid oxide electrodes
and electrolytes;

Development of nanomaterials and nano-structunesdtieries including carbon,
polymers and catalysts to optimize power densitybatteries, capacitors, and

hybrids and to allow for new battery concepts.



1. Introduction and report organization

This report is an outcome of a study on mutual Ream Union (EU) & Indian researcher’s
training needs in sustainable energy technologiesitais developed as part of tesCOON —
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 Delivdeab1.1 of the project and it aims to:
Make a strategic assessment of mutual EU-India -nasierials research needs in
sustainable energy technologies;
Identify topics for future coordinated joint cafler research proposals by RTBnd
DST.
Within sustainable energy technologies, the stodu$es 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.

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 Inovacédo -ConsultadoriagSanml e Fomento da Inovacéo,
S. A. (SPI, PT);
National Chemical Laboratory (NCL, India);
Indian Institute of Technology — Delhi (IIT-D, Ira);
Indian Institute of Technology - Kharagpur (IIT-Kdndia);
S. N. Bose National Centre for Basic Science (SNBS{India);
Agenzia nazionale per le nuove tecnologie, l'ereerg lo sviluppo economico
sostenibile (ENEA, IT);
Valtion teknillinen tutkimuskeskus (Technical RestaCentre of Finland) (VTT, FIN);

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



Jawaharlal Nehru Centre for Advanced Scientificdaesh (JNCASR, India);
Institute of Nanotechnology (IoN, UK);
Confederation of Indian Industry (ClI, India).

The 3-year EICOON project started on 1 Septemb@®20

Report methodology and structure

The principal methodology used to map training segad possible topics of future coordinated
joint calls for research proposals between the Btl ladia was synergy analysis. This method
implies identifying gaps and overlaps between aurresearch activities and achievements in
the two regions in the thematic areas of the EICQiB®ect comparing also current and future
research strategies in nanotechnology and nanassgas well as in energy.

The sources of information collected for this puagincluded the:

Knowledge of the EICOON partners (or their contatt®ugh face-to-face, telephone

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

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

policy reports and strategies and websites of eglevorganizations from the two

regions;

Distribution of the draft report to selected Eurapeand Indian stakeholders who

provided their suggestions and comments for impreargs;

Organization of an assessment workshop, implemeortett2 November, 2010 in New

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

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

industry members. The workshop provided an:

o Overview on the scope and context of the EU anéhla@nergy, energy research
and international research cooperation policiesited 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 coortidajoint calls for research

proposals.

Before starting its preparation , project partregeeed 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 is divided into two sub-sectionseTiist deals with
strategies related to nanotechnology, as well asggncurrently available in both
regions. The reason for detailing these two them#st the specific project topics, due
to their transversal nature, cover both of themalgsing current strategies in the EU
and India aims to provide a better picture of wthatexisting and future research focus
is at a policy level. Although some EU countriesén¢heir own national priorities and
policies, these are not considered in this repsrthee scope is at European level;
therefore, only EU wide policies are included. &hds also brief information
incorporated about recent research collaboratiehsden the EU and India.

The second sub-section concerns funding instrurfmotgammes for research in
relevant areas available in the two regions. Thizvides details of budget, objectives,
background, beneficiaries, geographic scope, tygaraling, topics covered, start and
end date, as well as the website reference fdiuthging programmes.

Organisations active in research The second main section is an analysis of the
activities of relevant organisations active in s¥sh in the four thematic areas of the
project. First the summary of research is presepéedhematic field which contains the
main topics/technical themes that are currentlyearidcus in research both in the EU
and India. The main achievements, main existingabotations and suggestions for
research needs and collaborations between the BUratia are also defined. This
summary is based on the detailed analysis presen®®NEX 1 of the document.
Conclusions on research needghis section is the result of the synthesis aralysis

of the information presented in the two previoudtisas. Through this study, gaps and
overlaps in research in the thematic areas in dggons are identified and mutual
research needs and possible future coordinated gaifs for research proposals 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 research areas, key individuals that belorihé organisations, main achievements
such as publications, projects, events, etc., asskearch collaborations where
applicable. Where it was considered relevant, ndnEaropean organisations” research
activities were also taken into consideration.

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



ANNEX 3 — LIST OF STAKEHOLDERS: In this section project partners gathered
information about important European and India efakders active in the thematic

areas. This contains details on the organisatioeg 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.



2. Policy and funding
Overview of Strategies

Nanotechnology in Europe

Nanotechnology concerns the study of phenomenanaadpulation of materials at atomic,
molecular and macromolecular scales, where pregediffer significantly from those at a
larger scale. Nanotechnology is not a sector ofdtenomy. However, significant progress
across a wide range of sectors is being enabledghrR&D and innovation in nanotechnology.
Due to its enabling character, advances can be madeually all technology sectors including

energy.

On 12 May 2004 the EC adopted the Communicationwdrds a European Strategy for
Nanotechnology® in which a safe, integrated and responsible sjyateas proposed. This
strategy aims to reinforce the EU’s leading positio hanotechnology R&D and innovation
while addressing any environmental, health, safeatg societal concerns upfront. In this

context, several needs were highlighted, namely to:

Increase investment and coordination of R&D to farite scientific excellence,
inter-disciplinarity and competition in nanotechogy together with industrial
exploitation;

Develop world-class competitive R&D infrastructyfpoles of excellence’) that

take into account the needs of both industry andREganisations;

Promote the interdisciplinary education and trainiri R&D personnel together

with a stronger entrepreneurial mindset;

Provide favourable conditions for industrial inntwa to ensure that R&D is

translated into affordable and safe wealth-genggairoducts and processes;

Respect ethical principles, integrate societal ic@mations into the R&D process

at an early stage and encourage a dialogue widec;

Address public health, occupational health and tgafenvironmental and
consumer risks of nanosciences and nanotechnol@gieN)-based products at

the earliest possible stage;

Complement the above actions with appropriate c@tioe and initiatives at the

international level.

3 COM(2004) 338
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Taking into account the outcomes of an extensivaseiation process, in 2005 the
Commission prepared the Action Plawhich defines a series of articulated and intenected
actions for the immediate implementation of a safigegrated and responsible strategy for
nanotechnology based on the priority areas idewtifn the above-mentioned communication.
The key elements of the Action Plan include:

Research, development and innovation: Europe neeasledge;

Infrastructures and European Poles of Excellence;

Interdisciplinary human resources: Europe needsieity;

Industrial Innovation: From knowledge to the market

Integrating the societal dimension: Adressing etqté@ns and concerns;

Public health, safety, environmental and consumateption;

N o o & w d P

International cooperation.

In order to provide efficient implementation of tAetion Plan the EC established a focal point

at EU level for coordinating required actions ttgbu

Monitoring and overseeing the implementation of thction Plan, its conformity
and coherence with Commission policies (R&D, edocatand training,
employment, enterprise policies, health and consyorggection, etc.)

Reporting on progress made with the Action Plametgo years to the Council

and the European Parliament, making use of indisatchere possible.

Performing a range of activities so to accomparny fasster a useful, beneficial,
profitable and consensual exploitation and appboabf hanotechnology in the
EU e.g. via dedicated ‘horizon scanning’ activiti@so-active and responsive

dialogue with the public and ad-hoc initiativesraérnational level.

Two Implementation Repofthave been produced since 2005 to review progregstially all
areas of the Action Plan. In particular, the secaegort concludes that support for
nanotechnology research under the Framework Progeagontinues to grow from EUR 1.4
billion in the four-year period 2003-2006, to mdéhan EUR 1.1 billion in the two-year period
of 2007-2008. Further growth is expected in theryag to the end of FP7 in 2013. This
investment is complemented by significant publiading in Member States, to the tune of
more than EUR 2.5 billion in 2007-2008.

4 Nanoforum Report, December 200dp://www.nanoforum.org
5 Nanosciences and nanotechnologies: An actionfplaBurope 2005-2008COM(2005) 243)
5 First Implementation Report 2005-2007, Second ém@ntation Report 2007-20Q8tp://ec.europa.eu/nanotechnology/policies_en.html

11



At the beginning of 2010, the EC completed a cdatioh process and preparations for the
Strategic Nanotechnology Action Plan (SNAP) 201080 a ‘hew Action Plan for
nanotechnology, addressing the technological amiesal challenges of the next five years and
strengthening the research and innovation effowih increased emphasis on sustainable
development, competitiveness, health, safety anttoemental issués’ The result of this
consultation process, the Report on the Europeann@ssion's Public Online Consultation:
Towards a Strategic Nanotechnology Action Plan (BN2010-2015 has been published. Some
of the main results relevant for the present assestreport are as follows:

Energy was considered by all the respondent typmesaananotechnology

application area in which the benefits are venhhaghigh;

Energy is seen as one of the areas of applicattwrenthe benefits far outweigh

any potential risks;

The majority of the respondents thought that moeeds to be done on

international cooperation in the area of nanotetdgys.

Practical implementation of the Action Plan strgtég carried out through formation and
promotion of Joint Technology Initiatives (JTI), lBpean Technology Platforms (ETP) and

Networks of Excellence (NOE).

ETPs are first introduced in the EC Communicationaa Industrial Policy in
an enlarged Europe of 11 December 2DTRe ambition was to bring together
R&D-relevant stakeholders with various backgroufelg. regulatory bodies at
various geo-political levels, industry, public aotiies, research institutes and
the academic community, the financial world andilcsociety) who would
develop a long-term R&D strategy in areas of irdete Europe. The platforms
also had a mandate in helping to further mobiliziggbe and public R&D
investments. The set up of an ETP follows a bottgmapproach in which the
stakeholders take the initiative and where the ge@o Commission evaluates
and guides the process.

JTls are instruments used to implement the Strategsearch Agendas (SRA)
of the different ETPS

The EU implemented the creation of European NbBs an instrument for

strengthening excellence by tackling the fragmémaof European research.

7 - . .
European Commission Researbttp://ec.europa.eu/research/consultations/sn on_en.htm

8 European Commission. Report on the European Cosionis Public Online Consultation, Towards a Stiatélanotechnology Action Plan (SNAP)
2010-2015http://ec.europa.eu/research/consultations/snagtregn.pdf
9 COM(2002) 714 final

10 Joint Technology Initiatives: http://cordis.europafp7/jtis/about-jti_en.html

12



NoOEs are designed to strengthen scientific andntedolical excellence on a
particular research topic through the durable maggn of the research
capacities of the participants. They aim to overeothe fragmentation of

European research by:

o Gathering the critical mass of resources;
o Gathering the expertise needed to provide Eurofszatership.

NOEs also have to spread excellence beyond thedlaoies of their partnership.

In the previous round of R&D funding (Sixth Framewd’rogramme - FP6,

2002-2006) the EC financed 167 projects as NoEgling some 5,000

participants and a cumulative EU contribution of FEEU.2 billion (against

eligible investment of EUR 1.9 billion). On averagach NoE involved around
30 partners and an EU contribution of 7 millioneper contract. In the current
Framework Programme, however, the amount of fundingilable for NoE

projects has been significantly reduced in favodirso-called integrating

projects (IP). This decision followed conclusiorfstiee report on analysis of
efficiency NoE instrument produced by the Europ€anrt of Auditors™?

Due to the relevance of nanotechnology to manyerathan one economic sector there have
been no JTIs formed that focus on nanotechnolody. dfowever, the JTI on Fuel Cells and

Hydrogen (http://ec.europa.eu/research)/fcand others encourage the development of

nanotechnology based technologies. In the meantireeg are a number of energy related ETPs
giving high priority to the nanotechnology develaggits relevant to the thematic areas of

interest for this report:

European Nanoelectronics Initiative Advisory ColrfENIAC) bringing together

the leading European players to develop and impkraecoherent strategy for
Europe in this domain.
Based on its Annual Workprogramme for 2010 and MArnual Strategic Plan
and Research Agenda the specific research prioiteude:
0 CO; reduction (solar (or other alternative)) energyy chain, design and
demonstration of a new bunch of innovative eledtratomponents and

solar cells for higher performance photovoltaiceyss;

1 Provisions for implementing networks of excellence:
http://cordis.europa.eu/fetch?ACTION=D&SESSION=&DEIRTBL=EN_DOCS&RCN=1845&CALLER=FP6_LIB

12 Networks of excellence’and ‘integrated projectstommunity research policy: did they achieve tlobjectives?, 2009:

http://eca.europa.eu/portal/pls/portal/docs/1/3@24RPDF
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o Efficient power supplies, power management andagersolutions (eg.
more sophisticated systems of energy storage imgubatteries, super-
capacitors).

European Technology Platform on Renewable Heatingo&ling (RHC-ETP}hat

incorporates the community of the former EuropeataiSThermal Technology
Platform (ESTTP). This ETP brings together stakééxd from the biomass,
geothermal and solar thermal sector and its resesgenda includes priorities with

strong relevance to nanotechnology.

European_Photovoltaic Technologyd Zero Emission Fossil Fuel Power Plants

platforms have also priorities related to nanotetbyy based developments.

According to the Strategic Research Agenda for ®fuitaic Solar Energy
Technology of European Photovoltaic Technology phierities in the cell and

module technologies include:

0 Wafer-based crystalline silicon;
Reducing the specific consumption of silicon anderals in the final
module;
New and improved silicon feedstock and wafer (ofewaquivalent)
manufacturing technologies, that are cost-effecive of high quality;
Increasing the efficiency of cells and modules andhe longer-term,
using new and integrated concepts;
New and improved materials for all parts of the ofanturing chain,
including encapsulation;
High-throughput, high-yield, integrated industi@bcessing;
Finding safe processing techniques with lower emvitental impact.
0 Existing thin-film technologies;
Reliable, cost-effective production equipment;
Low cost packaging solutions both for rigid anckittde modules;
More reliable modules through better quality assceaprocedures
(advanced module testing, and improved assessme&nmarule
performance);
Recycling of materials and old modules;
Alternatives for scarce chemical elements suclmgisiin and gallium.
o Emerging and novel technologies;
Novel active layers (Quantum wells, Quantum wi@siantum dots,

Nanoparticle inclusion in host semiconductor);
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Boosting structures at the periphery of the de(lige-down converters,

Exploitation of plasmonic effects).

Also, the_Advanced Engineering Materials and Tetdgies (EUMAT) platform

covers all elements of the life cycle of advancegimeering materials/technologies
with nanomaterials and nanotechnologies as onkeofmost promising approaches
to provide a stream of breakthrough results. TheDR&tivities in the field of
nanotechnology are focused more on basic sciende aaa coordinated and
promoted through numerous NdE&and collaborative projects funded through the
Nanosciences, nanotechnologies, Materials & newddrtion technologies (NMP

thematic are¥d of the Framework Programme.

In the NMP priorities of FP7 in its 2011 call thesean emphasis on support to research and

innovation in energy linked topics. Projects arpexted in relation to:

Development and up-scaling of innovative photovoltgell processes and

architectures to pilot-line scale for industriaplgation focusing on:

o0 Innovative thin film processes based on inorgamicastructured materials
deposited on glass, metal sheets or polymers, ndth cell configurations
obtained through innovative methods, such as PViDtipg, or other;

o Innovative wafer-based silicon processes exploitieg cell architectures
and new approaches, such as heterojunctions, oataat cells, metal wrap

through, or other.

Advanced eco-design and manufacturing processeddteries and electrical

components focusing on:

o0 For near-to-market types of lithium-based batteriesanufacturing
processes of cells, but also on their integratitto imanageable battery
modules and packs. Advanced manufacturing processésittery cells,
should be flexible enough or reconfigurable to capin new chemistries.
Special attention should be devoted to thermal gwment systems and
safety issues, which are critically dependant dtebasystem design.

o For electric drivetrains and in particular motdise main challenge of cost
reductions is to be achieved by design improvemantsrder to produce

lighter systems with increased power density, wailthe same time taking

3 See, for example, NETWORKS OF EXCELLENCE'AND ‘INGRATED PROJECTS' IN COMMUNITY RESEARCH POLICY: DIDHEY
ACHIEVE THEIR OBJECTIVES?, 2009
4 http://cordis.europa.eu/fp7/cooperation/nanotetdmo en.html
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into account the availability of critical materialsand their
dismantling/recycling. Projects should not inclutisign or manufacturing

of the power chips themselves.

Nanotechnology in India

In India, nanotechnology is perceived to hold sohg to some of the crucial problems faced by
man. As a technology that has the potential to mdaie materials at the molecular level and to
make them functional, it holds the key to improvthg competitiveness of India at a time when
India is making its arrival in the global econorsiage. The Government of India realized the
importance of nanotechnology and has consolidated action for the promotion and
development of the new technology through the N&gtence and Technology Initiative
(NSTI). Building upon the promotional activitiesrfigmed as part of NSTI, the Government of
India launched a Mission on Nano Science and Tdobgo(Nano ission) in May 2007 and
allocated Rs. 1,000 crore, equal to Rs. 10 billfon5 years to it. DST is the nodal agency for
implementing the Nano Missiofi.as a flagship programme under thé" Hve Year Plan
(FYP)1®

The objectives of the Nano Mission are as folld{vs:

Promotion of basic research through nurturing actinterest and also through funding

infrastructural support;

Support in infrastructural investments, namely pment on a project to project basis

and also on a shared facilities basis;

Initiatives have been taken to improve the levélgrmgagement with the industry for
the development of the needed technologies. Nahotdéogy based business incubator
and funding have been provided. Efforts have atsnliaken to create facilties and to

conduct research on Public Private Partnership \Rfeies;

Education and training are provided through spangoprogrammes and also part
funding of programmes at masters degree leves. diso done in such a way that inter
discipliniary research is encouraged. The missiwaough institutions in India also has
charted out plans to launch Master programmes,tecneational and overseas post-
doctoral fellowships, chairs in universities, etc.

Attempts are being taken to establish joint centriesxcellence with universities and

research institutions abroad. Other than theseangements are also done for

exploratory visits and joint workshops and confesm

15 http://www.dst.gov.in/scientific-programme/ser-istin
16 Report of the Working Group on DST for the EleVeRive Year Plan 2007 - 12

7 http://nanomission.gov.in/
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The support offered under NSTI and Nano Missiorreisponsible for the majority of the
nanotechnology investment in the country. Somehef details of the support that has been

provided are as follows:

Around 130 projects are supported to independeantsts working primarily on fundamental
scientific aspects of nanoscale systems. Invesgtigataim at looking into new and improved
understanding of the relationship between strustwfevarious nanoscale systems and their

properties with the help of sophisticated charaaéion facilities.

Extensive studies on semiconductor nanocrystals usn@ertaken in several projects. As
semiconductor particles exhibit size-dependent gnitgs like scaling of the energy gap and
corresponding changes in the optical propertiegy thre considered as technologically

important materials.

Another project reported that flow of various lidgsiand gases over a mat of single-walled
carbon nanotube (SWNT) bundles generate elecsigahls, which have signifiant implications
of the development of technology. Negative difféi@nresistance in a one-dimensional
molecular wire with an odd number of atoms attadbetiveen two macroscopic electrodes at a
critical bias generates considerable interest éssible device applications.

1. Strengthening of Characterization Facilities

Research with nanoscale systems requires soplhesticharacterization facilities which were
not readily available in the research labs of InéRaalizing this gap, DST has established an
array of sophisticated equipment including itemshsas an optical tweezer; nano-indentor,
Transmission Electron Microscope (TEM), Atomic FerdMicroscope (AFM), Scanning
Tunneling Microscope (STM), Matrix Assisted Lasereddrption Time of Flight Mass
Spectrometer (MALDI TOF MS); and Microarray SpotgefScanner at various locations in the

country.
2. Establishment of Centres of Excellence

Eleven Units/Core Groups on Nano Science are saretliacross India. These CoE house some
of the more sophisticated facilities for partneringknowledge exchange with other scientists in
the region and would help in promoting scientifiesearch on nanoscale systems in a
decentralized fashion. Seven Centres for Nano Teoby focusing on development of specific
applications are established. In addition, a CoE Gomputational Materials Science is
established at INCASR, a partner in the EICOONepto;j

3. International Collaborative Programmes
As expected, Nano Science and Technology has pemtiynfigured in all S&T cooperation

agreements entered into in recent times. Joint R&Dvities are already taking place with
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several countries. For example, with the US, séyemects are funded on CNT in composites,
nano-encapsulating material under the DST-N$Fogramme. Several Indo-US workshops are
held. With Germany, a programme on engineered iumait nanocomposites started focusing
on magnetic properties, magnetic interactions, sgdigt interactions including catalysis, etc.
Collaborative efforts are also being explored wtdly, the EU and are in development with
Taiwan. The International Advanced Research Cefdre Powder Metallurgy and New
Materials(ARCI), an autonomous DST institute has an actieg@mme in nanomaterials with
institutions in Russia, Ukraine, Japan, GermanytaadJS.

4. Joint Institution-Industry Linked Projects and Ralftrivate Partnership activities

In order to focus the existing expertise in redeaand educational institutions towards
developing products and processes of direct inte@sindustries, DST, under the Nano
Programme, promotes the Joint Institution-Industipked Projects and Public Private
Partnership activities in recent times. Many ofsth@rojects are undertaken by industry with
significant financial investments. These activitiedp to simultaneously leverage the scientific
knowledge-base existing in the research and edutinstitutions and the commercial vision

of the industry to generate competitive technolsgighich can then translated to products.
Some of the other initiatives that have been altitaken up are:

1. A research centre of excellence the Nanophosphgiidgtion Centre (NAC) has
been established in Allahabad University underaégis of the DST Science and
Engineering Research Council (SERC).

2. Interdiscipliniary work to the levels of creatingemoranda of understanding are
initiated between government departments (Departthafn Atomic Energy,

Department of Biotechnology, etc) to jointly deyel@search capabilities.

3. One of the deliverables of the WEYP with respect to the Nano Science and
Technology Initiative is capacity building in atkt 25 public funded institutions
and 25 industries through PPP to mobilize 25% efftimnding needs industry.

4. Understanding the importance of clean and gregmtdogies, DST is expected to

lay increased emphasis on the Nano Mission.

The national strategy of India focuses on redutivglarge contribution of India’s emissions
specifically from the coal power sector using reé@vances in hanotechnology. An integrated
national strategy unifying all R&D and training asps to improve the efficiency of generation,

transmission and distribution using innovative namaterials is one of the urgent requirements.

18 US National Science Foundation
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Energy in Europe

The energy policy of the EU members is basicallyedeined by the general European
conditions. At the centre of the EU strategy is mgwowards a low-energy economy, whilst
making the energy consumption more secure and yn@mpuction more competitive and
sustainable. A common policy is the most effectinagy to tackle the energy challenges, which
are shared by all Member States. The shape ofutirert policy has been initially outlined in
the EC Green Paper of 8 March 2006, A Europeaneglyafor sustainable, competitive and
secure enerdy. The document identified the energy landscapehef2f' century and set six
priority areas enabling Europe to face the eneupply challenges of the future and the effects

these will have on growth and the environment:

1. Energy for growth and jobs in Europe: completing ititernal European electricity and
gas markets;

2. An Internal Energy Market that guarantees secwfityupply: solidarity between
Member States;

3. Tackling security and competitiveness of energypbugowards a more sustainable,
efficient and diverse energy mix;

4. An integrated approach to tackling climate change;
Encouraging innovation: a strategic European entrgynology plan;

Moving towards a coherent external energy policy.

Three main objectives of Europe’s energy policy ehdween declared as sustainability,
competitiveness and security of supply. In 200¢, BC published a Communication to the
European Council and the European Parliament oflduary 2007, An energy policy for
Europe?® This document reviews the European energy sitoatiad introduced a complete set
of European Energy Policy measures (the 'energkaue). The key measures include

To reduce C@emissions in Europe by at least 20% by 2020. Thbgectives

are at the heart of the EU Strateqgy for limitinignelte changethe way ahad for

2020 and beyont.

To reduce Europe’s energy consumption by 20% by 29#he objective the
EU has set itself in its Action Plan for EnergyiBiincy (2007-2012f?

To increase the use of renewable energy sourcés,Renewable Energies

RoadmapRenewable energies in the 21st century: buildingpee sustainable

2 COM(2006) D5 final
20 COM(2007) Ifinal

2 COM(2007) 2 final
22 COM(2006) 545
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future? the EU set itself the objective of increasing pheportion of
renewable energies in its energy mix by 20% by 2020

To develop new energy technologies via a 50% irser@aspending on
research in the energy sector (European Strategiogy Technology Plan -
SET Plany*

To implement a common international energy policparticular by
strengthening the European Energy Chéttarough developing international
energy agreements and helping developing couritrigesplement low-cost,

reliable and sustainable energy services.

In 2008 and 2009, two additional documents, En&ggurity and Solidarity Action Pl&hand
European Energy Programme for Recov@myere published to contribute furtherto achieving
the aims of the European energy policy. The aimshef European energy policy are also
supported by market-based tools (mainly taxes,idigssand the C©Qemissions trading scheme
- ETS), by running pan-European R&D and industimdtiatives (particularly on developing
technologies for energy efficiency and renewabldowv-carbon energy production) and by

other EU financial instruments.

Developing new energy technologies plays a decisble in achieving the EU's goals of

reducing energy consumption and greenhouse gas J@hhizsions by 20% between now and
2020 and increasing by 20% the share of renewahlecss in Europe's energy mix. Practical
implementation of the EU energy policy in the fiedfl energy technologies is carried out
through execution of the SET Plan — a set of meastelating to planning, implementation,

resources and international cooperation in the faélenergy technology. This plan aims to help
achieve European objectives and face up to thdecigas of the energy sector especially to

make low carbon technologies affordable and cortipetin short, a market choice.

The plan first of all proposes a hew governanceéhotefor energy technologies, based on joint
strategic planning and improves the effectivendghi® implementation of the jointly decided
actions, so as to take full advantage of the pissb offered by the European research area
and the internal market. In particular, the platetaadvantage of technology developments. The
most efficient mechanism implemented by the EUateds the formation of industry led J¥is
and European Industrial Initiatives (Ell). JTIsugetloint Undertakings as independent legal
entities under EU law that organise calls for redegroposals, oversee selection procedures

23 COM(2006) 848 final

24 COM(2006) 847 final
Energy Charter, http://www.encharter.org/

26 COM(2008) 718 final
2’European Energy Programme for Recovery, http:iecpa.eu/energy/eepr/
28 As of March 2007, there are 6 JTIs representingua technology fields and sectdistp:/cordis.europa.eu/fp7/j)is
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and put in place contractual arrangements for ptejeet up to implement the JTI research
agenda. They thus allow funds from different sosirte be jointly managed and they are

responsible for the related communication and digsation activities.

As well, Ell aim to strengthen industrial particijpa in energy research and demonstration,
boost innovation and accelerate deployment of lewban energy technologies. They target
sectors in which working at EU level adds most galand technologies for which the barriers,

the scale of the investment and the risk involvaa loe better tackled collectively.

However, the_Fuel Cells and Hydrogéeint Undertaking (FCH JUjis the only active

programme of this kind relevant to the thematicaareonsidered in this project. Its main

objectives and activities are reviewed in the $&c8.2.1 of this report.

In early 2010, two other energy related Ells, psgubin the SET Plan and relevant for this

project, are underway:

The Solar Europe industry Initiatiy&El) focuses on minimum cost in all PV

market segments (cost reduction), establishing iond for high penetration
of distributed PV electricity in Europe’s grid ($ym integration), and
facilitating implementation of large-scale PV derstation and deployment
projects with high added value at maximum benefitsbciety while creating a

necessary basis for developments beyond 2020;

The European CQOcapture & storage Ehas two key objectives: ensuring cost

competitive deployment of the techniology after @0and its further
development allowing application in all carbon imgive industrial sectors. The
focus is on creating conditions for bold industiiaestments in a series of
plants alongside a continued industrial R&D on vwidlial elements of the
technology, coordinating and effectively supportidgmonstration projects,
accelerating investments in R&D to bring down CC&sts, initiating a
European Ce@infrastructure, addressing and eventually sohgngironmental

issues and gaining public support for the technolog

In addition, three other major R&D PPP programmesehalso been launched under the
European Economic Recovery Plan (2010-2618s a part of the FP7 funding scheme:
Factories of the Future, Energy Efficient Buildingsd Green Cars. These programmes aimed

to boost Europe's industrial competitiveness instheeral sectors including energy.

2 http://ec.europa.eu/research/fch
30 CcoM(2008) 800 final
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As of March 2007, there are 36 ETPs representingide range of technology fields and

sectors’ The following three ETPs have strong relevandiécthematic areas of this project:

The European Photovoltaic Technology Platform (PWT&ms at mobilising all

the actors sharing a long-term European vision glootovoltaics; realising the

European SRA for PV for the next decade(s) and geemmendations for

implementation; ensuring that Europe maintains stidlal leadership. Its goals are

to:

1. Contribute to a rapid development of a world-clesst competitive European
PV for a sustainable electricity production

2. Involve stakeholders in the formulation of resegrobigrammes
3. Ensure strong links and coordination between ingiustsearch and market.

The European Technology Platform on Renewable Hgagi Cooling (RHCH

brings together stakeholders from the biomasshgeotal and solar thermal sector

- including the related industries - to define anomon strategy for increasing the

use of renewable energy technologies for heatimcamling. I1ts main objectives

are:

1. Defining the overall common vision for the shomagdium- and long-term
evolution of renewable energy systems for heatimy@oling in Europe.

2. Setting up the shared SRA which analyses both t#obital research and
strategic priorities to maintain Europe’s scieuntiéind industrial leadership in
the renewable heating and cooling sector.

3. Establish and implement a roadmap for the largdesdavelopment and
deployment of renewable heating and cooling systémhiding as well actions
to harmonise Europe’s training and education, whighewing its research

infrastructures.

The European Technology Platform for Zero Emisdiassil Fuel Power Plants
(ZEP)* is a coalition of stakeholders united in their go for CCS as a key

technology for combating climate change. The congsscientists, academics and
environmental non-governmental organisations (N&@j together make up ZEP
have three main goals:

1. To enable CCS as a key technology for combatingaté change.

3L http://cordis.europa.eu/technology-platforms

32 http://www.eupvplatform.org

33 http://www.rhc-platform.org
34 http://www.zeroemissionsplatform.eu/
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2. To make CCS commercially viable by 2020 via an Eldked demonstration

programme.

3. To accelerate R&D into next-generation CCS techgwl@and its wide

deployment post-2020.

The European Science Foundation (ESF)an association facilitating cooperation and
collaboration in European science on behalf of fsncipal stakeholders (Member
Organisations and Europe's scientific communitigo @rovides support for research activities
aimed on the implementation of European objectiveshe energy sectors. However, their
activities related to energy research are spread ssveral research areas such as Physical and
Engineering Sciences, Life, Earth and Environmerfigiences, Material Sciences and
Engineering. To promote a strong link between Eeaopscience with industrial and societal
needs the ESF initiates debates between scieritigisstry and policy makers by publishing
white papers and science policy briefii§Fhe ESF also regularly publishes calls for redearc
proposals providing an opportunity for proposingllatmorative research projects and
networking activities with a European dimension &br research areas including energy and

materials.

Energy in India

The rapid economic growth and the following variehsinges have been at the fore, increasing
the demand for energy in India. Demand outstriggpuand there are tremendous challenges
to be handled. In order to meet the economic arthlsobjectives, India will have to increase

its energy capacity to 800 GW.

The broad vision that has been the guiding priecgdlthe energy policy of India is to reliably
meet the demand for energy services of all seetiocempetitive prices. This means that crucial
energy needs of all households are to be met évewould require the government to provide
subsidies. The objective is to make this possiblteugh a technically efficient, economically

viable and environmentally sustainable manner.

To ensure that the diverse requirements are metgolwernment is left with no option but to

make use of all forms of fuel and energy to ensmergy security for the country.

Coal is expected to be the most important sour@nefgy till 2031-32 and might get extended

even beyond this period. So, the government woaltbbking at newer efficient technologies

35 http:/Awww.esf.org/

36 e.g. Harnessing Solar Energy for the ProductioBlefin Fuelhttp://www.esf.org/publications/lesc.html
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for extraction and combustion of cdalThe key tasks under the Integrated Energy Polfcy o

India are as explained below.

To ensure consistent supply of coal of desiredityusthrough stepping up
domestic production, infrastructure developmenintrease imports, pricing
coal, using washed coal, migration towards longteontracts for sourcing
coal, independent regulations for coal, online ianotg and private

participation in mining and exploration;
Equitable sharing of resources for energy amonginstates;

Initiate efforts to slowly migrate towards gas &g base fuel and increase

utilization levels;
Efficient management of power sector firms andrthebcesses;
Enable cost reduction for power to increase ecooaminpetitiveness.

Rationalization of prices of fuel in order to pramefficient fuel choices and

facilitate appropriate substitution;

Lowering the energy intensity of GDP (gross doneegiroduct) growth

through higher energy efficiency;

Exploration to find more coal, oil and gas and kesong a higher percentage
of the in-place reserves exploiting non-conventioespecially solar power

sources;

Access cheap natural gas overseas under long-te26:3Q0 years)

arrangements;
Exploiting the full potential of hydro electricityeneration;
Working towards a 40 fold increase in contributidmenewable energies;

Ensuring the continuous availability of commercelergy at competitive

prices to support economic growth;
Boosting investment in energy related R&D;

Connect all households and provide targeted swdssitdi ensure their energy

security;
Stimulate competition in the industry to imprové@éncies;
Create and implement strategies for the Clean Deweént Mechanism.

The CSIR (Council of Scientific and Industrial Ras#)*® Energy Initiative on Hydrogen

Energy and Fuel Cells explores research and dewelopin all hydrogen energy related

%7 India Integrated Energy Policy, 20Qtp:/planningcommission.nic.in/reports/genrep/regengy.pdf
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technologies using several core groups that foeeis tesearch efforts to overcome barriers in

implementing hydrogen as the primary energy causémg nanotechnology.

Research cooperation between the EU and India

Research cooperation between the EU and Indiaedtartthe mid-1980s and the first EU-India
Science and Technology (S&T) Agreement was signed001 and extended in 2009. Areas

that are highlighted in the initial cooperation eer

Life sciences, genomies, biotechnology for health;
Nanotechnology and nanosciences, knowledge baskiflumctional materials, new
production processes and devices;

Information society technologies.

India has become the fourth largest internatiomalperation partner country (ICPC) in FP7.
Indian organisations are participating in resegoobjects in various technological areas of
which health, environment, food agriculture bioteglogies and ICT (information and

communications technologies) are the most prominent

In 2007 at the India-EU Ministerial Science Confare both parties comitted themselves to
spend EUR 5 million on joint research in areas oftual benefit. A joint EU-India call for
research proposals on Solar Energy Research washled in 2009 with EUR 5 million funding

from each side.

The main objectives of the EU-India cooperationgpasnme are to contribute towards India’s
achievement of the Millennium Development Goals 8 and to provide support for the

implementation of the EU-India Joint Action PladR) considered a roadmap for their bilateral
relations as jointly agreed in 2005 and revisedd@8 during the ninth summit, Global partners

for global challenges.

In the revision, it is agreed to complement the208P by establishing a working group on the
engineering sector including automotive industndiaogue on sustainable industrial policy;
and strengthening co-operation of SMEs (small aediom-sized enterprises). It is also said
that clean development and climate change need roonerete activities involving all
stakeholders by implementing a bilateral work pamgme on energy, celan development and

climate change to promote joint activities, resbaned policy developement.

Moreover, the up-scaling of financing for activtiem address climate change are to be explored
including the potential for research and technolagyoperation and options for technology

transfer and also, fostering co-operation on sefergy with a view to jointly developing a

38 http://www.csir.res.in/
39 United nations Development Programme, http://wwadpiorg/mdg/
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flagship programme in solar energy, developing ress-to-business and research co-operation
with the help of the future European Business &hhetogy Centre (EBTC) and undertaking
collaborative research and capacity building in rfesids of science and technology to be
determined by the Steering Committee of the ECAIBE.T agreement.

The first Multi-annual Indicative Programme (MIPhder the 2007-2013 planning period
allocated a total of EUR 260 million for the aboaetivities over the four years from 2007-
2010. Following a Mid-term Review exercise conddcite 2009 the second MIP (2011-13)

allocates an indicative total of EUR 210 millionthe same sectors as previously.

26



Funding Instruments/Programmes

Europe

Name

Overall budget

SEVENTH FRAMEWORK PROGRAMME FOR RESEARCH AND TECHNO LOGICAL DEVELOPMENT (FP7)

EUR 50,5 billion for the period of 2007-2013 outvdfich EUR 3,475 Billion is specifically dedicatemthe activity Nanosciences,
Nanotechnologies, Materials and New Production fetdgies while 2,350 Billion Euros for the Energpic under the Cooperation block of
activities.

Main objectives

FP7 supports research in selected priority aréfas aim being to make, or keep, the EU as a weddér in those sectors. These sectors include,
Nanosciences, Nanotechnologies, Materials and Neduetion Technologies. The objective of the Naciersces, Nano-technologies, Materi
and new Production Technologies activity is:

To improve the competitiveness of European industry

To generate knowledge and ensure transformation &oesource-intensive to a knowledge-intensivesiry;

To generate step changes in knowledge;

To implement decisive knowledge for new applicadiain the crossroads between different technol@gidsdisciplines;

also
als

To benefit both new, high-tech industries and higlsue, knowledge-based traditional industrieghvai special focus on the appropriate

dissemination of research, technology and developiTD) results to SMESs;
To enable technologies which impact all industidtors and many other Seventh framework progratherae&.

The objective of the Energy topic is: Adapting therent energy system into a more sustainablelesg dependent on imported fuels and base
a diverse mix of energy sources, in particular watdes, energy carriers and non-polluting soureasiancing energy efficiency, including
rationalising use and storage of energy; addresHiegpressing challenges of security of supply alihate change, whilst increasing t
competitiveness of Europe's industriés.

d on

by
he

Background

This is the EU's main instrument for funding resban Europe and it will run from 2007 to 2013.

Beneficiaries

The beneficiaries must be legal entifteThe Name of organizations eligible depends ortythe of action of instrument, as well as can dejpem
the specific research topic. In general a wide eaofj organizations can participate in the Coopenatilock of activities of FP7. These al

include';

“0 http://cordis.europa.eu/search/index.cfm?fuseaspiong.document&PG_RCN=8737574

“ http://www.wbc-inco.net/call/59754.html

“2 hitp://cordis.europa.eu/fp7/who_en.html#consortia
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Name SEVENTH FRAMEWORK PROGRAMME FOR RESEARCH AND TECHNO LOGICAL DEVELOPMENT (FP7)

research groups at universities or research itessitu

companies intending to innovate

small or medium-sized enterprises (SMES)

public or governmental administration (local, regibor national)
institutions running research infrastructures ahtmational interest
international organisations

civil society organisations

Geographic scope -
Funding to which

FP7 participants can in principle be based anywhthiere are different categories of country whichyninave varying eligibility for differen
specific and work programni#s

t

[©]

or

countries
Member States - The EU-27;
Associated Countries — with science and technologgperation agreements that involved contributinghe framework programm
budget;
Candidate Countries — currently recognised as dates for future accession;
Third Countries - the participation of organisatoor individuals established in countries that aot Member States, candidates
associated should also be justified in terms ofetfiiganced contribution to the objectives of FP7.
Type of funding FP7 provides non-refundable funds in most caseerghy in the form of co-financing (contributingcartain percentage to the overall costs)
instruments research activities or activities supporting reskar

The standard reimbursement rate for research amohaéogical development activities is 50%. Certaigal entities can receive up to 75% (nc
profit public bodies, SMEs, research organisatitigher education establishments). For demonstrataivities, the reimbursement rate may re
50%. For other activities (consortium managemeetiyvorking, training, coordination, disseminatiotc.g the reimbursement can be up to 1009
the eligible costs. The 100% rate applies alsodotier research actions under the European Res€amancil®

for

ach
b of

Type of activities
funded

Research projects in the Cooperation block of dissare developed in an international consortafreligible organization. These activities ¢
include especialf{y:
Research and technological development activities

Demonstration activities

“ http://ec.europa.eulresearch/fp7/pdf/fp7-inbriefpeh

% http://cordis.europa.eu/fp7/who_en.html#countries

45

46

http://ec.europa.eu/research/fp7/pdf/fp7-inbriefpdh
http://ec.europa.eu/research/fp7/pdf/fp7-inbriefpdh
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Name SEVENTH FRAMEWORK PROGRAMME FOR RESEARCH AND TECHNO LOGICAL DEVELOPMENT (FP7)

Consortium management
Networking

Training

Coordination
Dissemination

Topics covered

Projects

are funded both under the nanotechnolodyanosciences topic, as well as under EnergypvBil a list of relevant projects funded und

this initiative:

NANOHY - Novel nanocomposites for hydrogen storagglications;

NANOPEC - Nanostructured photoelectrodes for eneagwersion;

INNOVASOL - Innovative materials for future geneaat excitonic solar cells;

DEPHOTEX - Development of photovoltaic textiles éd®n novel fibres;

COMETNANO - Technologies for synthesis, recyclimglaombustion of metallic nanoclusters as futuaagportation fuels;
DECNAHED - Development of composite nanomateriatshfydrogen energy devices;

NANOHOST - Carbon nanohorn-based hybrid materiaisehergy conversion; reinforcing and expandingrédsearch potential of carbo
nanostructures laboratory to a regional and eurogemel of excellence;

HYPOMAP - New materials for hydrogen powered mohiplications;

INTAS 2005-1000005-7671 - Development of noveliinteetallic materials with enhanced hydrogen stogageerties;
SIMBA - Scaling-up of ICP technology for continugu®duction of metallic nanopowders for batterylaaions;
GREENBAT - Green and safe thin film batteries fexible cost efficient energy storage;

SUPERLION - Superior energy and power density lo-foicro-batteries;

MULTIPLAT - Biomimetic ultrathin structures as a ttipurpose platform for nanotechnology-based prastuc
BACWIRE - Bacterial wiring for energy conversiondaremediation;

SMALLINONE -Smart membrane for hydrogen energy amsion: All fuel cell functionalities in one matak;
EFFIPRO - Efficient and robust fuel cell with nowglramic proton conducting electrolyte;

MAHEATT - Materials for high energy accumulatorstiaction and tools;

POLYZION - Fast rechargeable zinc-polymer batteagdn on ionic liquids;

EPHOCELL - Smart light collecting system for théi@éncy enhancement of solar cells;

SOLAMON - Plasmons generating nanocomposite maseiflGNM) for 3rd Generation thin film solar cells;
ROD-SOL - All-inorganic nano-rod based thin-filml@ells on glass;

FLYHY - Fluorine substituted high capacity hydrides hydrogen storage at low working temperatures;
MINATRAN - Probing the micro-nano transition: thetical and experimental foundations, simulationd applications;
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Name SEVENTH FRAMEWORK PROGRAMME FOR RESEARCH AND TECHNO LOGICAL DEVELOPMENT (FP7)

DCENSY - Doping, Charge Transfer and Energy Flowyirid Nanoparticle Systems;

COST-EFFECTIVE - Resource- and cost-effective iraégn of renewables in existing high-rise building

NOVA-CI(G)S - Non-vacuum processes for depositib€{G)S active layer in PV cells;

LIMA - Improve photovoltaic efficiency by applyingovel effects at the limits of light to matter iraetion;

N2P - Flexible production technologies and equipnib@&sed on atmospheric pressure plasma processiBfnano structured surfaces;
SILICON_LIGHT - Improved material quality and ligltapping in thin film silicon solar cells;

PRIMA - Plasmon Resonance for IMproving the Absianpf solar cells.

HESCAP - New Generation, High Energy and Power DgSspercapacitor Based Energy Storage System.

IMeTI - Implementation of Membrane Technology taustry.

NEMOPUR - New Molecular Purification Technology #®harmaceutical Production.

NAPOLYNET - Setting up research -intensive cluseesoss the EU on characterization of polymer nancture.

DECARSBIt - nabling advanced pre-combustion captaohniques and plants.

THINSI - Thin Si film based hybrid solar cells aw-cost Si substrates.

NANOPV - Manufacturing process optimization, protioc plan, prototype realization and testing ohad generation nanocrystal sol
cell device.

NANCOFC - Enhancement of research capabilities aiftiffunctional nanocomposites for advanced fudl technology through EU
Turkish-China cooperation.

FACESS - Flexible autonomous cost efficient enexgiyrce and storage.

HELIOS - Photonics Electronics functional integoation CMOS.

Start date

2007

End date

2013

Website references

cordis.europa.eu
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MATERA ERA-NET and MATERA+

Overall budget

MATERA ERA-NET'": The funding comes from the national/regional fagdagencies so each project partner is respongiblepplying for
funding from the relevant agency. A common MATERMding pot does not exist. The total funding ofjpcts was EUR 18,6 million betwee
2006 and 2008.

MATERA+*% EUR 16,6 million in combined national and regibfumding.

Main objectives

MATERA ERA-NET aims to increase stepwise ambitiguiegramme-type collaboration between European ci@snand regions in the field ¢
materials science and engineering to deepen thepEan Research Area and to strengthen new innevatiaterial related expertise and
utilisation in European business life and industry.

MATERA+: One of the most important objectives oé tMATERA+ call is to shorten the time-to marketsoientific outcomes and to narrow t
gap between basic materials research and industoyder to solve industrial problems and creatalthe

f
its

ne

Background

MATERA is an ERA-NET action under FP6 is an instamnthat promotes European cooperation betweeonzdtand regional programmes
material science and engineering. It is designepréwide a simple mechanism for the initiation i@nisnational projects in the field of materi
science and engineering.

MATERA is an ERA-NET Plus action under FP7. Aftaree successful years under the MATERA ERA-NET, NE&RR+ was born to fine-tun
funding and benefit from MATERA'’s past experience.

als

D

Beneficiaries

MATERA ERA-NET and MATERA+:

Industry;
Universities;
Institutes;
Research centres.

Project consortia must consist of a minimum of pastners from two different countries/regions (aetransnational project) if SME is included.

Otherwise, a minimum of three partners from attléae countries/regions is required.

o

Geographic scope -
Funding to which
countries

MATERA ERA-NET:
Belgium, Finland, Iceland, Israel, Italy, LuxembguPoland, Slovenia, Spain, Switzerland, Turkey, UK
Participants also have to meet national/regiongitglity criteria.

MATERA+: Belgium, Finland, Iceland, Israel, Italywixembourg, Poland, Slovenia, Spain, Switzerlandk&y, UK; Latvia, Slovenia, Norway

47 www.matera. fi

“8 ftp://ftp.cordis.europa.eu/pub/fp7/coordination/satera_en.pdf

31



Name MATERA ERA-NET and MATERA+

Type of funding Funding for collaborative research

instruments

Type of activities Collaborative research, staff exchanges, shottsvisi
funded

Topics covered MATERA ERA-NET priorities include:

Biomaterials for human health improvement:
New solutions in health care;
Bio-based composites;

Biopolymers

Materials with tailored properties:
Functional gradient materials
Smart and innovative materials and coatings witbreed, functional properties
Materials having spatially homogenous microstruesuand properties
Hybrid and composite materials and coatings
Advanced modelling approaches
Design and innovative processing of tailored materi

High performance engineering materials:
Materials for improving energy efficiency, wear azatrosion resistant, etc.
Engineering materials and coatings for extreme vemrkditions
Processing, joining and the mechanical characiesist advanced materials
Synergy of experiments with computational materadgineering

Some relevant projects funded under MATERA ERA-NE@:
SoGSi Il: Next generation solar grade silicon and solasdelthnology
DECK: Defects in Chalcopyrites - advanced charactecsdsolar cells)
MULTIFUNCOAT: Multifunctional paint coatings for “all-polymericsolar thermal collectors

MATERA+ priorities include:

Multifunctional materials
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Name MATERA ERA-NET and MATERA+

Engineering structural materials
Bio-based and bio-inspired materials

o Multifunctional materials
Materials and coatings with specific functional pedies: e.g. electrical, magnetic, optical, chetim addition to their particula
structural properties. Examples include but arerestricted to
« highly insulating and conducting polymers, nowglterials with high thermal conductivity, supercociihg materials, opto-ceramic
novel carbon materials, efficient semiconductoreriats, bio-active and bio-compatible materials amaterials for electrical storag
devices, together with responsive and reactive tsmaterials,
» advanced materials for energy production, digtidm/storage and use, aimed at increasing susifitya particularly within the

alternative and innovative themes currently undesng development such as wind, solar thermal dmtqvoltaic, fuel cells, CO2

capture and storagand

« hybrid and composite materials and coatings fedusn the combination, joining and processing ofoirative organic-inorgani
materials, to develop novel multifunctional, indlugl nanostructured materials, such as materialsdtalysis and information storag
as well as novel materials for high value marketg, automotive, aeronautic and healthcare.

o Engineering structural materials
Innovative materials, including composites and hddrwith tailored properties such as weight redwgti high temperatur
performance, energy absorption and wear & corrosgsistance, in applications from transportatiorcéastruction and healthcar,
leading to improved energy-related, environmental performance characteristics, especially in ex¢revorking conditions.
For example:
« lightweight alloys,
« polymer (including bio), ceramic and metallic ntatomposites,
* metallic and ceramic foams,
* polymeric (including bio) foams,
* multifunctional-materials,
* nano-structured materials, and
e sandwich structures

The first MATERA+ call was launched in 2010.

=

w

D

L

)

1

o

Start date

01 February 2005 (MATERA ERA-NET); 2009 (MATERA¥)

End date

31 May 2011

Website references

www.matera.fi
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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 budget

Two models of support currently apply:
- the COST Grant System (CGS) — an annual grantsisthan the detailed annual work programme andutigdi plan of the Action
the ‘Pay as you go’ system: the activities are &thdirectly by the COST Office on an event by evsattis, participant per participant

Main objectives COST aims to foster cooperation between nationaihdéd research activities. COST Actions are netsvoflscientists receiving support to enaple
them to cooperate and to disseminate the resuttedfcooperation.
Background COST is an intergovernmental framework for Europ€aoperation in Science and Technology, allowing ¢bordination of nationally-funded
research on a European level. It anticipates antbtements 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 dn a
particular project and exchange expertise. Thesggs are called "Actions"”. Each COST Action isetwork centred around nationally-funded
research projects in fields that are of interestttieast five COST countrié$.
Beneficiaries Individual researchers and Institutions
Geographic scope - 35 member states: Austria, Belgium, Bosnia and éfgovina, Bulgaria, Croatia, Cyprus, Czech Repulidienmark, Estonia, Finland,
Funding to which France, Germany, Greece, Hungary, Iceland, Irelétatly, Latvia, Lithuania, Luxembourg, Malta, Theetierlands, Norway, Poland,
countries Portugal, Romania, Slovakia, Slovenia, Spain, Swedwitzerland, Turkey, United Kingdom, Serbia, fRer Yugoslav Republic of
Macedonia and
One cooperating state: Israel
In addition, COST has also signed reciprocal agesgswith Australia, New Zealand and South Afrithis means European scientists can work
with other researchers in these regions and iner@dsrnational collaboration.
Type of funding Financial support for joint activities such as @rehces, short-term scientific exchanges and ptldits. The financial support averages EUR 100
instruments 000 per year for a four-year period per action jgut).

Type of activities
funded

Science management / working group meetings
Scientific workshops and seminars

Short Term Scientific Missions

Training schools and Research Conferences

Dissemination and Publications

9 About COST, 20089 http://www.cost.esf.org/about_cost

0 www.cost.esf.org
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Name

Topics covered

COST — EUROPEAN COOPERATION IN SCIENCE AND TECHNOLO GY
Under the Domain Committee "Materials, Physical &tahosciences" an action (project) related toBh#eries and super capacitotepic was

funded. The project is called “High Performance fggeStorages for Mobile and Stationary Applicatidr307/2006 to 31/12/2009. The scientific
programme includes:
- Fundamental Workings (Establishment of the requinetnspecifications for one modular high voltageestgapacitor module)
Development of next generation stacked super-capasingle cells and characterisation
Development of stacked high-voltage super-capanitmiule and technical characterisation
Development of working solution and field tests -elite and stationary applications - working sauos for mobile and stationany
applications
Start date 1971
End date N/A

Website references

www.cost.esf.org
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Name EUREKA NETWORK
Overall budget Budget defined by each EUREKA member individudily

Main objectives

EUREKA aims to strengthen European competitiveiggsromoting market-driven collaborative reseansti echnological development

Background EUREKA is an intergovernmental network launched 85, to support market-oriented R&D and innovapoojects by industry, research centres
and universities across all technological sectéfith its flexible and decentralised network, EUREKHers project partners rapid access to skills
and expertise across Europe and national publigardte funding schemes. The internationally reisgd EUREKA label adds value to a project
and gives participants a competitive edge in ttiealings with financial, technical and commerciattpers.

Beneficiaries Industry, universities and research institutes

Geographic scope - Projects' participants must be organisations freenEureka Member Countries that includes EU Mem{etsept for Bulgaria), Iceland, Norway,

Funding to which Switzerland, Russia, Ukraine, Turkey, Israel, tleenker Yugolslav Republic of Macedonia, Serbia, @epavonaco, San Marino. The Europegn

countries Commission is also an EUREKA member itself. AlbarBasnia and Herzegovina and Bulgaria participat&€ WUREKA cooperation through |a
network of National Information Points. South Koemmperates in EUREKA as an associated partner.

Type of funding EUREKA labeled projects can apply for national pulfunding. The financial support is maximum 35% fesearch and maximum 45% for

instruments development phase projecfs

Type of activities Market-oriented collaborative R&D project labelled EUREKA, often SME-led

funded EUREKA Cluster
EUREKA Cluster generated projects
EUREKA Umbrellas (thematic networks)

EUREKA Umbrella generated projects

Topics covered EUREKA system is botto-up, only main thematic areas are defined by thgnarame. These thematic areas include Energy teagypahcuding
renewable sources of energy, as well as ChemBlrysical and Exact Sciences including micro- amibtechnology related to physical and exact
sciences, and Industrial Manufacturing, Material &nansport including material technology.

Among the EUROKA supported projects the following eelated to the project areas:
4529 ANECDATE - New Anode Materials Based On Theohporation Of Tin In A Borophosphate Matrix For-llon Batteries
(representing Battery Energy Gain Of 25% Which \Ei#tend The Use Of Electrical Energy In Portablgkgations)
E!2521- ECOTRANS - Direct Charge Of Electric VebiglFrom Hydro-Electric Power Plants Using Fast GihgrEquipment (this project
included a phase on advanced methods and technofagyface analysis applied in order to studysheace structure of battery cathodes
and anodes undergoing fast charging procedure)
5800 E!-SURF - Surface Engineering For SustainBbteluction And Products (it is a new Umbrella netwargeting the development of
new, innovative and sustainable developments ifasarengineering technologies, leading to the swée processing of products with

51 http://www.welcomeurope.com/default.asp?id=111G®jch=11232
°2 http://www.welcomeurope.com/default.asp?id=1110&iuz 11232
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Name EUREKA NETWORK

ever better performance and ever more functiopalitising ever fewer material and energy resources)

3795 DSSC - Low Cost Super Cells - New Generatiow ICost Dye Solar Cells (Developing Very Cheap Bhaltaic Cells Based O
Dye Sensitised Titanium Dioxide Chemistry. The RicidNVould Be A Glass-Metal Foil Or Glass-Plastio®aich, Half The Weight Of A
Silicon Product Of A Similar Size)

E!4413- LCSC - Low Cost Solar Cells (OrionsolariMBie Improving Their 15cm X 15cm Single Cell Designd Assembly To Give 79
Efficient Pv Dye Cell Modules In Fully Scaled-Up Wzacturing Processes)

3362 SENSIC - Stability Of Advanced Lp-Cvd Zno WthEncapsulated Thin-Film Silicon Solar Cells(Tou®t And Improve If
Necessary The Overall Stability Of Low Chemical @apDeposition (Lp-Cvd) Zno Layers Incorporated NifitEncapsulated Thin-Filn
Silicon Solar Cells)

3575 Adasy - ACTIVE DAYLIGHTING SYSTEM (Develop A@nmercial Lighting System Based On Daylight, Whistbimmable And
Mainly Designed For Office Applications)

Start date

1985

End date

N/A

Website references

www.eurekanetwork.org

h

h

37



Name EUROGIA+

Overall budget

Associated costs to the projects under EUROGUIAellss EUR 200 Milliod3

Main objectives

It aims to support demonstration and deploymertosi-Carbon Energy technologies whose feasibilitgligady proven and foster the developm
of innovative hightechnology solutions.

Background

EUROGIA+, as a EUREKA Cluster for Low-Carbon Enerbgchnologies, is committed to enhancing the coitipestess of European indust
through the promotion of cross-border, market-dddnndustrial innovation.

Beneficiaries

Industry members, Universities, Research Laboregori

Geographic scope -
Funding to which

Projects' participants must be organisations froenEureka Member Countries that includes EU Mem{etsept for Bulgaria), Iceland, Norwa
Switzerland, Russia, Ukraine, Turkey, Israel, tleenker Yugolslav Republic of Macedonia, Serbia, @epavonaco, San Marino. The Europe

countries Commission is also an EUREKA member itself.
Type of funding Upon positive evaluation from the EUROGIA+ Techhi€@ommittee and approval by the EUROGIA+ Board, jgrts receive the officia
instruments EUROGIA+ label. Public financial support of EUROGIAlabelled projects is provided by the countriest tisupport EUROGIA+* The

contribution from any given country must not excéé&b of the total budget.

ent

an

Type of activities
funded

Research projects in consortia with a strong maakdtexploitation orientation

Topics covered

The priority areas of this funding programme alsdude:
Solar photovoltaic power generation (including aleev materials)
Carbon constraints (including also CO2 Capture)
Hydrogen production and storage
In the R&D priorities new materials are highlightedicating the importance of nanotechnologiesafagement of molecules or atoms for spec
functions) that are providing new materials or téghes that could have a strong potential for sehemergy applications such as coating, filtrati
sensors, or mini robots (oil reservoir, and all dhigprocess), cleaning system.
In the technology challenge section of new matetia¢ following nano-related aspects are stressed:
Nanocomposites or organic/inorganic hybrid struesuior new products or processes, Installatiorr@cgss monitoring
Nanomaterials for new applications: filtration, leg products®.

No projects have been supported under EUROGUIAfaiswith these specific or other relevant aspects.

ific
on,

Start date

2008

End date

2013

Website references

www.eurogia.com

5358 http://www.eurogia.com/files/WhiteBook_%201_V1-1642.pdf

4 http://www.eurogia.com/content/story.asp?level0-6Xlevel1=2035

%5 http://www.eurogia.com/files/WhiteBook_2_V1-16440pdf
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Name

Overall budget

EUROSTARS
Budget defined by each EUROSTARS member indiviguall

Main objectives

Eurostars aims to stimulate research-performing SMElead international collaborative research mmbvation projects by easing access
support and funding.

Background

EUROSTARS is the first European funding and supposgramme to be specifically dedicated to reseperforming SMEs. EUROSTARS is g
initiative of EUREKA Network initiative.

Beneficiaries

Especially SMEs that invest 10% or more of full¢i@quivalent or annual turnover in research a@iitAdditionally other types of entities are al
eligible to participate including large companiesiversities and research organizations.

Geographic scope -
Funding to which

Austria, Belgium, Bulgaria, Croatia, Cyprus, CzeRbpublic, Denmark, Estonia, Finland, France, Geyn&reece, Hungary, Iceland, Irelan
Israel, Italy, Latvia, Lithuania, Luxembourg, thestNerlands, Norway, Poland, Portugal, Romania, &{dRepublic, Slovenia, Spain, Swedé

on,

countries Switzerland, Turkey, United Kingdom.
Type of funding EUROSTARS itself does not fund projects but it easts project ideas and provides successful psojeith access to funding through national
instruments funds. The level of funding is determined by thember countries individually.

Type of activities
funded

Collaborative research and development projects avjproduct of research at the end ready to beladhon the market in most cases.

Topics covered

EUROSTARS has a bottom-up system, therefore, ravifieis are defined. Some relevant projects funalitld the help of this programme are list
below:
E! 4336 SiPoSi - Silicon Wafers for Solar Photoai@s$ by Powder Sintering
E! 5220 10DSSC - 10 % Efficient DSSC (Increase pbanversion efficiency of commercial Dye Solar Getbdules from about 7% t
10%. Main route is improvement of the nanostrudurenia substrate)
E! 5099 HyLIFT-FLEX - “Development and commercialion of fuel cell hybrid power systems for cleard &fficient material handlin
vehicles”

ed

(=}

]

Start date

2008

End date

N/A

Website references

www.eurostars-eureka.eu
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Name

Overall budget

FUEL CELLS AND HYDROGEN JOINT TECHNOLOGY INITIATIVE  (FCH JTI)
EUR 470 million (for the operation of FCH JTI)

Main objectives

The aim of FCH JTI is to accelerate the markebihtiction of the technologies of related to fuelscahd hydrogen, realising their potential as
instrument in achieving a carbon-lean energy system

More specific objectives include:

Reducing time to market for hydrogen and fuel tathnologies by between 2 and 5 years.

Commercial lift-off: to deliver robust hydrogen sy and fuel cell technologies developed to thenpof commercial lift-off.
For the automotive sector: to achieve breakthroughsottleneck technologies and to enable indugiryake the large-scale commercialisat
decisions necessary to achieve mass market grovttie itime-frame 2015-2020.

For stationary fuel cells (domestic and commeraailyl portable applications, it will provide the lieology base to initiate market growth frg
2010-2015°.

Background

FCH JTI is implemented by the Fuel Cells and Hyerogoint Undertaking (FCH JU), which is a uniquéluprivate partnership supportin
research, technological development and demormtrdRTD) activities in fuel cell and hydrogen enetgchnologies in Europe through th
initiative. . The FCH Joint Undertaking is alsontriibute to the implementation of the Seventh Fraor& Programme and in particular the Spec
Programme ‘Cooperation’ themes for ‘Energy’, ‘Naciesces, Nanotechnologies, Materials and New Ptamtuclechnologies’, ‘Environmen
(including Climate Change)’, and ‘Transport (indlugl Aeronautics)’

Beneficiaries

Research institutes, Universities, Industry, incigdSMEs.

Geographic scope -
Funding to which

an

m

is
fic

Focused on the EU Member States and Associatedre@sibut International organizations, Agenciesugeby such organizations and in justifiable

cases legal entities from third countries can plticipate in projects.

countries
Type of funding Co-funding for collaborative projects and coordioatand support action. FCH JU maximum reimburseémetes of direct costs are aligned w
instruments FP7 upper funding limits, except for

"Coordination and Support Actions" (50% for all &ypf participants) and within Collaborative ProgetOther activities" (RTD funding limits

Type of activities
funded

apply)”’
- Research and technological development activities;

Demonstration activities;

management activities;

Other activities directly related to the projedilgectives, eg. debates, etc.;

% http://ec.europa.eu/research/fch/index_en.cfm?pigetie

" http://ec.europa.eu/research/fch/pdf/fch_ju_guigelieants2008.pdf#view=fit&pagemode=none
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Name

FUEL CELLS AND HYDROGEN JOINT TECHNOLOGY INITIATIVE  (FCH JTI)

Dissemination;
Training of researchers and key staff;
Other coordination and support action related éits/(monitoring and assessment, studies, fadtriy operational support, etc.

Topics covered

The six key research areas of FCH JTI include:
Hydrogen production;

(o]

Under this area the basic research issues foctigeamalysis and development of thermochemicalgzses and photo-electrolysis &
biological hydrogen production routes; investigatimf conversion efficiency for photobiological pesses; development of catalys
adsorption materials and gas separation membranes.

Hydrogen storage and distribution;

(o]

Under this area the basic research issues focuseanmaterials for hydrogen storage and storageao@rs, along with failure
mechanisms and modelling. Standardised materiaksang and testing procedures are crucial. Fuithestigation of absorption an
adsorption mechanisms is also needed — in partjcidaa deeper understanding of degradation mesimen This also includes th
development of reversible storage systems for pramg$owards energy densities exceeding 1.1 kVehidisable hydrogen fraction abo

6 % and cost below 10 EUR/kWh. This is to be adahieunder reasonable operating conditions, with-keng performance stability.

Improvement of the energy density of hydrogen gteraith metal hydrides also needs to be investiygikis the use of chemic
storage media and nanostructured materials. Newriakst are also required to withstand the high &napres and are more corrosi
resistant due to the high vapour content of thetbgas. The peripheral systems and the safetyrsahave to be adopted for hydrog
operation.

In the research strategy of FCH JTI under hydragerage and distribution nanomaterials are alsbligigted for:

1 Refilling and recycling centres:

The development of a collection of specific stagignand portable applications requires the adaptaif existing industrial gas filling
plants in order to manage the corresponding cytimtdecartridge logistics. This also needs engimegsffort to optimise the refilling
processes of reversible hydrogen adsorption/ddearpystems based metal hydrides or on activatad-parous carbon, as well as t
recycling of chemical hydride by-products.

2 Novel storage materials:

nd
ts,

)

he

Research in solid hydrogen storage materials hhas focused on including also Identifying new mialerand new classes of materials

whose properties can be tailored to meet targesined for different final uses. At present, mokthe 2,000 storage materials knoy
have not been explored yet in doped or nano foreseRrch will take advantage of the revolutionany peoperties and capabilitie
offered by nanoscience to further enhance storageadity and to improve uptake/release kinetics.rawgments in today’'s metal arj
complex hydrides can be achieved by a careful desigtwo- and three-dimensional nano-architectuesmprove the weigh
percentages of

stored hydrogen and control of hydrogen storagedesd. Advances in basic research also contributeetdevelopment of intelliger]
storage tanks that predict and communicate perfiocsattributes and warn of potential failure.

Stationary applications;

v

o w

—
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Name

FUEL CELLS AND HYDROGEN JOINT TECHNOLOGY INITIATIVE

Transport applications;
Portable applications;
Socioeconomic research.

The 2009 call for funding included topics like:

Cryogenic hydrogen storage

Pre-normative Research (PNR) on composite storage
Development of electric driven turbocharger forl feed|
Development and optimisation of PEM FC electrodes @DLs
New generation of high temperature electrolyser

Improved solid state hydrogen storage systems

Materials development for cells, stacks and balaig#ant (BoP)

(FCH JTI)

Start date

2008

End date

2017 (funding of new projects only until 2013)

Website references

http://ec.europa.eu/research/fch/index en.cfm

%8 http://ec.europa.eu/research/fch/pdf/regulation-5208__en_1.pdf#view=fit&pagemode=none
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Name EUROPEAN SCIENCE FOUNDATION (ESF) - EUROCORES
Overall budget 100 Million Euros currently available for reseafanding under EuroCORE?

Main objectives

The EuroCORES (European Collaborative ResearchgrBelis a unique framework offered by the EuropederBe Foundation (ESF) to promg

collaborative research, networking and disseminatidile targeting broad and complex topics of redeacross all scientific domains at the

European level and in a global context.

Background

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

EuroCORES has programmes in different fields, somehich have already been completed. These pragesralso included SONS 1 (2004-

2007) and SONS 2 (2006-2009) which refer to sejfanised nanostructures.

This research programme concerns the utilizatiorsugframolecular interactions for the synthesis poditioning of functional assemblie
macromolecules, dendrimers, liquid crystals, taif@de polymers and inorganic nanoparticles. Ixjgeeted that the results obtained in SON
and 2 will contribute to the development of a ranfjfields including new and more efficient enetgrvesting systems such as solar cells.

Beneficiaries

Scientists/Reseachers

Geographic scope -
Funding to which
countries

EuroCORES covers 30 European countries. Each wsadtiative must involve at least 4 researcheosif4 members states.

Type of funding
instruments

The research funding as well as funding for coatiom and networking come from national fundingasrigations.

Funding under research projects may include sugpport
- Salaries (PhDs, Post-docs, senior scientists, teelms, etc.),
Equipment and consumables,
Publications and general dissemination,
access to large infrastructures (e.g.ship-time),
Participation in conferences and other travel withie CRP.

Funding under networking and dissemination mayuide!
- Workshops;
Conferences;
Schools;
Specialised courses;
Short-term visits.

te

59

http://www.esf.org/activities/eurocores/about-ewnes. html
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Name EUROPEAN SCIENCE FOUNDATION (ESF) - EUROCORES

The funding is covered by national funding orgatiises of the project partners” countries.

Type of activities
funded

Collaborative research projects;
Networking and dissemination activities.

Topics covered

The SONS programme is based on a bottom-up apprtieeriefore, project topics are defined by the yipplresearchers.

Some relevant projects funded under the SONS prugeaare:

Due to the termination of the SONS programmesl|atech of new programmes in 2010 is previewed.

AMPHI - Self-Organised Amphiphilic Block Copolymer Nanostructures (SONS 1)
Electrolyte polymer membranes are widely studiedteni@ls because of their extensive electrochemaggilications in separation
processes, energy storage and in fuel cells. Topgraimed to investigate conditions under whictleced morphologies with different
symmetries can be created as a function of polyyper, length and compositions and properties ofi suaterials when swollen with water
or an electrolyte. Nanoscale structured block cgpefs with either Li+ affinity or proton exchangegp were proposed to be investigated
in order to study model compounds for membraned urstuel cells or batteries.

SUPRAMATES - SUPRAmolecular MATerials for new fundional Structures (SONS 2)
The overall goal of SUPRAMATES is to generate nevowledge by combining supramolecularly-engineeradostructured materials
(SENMs), mostly based on organic semiconductorth) tailor-made interfaces to solid substrates dact®des, for fabricating prototypes
of optoelectronic devices. SUPRAMATES special foass developing multiscale SENMs for transistonsplane diodes single-photgn
emitters (useful for quantum cryptography), anceesdly photovoltaic cells and OLEDs.

One of the research themes for these programmé#olscular Science for a Conceptual Transition fromFossil to Solar Fuels
(EuroSolarFuels)

The aim of EuroSolarFuels is to develop molecutéree to produce a CO2 lean solar fuel to accahplhie grand challenge of phasing
out fossil fuels. All parts of the program aim flirect conversion of solar energy to chemical epéagfuel). The solar fuel shall be formed
from water as electron source, using visible lighdirect processes involving (i) Photobiologicales fuel production in green algae andfor
cyanobacteria that excrete the fuel (ii) Artificigthotosynthesis in molecular systems and (iii) Sflal production in nanostructured and
semiconductor-based systems.

Start date 2003
End date N/A
Website references www.esf.org
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India

Name MISSION ON NANO SCIENCE AND TECHNOLOGY (NANO MISSIO N)

Overall budget

INR 100 mn

Main objectives

Basic Research Promotion, Infrastructure Developrf@mNano Science & Technology Research, Nano ispfibns and Technology Developme
Programmes, Human Resource Development, Interrat@oilaborations

Background

The Nano Mission is the second phase of DST aig#vih Nano Science and Technology. DST, in Oct@é1, had launched a modest prograny
in Nano Science and Technology, called the Naner8ei and Technology Initiative (NSTI), and the Nawission is the successor of th
programme.

Beneficiaries

Individual Researchers or in teams, Establishme@eatres of Excellence and Sophisticated Resdeacliities,

Geographic scope -
Funding to which
countries

Exploratory visits of scientists, organization ofnt workshops and conferences, joint researcheptsj provide access to sophisticated rese
facilities abroad, establish joint centres of ebar@le and forge academia-industry partnershipseainternational level

nt

me
is

arch

Type of funding
instruments

Grants, public-private partnerships, loans

Type of activities
funded

Basic Research, Infrastructure Development for N&uwience & Technology Research, Nano Applications &echnology Developmer
Programmes, Human Resource Development, Interratrilaborations

—

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 THE AUSTRALIA-INDIA STRATEGIC RESEARCH FUND (AISRF)

Overall budget

N/A

Main objectives

Increase the uptake of leading edge S&T through:
Supporting collaboration and participation by Indi@searchers in strategically focussed, leadimg escientific research and technolg
with Australian counterparts; and
Increased strategic alliances between Indian arsfralian researchers.

Facilitate India’s access to the global S&T systnsupporting bilateral relations with Australia.

Background

The Indo-Australian S&T Fund is jointly managedthg Australian Government Department of Innovatladustry, Science and Research (DIIS
and DST.The AISRF supports Indian researchers labmyate with Australian partners on leading e&#T in order to contribute to India’
economic, social and environmental wellbeing.

R)

o

Beneficiaries

Education institution; UGC recognized UniversitieBeemed Universities, Academic Institutes and NetioResearch & Developme
Laboratories/Institutes, Public sector researcimegand Private, not for profit, research orgamisat

Geographic scope -
Funding to which
countries

India and Australia

Type of funding
instruments

Support of direct costs under a set of stated oatg

Type of activities
funded

Collaborative research projects and workshops

Topics covered

Nanotechnology - All

Start date

2009

End date

2012

Website references

http://www.dst.gov.in/whats_new/AISRF19-11-09.pdf
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Name 2010 INDIA-EUROPEAN UNION CALL FOR PROPOSALS IN SOLAR ENERGY SYSTEMS

Overall budget

EUR 5 M from EC and a similar budget in Rupees fitadia (DST)

Main objectives

Catalyzing emergence of solar power as an econdignigiable, commercially attractive, environmentefidly and sustainable ener

option;

Advancing the transition to clean energy techna@sdsuch conversion of solar radiation into eleityriusing ST,CSP/SPV) ) that a
sustainable, affordable ,add to energy secunityteave no adverse impact on climate;

Building institutional tie-ups with EU partnersitecubate feasibility of and/or scaling up of reséapilot scale production and creation
new knowledge with output in the form of joint patie and co-authored publications;

Achieving cost reduction , higher efficiency & adiility of solar photovoltaic devices and systems;

Improving design ,fabrication and demonstratiomafvative solar thermal power generating technplog

Background Pursuant to the scope of India-EU Science and T@ogy Cooperation Agreement & Reinforcing the intgional dimension of European resea
within the European Commission's Seventh FramewbrResearch , the 2009 India-EU Call on Solar Bnesystem will facilitate India-EU
Project mode partnerships supported by two-way litploif researchers to carry out projects understa¢ed objective

Beneficiaries Legal research entities from India and Europe

Geographic scope -
Funding to which
countries

India and European Union

Type of funding
instruments

Project financing

Type of activities
funded

Collaborative research

Topics covered

Solar & photovoltaic

Start date

2010

End date

2010

Website references

http://www.dst.gov.in/whats_new/advertisements.htm
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Name INTERNATIONAL S&T COOPERATION (ISTC)

Overall budget N/A
Main objectives N/A
Background N/A

Beneficiaries

Scientists/faculty members working in regular céyao Universities, national R&D laboratories/iitates, private R&D institutes and industry

Geographic scope -
Funding to which

India — for activities with the following countries
Argentina ; Armenia ; Australia ; Bangladesh ; Beta; Brazil ; Bulgaria ; Canada ; China ; Colompfaoratia ; Cuba ; Czech Republic ; Cypr

Website references

http://203.200.89.92/dst/r&d_funding/rdfs2.htm
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countries Egypt ; Estonia ; European Union ; France ; Germadyngary ; Iceland ; Indonesia ; Iran ; Israétbly ; Japan ; Kazakhstan; Dpr Korea (North
Korea) ; Kyrgyzstan ; Laos ; Lebanon ; Libya ; Mali@a; Mauritius ; Mexico ; Moldova ; Mongolia ; Mambique ; Myanmar ; Namibia ; Nepal ;
Northern Ireland ; Oman ; Peru ; Philippines ; RdlaPortugal ; Russia ; Romania ; Republic Of kof@outh Korea) ; Serbia ; Singapore ; Sloyak
Republic ; Slovenia ; South Africa ; Spain ; Srinka ; Sudan ; Switzerland ; Syria ; Tajikistan aifénd ; Trinidad &Tobago ; Tunisia ; Turkey ;
Ukraine ; USA ; United Kingdom ; Uzbekistan ; Venela ; Vietham ; Yemen ; Zambia

Type of funding Reimbursement of expenditure

instruments

Type of activities R&D Projects, Joint Workshop/Exhibition/Seminar,cBange visit of scientist, Inter Institutional Lades

funded Fellowship, Organisation of visit of thematic sdio and composite (scientific and industrial) eigations, Transfer of Technology to Indian
industry

Topics covered All

Start date Ongoing

End date Ongoing



Name SCIENCE & TECHNOLOGY (S&T)

Overall budget

N/A

Main objectives

Development of technology/system and its successfosfer for commercial applications

Background

The Central Mine Planning and Design Institute tédi(CMPDI) is the nodal agency for coordinatingRR&ctivities in Coal and Lignite sector

S.
ctly

funded

and allowances, consumables, travel and contingency

The Ministry of Coal normally supports project dioster duration (2-4 years). The findings of whiglgompleted successfully, can be used dire
for commercial exploitation and benefit to the iathy. However, in exceptional cases, research wynemerging and front line areas of science
and engineering and projects having long term icapilons can be supported.

Beneficiaries Research and educational institutions, public seatdertakings and such other agencies, which bapability to take up R&D work.

Geographic scope - | Inside India

Funding to which

countries

Type of funding Reimbursement of expenditure

instruments

Type of activities Research in Production, Productivity & Safety, CBaheficiation & Coal Utilization, Environment & Biogy. Grants apply for Equipment, salaries

Topics covered

Advanced coal combustion and gasification combinid carbon capture & CO2 sequestration

Start date

N/A

End date

N/A

Website references

http://203.200.89.92/dst/r&d_funding/rdfs2.htm

49



Name NATIONAL PROGRAMME ON CO2 SEQUESTRATION RESEARCH

Overall budget

N/A

Main objectives

Department of Science & Technology (DST) undetfrnter —Sectoral Science & Technology Advisory Corttea (IS-STAC) initiated a Nationg
Programme on CO2 Sequestration Research jointly etfter Ministries. In this regard proposals haserbinvited

Background

Carbon dioxide capture and storage (CCS) is ancapprto mitigating climate change by capturing oartlioxide from large point sources such
power plants and subsequently storing it away gafistead of releasing it into the atmosphere. Magipossibilities for CO2 sequestration are be
considered, such as storage in empty gas and abdsfi coal beds, oceans and water containing sdéesuaquifers, mineral sequestratic
afforestation and agriculture etc.

al

as
ing
DN,

Beneficiaries

Scientists and Academicians belonging to UnivessjtDeemed Universities, Research Institutes/Lataea and Industry in following categories

R&D projects in emerging areas of CO2 sequestrdtiough participation of user ministry.
Research Development & Demonstration (RD&D) prgedemonstrated on industrial scale jointly with #@ncerned ministry an
industry.

Geographic scope -
Funding to which
countries

India

Type of funding
instruments

Project Financing

Type of activities
funded

Research

Topics covered

Advanced coal combustion and gasification combinild carbon capture & CO2 sequestration

Start date

Ongoing

End date

Ongoing

Website references

http://www.dst.gov.in/whats_new/advertisements.htm
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Name TECHNOLOGY SYSTEMS DEVELOPMENT (TSD) PROGRAMME

Overall budget

N/A

Main objectives

The specific objectives of the Programme are to

- develop and integrate technologies following astwliapproach in identified areas;
promote application of modern/advanced technologies®cio-economic problem solving;
promote modernization of traditional technologies|s and skills;
facilitate enhancing quality and performance ofttiaglitional/non-traditional items;
encourage developments in application of R&D dtitis; and
promote activities aimed at improving technologghnique, material, methods and other appropriteitees conducive for developme
of technology status in identified areas

=}
—

For Industry: Only cost of consumables upto 50%.
For Institution/Industry Joint Programmes: Supporthe Industry upto 50% of the cost of consumable

Background TSD Programme supports activities aimed at devetppnd integrating technologies to evolve technplegstems both in the advanced/emerding
areas and in traditional sectors/areas. Under tbgr@mme, feasibility of fresh ideas/ conceptssiseased for their potential conversion into useful
technology/product. Applications of R&D for socioemomic benefits is consciously promoted under ghigramme.

Beneficiaries Scientists/engineers/technologists working in apdde institutions/registered societies/R&D instituis/laboratories having adequate
infrastructure/facilities to carry out technologgwtlopment work, Industry having DSIR recognized R&aboratories either alone or |n
collaboration with academic/R&D Institutions.

Geographic scope - | India

Funding to which

countries

Type of funding For Institutions: Project staff salaries, equipmesutpplies and consumables, contingency expendipattent filing charges, outsourcing charges,

instruments internal travel, fabrication costs, testing charge®rheads, etc.

Type of activities
funded

. Applied Research and Analysis

. Development and Engineering (D&E)

. Application oriented Research, Design and Develapt (RD&D) having Production Potential

. Prototype Development of Product/ System/ Ses/icBoftware Development (new, upgradation of thésteng, field trials and
demonstration)

. Process Development (new, up-scaling of the iexgjsfield trials and demonstration)

. Data Generation and Feasibility Study

. Provision for Production Facility on a limitedade for a specific Technology Segment to enabléelgehnology to become competitive

. Sophisticated Equipment and Technology basedShaps for cost-effective Fabrication Techniques

. Scientific Knowledge leading to future Technoldggvelopment

Technological Capability Development

Topics covered

All
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Name TECHNOLOGY SYSTEMS DEVELOPMENT (TSD) PROGRAMME

Start date

2010

End date

2013

Website references

http://www.dst.gov.in/whats_new/advertisements.htm
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3. Organisations active in research

This section provides a summary of the detailedlyaiga on the activities of relevant
organisations in the EU and India involved in thenhatic areas of this EICOON project
presented in ANNEX 1. In addition to the researclethndology used for identifying
information on each topic/region, details on thanriapics/technical themes that are currently
under focus in research both in the EU and Indsayvell as the main achievements, main
existing collaborations and suggestions on reseaeghis and collaborations between the EU

and India are defined.

Advanced coal combustion and gasification combinedvith carbon capture & CO,

sequestration
Summary - Europe

Main topics/ technical themes

Data for the present analysis are based on reademtiic publications at the ISI web of
knowledge websifé of CO, gas separation through membranes using nanosagierties that
helps to identify major organizations involved hetfield. Experts from the EICOON project
coordinator, MESA+ are also consulted.

Europe produces one gigaton of Cahnually and emits it into the atmosphere. Arotwmd-
thirds of it stems from fossil fuelled power plan@arbon capture and storage could reduce
these emissions by up to 90%. The idea is to dtweecarbon captured underground in, for
example, empty gas fields and aquifers. Existingtw@ methods include absorption,
adsorption, membranes and non-selective coolinghdnabsorber, the flue gas in brought into
contact with an amine containing solution (or a gogl solvent). In this absorber, CO2 is
selectively absorbed by the amine. This processiieg equilibrium reactions (processes) and
occurs at lower temperatures. In the next step,00@ loaded solvent is regenerated in the
regenerator by heating the solvent to higher teatpegs. Especially this step is highly energy
consuming. 30% of the energy ends up in the evéiparaf the solvent and subsequent loss of
energy. This process is economically viable at &4igBO2 concentrations. However at lower
CO2 concentrations, e.g. in flue gas, the high ggneronsumption limits the process and
strongly favour the use of membranes. Howeveteahnologies are still under development in

order to make them economically attractive.

% http:/Awww.isiwebofknowledge.com
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Main achievements

The development of a membrane process for the ranod\CO, from flue gas is a challenging
task. Process simulations and calculations showirtharder to design an economically viable
process, membrane permeance is more importantnieambrane selectivity. Post-combustion
flue gas streams have typically temperatures otirado50-60°C and are generally high in
volume due to nitrogen in air. Furthermore, they arlow pressure (atmospheric) and the CO
concentration is rather low, usually 10-15 vol-9%eTlarge volumes, the low pressure and the
dilute streams make post-combustion ,Gfapture a huge challenge. As a result of the low
driving forces a prerequisite for any membrane ngltéo be considered for such separation is
the necessity of an extremely high g&&@rmeability - minimum C@N, selectivity of at least 30
and preferably 40 or higher.

Current research and main achievements so far edéecaled to the molecular design of
polymeric membranes to improve the macroscale manebipermeance while maintaining
selectivities. Different approaches are followeyn8icant improvements are realized starting
from a polyethylene oxide (PEO) based polymer. RE®nown for its high C@ solubility
combined with high diffusivity, resulting in highepmeabilities. Although commercially
available PEO based block polymers (e.g. PBbaw exist, their microdomain morphology
limits its gas permeation behavior. Significant hmgements and a five to six times increase in
permeability are made by i.e. i) molecular tuninfj tbe microdomain morphology and
polymeric structure and ii) the use of highly peatle components used as additives to the
PEO based matrix polymer.

In a second approach the selective function of amito capture CQOis used to increase
permeability and at the same time selectivity. tpooation of the amine functionality in a
polymeric matrix using an amine functionalized dddias well as the chemical modification of
a polymer and the introduction of the amine funwi@y on a molecular level are considered.
Both strategies resulted in greatly improved meménrgerformance, and this approach requires
water vapor to be present to activate the aminetimality. As flue gases normally contain
about 10-15 vol-% of water vapor, this is an adagat

Next to CQ capture from flue gases, G@Gapture from high pressure applications also deser
significant attention as more and more high,G®ncentration natural gas fields become
available. The main challenge for high pressure, €@pture lays in the development of
plasticization resistant membranes. Due to the bigicentrations and pressures of ,Cthe
membrane tends to swell irreversibly, resulting isignificant loss in selectivity, often to values
below 10. What is needed is an improved separgtieniormance of membranes for such

applications - a double of both existing flux ardestivity would make this attractive also for
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offshore applications. This will also reduce thetma@e loss. Many are conducting research on
nanomaterials within such high pressure applicatioBeveral different approaches (e.qg.

crosslinking, polymer blending, heat treatment) esasidered and although performance and
stability has been improved, plasticization resistais still a major issue in the development of
the membrane for high pressure applications.

Future developments should point in the directibmolecular design and tuning of properties

on the micro- and nanoscale in order to controlgrieensport on the scale of the application.
This requires a strong connection between chematy molecular design on one hand and
fundamental characterization and application stidrethe other hand.

Main existing collaborations

The EU has endorsed the SET Plan as a vehicleceleaate the development and large scale

deployment of low carbon technologies that drawsnuphe current R&D activities and

achievements in Europe. As one of the priority tetbgies the CCS Ell is implemented.

Until now several research collaborations betwearofean institutes/universities/companies

on nanomembranes are funded by the European Coromissder FP6 and FP7 such as:
NANOGLOWA - Nanomembranes against global warmingjétt Reference:
NMP3-CT-2007-026735, 60 months (01/12/2006 - 3@Q11), Contract Type:
FP 6 - Integrated Project;

DoubleNanoMem - Nanocomposite and Nanostructurdgnitmic Membranes
for Gas and Vapour Separations, Project Refere2@8631, 36 months
(01/06/2009 — 31/05/2012), Contract Type: FP7 —NKaBHaborative Project;

DEMOYS - Dense membranes for efficient oxygen aypdrdgen separation,
Project Reference: 241309, 48 months (01/05/20180/64/2014), Contract
Type: FP7- ENERGY.2009.5.1.1 Innovative capturémégues;

CESAR - CO2 enhanced separation and recovery, drBjeference: 213569,
40 months (01/02/2008 — 31/05/2011), Contract T¥R/-ENERGY- Small or

medium-scale focused research project.
Summary - India

Main topics/ technical themes

The research methodology for collecting organisetim ANNEX 1 under the respective theme

included published reports and scientific publisasi based on search the Chemical Abstracts

55



databasé’ Personal knowledge of colleagues working in sorh¢he organizations are also
used. Based on the research conducted, the maiarchstopics in the area in India include:
Polymer membranes for G@eparation;
Metal-oxide Framework for COseparation by means of adsorption;
Development of nanostructures catalysts for coallgstion/gasification;
Modeling and simulation of coal gasification kirostj
New methods of biomass utilization with enhancéitiehcy;
Hybrid nanocomposites for membranes used in CO&ragpn;
Electrochenical and photo-catalytic reduction of ,G@sing visible light
range) with the help of nanostructures of ioniailits/solid electrolytes.

Main achievements

Many Indian institutions like IIT, Delhi. (biomassharacterization, development of process
technology packages), NCL, Pune (both are EICOObjept partners) and IIT, Bombay

(product development and research, technology neatidn, testing and instrumentation,

standardization and development of procedures asithads, quality assurance criterion and
cost reduction), Indian Institute of Science (IlIS8angalore (basic research in biomass
gasification for non woody biomass materials, uggrg and up scaling wood based systems)
and Madurai Kamraj University (Field evaluation atesting, monitoring revalidation and

training, and development of application packagetuding implementation) have developed
biomass based conversion technologies as a primecgmplishments. Institutes like, the

Central Institute of Mining and Fuel Research (CRJFDhanbad, and IITs are making many
catalysts with improved efficiencies for coal gesifion and C@sequestration.

Main existing collaborations

CSIR has a multi-instutional collaborative programd the Ministry of New and Renewable

Energy (MNRE) have several ongoing activities eaib the main theme.

Suggestion on research needs and collaboratione®etthe EU and India

Research into CCS is currently performed in Eurapevell as in India. Although both regions
have strong efforts in reducing ¢@ollution by existing methods like absorption amoh-
selective cooling, CQemission reduction by gas separation through narmetared membranes
does currently not exist in industrial applications

The incorporation of nanotechnology in £@as separation research remains limited to the EU.

The detailed study and development of novel mdgerilown to the atomic scale for enhanced

51 See the fact sheet at http://www.stn-internatiafedliploads/tx_ptgsarelatedfiles/CA_06.pdf
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performance, is performed nowadays in Europeanareseinstitutes/universities, while it
remains underinvestigated in India.

Future joint research projects could boost the rimm@tion of nano-related GQesearch in
India dramatically and bring it to a high levelarshort amount of time. The research in Europe
could also benefit from a strong collaboration, duee of the opening up of new research
directions by new insights from Indian partners tlughe utilization of state-of-the-art Indian

research facilities and engagement of highly skilledian researchers.
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Solar & photovoltaic
Summary - Europe

Main topics/ technical themes

The data in the tables in ANNEX 1 were collected d@nding a questionnaire concerning
research activities in the field of solar energyd amnotechnology to approximately 100
European universities, research institutes, andsimg carrying out research and development
in the field of solar energy. A total of 19 answars received. In addition, eleven organisations,
with highest number of patents and publications, reviewed by utilizing public information
mainly from their websites. These are tabulateANMNEX 1. The actors are selected according
to patent and literature survey by using STN Ana¥itist of European PV Platform member
companies, and personal contacts.
From the collected data, the main research topegantified as follows:

1. Silicon based solar cells;
Thin-film solar cells;
DSSC;
Organic PV (OPV);
Nanostructures;

Transparent conductors; and

No ok~ w D

Other topics: e.g., concentrated PV, flexible swttes, organic—inorganic
hybrid cells, and tandem and multijunction cells.

According to the answers received and the web bkearanostructured materials are the
dominating area with almost half of research orgaindons working in this field. Approximately
40 % of the organisations are working with thimfisolar cells followed by silicon based and
organic solar cells both having approximately 300%the research organisations’ interest.
DSSC and other topics have the interest of ovexo2tf researchers. Roughly 18 % of research
institutes are working with transparent conductors.

Main achievements

The European research institutes and universitiesaetively publishing their innovations in
international scientific journals and other media.the main themes of research work suggest,
the main achievements of the European researcherglated to advanced PV to complement
the traditional silicon based solar cells. For ghesvel materials, processing techniques are also

being developed.

52 http://www. stn-international.de/stn_anavist.html
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Probably the most well-known European achievemetite field of PV is the DSSC developed
by Michael Gratzel and co-workers. The DSSC is nadew-cost materials and does not need
elaborate apparatus to manufacture, which makestieémely promising. In bulk it should be
significantly less expensive than traditional sditdte cell designs. Thus far chemical stability
problems have slowed down full commercialisatione iewest forecast in the EU Photovoltaic
Roadmap’is that DSSC are to be a potentially significamtdbutor to renewable electricity
generation by 2020.

European research has also had a great input otetrdopment of polymer or OPV. During the
last two decades the development in this fielddeen extremely rapid. New and more efficient
materials are developed for the photoactive an@roliyers of the organic solar cells. The
prevailing structure is a so-called bulk-heterojiorc in which electron donating conductive
polymer and electron acceptor molecules, like fale, form a nanocomposite where light
induces electron transfer reactions finally creafhotocurrent. The relatively simple structure
of organic solar cells and flexibility of used nréés have enabled for example utilisation of
printing techniques in solar cell fabrication. Tgrnting techniques enable low-cost production
of organic solar cells with high throughput. NovB@kome inorganic thin-film solar cells can
be produced by non-vacuum techniques, such as QiQfper indium gallium selenide) cells.
Printing techniques also facilitate the manufactfrthese kinds of photovoltaics. The low-cost
non-vacuum manufacturing techniques of solar celilé enable mass production of new
generation PV devices.

In addition, materials development for novel saiall architectures is actively persude. The
trend is towards inorganic—organic hybrid materialeere conductive polymers and inorganic
semiconductor nanoparticles form the photoactiyeraln addition, quantum dot based light
absorbers are actively developed to enhance lightelsting. Furthermore, remarkable work is
done with silicon-based solar cells. Efforts arelento find more cost-efficient ways to produce
silicon PV in order to enhance their overall effiuty.

Main existing collaborations

According to the answers received, networking witthe EU and between other European
counties is actively persude. The Framework Prograns clearly facilitating collaboration

between European research institutes, universiti@sl industry. Answers also point out
cooperation with, for example, Japanese and Auatragroups and actors outside of Europe.
The development of better ways to harvest solarggnes a global challenge, addressing it

requires strong collaboration across borders agidms.

% http://www2.epia.org/documents/Roadmap_PVNET.pdf
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Summary - India

Main topics/ technical themes

Most of the information regarding the solar celigarch being carried out in India is collected
using ISI web of knowledge and other similar seagolgines. Some information is obtained
directly via personal contacts. This informationswarther complemented by visiting the web
pages of one of the respective institutes. Basethigrsearch, a list of the individuals working
in this field was prepared. A number of individuglselonging to different universities /
research institutes), working in the field of satells, are identified and marked under separate
organisations head. The main topics of the ongrasgarch are as follows:

1. Silicon solar cells;

2. OPV;and

3. DSSC.
About 28% of the ongoing research in India is ia field of silicon based solar cells. This is
followed by organic and DSSC with about 18 % and¥20respectively. In addition to these
topics some work is also ongoing on the utiliziigmaterials such as CulnSe&ulnSeg/ZnO,
CwZnSnSg, PbS, CdS, CdznS, TKCdTe, ZnSe II-VI and IlI-V for solar energy hastieg.
A total of about 30 % individuals are working oresle different approaches to harvest solar
energy.

Main achievements

The main objective of solar cell research in Indian developing various approaches to utilise
solar energy for PV applications. The major thrargas are silicon solar cells, organic solar
cells and DSSC. There does not seem to be a dirapjgroach to replace a particular kind of
solar cells. As mentioned above, approximately 20%e individuals are working in the field
of silicon solar cells, organic solar cells and @SS he silicon solar cells will continue to be
the preferred candidates for solar energy hangdtecause of the low carrier mobility and
hence low efficiency of organic solar cells. Ovkrabout 40 % of the individuals are active in
dye-sensitized and organic solar cell researcHidgbt harvesting. This is because of low cost
synthesis and non requirement of vacuum baseditpeswhich are a must for manufacturing
silicon solar cells. The efforts will always be tmfind more cost-efficient ways of producing
solar energy with higher efficiency.

Main existing collaborations

There have been collaborations in India betweeferdifit institutes in the area of amorphous
silicon solar cells under sponsored projects furlde®ST and the Ministry of Non Renewable
Energy Sources (MNRES). Recently collaborationsadse initiated between institutes in India
via DST and in the UK through the Engineering arnd/dcal Sciences Research Council
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(EPSRC) Collaborative Research Initiative on S&laergy. Some collaboration are also started
under India-EU joint projects. These projects alated to the using quantum dots for solar

cells and studying the stability of solar cells.

Suggestion on research needs and collaboratione®etthe EU and India

A comparison of the summary on present solar eséarch in India and EU shows that the
major focus of research on PV is by using silicolaiscells, DSSC and OPV. Thus in our view
these three approaches to harvest solar energjooanthe common ground for future solar
research collaboration between the two regionstiergoint worth mentioning here is that the
EU has a well planned approach to suplement siliwzsed solar energy harvesting by DSSC
and OPV approaches. In that case, the meeting draan be these two fields. In case of
organic and dye-sensitized approaches, a varietyatérials are being studied by scientists in
the two regions. Research collaboration betweentu®e regions can help in focusing the
research efforts. Moreover, there are importantizbatal themes like modelling,
characterization, encapsulation, degradation afettsfof impurities which are common for all
PV technologies and which would need a focusedagubr to avoid fragmentation of research.
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Fuel cells including hydrogen production and storag
Summary - Europe

Main topics/ technical themes

The organizations listed in ANNEX 1 under the respe theme were identified through search
for Nanomaterials and fuel cells or hydrogen iniaas publisher databases of scientific
literature limited to the past five years. The shais restricted to the most active and well
recognised organizations distinguished by the getatumber of hits and by papers in highly
reputed publications. This is cross checked wiehdiganisations known to be active in the area
of Nanomaterials for fuel cells and hydrogen withime EU. The element of known
organizations stems mainly from contacts estaldishe international events and research
collaborations in the broad field of fuel cells amgirogen.

Then, the websites of the organizations so ideutifire searched to gain insight into the current
topics of their research matching Nanomaterialduel cells and hydrogen.

This non-exhaustive list of organizations is toresgnt a concise view of the recent and
ongoing activities in the EU while the organizaare, in many cases, considered CoE.
Nowadays, research in fuel cells is mainly focusadhe two main types of fuel cells, PEFC
and SOFC technology which have the greatest prtspederms of commercialization. The
major target applications of these technologiesareently automotive and stationary power.

In hydrogen production, the two main technologiesspntly used are water electrolysis and
reforming of hydrocarbons. These two key productrontes have possibly the greatest
prospects to generate hydrogen in the requiredtigiesnand for wide spread use in the near
term future.

In hydrogen storage, the two major technologies thie storage of gaseous hydrogen
(compressed up to 700 bar) most often in compdariks and liquid hydrogen in cryogenic
vessels. The research of solid state storage abgd mainly in complex and metal hydrides is
still very much at an early phase compared to tiwcementioned technologies.

The organizations active in fuel cells researchugotnainly on the development of new
materials and components including their charazition and qualification, fuel cell design and
assembly, the search for cost effective manufargumethods and production routes, and are
concerned with the integration of fuel cells inteesgy conversion systems.

In the context of nanomaterials, the developmerd ase of primarily non-noble metal
electrodes including contaminant tolerant and ieesp/e nano-catalysts and support materials
and of membranes with improved properties are thimep research areas as far as low
temperature fuel cells are concerned. For high &atpre fuel cells this concerns the synthesis,

manufacture and characterization of the traditickinl of materials nowadays used at the
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nanoscale and of newly developed especially cerdlikie) materials including nanomaterials
with improved properties leading to increased @fficies. It also concerns the quest for low
cost manufacturing and the most suitable produatbartes of nanomaterials and components
made of nanomaterials.

The organizations active in the research for hyenogroduction by water (or steam)
electrolysis persue research themes fairly sinhdldahose of the organizations active in fuel cells
research. Also here, nanomaterials come alongtalystand support materials as well as more
suitable and reliable membranes with improved priigee in the case of low temperature
electrolysis while high temperature electrolysiseach in these organizations concerns
electrodes and electrolytes made of nanocomponentsf materials synthesized at the
nanoscale with improved properties and an expentzdase in conversion efficiency.

The organizations active in the research of hydraggneration by hydrocarbon reforming have
their focus on the development, characterizatioth emst effective manufacture of improved
nano-catalyst and support materials for both feermmation and gas cleanup in conventional
reactors. The same is true for the research onse#ective membranes made of nanomaterials
or synthesized at the nanoscale.

The organizations active in the research on hydragerage most often focus on solid state
storage especially on the various kinds of matedeing of ceramic, organic, polymeric and
metallic nature. Nanomaterials in their variousriey shapes and dimensions play a great deal
in this research. Some of the organizations seenmhawee a special interest in carbon
nanomaterials for hydrogen storage. At presens dontroversially discussed whether carbon
based materials such as CNT have any realizabgpects in hydrogen storage.

Main achievements

The major technical achievements of the organinatarctive in fuel cells research and research
in hydrogen production and storage can grosshyubersarized as follows:
Low temperature fuel cells — The development andradterization of
more active and low cost electrocatalysts with cedu noble metal
content/loadings and of non-noble metal catalysftfiew catalyst support
materials, and of low humidity and high temperatmembranes.
High temperature fuel cells — Development, synthesid characterization
of ceramic nanomaterials for electrodes and elgte® for use at reduced
operation temperatures.
Water electrolysis — Development and charactedpnatif more active
catalysts and support materials and of new membrane
Hydrocarbon reforming — Development of more selectnembranes for

reforming and for hydrogen separation.
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Solid state hydrogen storage — Development andactexization of a
variety of different storage materials especially carbon and carbon
containing nanomaterials.

Main existing collaborations

Almost all of the organizations active in the fiadfl fuel cells and hydrogen including those
who develop, fabricate, synthesis, characterizt, ieake use of and integrate hanomaterials do
already collaborate with other partners in varipugjects. These research collaborations are
often conducted in the context of the EU Framewdrgramme, the ESF and initiatives such
as COST and EUREKA®® Also collaborations in the national programme e EU Member
States and on a bilateral basis are noted.

In fact, none of these organizations could havéizesh significant progress in their respective
area of research without most of these collabamatishich often form a pre-requisite to obtain
funding at European level and for bilateral reseands as well as is nowadays strongly
encouraged at national level.

Summary - India

Main topics/ technical themes

The organizations and research institutes liste@NINEX 1 were identified through extensive
search in the web (including sources like Web aéSmes, Scopus and documents published by
the Government of India) and also through persarmitacts for fuel cells and related
nanomaterials used. The institutes most activeegearch are listed based on their research
output in journals and other publications. Mosttbé research in this area is conducted
principally in the government research laboratovieder CSIR, DST, Bhabha Atomic Research
Centre (BARC) and also in some Indian Institute§ethnology (IITs). The main activities in
the area of fuel cell research are in the are&®a#C, PEFC, Methanol FC, AFCs etc. Research
was conducted in the development of glass ceraméed sealants for SOFC, PEM fuel cell
technology for UPS, on commercialization and mawrkateptance research etc. Several new
goals were achieved in various organisations, @ddily the development of SOFCs with
glass-ceramic based sealants to allow its usede wange of temperature at Central Glass and
Ceramic Research Institute (CGCRI).

In India, there has been a spurt of activitiestegldo energy production and storage, both for

conventional and non-conventional sources. The mowent and funding agencies have

54 European Cooperation in Science and Technology;/ftww.cost.esf.org/
% http://www.eurekanetwork.org
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encouraged research in these fields. Many majoearel organizations such as National
Laboratories of DST, IITs, CSIR, Naval Physical addeanographic Laboratory, Department
of Atomic Energy have all serious activities rethte non-conventional energy sources. Recent
trend has been to employ nano-phase of materiaiartts hydrogen storage and production. In
conjunction with fuel cell research, the field hgenerated great interest among researchers.
Several industries have also initiated research @evklopment in these fields, which are
expected to expand and become critical for sudtendevelopment and energy security of the
nation. Several leading research institution hateai and inter-collaboration to cover the wide
intellectual component these high technology figldguire. There is also a strong stress on
finding inexpensive routes to produce these mdseaiad make them reliable, and affordable for

a developing country like India.

A few groups work on topics such as hydrogen prtdocby rare earth, binary and ternary
metal hydrides, for their light weight and in theanoform to reduce the hydrogen desorption
temperature. Recent trends are to look at carbonsfdor hydrogen storage to reduce weight
further, hydrogen generation by Amine borines (le®ase Adducts) and Hydrazine hydrides.
There has been an increasing interest in hydroggnage in CNTs and Metal-Organic and
Boron Nitride framework structures. Interest in fagplitting reaction using ITO and some

semiconductors has also been on the rise.

The main activities in research on hydrogen prddacind storage, therefore, include:
Metal hydrides in nanodimensions;
Metal-organic frameworks;
Water splitting reactions;

Amine Borines for hydrogen generation.

Main achievements

From the detailed survey, the main achievementsesearch activities related to fuel cells
include:
Development of glass-ceramic based sealants folCSOF
Synthesis of nano-structured materials (and thehlakiour) for SOFC
electrodes;
Development of catalyst, electrode and membraneitangerformance for
PEFC especially for use in UPS (uninterrupted paugiply);

Development of catalysts for DMFC,;
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Development, prototyping, commercialization and kear acceptance
research.

The main achievements on research for hydrogeruptimh and storage are:
Making nano binary and ternary metal hydrides fghtl weight and low
desorption temperatures (150 C) and storing 7.5 wit%hydrogen in
Amine Borane using transition metal catalysts;
Regeneration of amine boranes after hydrogen relgasof of concept;
Storing 3.5 to 4% hydrogen in CNT and 2wt% in Grapd
3-4% hydrogen storage in metal-organic frameworks;

2-3wt% storage of hydrogen using Rare-earth me@iites.

Main existing collaborations

Active collaboration among various reasearch graogadia exists in all organisations im the
area of fuels cells as indicated in the tables uratganisations. In the area of hydrogen
production and storage, informal collaborationssekietween laboratories and institutions in
India. Some collaboration with laboratories of thestern world have taken place and led to

some joint publications.

Suggestion on research needs and collaboratione®etthe EU and India

The research collaboration in the EU among acadgomdversities/research centres) and
industry is frequent and well structured while & feollaborations exist in India where a great
deal of industry involvement is lacking. Moreovd?PEFC and SOFC are the dominant
technologies persued in Europe while almost akk$ypf fuel cells are researched on in India.
In order to mutually benefit fuel cells researchbioth regions and to achieve synergies, the
following areas are suggested for collaboration:

o Development of nano-catalysts and carbon suppodkiding CNT for

PEFC electrodes with reduced noble metal contemiitgs and
o New (multifunctional) nanomaterials for SOFC eledis and electrolytes.

Concerning research into hydrogen production aodhge, both Europe and India are actively

persuing activities to make hydrogen a feasiblegnearrier.

For mutual benefit of research into hydrogen prtidacand storage, the following areas are
suggested for a joint coordinated collaboration:
o Development of nano-catalysts and carbon suppodkiding CNT for

electrolyser electrodes;
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o Development of nano-catalysts for steam reformimg) gas cleanup;

0 Synthesis and characterization of nano materials;
0 Water splitting reactions;
o0 Nano catalysis;

0 Allotropes of carbon - Graphene, CNT and C60.

Batteries and super capacitors
Summary - Europe

Main topics/ technical themes

The data for this section are collected by a diresearch on available database and its related
search engine (ISI web of knowledge) that is linkedhe most important sources of scientific
literature. We deem this allows to: have a complétev on the subject; list both private and
public organizations that produce public reseaeslts; make the ranking of the organizations,
to decide on a suitable threshold to consider thenteading actors in the European research
landscape.

The research looked at data of the years 2000-24iil® focus on the period 2006-2010. This
source of data has been integrated with the perémmuaviedge of the experts in the field of
batteries and supercapacitors in ENEA, an EICOGIjept partner.

The list of projects is assembled from data querfeke Cordis FP6 and FP7 project datalfase.
Most of the research, concerning nanomaterialsalsleitfor batteries and supercapacitors, is
focused on the electrodes, for both devices (witharc relevance of the batteries). The
enhancement of the specific surface area of eldetrdbased on the peculiar nature of
nanomaterials seems to be a research theme watige iimpact on the community of scientists
and technologists. Many research results accoustfmériments, where the innovative materials
are assembled in a device, and the device perfariaranalyzed.

In the search for an increased surface area oflkbetrodes, and a related increase of the
charge/discharge current of the devices of interdBferent examples of nanostructured
materials are explored such as nanopowders, nanpmsii@s and nanowires.

The number of nanomaterials investigated is lavg#) emphasis on nanostructured carbon
materials.

Main achievements

% Community Research and Development Informatiorie®yshttp:/cordis.europa.eu
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It is difficult to point out a single achievemesmiting to a real breakthrough in the very broad
area of materials investigated by European reseamips.
There is a broad incremental progress of knowledgd results, with an appreciable
participation of industries to the research, bathmaterials development and in applications.
This makes easier the effective transfer of thewkhow from public research centres and
industrial organizations, in a field where the fiansfer of ideas from the labs to the market is
essential.
The applications belong to very different fieldsit@motive, energy storage for renewable
energy generation, etc.). No special emphasis usadoon the environmental impact and the
recycling of the new materials, which should beead an important theme to take into account,
due to the expected large use of batteries andrcypeitors in products that should have a
very large diffusion in the everyday life of consens
However, he main research themes in Europe include:
1. Manganese oxides to support various speciality ¢teis (primary and rechargeable)
and segments of the battery market: BioG and NMDZoC batteries; High grade
MnO, for lithium primary batteries; EMD for alkaline theries;
2. High Kinetic Processing (Mechanical Alloying, Higimergy and Reactive Milling).
Equipment manufacturing for Mechanical Alloying,gHiEnergy and Reactive
Milling (HKP), mixing and dispersing, sieving andltdring, atomizing,
degassing and passivation.
Manufacturing and design of nanostructured powdatenals.
Batteries based on silver, nickel and lithium testhgies and thin film polymers;
Multidisciplinary technical research, e.g. matesianergy, bio and chemical processes;
Materials characterization including microanalyengl nanoparticle formation;

Carbide derived carbon (electron field emissiofators, supercapacitors and others);

N o g ko

Carbon-based electrodes, compound electrodes, tnactoses and nanowires,
electrolytes and membranes for batteries and Sapacgors.

Main existing collaborations

The results of this research suggest that allébdihg European research groups collaborate in
FP6 and FP7 projects. Therefore, there is a matmemunity of researchers working in this
field, and the authorship of some of the mentiopetlications is shared between different
leading European actors in the field. Some of #search groups analyzed herein seems to have
special attention to international collaboratiospezially in France and Germany.

However, in the existing collaborations there i$ acclear emphasis in the relationship with
India, about the study of nanomaterials and naeoses applied to energy generation and

storage.
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Summary - India

Main topics/ technical themes

Data for this section are based on the availabtabdse under I1SI web of Science and the
journals covered by Engineering Village informatisysten?’ Information is also collected
from the scientists of the identified organizatiomsa few cases.

Despite investment in batteries and supercapadiéctsology with a good amount of expertise
among the scientists and academicians, the reseaitglut and market demand needs to be
enhanced. The major focus on batteries and supitars include development of materials

for cathode and anode, electrolytes and membranes.

However, the main research themes in India include:
Pb-alternative battery development and designing tita commercial
level);
Development of novel materials (with a special ®amn nano-structured
oxides and conducting polymer) for use in electsoafesupercapacitors;
Designing of supercapacitors energy storage system;
Environment effect of the newly developed materials
Transfer of technology from research level to reaitld applications.

Main achievements

From the detailed survey, the main achievementesearch activities related to batteries and
supercapacitors include the following:
Development of electrode materials for magnesiurd aodium based
rechargeable batteries.
Synthesis of nano-structured materials (and thelraliour) for cathode
and anode of batteries and supercapacitors.
Development of catalyst materials, electrolyte ypwér based) and
membranes for batteries and of electrodes for hibatteries.
Gel polymer electrolytes for supercapacitors.

Moreover, the current research interest in Ind@deioted to:

Prudent lead-acid batteries for solar lighting;

Development of magnesium and sodium rechargealtieries using

gel polymer electrolytes;

57 http://www.engineeringvillage.com
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Development of supercapacitors based on carborcamducting polymer
electrodes, and gel polymer electrolytes;
Development of ionic liquid based thermally andceechemically stable
polymer electrolytes for their application in engrgtorage/conversion
devices.
In Indian industry the main interest is focused on:

Futuristic research for lead alternatives;

Product development for new products based ondegtitechnology;

Battery and tool design and development;

Process development;

Alloy development;

Development of plastic components;

Hard rubber / soft rubber components development;

Analytical services;

Battery testing and quality assurance;

Environmental health monitoring.
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Main existing collaborations

The researchers working in the areas of battenessaipercapacitors are mostly focusing on
materials development with the existing facilitiegheir organization. Only a few members are
collaborating with academicians which emphasizeirderdisciplinary research approach. A

closer look shows that collaboration is indeedgngicant.

Only a few industries are involved in research vitidis related to materials development.

Hence, large scale collaboration between indusiy @esearch organization/academicians is
needed for the fruitful development of technology.

Though independent researchers collaborate on ialatdevelopment with US based research
laboratories/institutes, the exchange of ideas andllaboration with European

universities/research laboratories is apparently wesignificant.

Suggestion on research needs and collaborationgéetthe EU and India

The interaction of research laboratories and imthsstappears to be more structured and
frequent in the EU. Exploiting this expertise, ovelving EU industries, in possible EU-India
joint projects, can provide acceleration to maitk@ten studies that are still weak in India. Also
the effective integration of fundamental reseasgiplied research and industrial research can be
much improved, especially in India, with synergies both regions. As evident from the
respective surveys for the two regions, EU anddrdive presently no significant emphasis on
mutual collaboration in this field but the reque$tEU-India calls for projects in this field is
recommended; similar to what is currently ongoimghie three projects as a result of the recent
coordinated EC-DST call for research proposal®larsenergy systenfs.
More specifically, it is concluded from the anafysbnducted that collaborative research needs
to be undertaken on the following areas:

Development of novel materials for electrodes alattmlytes used in

batteries (based on silver, nickel and lithium texbgies) including

carbon-based electrodes and of nanostructuredangdaund electrodes;

Application of advanced processing routes (Meclanidloying, High
Energy and Reactive Milling) for materials develapm

Designing of new generation devices;

Studying the effect of nano-structuring on the prtips of battery
materials;

Development of coatings for batteries and supexitya.

% Call fiche at ftp://ftp.cordis.europa.eu/pub/fpddd/calls/cooperation/energy/e_ct_201004_en.pdf
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4. Conclusions on research needs and on joint futureatis

Based on the results of the research conducteieirEtU and India and on the discussions
during the assessment workshop the following caeis in relation to research needs of nano-
materials in sustainable energy technologies, rapstifically in the areas of Advanced coal
combustion and gasification combined with CCS, dss and supercapacitors, fuel cells

including hydrogen production and storage, andr€IlBV are drawn:

General conclusions

0 Collaborations between research organizations ¢usitves, research
centres and industry) in EU and India on nanomatein this field is rather
limited but has great potential for future enhaneetior mutual benefits;

0 Thematic areas of research in this field in Eurapd India show some
overlap especially in CQOcapture (nano-structured membranes, metalo-
oxide frameworks), hydrogen & fuel cells (novel oaraterials for SOFC,
nanomaterials for electrodes, nano-catalysts angonasupport including
CNT mainly for PEFC and conductive polymers) andgBV (thin films,
DSSC, silicon based cells);

o Collaboration between academia and industry is delleloped in Europe
but appears to be lacking in India;

0 Academia and industry collaborations as well as irerdisciplinary
approach to research on nanomaterials should bdatamy for coordinated
joint calls for research proposals;

0 An interdisciplinary approach to research on narienals in sustainable
energy technologies is only partly developed irhbetgions but is utterly
required since the structure-properties relatignshi these materials
depend heavily on the methods and techniques oir thynthesis,
manufacture and processing involving different igiliges; similarly the
vast varieties of the different post- or in-situaddcterization techniques
require such an approach;

o Large number of youth especially is India provide&s immense
opportunity for scientific excellence;

o Nanomaterials research especially in energy appita is judged as
having great economic potential and contributesniet climate policy

goals;
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0 Both regions have steadily increased investmemaimomaterials research
by providing more funds and improving infrastruetsir

0 Research collaboration should address IPR issgesuatability for funds
provided and research conducted, affordability oérgy supply going
beyond mere cost reduction, relevance for societlysaientific excellence

o Desire for up-scaling of laboratory devices anddpation routes to
industry scale and volumes;

0 The exchange of researchers in the field betwedn tegions exists but is
capable of development to enhance mutual beneférms of exchange of
knowledge and research results, allow testing afehadeas & concepts
and to obviate duplication of research includingamlining of available

resources.

Suggested topics for coordinated joint RTD-DST cadl for research proposals

o Nanomaterials in sustainable energy technologiesh sas energy
conversion (Clean coal including carbon capture &,Gequestration
(CCS), fuel cells including hydrogen production atdrage, and solar &
PV) as well as energy storage (CNT, hydrides, heatie and
supercapacitors) covering aspects of materials hegig, manufacture,
processing, characterization, processing-strugitwperties relations, and
modelling & simulations;

o Mapping of competences of research expertise péatly of CoE in
synthesis, manufacture, processing, characterizatfonanomaterials and
of their modelling & simulation at the nano-scaididia and EU including
gap analysis;

0 Mapping of available research infrastructure in &tdl India for use in the
synthesis, manufacture, processing, charactenzatiod modelling &
simulation of nanomaterials in India and EU inchglgap analysis;

o Establishment of standardized methods to assessalidate effects at the
nano-scale in materials by means of inter-laboyatomparison;

o Development of schemes for access to researchsinfcdures (synthesis &
manufacture, characterisation tools, software cadkgsbases, etc);

0 Socio-economic studies on the use and effectiveakssinomaterials for
energy and other applications (i.e. cross ferfiliwa potentials) including

future research spending required and societalffiteaed impacts.
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Suggested areas for joint research projects

o0 Development of (high temperature) and nano-stredtumembranes
whether composites or hybrids for CO2 separatiod frel conversion
(reforming, fuel cells, electrolyzer);

o Development of improved and low (production) cadtscells (thin films,
DSSC, Si based, organic) with increased light hstirg capabilities and
reduced degradation;

o Development of novel nano-catalysts and carbon atppincluding
functionalized (carbon) nanostructures for eleamoavith no or reduced
noble metal content/loading;

o Development of new (multifunctional) nanomateridls solid oxide
electrodes and electrolytes;

0 Development of nanomaterials and nano-structuredbdtteries including
carbon, polymers and catalysts to optimize powarsitie of batteries,
capacitors, and hybrids and to allow for new bgttemcepts.
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