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Executive summary 

 

This report is an outcome of a study on mutual European Union (EU) & Indian nano-materials 

research needs in sustainable energy technologies and it is developed as part of the EICOON – 

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

sustainable energy technologies project (Grant agreement no.: 233466), co-funded by the 

European Commission (EC) under the Seventh Framework Programme for Research and 

Technological Development (FP7). It forms Deliverable D1.1 of the project and it aims to:  

·  Make a strategic assessment of mutual EU-India nano-materials research needs in 

sustainable energy technologies;  

·  Identify topics for future coordinated joint calls for research proposals. 

Within sustainable energy technologies, the study focuses on the following thematic areas:  

·  Advanced coal combustion and gasification combined with carbon capture & CO2 

sequestration (CCS);  

·  Solar & photovoltaic; 

·  Fuel cells including hydrogen production and storage;  

·  Batteries and super capacitors. 

Both the EU and India have recognised the importance of nanotechnology and developed their 

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

Strategy for Nanotechnology” adopted in 2004 and the “Action Plan” for its implementation in 

2005 represent major policies, as well as the Strategic Nanotechnology Action Plan (SNAP) 

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

were launched especially through the Nano Science and Technology Initiative (NSTI) and the 

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

majority of Indian nanotechnology investment and supports around 130 projects.  

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

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

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

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

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

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

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

competitive prices. Coal is expected by the government to be the most important source of 

energy till 2031-32. Solar power was also highlighted as of importance in the Integrated Energy 

Policy of India.  
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Scientific collaborations between the two regions have been built on the first EU-India Science 

and Technology (S&T) Agreement signed in 2001. Numerous Indian researchers have 

participated in the EU Framework Programmes and coordinated joint EU-India calls for 

research proposals have been launched including one on Solar Energy Research in 2009. 

From the analysis of the research activities of relevant stakeholders in the EU and India, it is 

concluded that in the thematic area of advanced coal combustion and gasification combined 

with carbon capture & CO2 sequestration, in Europe the development of a membrane process 

for the removal of CO2 from flue gases is a main challenge. Current research and main 

achievements so far are dedicated to the molecular design of polymeric membranes to improve 

the macroscale membrane permeance while maintaining selectivity. In addition CO2 capture 

from flue gases, also CO2 capture from high pressure applications deserves attention. The main 

challenge for high pressure CO2 capture lays in the development of plasticization resistant 

membranes. Research in India focuses on polymer membranes for carbon dioxide separation, 

metal-oxide frameworks for CO2 sequestration, development of nanostructured catalysts for 

coal combustion/gasification, modeling and simulation of coal gasification kinetics, new 

methods of biomass utilization with enhanced efficiency and hybrid nanocomposites for CO2 

storage and electrochenical and photo-catalytic reduction of CO2 (using the visible light range) 

with the help of nanostructure ionic liquids/ solid electrolytes. 

In the solar and photovoltaic thematic area, the main research focus in Europe is on silicon solar 

cells, thin-film solar cells, dye-sensitised solar cells (DSSC), organic photovoltaics, 

nanostructures, transparent conductors and other topics: e.g., concentrated photovoltaics, 

flexible substrates, organic–inorganic hybrid cells, and tandem and multijunction cells. In India 

ongoing research concentrates especially on silicon solar cells, organic photovoltaics and DSSC.  

In the thematic area of fuel cells including hydrogen production and storage, research in Europe 

is focused on two main types of fuel cells, the polymer electrolyte or proton exchange 

membrane fuel cell (PEFC) and solid oxide fuel cell (SOFC). For low temperature fuel cells 

such as the PEFC, research is focused on the development and use of primarily non-noble metal 

electrodes, and for high temperature fuel cells such as the SOFC, on the synthesis, manufacture 

and characterization of the traditional kind of materials currentlyused at the nanoscale and of 

newly developed especially ceramic (like) materials.  

In hydrogen production, two main technologies are used: water electrolysis and reforming of 

hydrocarbons and the research themes are similar to those for fuel cells. In hydrogen storage, 

the two major technologies are the storage of gaseous hydrogen (compressed up to 700 bar) 

most often in composite tanks and liquid hydrogen in cryogenic vessels. Research often focuses 

on solid state storage. In India, fuel cell research relates to the development of nanostructured 

materials for various types of fuel cells namely the SOFC, PEFC, direct methanol fuel cell 

(DMFC), alkaline fuel cell (AFC), etc. 
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Research in Europe concerning nanomaterials suitable for batteries and supercapacitors is 

related mainly to electrodes. The enhancement of the specific surface area of electrodes based 

on the peculiar nature of nanomaterials seems to be a research theme with a large impact on the 

community of scientists and technologists. In India the major focus in batteries and super-

capacitors includes development of materials for the cathode and anode, electrolytes and 

membranes. 

Based on the detailed analysis of the research strategies, priorities and achievements in the EU 

and India general conclusions regarding suggestions on topics for joint calls for research 

proposals and future joint research projects have been developed.  

The general conclusions are that: 

·  Collaborations between research organizations (universities, research centres and 

industry) in EU and India on nanomaterials in this field is rather limited, but has 

great potential for future enhancement for mutual benefits; 

·  Thematic areas of research in this field in Europe and India show some overlap 

especially in CO2 capture (nano-structured membranes, metalo-oxide 

frameworks), hydrogen & fuel cells (novel nanomaterials for SOFC, 

nanomaterials for electrodes, nano-catalysts and carbon supports including CNT 

mainly for PEFC and conductive polymers) and solar/PV (thin films, DSSC, 

silicon based cells); 

·  Collaboration between academia and industry is well developed in Europe but 

appears to be somewhat lacking in India; 

·  Academia and industry collaborations as well as an interdisciplinary approach to 

research on nanomaterials should be mandatory for coordinated joint calls for 

research proposals; 

·  An interdisciplinary approach to research on nanomaterials in sustainable energy 

technologies is only partly developed in both regions, but is essential since the 

structure-properties relationships of these materials depend heavily on the 

methods and techniques of their synthesis, manufacture and processing involving 

different disciplines; similarly the vast varieties of the different post- or in-situ 

characterization techniques require such an approach; 

·  The human resource potential for this area should be fully exploited, thus the 

large numbers of young people especially in India provide an immense 

opportunity for scientific excellence; 

·  Nanomaterials research especially in energy applications is judged as having 

great economic potential and contributes to meet climate policy goals; 
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·  Both regions have steadily increased investment in nanomaterials research by 

providing more funds and improving infrastructures; 

·  Research collaboration should address IPR issues, accountability for funds 

provided and research conducted, affordability of energy supply going beyond 

mere cost reduction, relevance for society and scientific excellence; 

·  There is a need for up-scaling of laboratory devices and production routes to 

industry scale and volumes; 

·  Exchange of researchers in the field between both regions exists, but is could be 

further developed to enhance mutual benefits in terms of exchange of knowledge 

and research results, allow testing of novel ideas & concepts and to obviate 

duplication of research including streamlining of available resources. 

 

The suggested joint call topics are:  

·  Nanomaterials in sustainable energy technologies such as energy conversion 

(Clean coal including carbon capture & CO2 sequestration (CCS), fuel cells 

including hydrogen production and storage, and solar & PV) as well as energy 

storage (CNT, hydrides, batteries and supercapacitors) covering aspects of 

materials synthesis, manufacture, processing, characterization, processing-

structure-properties relations, and modelling & simulations; 

·  Mapping of competences of research expertise particularly of CoE in synthesis, 

manufacture, processing, characterization of nanomaterials and of their modelling 

& simulation at the nano-scale in India and EU including a gap analysis; 

·  Mapping of available research infrastructure in the EU and India for use in the 

synthesis, manufacture, processing, characterization and modelling & simulation 

of nanomaterials in India and the EU including a gap analysis; 

·  Establishment of standardized methods to assess and validate effects at the nano-

scale in materials by means of inter-laboratory comparison; 

·  Development of schemes for access to research infrastructures (synthesis & 

manufacture, characterisation tools, software codes, databases, etc); 

·  Socio-economic studies on the use and effectiveness of nanomaterials for energy 

and other applications (i.e. cross fertilization potentials) including future research 

spending required and societal benefits and impacts. 

 

 

 

The suggested areas for joint research projects are:  
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·  Development of (high temperature) and nano-structured membranes whether 

composites or hybrids for CO2 separation and fuel conversion (reforming, fuel 

cells, electrolyzer); 

·  Development of improved and low (production) cost solar cells (thin films, 

DSSC, Si based, organic) with increased light harvesting capabilities and reduced 

degradation; 

·  Development of novel nano-catalysts and carbon supports including 

functionalized (carbon) nanostructures for electrodes with no or reduced noble 

metal content/loading; 

·  Development of new (multifunctional) nanomaterials for solid oxide electrodes 

and electrolytes; 

·  Development of nanomaterials and nano-structures for batteries including carbon, 

polymers and catalysts to optimize power density of batteries, capacitors, and 

hybrids and to allow for new battery concepts. 
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1. Introduction and report organization 

 

This report is an outcome of a study on mutual European Union (EU) & Indian researcher’s 

training needs in sustainable energy technologies and it is developed as part of the EICOON – 

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

sustainable energy technologies project (Grant agreement no.: 233466), co-funded by the 

European Commission (EC) under the Seventh Framework Programme for Research and 

Technological Development (FP7). It forms Deliverable D1.1 of the project and it aims to:  

·  Make a strategic assessment of mutual EU-India nano-materials research needs in 

sustainable energy technologies;  

·  Identify topics for future coordinated joint calls for research proposals by RTD�  and 

DST.
  

Within sustainable energy technologies, the study focuses on the following areas:  

·  Advanced coal combustion and gasification combined with carbon capture & CO2 

sequestration;  

·  Solar & photovoltaic; 

·  Fuel cells including hydrogen production and storage;  

·  Batteries and super capacitors. 

 

Project background 

 

The project is coordinated by MESA+ Institute for Nanotechnology, University of Twente 

(MESA+, NL). The project partners are:  

·  EC, Directorate-General Joint Research Centre, Institute for Energy (JRC, NL); 

·  Sociedade Portuguesa de Inovação -Consultadoria Empresarial e Fomento da Inovação, 

S. A. (SPI, PT);  

·  National Chemical Laboratory (NCL, India);  

·  Indian Institute of Technology – Delhi (IIT-D, India);  

·  Indian Institute of Technology - Kharagpur (IIT-Kgp, India); 

·  S. N. Bose National Centre for Basic Science (SNBNCBS, India); 

·  Agenzia nazionale per le nuove tecnologie, l’energia e lo sviluppo economico 

sostenibile (ENEA, IT); 

·  Valtion teknillinen tutkimuskeskus (Technical Research Centre of Finland) (VTT, FIN); 

                                                
1 EC Directorate-General for Research 
2 Department of Science and Technology, Government of India 
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·  Jawaharlal Nehru Centre for Advanced Scientific Research (JNCASR, India); 

·  Institute of Nanotechnology (IoN, UK); 

·  Confederation of Indian Industry (CII, India). 

The 3-year EICOON project started on 1 September 2009. 

 

Report methodology and structure 

 

The principal methodology used to map training needs and possible topics of future coordinated 

joint calls for research proposals between the EU and India was synergy analysis. This method 

implies identifying gaps and overlaps between current research activities and achievements in 

the two regions in the thematic areas of the EICOON project comparing also current and future 

research strategies in nanotechnology and nanosciences, as well as in energy.  

The sources of information collected for this purpose included the: 

·  Knowledge of the EICOON partners (or their contacts) though face-to-face, telephone 

consultation and via questionnaires used by one of the project partners for this purpose; 

·  Visit to various web sources, such as for example databases of scientific publications, 

policy reports and strategies and websites of relevant organizations from the two 

regions; 

·  Distribution of the draft report to selected European and Indian stakeholders who 

provided their suggestions and comments for improvements; 

·  Organization of an assessment workshop, implemented on 1-2 November, 2010 in New 

Delhi, India with the participation of European and Indian stakeholders from the field, 

including policy makers, researchers and scientists, university professors, students and 

industry members. The workshop provided an:  

o Overview on the scope and context of the EU and India’s energy, energy research 

and international research cooperation policies related to sustainable energy 

technologies; 

o Overview on the regions’ nano-materials research and training landscapes in this 

field; 

o The workshop also allowed participants to give their comments on topics of nano-

materials research in the field for future coordinated joint calls for research 

proposals.  

 

 

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

enable the application of the synergy analysis method which has the following main sections:  
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·  Policy and funding: This section is divided into two sub-sections. The first deals with 

strategies related to nanotechnology, as well as energy currently available in both 

regions. The reason for detailing these two themes is that the specific project topics, due 

to their transversal nature, cover both of them. Analysing current strategies in the EU 

and India aims to provide a better picture of what the existing and future research focus 

is at a policy level. Although some EU countries have their own national priorities and 

policies, these are not considered in this report as the scope is at European level; 

therefore, only EU wide policies are included. There is also brief information 

incorporated about recent research collaborations between the EU and India.  

The second sub-section concerns funding instruments/programmes for research in 

relevant areas available in the two regions. This provides details of budget, objectives, 

background, beneficiaries, geographic scope, type of funding, topics covered, start and 

end date, as well as the website reference for the funding programmes. 

·  Organisations active in research: The second main section is an analysis of the 

activities of relevant organisations active in research in the four thematic areas of the 

project. First the summary of research is presented per thematic field which contains the 

main topics/technical themes that are currently under focus in research both in the EU 

and India. The main achievements, main existing collaborations and suggestions for 

research needs and collaborations between the EU and India are also defined. This 

summary is based on the detailed analysis presented in ANNEX 1 of the document. 

·  Conclusions on research needs: This section is the result of the synthesis and analysis 

of the information presented in the two previous sections. Through this study, gaps and 

overlaps in research in the thematic areas in the regions are identified and mutual 

research needs and possible future coordinated joint calls for research proposals are 

delineated.  

·  ANNEX 1 – ORGANISATIONS: This section gives an overview of the main 

organisations in the thematic areas in the two regions, including also information about 

their research areas, key individuals that belong to the organisations, main achievements 

such as publications, projects, events, etc., and research collaborations where 

applicable. Where it was considered relevant, non-EU European organisations´ research 

activities were also taken into consideration.  

·  ANNEX 2 – SUMMARY AND ORGANISATIONAL MATRIX : Based on the 

detailed analysis presented in ANNEX 1, an organisational matrix is also included in 

ANNEX 2 to show in a simple way in which thematic areas the selected European and 

Indian organisations have competences.  
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·  ANNEX 3 – LIST OF STAKEHOLDERS: In this section project partners gathered 

information about important European and India stakeholders active in the thematic 

areas. This contains details on the organisations they are affiliated with, their contacts, 

profile and expertise, where information on the latter two are found.  

·  ANNEX 4 – LIST OF ABBREVIATIONS: This section gathers the main 

abbreviations used in the text.  

 



10 
 

2. Policy and funding 

���  Overview of Strategies 

�����  Nanotechnology in Europe 

Nanotechnology concerns the study of phenomena and manipulation of materials at atomic, 

molecular and macromolecular scales, where properties differ significantly from those at a 

larger scale. Nanotechnology is not a sector of the economy. However, significant progress 

across a wide range of sectors is being enabled through R&D and innovation in nanotechnology. 

Due to its enabling character, advances can be made in virtually all technology sectors including 

energy. 

On 12 May 2004 the EC adopted the Communication “Towards a European Strategy for 

Nanotechnology”3 in which a safe, integrated and responsible strategy was proposed. This 

strategy aims to reinforce the EU’s leading position in nanotechnology R&D and innovation 

while addressing any environmental, health, safety and societal concerns upfront. In this 

context, several needs were highlighted, namely to: 

·  Increase investment and coordination of R&D to reinforce scientific excellence, 

inter-disciplinarity and competition in nanotechnology together with industrial 

exploitation; 

·  Develop world-class competitive R&D infrastructure (‘poles of excellence’) that 

take into account the needs of both industry and R&D organisations; 

·  Promote the interdisciplinary education and training of R&D personnel together 

with a stronger entrepreneurial mindset; 

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

translated into affordable and safe wealth-generating products and processes; 

·  Respect ethical principles, integrate societal considerations into the R&D process 

at an early stage and encourage a dialogue with citizens; 

·  Address public health, occupational health and safety, environmental and 

consumer risks of nanosciences and nanotechnologies (N&N)-based products at 

the earliest possible stage; 

·  Complement the above actions with appropriate cooperation and initiatives at the 

international level. 

                                                
3 COM(2004) 338 
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Taking into account the outcomes of an extensive consultation process4 , in 2005 the 

Commission prepared the Action Plan5, which defines a series of articulated and interconnected 

actions for the immediate implementation of a safe, integrated and responsible strategy for 

nanotechnology based on the priority areas identified in the above-mentioned communication. 

The key elements of the Action Plan include: 

1. Research, development and innovation: Europe needs knowledge; 

2. Infrastructures and European Poles of Excellence;  

3. Interdisciplinary human resources: Europe needs creativity;  

4. Industrial Innovation: From knowledge to the market;  

5. Integrating the societal dimension: Adressing expectations and concerns; 

6. Public health, safety, environmental and consumer protection;  

7. International cooperation.  

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

at EU level for coordinating required actions through: 

·  Monitoring and overseeing the implementation of this Action Plan, its conformity 

and coherence with Commission policies (R&D, education and training, 

employment, enterprise policies, health and consumer protection, etc.) 

·  Reporting on progress made with the Action Plan every two years to the Council 

and the European Parliament, making use of indicators, where possible. 

·  Performing a range of activities so to accompany and foster a useful, beneficial, 

profitable and consensual exploitation and application of nanotechnology in the 

EU e.g. via dedicated ‘horizon scanning’ activities, pro-active and responsive 

dialogue with the public and ad-hoc initiatives at international level. 

Two Implementation Reports6 have been produced since 2005 to review progress in virtually all 

areas of the Action Plan. In particular, the second report concludes that support for 

nanotechnology research under the Framework Programme continues to grow from EUR 1.4 

billion in the four-year period 2003-2006, to more than EUR 1.1 billion in the two-year period 

of 2007-2008. Further growth is expected in the years up to the end of FP7 in 2013. This 

investment is complemented by significant public funding in Member States, to the tune of 

more than EUR 2.5 billion in 2007-2008. 

                                                
4 Nanoforum Report, December 2004 http://www.nanoforum.org  
5 Nanosciences and nanotechnologies: An action plan for Europe 2005-2009, COM(2005) 243) 
6 First Implementation Report 2005-2007, Second Implementation Report 2007-2009: http://ec.europa.eu/nanotechnology/policies_en.html  
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At the beginning of 2010, the EC completed a consultation process and preparations for the 

Strategic Nanotechnology Action Plan (SNAP) 2010-2015, a “new Action Plan for 

nanotechnology, addressing the technological and societal challenges of the next five years and 

strengthening the research and innovation efforts, with increased emphasis on sustainable 

development, competitiveness, health, safety and environmental issues”. 7The result of this 

consultation process, the Report on the European Commission's Public Online Consultation: 

Towards a Strategic Nanotechnology Action Plan (SNAP) 2010-2015 has been published. Some 

of the main results relevant for the present assessment report are as follows:  

·  Energy was considered by all the respondent types as a nanotechnology 

application area in which the benefits are very high or high; 

·  Energy is seen as one of the areas of application where the benefits far outweigh 

any potential risks; 

·  The majority of the respondents thought that more needs to be done on 

international cooperation in the area of nanotechnology8.  

Practical implementation of the Action Plan strategy is carried out through formation and 

promotion of Joint Technology Initiatives (JTI), European Technology Platforms (ETP) and 

Networks of Excellence (NoE).  

·  ETPs are first introduced in the EC Communication on an Industrial Policy in 

an enlarged Europe of 11 December 2002.9 The ambition was to bring together 

R&D-relevant stakeholders with various backgrounds (e.g. regulatory bodies at 

various geo-political levels, industry, public authorities, research institutes and 

the academic community, the financial world and civil society) who would 

develop a long-term R&D strategy in areas of interest to Europe. The platforms 

also had a mandate in helping to further mobilize private and public R&D 

investments. The set up of an ETP follows a bottom-up approach in which the 

stakeholders take the initiative and where the European Commission evaluates 

and guides the process. 

·  JTIs are instruments used to implement the Strategic Research Agendas (SRA) 

of the different ETPs.10 

·  The EU implemented the creation of European NoEs11 as an instrument for 

strengthening excellence by tackling the fragmentation of European research. 

                                                
7 European Commission Research: http://ec.europa.eu/research/consultations/snap/consultation_en.htm  
8 European Commission. Report on the European Commission's Public Online Consultation, Towards a Strategic Nanotechnology Action Plan (SNAP) 

2010-2015: http://ec.europa.eu/research/consultations/snap/report_en.pdf  
9 COM(2002) 714 final 

10 Joint Technology Initiatives: http://cordis.europa.eu/fp7/jtis/about-jti_en.html 
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NoEs are designed to strengthen scientific and technological excellence on a 

particular research topic through the durable integration of the research 

capacities of the participants. They aim to overcome the fragmentation of 

European research by:  

o Gathering the critical mass of resources; 

o Gathering the expertise needed to provide European leadership. 

NoEs also have to spread excellence beyond the boundaries of their partnership. 

In the previous round of R&D funding (Sixth Framework Programme - FP6, 

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

participants and a cumulative EU contribution of EUR 1.2 billion (against 

eligible investment of EUR 1.9 billion). On average, each NoE involved around 

30 partners and an EU contribution of 7 million euro per contract. In the current 

Framework Programme, however, the amount of funding available for NoE 

projects has been significantly reduced in favour of so-called integrating 

projects (IP). This decision followed conclusions of the report on analysis of 

efficiency NoE instrument produced by the European Court of Auditors.12 

Due to the relevance of nanotechnology to many rather than one economic sector there have 

been no JTIs formed that focus on nanotechnology only. However, the JTI on Fuel Cells and 

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

nanotechnology based technologies. In the meantime, there are a number of energy related ETPs 

giving high priority to the nanotechnology developments relevant to the thematic areas of 

interest for this report: 

·  European Nanoelectronics Initiative Advisory Council (ENIAC) bringing together 

the leading European players to develop and implement a coherent strategy for 

Europe in this domain. 

Based on its Annual Workprogramme for 2010 and Multi-Annual Strategic Plan 

and Research Agenda the specific research priorities include:  

o CO2 reduction (solar (or other alternative)) energy supply chain, design and 

demonstration of a new bunch of innovative electronic components and 

solar cells for higher performance photovoltaic systems; 

                                                                                                                                          
11 Provisions for implementing networks of excellence: 

http://cordis.europa.eu/fetch?ACTION=D&SESSION=&DOC=1&TBL=EN_DOCS&RCN=1845&CALLER=FP6_LIB 
12 Networks of excellence’and ‘integrated projects’ in community research policy: did they achieve their objectives?, 2009: 

http://eca.europa.eu/portal/pls/portal/docs/1/3074294.PDF  
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o Efficient power supplies, power management and storage solutions (eg. 

more sophisticated systems of energy storage including batteries, super-

capacitors). 

·  European Technology Platform on Renewable Heating & Cooling (RHC-ETP) that 

incorporates the community of the former European Solar Thermal Technology 

Platform (ESTTP). This ETP brings together stakeholders from the biomass, 

geothermal and solar thermal sector and its research agenda includes priorities with 

strong relevance to nanotechnology. 

·  European Photovoltaic Technology and Zero Emission Fossil Fuel Power Plants 

platforms have also priorities related to nanotechnology based developments. 

According to the Strategic Research Agenda for Photovoltaic Solar Energy 

Technology of European Photovoltaic Technology the priorities in the cell and 

module technologies include:  

o  Wafer-based crystalline silicon; 

�  Reducing the specific consumption of silicon and materials in the final 

module; 

�  New and improved silicon feedstock and wafer (or wafer equivalent) 

manufacturing technologies, that are cost-effective and of high quality; 

�  Increasing the efficiency of cells and modules and, in the longer-term, 

using new and integrated concepts; 

�  New and improved materials for all parts of the manufacturing chain, 

including encapsulation; 

�  High-throughput, high-yield, integrated industrial processing; 

�  Finding safe processing techniques with lower environmental impact. 

o Existing thin-film technologies; 

�  Reliable, cost-effective production equipment; 

�  Low cost packaging solutions both for rigid and flexible modules; 

�  More reliable modules through better quality assurance procedures 

(advanced module testing, and improved assessment of module 

performance); 

�  Recycling of materials and old modules; 

�  Alternatives for scarce chemical elements such as indium and gallium. 

o Emerging and novel technologies;  

�  Novel active layers (Quantum wells, Quantum wires, Quantum dots, 

Nanoparticle inclusion in host semiconductor); 
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�  Boosting structures at the periphery of the device (Up-down converters, 

Exploitation of plasmonic effects). 

 

·  Also, the Advanced Engineering Materials and Technologies (EUMAT) platform 

covers all elements of the life cycle of advanced engineering materials/technologies 

with nanomaterials and nanotechnologies as one of the most promising approaches 

to provide a stream of breakthrough results. The R&D activities in the field of 

nanotechnology are focused more on basic science and are coordinated and 

promoted through numerous NoEs13 and collaborative projects funded through the 

Nanosciences, nanotechnologies, Materials & new Production technologies (NMP) 

thematic area14 of the Framework Programme. 

 

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

innovation in energy linked topics. Projects are expected in relation to:  

·  Development and up-scaling of innovative photovoltaic cell processes and 

architectures to pilot-line scale for industrial application focusing on:  

o Innovative thin film processes based on inorganic nanostructured materials 

deposited on glass, metal sheets or polymers, with new cell configurations 

obtained through innovative methods, such as PVD, printing, or other;  

o Innovative wafer-based silicon processes exploiting new cell architectures 

and new approaches, such as heterojunctions, rear contact cells, metal wrap 

through, or other. 

·  Advanced eco-design and manufacturing processes for batteries and electrical 

components focusing on:  

o For near-to-market types of lithium-based batteries, manufacturing 

processes of cells, but also on their integration into manageable battery 

modules and packs. Advanced manufacturing processes of battery cells, 

should be flexible enough or reconfigurable to cope with new chemistries. 

Special attention should be devoted to thermal management systems and 

safety issues, which are critically dependant on battery system design. 

o For electric drivetrains and in particular motors, the main challenge of cost 

reductions is to be achieved by design improvements in order to produce 

lighter systems with increased power density, while at the same time taking 

                                                
13 See, for example, NETWORKS OF EXCELLENCE’AND ‘INTEGRATED PROJECTS’ IN COMMUNITY RESEARCH POLICY: DID THEY 
ACHIEVE THEIR OBJECTIVES?, 2009 
14 http://cordis.europa.eu/fp7/cooperation/nanotechnology_en.html 
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into account the availability of critical materials and their 

dismantling/recycling. Projects should not include design or manufacturing 

of the power chips themselves. 

�����  Nanotechnology in India 

In India, nanotechnology is perceived to hold solutions to some of the crucial problems faced by 

man. As a technology that has the potential to manipulate materials at the molecular level and to 

make them functional, it holds the key to improving the competitiveness of India at a time when 

India is making its arrival in the global economic stage. The Government of India realized the 

importance of nanotechnology and has consolidated its action for the promotion and 

development of the new technology through the Nano Science and Technology Initiative 

(NSTI). Building upon the promotional activities performed as part of NSTI, the Government of 

India launched a Mission on Nano Science and Technology (Nano ission) in May 2007 and 

allocated Rs. 1,000 crore, equal to Rs. 10 billion, for 5 years to it. DST is the nodal agency for 

implementing the Nano Mission.15 as a flagship programme under the 10th Five Year Plan 

(FYP).16 

The objectives of the Nano Mission are as follows:17 

·  Promotion of basic research through nurturing active interest and also through funding 

infrastructural support; 

·  Support in infrastructural investments, namely equipment on a project to project basis 

and also on a shared facilities basis; 

·  Initiatives have been taken to improve the levels of engagement with the industry for 

the development of the needed technologies. Nanotechnology based business incubator 

and funding have been provided. Efforts have also been taken to create facilties and to 

conduct research on Public Private Partnership (PPP) modes; 

·  Education and training are provided through sponsoring programmes and also part 

funding of programmes at masters degree level. It is also done in such a way that inter 

discipliniary research is encouraged. The mission through institutions in India also has 

charted out plans to launch Master programmes, create national and overseas post-

doctoral fellowships, chairs in universities, etc. 

·  Attempts are being taken to establish joint centres of excellence with universities and 

research institutions abroad. Other than these, arrangements are also done for 

exploratory visits and joint workshops and conferences. 

                                                
15 http://www.dst.gov.in/scientific-programme/ser-nsti.htm 
16 Report of the Working Group on DST for the Eleventh Five Year Plan 2007 - 12 
17 http://nanomission.gov.in/ 
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The support offered under NSTI and Nano Mission is responsible for the majority of the 

nanotechnology investment in the country. Some of the details of the support that has been 

provided are as follows: 

Around 130 projects are supported to independent scientists working primarily on fundamental 

scientific aspects of nanoscale systems. Investigations aim at looking into new and improved 

understanding of the relationship between structures of various nanoscale systems and their 

properties with the help of sophisticated characterization facilities. 

Extensive studies on semiconductor nanocrystals are undertaken in several projects. As 

semiconductor particles exhibit size-dependent properties like scaling of the energy gap and 

corresponding changes in the optical properties, they are considered as technologically 

important materials. 

Another project reported that flow of various liquids and gases over a mat of single-walled 

carbon nanotube (SWNT) bundles generate electrical signals, which have signifiant implications 

of the development of technology. Negative differential resistance in a one-dimensional 

molecular wire with an odd number of atoms attached between two macroscopic electrodes at a 

critical bias generates considerable interest for possible device applications. 

1. Strengthening of Characterization Facilities 

Research with nanoscale systems requires sophisticated characterization facilities which were 

not readily available in the research labs of India. Realizing this gap, DST has established an 

array of sophisticated equipment including items such as an optical tweezer; nano-indentor, 

Transmission Electron Microscope (TEM), Atomic Force Microscope (AFM), Scanning 

Tunneling Microscope (STM), Matrix Assisted Laser Desorption Time of Flight Mass 

Spectrometer (MALDI TOF MS); and Microarray Spotter & Scanner at various locations in the 

country. 

2. Establishment of Centres of Excellence 

Eleven Units/Core Groups on Nano Science are sanctioned across India. These CoE house some 

of the more sophisticated facilities for partnering in knowledge exchange with other scientists in 

the region and would help in promoting scientific research on nanoscale systems in a 

decentralized fashion. Seven Centres for Nano Technology focusing on development of specific 

applications are established. In addition, a CoE on Computational Materials Science is 

established at JNCASR, a partner in the EICOON project. 

3.  International Collaborative Programmes 

As expected, Nano Science and Technology has prominently figured in all S&T cooperation 

agreements entered into in recent times. Joint R&D activities are already taking place with 
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several countries. For example, with the US, several projects are funded on CNT in composites, 

nano-encapsulating material under the DST-NSF18 programme. Several Indo-US workshops are 

held. With Germany, a programme on engineered functional nanocomposites started focusing 

on magnetic properties, magnetic interactions, gas-solid interactions including catalysis, etc. 

Collaborative efforts are also being explored with Italy, the EU and are in development with 

Taiwan. The International Advanced Research Centre for Powder Metallurgy and New 

Materials (ARCI), an autonomous DST institute has an active programme in nanomaterials with 

institutions in Russia, Ukraine, Japan, Germany and the US. 

4. Joint Institution-Industry Linked Projects and Public Private Partnership activities 

In order to focus the existing expertise in research and educational institutions towards 

developing products and processes of direct interest to industries, DST, under the Nano 

Programme, promotes the Joint Institution-Industry Linked Projects and Public Private 

Partnership activities in recent times. Many of these projects are undertaken by industry with 

significant financial investments. These activities help to simultaneously leverage the scientific 

knowledge-base existing in the research and educational institutions and the commercial vision 

of the industry to generate competitive technologies, which can then translated to products. 

Some of the other initiatives that have been actively taken up are: 

1. A research centre of excellence the Nanophosphor Application Centre (NAC) has 

been established in Allahabad University under the aegis of the DST Science and 

Engineering Research Council (SERC). 

2. Interdiscipliniary work to the levels of creating memoranda of understanding are 

initiated between government departments (Department of Atomic Energy, 

Department of Biotechnology, etc) to jointly develop research capabilities. 

3. One of the deliverables of the 11th FYP with respect to the Nano Science and 

Technology Initiative is capacity building in at least 25 public funded institutions 

and 25 industries through PPP to mobilize 25% of the funding needs industry. 

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

lay increased emphasis on the Nano Mission. 

The national strategy of India focuses on reducing the large contribution of India’s emissions 

specifically from the coal power sector using recent advances in nanotechnology. An integrated 

national strategy unifying all R&D and training aspects to improve the efficiency of generation, 

transmission and distribution using innovative nano-materials 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 basically determined by the general European 

conditions. At the centre of the EU strategy is moving towards a low-energy economy, whilst 

making the energy consumption more secure and energy production more competitive and 

sustainable. A common policy is the most effective way to tackle the energy challenges, which 

are shared by all Member States. The shape of the current policy has been initially outlined in 

the EC Green Paper of 8 March 2006, A European strategy for sustainable, competitive and 

secure energy19. The document identified the energy landscape of the 21st century and set six 

priority areas enabling Europe to face the energy supply challenges of the future and the effects 

these will have on growth and the environment: 

1. Energy for growth and jobs in Europe: completing the internal European electricity and 

gas markets; 

2. An Internal Energy Market that guarantees security of supply: solidarity between 

Member States; 

3. Tackling security and competitiveness of energy supply: towards a more sustainable, 

efficient and diverse energy mix; 

4. An integrated approach to tackling climate change; 

5. Encouraging innovation: a strategic European energy technology plan; 

6. Moving towards a coherent external energy policy. 

 

Three main objectives of Europe’s energy policy have been declared as sustainability, 

competitiveness and security of supply. In 2007, the EC published a Communication to the 

European Council and the European Parliament of 10 January 2007, An energy policy for 

Europe.20. This document reviews the European energy situation and introduced a complete set 

of European Energy Policy measures (the 'energy' package). The key measures include 

·  To reduce CO2 emissions in Europe by at least 20% by 2020. These objectives 

are at the heart of the EU Strategy for limiting climate change: the way ahad for 

2020 and beyond.21 

·  To reduce Europe’s energy consumption by 20% by 2020 is the objective the 

EU has set itself in its Action Plan for Energy Efficiency (2007-2012).22 

·  To increase the use of renewable energy sources, in its Renewable Energies 

Roadmap. Renewable energies in the 21st century: building a more sustainable 

                                                
19 COM(2006) 105 final 
20 COM(2007) 1 final 
21 COM(2007) 2 final 
22 COM(2006) 545 
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future,23 the EU set itself the objective of increasing the proportion of 

renewable energies in its energy mix by 20% by 2020. 

·  To develop new energy technologies via a 50% increase in spending on 

research in the energy sector (European Strategic Energy Technology Plan - 

SET Plan).24 

·  To implement a common international energy policy in particular by 

strengthening the European Energy Charter25 through developing international 

energy agreements and helping developing countries to implement low-cost, 

reliable and sustainable energy services.  

In 2008 and 2009, two additional documents, Energy Security and Solidarity Action Plan26 and 

European Energy Programme for Recovery,27 were published to contribute furtherto achieving 

the aims of the European energy policy. The aims of the European energy policy are also 

supported by market-based tools (mainly taxes, subsidies and the CO2 emissions trading scheme 

- ETS), by running pan-European R&D and industrial initiatives (particularly on developing 

technologies for energy efficiency and renewable or low-carbon energy production) and by 

other EU financial instruments. 

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

reducing energy consumption and greenhouse gas (GHG) emissions by 20% between now and 

2020 and increasing by 20% the share of renewable sources in Europe's energy mix. Practical 

implementation of the EU energy policy in the field of energy technologies is carried out 

through execution of the SET Plan – a set of measures relating to planning, implementation, 

resources and international cooperation in the field of energy technology. This plan aims to help 

achieve European objectives and face up to the challenges of the energy sector especially to 

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

The plan first of all proposes a new governance method for energy technologies, based on joint 

strategic planning and improves the effectiveness of the implementation of the jointly decided 

actions, so as to take full advantage of the possibilities offered by the European research area 

and the internal market. In particular, the plan takes advantage of technology developments. The 

most efficient mechanism implemented by the EU to date is the formation of industry led JTIs28 

and European Industrial Initiatives (EII). JTIs setup Joint Undertakings as independent legal 

entities under EU law that organise calls for research proposals, oversee selection procedures 

                                                
23 COM(2006) 848 final 
24 COM(2006) 847 final 
25Energy Charter,  http://www.encharter.org/ 
26 COM(2008) 718 final 
27European Energy Programme for Recovery, http://ec.europa.eu/energy/eepr/ 
28 As of March 2007, there are 6 JTIs representing various technology fields and sectors (http://cordis.europa.eu/fp7/jtis) 
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and put in place contractual arrangements for projects set up to implement the JTI research 

agenda. They thus allow funds from different sources to be jointly managed and they are 

responsible for the related communication and dissemination activities. 

As well, EII aim to strengthen industrial participation in energy research and demonstration, 

boost innovation and accelerate deployment of low carbon energy technologies. They target 

sectors in which working at EU level adds most value, and technologies for which the barriers, 

the scale of the investment and the risk involved can be better tackled collectively. 

However, the Fuel Cells and Hydrogen Joint Undertaking (FCH JU)29 is the only active 

programme of this kind relevant to the thematic areas considered in this project. Its main 

objectives and activities are reviewed in the Section 3.2.1 of this report. 

In early 2010, two other energy related EIIs, proposed in the SET Plan and relevant for this 

project, are underway: 

·  The Solar Europe industry Initiative (SEI) focuses on minimum cost in all PV 

market segments (cost reduction), establishing conditions for high penetration 

of distributed PV electricity in Europe’s grid (system integration), and 

facilitating implementation of large-scale PV demonstration and deployment 

projects with high added value at maximum benefit for society while creating a 

necessary basis for developments beyond 2020; 

·  The European CO2 capture & storage EII has two key objectives: ensuring cost 

competitive deployment of the techniology after 2020 and its further 

development allowing application in all carbon intensive industrial sectors. The 

focus is on creating conditions for bold industrial investments in a series of 

plants alongside a continued industrial R&D on individual elements of the 

technology, coordinating and effectively supporting demonstration projects, 

accelerating investments in R&D to bring down CCS costs, initiating a 

European CO2 infrastructure, addressing and eventually solving environmental 

issues and gaining public support for the technology. 

In addition, three other major R&D PPP programmes have also been launched under the 

European Economic Recovery Plan (2010-2013)30  as a part of the FP7 funding scheme: 

Factories of the Future, Energy Efficient Buildings and Green Cars. These programmes aimed 

to boost Europe's industrial competitiveness in the several sectors including energy. 

                                                
29 http://ec.europa.eu/research/fch 
30 COM(2008) 800 final 
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As of March 2007, there are 36 ETPs representing a wide range of technology fields and 

sectors.31 The following three ETPs have strong relevance to the thematic areas of this project: 

·  The European Photovoltaic Technology Platform (PVTP)32 aims at mobilising all 

the actors sharing a long-term European vision for photovoltaics; realising the 

European SRA for PV for the next decade(s) and give recommendations for 

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

to: 

1. Contribute to a rapid development of a world-class cost competitive European 

PV for a sustainable electricity production  

2. Involve stakeholders in the formulation of research programmes 

3. Ensure strong links and coordination between industry, research and market. 

·  The European Technology Platform on Renewable Heating & Cooling (RHC)33 

brings together stakeholders from the biomass, geothermal and solar thermal sector 

- including the related industries - to define a common strategy for increasing the 

use of renewable energy technologies for heating and cooling. Its main objectives 

are: 

1. Defining the overall common vision for the short-, medium- and long-term 

evolution of renewable energy systems for heating and cooling in Europe.  

2. Setting up the shared SRA which analyses both technological research and 

strategic priorities to maintain Europe’s scientific and industrial leadership in 

the renewable heating and cooling sector. 

3. Establish and implement a roadmap for the large scale development and 

deployment of renewable heating and cooling systems, including as well actions 

to harmonise Europe’s training and education, whilst renewing its research 

infrastructures.  

·  The European Technology Platform for Zero Emission Fossil Fuel Power Plants 

(ZEP)34 is a coalition of stakeholders united in their support for CCS as a key 

technology for combating climate change. The companies, scientists, academics and 

environmental non-governmental organisations (NGO) that together make up ZEP 

have three main goals: 

1. To enable CCS as a key technology for combating climate change. 

                                                
31 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 EU-backed demonstration 

programme. 

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

deployment post-2020. 

The European Science Foundation (ESF),35  an association facilitating cooperation and 

collaboration in European science on behalf of its principal stakeholders (Member 

Organisations and Europe's scientific community), also provides support for research activities 

aimed on the implementation of European objectives in the energy sectors. However, their 

activities related to energy research are spread over several research areas such as Physical and 

Engineering Sciences, Life, Earth and Environmental Sciences, Material Sciences and 

Engineering. To promote a strong link between European science with industrial and societal 

needs the ESF initiates debates between scientists, industry and policy makers by publishing 

white papers and science policy briefings.36 The ESF also regularly publishes calls for research 

proposals providing an opportunity for proposing collaborative research projects and 

networking activities with a European dimension for all research areas including energy and 

materials. 

�����  Energy in India 

The rapid economic growth and the following various changes have been at the fore, increasing 

the demand for energy in India. Demand outstrips supply and there are tremendous challenges 

to be handled. In order to meet the economic and social objectives, India will have to increase 

its energy capacity to 800 GW. 

The broad vision that has been the guiding principle of the energy policy of India is to reliably 

meet the demand for energy services of all sectors at competitive prices. This means that crucial 

energy needs of all households are to be met even if it would require the government to provide 

subsidies. The objective is to make this possible through a technically efficient, economically 

viable and environmentally sustainable manner. 

To ensure that the diverse requirements are met, the government is left with no option but to 

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

Coal is expected to be the most important source of energy till 2031-32 and might get extended 

even beyond this period. So, the government would be looking at newer efficient technologies 

                                                
35 http://www.esf.org/ 

36 e.g. Harnessing Solar Energy for the Production of Clean Fuel: http://www.esf.org/publications/lesc.html  
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for extraction and combustion of coal.37 The key tasks under the Integrated Energy Policy of 

India are as explained below. 

·  To ensure consistent supply of coal of desired quality through stepping up 

domestic production, infrastructure development to increase imports, pricing 

coal, using washed coal, migration towards long term contracts for sourcing 

coal, independent regulations for coal, online auctioning and private 

participation in mining and exploration; 

·  Equitable sharing of resources for energy among Indian states; 

·  Initiate efforts to slowly migrate towards gas as the base fuel and increase 

utilization levels; 

·  Efficient management of power sector firms and their processes; 

·  Enable cost reduction for power to increase economic competitiveness. 

·  Rationalization of prices of fuel in order to promote efficient fuel choices and 

facilitate appropriate substitution; 

·  Lowering the energy intensity of GDP (gross domestic product) growth 

through higher energy efficiency; 

·  Exploration to find more coal, oil and gas and recovering a higher percentage 

of the in-place reserves exploiting non-conventional especially solar power 

sources; 

·  Access cheap natural gas overseas under long-term (25-30 years) 

arrangements; 

·  Exploiting the full potential of hydro electricity generation; 

·  Working towards a 40 fold increase in contribution of renewable energies; 

·  Ensuring the continuous availability of commercial energy at competitive 

prices to support economic growth; 

·  Boosting investment in energy related R&D; 

·  Connect all households and provide targeted subsidies to ensure their energy 

security; 

·  Stimulate competition in the industry to improve efficiencies; 

·  Create and implement strategies for the Clean Development Mechanism. 

The CSIR (Council of Scientific and Ïndustrial Research)38 Energy Initiative on Hydrogen 

Energy and Fuel Cells explores research and development in all hydrogen energy related 

                                                
37 India Integrated Energy Policy, 2006: http://planningcommission.nic.in/reports/genrep/rep_intengy.pdf  
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technologies using several core groups that focus their research efforts to overcome barriers in 

implementing hydrogen as the primary energy carrier using nanotechnology. 

�����  Research cooperation between the EU and India 

Research cooperation between the EU and India started in the mid-1980s and the first EU-India 

Science and Technology (S&T) Agreement was signed in 2001 and extended in 2009. Areas 

that are highlighted in the initial cooperation were:  

·  Life sciences, genomies, biotechnology for health;  

·  Nanotechnology and nanosciences, knowledge based multifunctional materials, new 

production processes and devices;  

·  Information society technologies.  

India has become the fourth largest international cooperation partner country (ICPC) in FP7. 

Indian organisations are participating in research projects in various technological areas of 

which health, environment, food agriculture biotechnologies and ICT (information and 

communications technologies) are the most prominent. 

In 2007 at the India-EU Ministerial Science Conference both parties comitted themselves to 

spend EUR 5 million on joint research in areas of mutual benefit. A joint EU-India call for 

research proposals on Solar Energy Research was launched in 2009 with EUR 5 million funding 

from each side. 

The main objectives of the EU-India cooperation programme are to contribute towards India’s 

achievement of the Millennium Development Goals (MDG)39 and to provide support for the 

implementation of the EU-India Joint Action Plan (JAP) considered a roadmap for their bilateral 

relations as jointly agreed in 2005 and revised in 2008 during the ninth summit, Global partners 

for global challenges. 

In the revision, it is agreed to complement the 2005 JAP by establishing a working group on the 

engineering sector including automotive industry; a dialogue on sustainable industrial policy; 

and strengthening co-operation of SMEs (small and medium-sized enterprises). It is also said 

that clean development and climate change need more concrete activities involving all 

stakeholders by implementing a bilateral work programme on energy, celan development and 

climate change to promote joint activities, research and policy developement. 

Moreover, the up-scaling of financing for activities to address climate change are to be explored 

including the potential for research and technology co-operation and options for technology 

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

                                                                                                                                          
38 http://www.csir.res.in/ 
39 United nations Development Programme, http://www.undp.org/mdg/ 
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flagship programme in solar energy, developing business-to-business and research co-operation 

with the help of the future European Business & Technology Centre (EBTC) and undertaking 

collaborative research and capacity building in new fields of science and technology to be 

determined by the Steering Committee of the EC-India S&T agreement. 

The first Multi-annual Indicative Programme (MIP) under the 2007-2013 planning period 

allocated a total of EUR 260 million for the above activities over the four years from 2007-

2010. Following a Mid-term Review exercise conducted in 2009 the second MIP (2011-13) 

allocates an indicative total of EUR 210 million to the same sectors as previously. 
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���  Funding Instruments/Programmes  

�����  Europe 

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

Overall budget EUR 50,5 billion for the period of 2007-2013 out of which EUR 3,475 Billion is specifically dedicated to the activity Nanosciences, 
Nanotechnologies, Materials and New Production Technologies while 2,350 Billion Euros for the Energy topic under the Cooperation block of 
activities.  

Main objectives FP7 supports research in selected priority areas - the aim being to make, or keep, the EU as a world leader in those sectors. These sectors include also 
Nanosciences, Nanotechnologies, Materials and New Production Technologies. The objective of the Nano-sciences, Nano-technologies, Materials 
and new Production Technologies activity is:  
 

·  To improve the competitiveness of European industry;  
·  To generate knowledge and ensure transformation from a resource-intensive to a knowledge-intensive industry;  
·  To generate step changes in knowledge;  
·  To implement decisive knowledge for new applications at the crossroads between different technologies and disciplines;  
·  To benefit both new, high-tech industries and higher-value, knowledge-based traditional industries, with a special focus on the appropriate 

dissemination of research, technology and development (RTD) results to SMEs;  
·  To enable technologies which impact all industrial sectors and many other Seventh framework programme themes40. 

 
The objective of the Energy topic is: Adapting the current energy system into a more sustainable one, less dependent on imported fuels and based on 
a diverse mix of energy sources, in particular renewables, energy carriers and non-polluting sources; enhancing energy efficiency, including by 
rationalising use and storage of energy; addressing the pressing challenges of security of supply and climate change, whilst increasing the 
competitiveness of Europe's industries.41 

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

Beneficiaries  
 

The beneficiaries must be legal entities42. The Name of organizations eligible depends on the type of action of instrument, as well as can depend on 
the specific research topic. In general a wide range of organizations can participate in the Cooperation block of activities of FP7. These also 
include43:  

                                                
40 http://cordis.europa.eu/search/index.cfm?fuseaction=prog.document&PG_RCN=8737574  
41 http://www.wbc-inco.net/call/59754.html  
42 http://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 institutes 
·  companies intending to innovate 
·  small or medium-sized enterprises (SMEs) 
·  public or governmental administration (local, regional or national) 
·  institutions running research infrastructures of transnational interest 
·  international organisations 
·  civil society organisations  

Geographic scope - 
Funding to which 
countries  

FP7 participants can in principle be based anywhere, there are different categories of country which may have varying eligibility for different 
specific and work programmes44: 

·  Member States - The EU-27; 
·  Associated Countries – with science and technology cooperation agreements that involved contributing to the framework programme 

budget; 
·  Candidate Countries – currently recognised as candidates for future accession; 
·  Third Countries - the participation of organisations or individuals established in countries that are not Member States, candidates or 

associated should also be justified in terms of the enhanced contribution to the objectives of FP7. 

Type of funding 
instruments  

FP7 provides non-refundable funds in most cases generally in the form of co-financing (contributing a certain percentage to the overall costs) for 
research activities or activities supporting research.  
The standard reimbursement rate for research and technological development activities is 50%. Certain legal entities can receive up to 75% (non-
profit public bodies, SMEs, research organisations, higher education establishments). For demonstration activities, the reimbursement rate may reach 
50%. For other activities (consortium management, networking, training, coordination, dissemination, etc.), the reimbursement can be up to 100% of 
the eligible costs. The 100% rate applies also to frontier research actions under the European Research Council.45  

Type of activities 
funded  

Research projects in the Cooperation block of activities are developed in an international consortium of eligible organization. These activities can 
include especially46:  

·  Research and technological development activities 
·  Demonstration activities 

                                                                                                                                                                                                                                  
43 http://ec.europa.eu/research/fp7/pdf/fp7-inbrief_en.pdf  
44 http://cordis.europa.eu/fp7/who_en.html#countries  
45 http://ec.europa.eu/research/fp7/pdf/fp7-inbrief_en.pdf  
46 http://ec.europa.eu/research/fp7/pdf/fp7-inbrief_en.pdf  
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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 nanotechnology and nanosciences topic, as well as under Energy. Below is a list of relevant projects funded under 

this initiative:  

 

·  NANOHY - Novel nanocomposites for hydrogen storage applications;  
·  NANOPEC - Nanostructured photoelectrodes for energy conversion; 
·  INNOVASOL - Innovative materials for future generation excitonic solar cells;  
·  DEPHOTEX - Development of photovoltaic textiles based on novel fibres;  
·  COMETNANO - Technologies for synthesis, recycling and combustion of metallic nanoclusters as future transportation fuels; 
·  DECNAHED - Development of composite nanomaterials for hydrogen energy devices;  
·  NANOHOST - Carbon nanohorn-based hybrid materials for energy conversion; reinforcing and expanding the research potential of carbon-

nanostructures laboratory to a regional and european kernel of excellence; 
·  HYPOMAP - New materials for hydrogen powered mobile applications; 
·  INTAS 2005-1000005-7671 - Development of novel inter-metallic materials with enhanced hydrogen storage properties;  
·  SIMBA - Scaling-up of ICP technology for continuous production of metallic nanopowders for battery applications;  
·  GREENBAT - Green and safe thin film batteries for flexible cost efficient energy storage;  
·  SUPERLION - Superior energy and power density Li-Ion micro-batteries;  
·  MULTIPLAT - Biomimetic ultrathin structures as a multipurpose platform for nanotechnology-based products;   
·  BACWIRE - Bacterial wiring for energy conversion and remediation;  
·  SMALLINONE -Smart membrane for hydrogen energy conversion: All fuel cell functionalities in one material;  
·  EFFIPRO - Efficient and robust fuel cell with novel ceramic proton conducting electrolyte;  
·  MAHEATT - Materials for high energy accumulators in traction and tools;  
·  POLYZION - Fast rechargeable zinc-polymer battery based on ionic liquids;  
·  EPHOCELL - Smart light collecting system for the efficiency enhancement of solar cells;  
·  SOLAMON - Plasmons generating nanocomposite materials (PGNM) for 3rd Generation thin film solar cells;  
·  ROD-SOL - All-inorganic nano-rod based thin-film solarcells on glass; 
·  FLYHY - Fluorine substituted high capacity hydrides for hydrogen storage at low working temperatures; 
·  MINATRAN - Probing the micro-nano transition: theoretical and experimental foundations, simulations and applications;  
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Name SEVENTH FRAMEWORK PROGRAMME FOR RESEARCH AND TECHNO LOGICAL DEVELOPMENT (FP7) 

·  DCENSY - Doping, Charge Transfer and Energy Flow in Hybrid Nanoparticle Systems;  
·  COST-EFFECTIVE - Resource- and cost-effective integration of renewables in existing high-rise buildings;  
·  NOVA-CI(G)S - Non-vacuum processes for deposition of CI(G)S active layer in PV cells;  
·  LIMA - Improve photovoltaic efficiency by applying novel effects at the limits of light to matter interaction;  
·  N2P - Flexible production technologies and equipment based on atmospheric pressure plasma processing for 3D nano structured surfaces;  
·  SILICON_LIGHT - Improved material quality and light trapping in thin film silicon solar cells;  
·  PRIMA - Plasmon Resonance for IMproving the Absorption of solar cells. 
·  HESCAP - New Generation, High Energy and Power Density Supercapacitor Based Energy Storage System. 
·  IMeTI - Implementation of Membrane Technology to Industry. 
·  NEMOPUR - New Molecular Purification Technology for Pharmaceutical Production. 
·  NAPOLYNET - Setting up research -intensive clusters across the EU on characterization of polymer nanostructure. 
·  DECARBit - nabling advanced pre-combustion capture techniques and plants. 
·  THINSI - Thin Si film based hybrid solar cells on low-cost Si substrates. 
·  NANOPV - Manufacturing process optimization, production plan, prototype realization and testing of a third generation nanocrystal solar 

cell device. 
·  NANCOFC - Enhancement of research capabilities on multi-functional nanocomposites for advanced fuel cell technology through EU-

Turkish-China cooperation. 
·  FACESS - Flexible autonomous cost efficient energy source and storage. 
·  HELIOS - Photonics Electronics functional integration on CMOS. 

Start date 2007 

End date 2013 

Website references cordis.europa.eu 
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Name MATERA ERA-NET and MATERA+ 

Overall budget MATERA ERA-NET47: The funding comes from the national/regional funding agencies so each project partner is responsible for applying for 
funding from the relevant agency. A common MATERA funding pot does not exist. The total funding of projects was EUR 18,6 million between 
2006 and 2008.  
 
MATERA+48: EUR 16,6 million in combined national and regional funding. 

Main objectives MATERA ERA-NET aims to increase stepwise ambitious programme-type collaboration between European countries and regions in the field of 
materials science and engineering to deepen the European Research Area and to strengthen new innovative material related expertise and its 
utilisation in European business life and industry.  
 
MATERA+: One of the most important objectives of the MATERA+ call is to shorten the time-to market of scientific outcomes and to narrow the 
gap between basic materials research and industry, in order to solve industrial problems and create wealth. 

Background MATERA is an ERA-NET action under FP6 is an instrument that promotes European cooperation between national and regional programmes on 
material science and engineering. It is designed to provide a simple mechanism for the initiation of transnational projects in the field of materials 
science and engineering.  
 
MATERA is an ERA-NET Plus action under FP7. After three successful years under the MATERA ERA-NET, MATERA+ was born to fine-tune 
funding and benefit from MATERA’s past experience. 

Beneficiaries  MATERA ERA-NET and MATERA+: 
 

·  Industry; 
·  Universities; 
·  Institutes; 
·  Research centres. 

 
Project consortia must consist of a minimum of two partners from two different countries/regions (i.e. a transnational project) if SME is included. 
Otherwise, a minimum of three partners from at least two countries/regions is required. 

Geographic scope - 
Funding to which 
countries  

MATERA ERA-NET:  
Belgium, Finland, Iceland, Israel, Italy, Luxembourg, Poland, Slovenia, Spain, Switzerland, Turkey, UK 
Participants also have to meet national/regional eligibility criteria.  
 
MATERA+: Belgium, Finland, Iceland, Israel, Italy, Luxembourg, Poland, Slovenia, Spain, Switzerland, Turkey, UK; Latvia, Slovenia, Norway 

                                                
47 www.matera.fi  
48 ftp://ftp.cordis.europa.eu/pub/fp7/coordination/docs/matera_en.pdf  
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Name MATERA ERA-NET and MATERA+ 

Type of funding 
instruments   

Funding for collaborative research 

Type of activities 
funded  

Collaborative research, staff exchanges, short visits 

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 with tailored, functional properties  
·  Materials having spatially homogenous microstructures and properties  
·  Hybrid and composite materials and coatings  
·  Advanced modelling approaches  
·  Design and innovative processing of tailored materials  

 
High performance engineering materials:  

·  Materials for improving energy efficiency, wear and corrosion resistant, etc.  
·  Engineering materials and coatings for extreme work-conditions  
·  Processing, joining and the mechanical characteristics of advanced materials  
·  Synergy of experiments with computational materials engineering  

 
Some relevant projects funded under MATERA ERA-NET are:  

·  SoGSi II: Next generation solar grade silicon and solar cells technology 
·  DECK:  Defects in Chalcopyrites - advanced characterisation (solar cells) 
·  MULTIFUNCOAT:  Multifunctional paint coatings for “all-polymeric” solar 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 properties: e.g. electrical, magnetic, optical, chemical, in addition to their particular 
structural properties. Examples include but are not restricted to 
• highly insulating and conducting polymers, novel materials with high thermal conductivity, superconducting materials, opto-ceramics, 
novel carbon materials, efficient semiconductor materials, bio-active and bio-compatible materials and materials for electrical storage 
devices, together with responsive and reactive smart materials, 
• advanced materials for energy production, distribution/storage and use, aimed at increasing sustainability, particularly within the 
alternative and innovative themes currently under strong development such as wind, solar thermal and photovoltaic, fuel cells, CO2 
capture and storage, and 
• hybrid and composite materials and coatings focused on the combination, joining and processing of innovative organic-inorganic 
materials, to develop novel multifunctional, including nanostructured materials, such as materials for catalysis and information storage, 
as well as novel materials for high value markets, e.g. automotive, aeronautic and healthcare. 

 
o Engineering structural materials 

Innovative materials, including composites and hybrids with tailored properties such as weight reduction, high temperature 
performance, energy absorption and wear & corrosion resistance, in applications from transportation to construction and healthcare, 
leading to improved energy-related, environmental and performance characteristics, especially in extreme working conditions. 
For example:  
• lightweight alloys, 
• polymer (including bio), ceramic and metallic matrix composites, 
• metallic and ceramic foams, 
• polymeric (including bio) foams, 
• multifunctional-materials, 
• nano-structured materials, and 
• sandwich structures 

 
The first MATERA+ call was launched in 2010.  

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 of 2007-2013 out of the FP7 Cooperation budget��  

Main objectives COST aims to foster cooperation between nationally-funded research activities. COST Actions are networks of scientists receiving support to enable 
them to cooperate and to disseminate the results of their cooperation. 

Background COST is an intergovernmental framework for European Cooperation in Science and Technology, allowing the coordination of nationally-funded 
research on a European level. It anticipates and complements the activities of the EU Framework Programmes, constituting a “bridge” towards the 
scientific communities of emerging countries. COST does not fund research itself but provides a platform for European scientists to cooperate on a 
particular project and exchange expertise. These projects are called "Actions". Each COST Action is a network centred around nationally-funded 
research projects in fields that are of interest to at least five COST countries.50 

Beneficiaries  Individual researchers and Institutions 
Geographic scope - 
Funding to which 
countries  

·  35 member states: Austria, Belgium, Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, 
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, The Netherlands, Norway, Poland, 
Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, United Kingdom, Serbia, Former Yugoslav Republic of 
Macedonia and  

·  One cooperating state: Israel  

In addition, COST has also signed reciprocal agreements with Australia, New Zealand and South Africa. This means European scientists can work 
with other researchers in these regions and increase international collaboration. 

Type of funding 
instruments  

Financial support for joint activities such as conferences, short-term scientific exchanges and publications. The financial support averages EUR 100 
000 per year for a four-year period per action (project). 

Two models of support currently apply: 
·  the COST Grant System (CGS) – an annual grant is based on the detailed annual work programme and the budget plan of the Action 
·  the ‘Pay as you go’ system: the activities are funded directly by the COST Office on an event by event basis, participant per participant 

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 

                                                
49 About COST, 2009 - http://www.cost.esf.org/about_cost  
50 www.cost.esf.org  
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Name COST – EUROPEAN COOPERATION IN SCIENCE AND TECHNOLO GY 

Topics covered  Under the Domain Committee "Materials, Physical and Nanosciences" an action (project) related to the Batteries and super capacitors topic was 
funded. The project is called “High Performance Energy Storages for Mobile and Stationary Applications 13/07/2006 to 31/12/2009. The scientific 
programme includes:  

·  Fundamental Workings (Establishment of the requirement specifications for one modular high voltage super-capacitor module) 
·  Development of next generation stacked super-capacitor single cells and characterisation 
·  Development of stacked high-voltage super-capacitor module and technical characterisation 
·  Development of working solution and field tests – mobile and stationary applications  - working solutions for mobile and stationary 

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 individually 51 

Main objectives EUREKA aims to strengthen European competitiveness by promoting market-driven collaborative research and technological development 

Background EUREKA is an intergovernmental network launched in 1985, to support market-oriented R&D and innovation projects by industry, research centres 
and universities across all technological sectors. With its flexible and decentralised network, EUREKA offers project partners rapid access to skills 
and expertise across Europe and national public and private funding schemes. The internationally recognised EUREKA label adds value to a project 
and gives participants a competitive edge in their dealings with financial, technical and commercial partners. 

Beneficiaries  Industry, universities and research institutes 
Geographic scope - 
Funding to which 
countries  

Projects' participants must be organisations from the Eureka Member Countries that includes EU Members (except for Bulgaria), Iceland, Norway, 
Switzerland, Russia, Ukraine, Turkey, Israel, the Former Yugolslav Republic of Macedonia, Serbia, Croatia, Monaco, San Marino. The European 
Commission is also an EUREKA member itself. Albania, Bosnia and Herzegovina and Bulgaria participate in EUREKA cooperation through a 
network of National Information Points. South Korea cooperates in EUREKA as an associated partner. 

Type of funding 
instruments  

EUREKA labeled projects can apply for national public funding. The financial support is maximum 35% for research and maximum 45% for 
development phase projects.52 

Type of activities 
funded  

Market-oriented collaborative R&D project labelled by EUREKA, often SME-led 
EUREKA Cluster  
EUREKA Cluster generated projects 
EUREKA Umbrellas (thematic networks) 
EUREKA Umbrella generated projects 

Topics covered  EUREKA system is bottom-up, only main thematic areas are defined by the programme. These thematic areas include Energy technology including 
renewable sources of energy, as well as Chemistry, Physical and Exact Sciences including micro- and nanotechnology related to physical and exact 
sciences, and Industrial Manufacturing, Material and Transport including material technology.  
Among the EUROKA supported projects the following are related to the project areas:  

·  4529 ANECDATE - New Anode Materials Based On The Incorporation Of Tin In A Borophosphate Matrix For Li-Ion Batteries 
(representing Battery Energy Gain Of 25% Which Will Extend The Use Of Electrical Energy In Portable Applications) 

·  E!2521- ECOTRANS - Direct Charge Of Electric Vehicles From Hydro-Electric Power Plants Using Fast Charging Equipment (this project 
included a phase on advanced methods and technology of surface analysis applied in order to study the surface structure of battery cathodes 
and anodes undergoing fast charging procedure) 

·  5800 E!-SURF - Surface Engineering For Sustainable Production And Products (it is a new Umbrella network targeting the development of 
new, innovative and sustainable developments in surface engineering technologies, leading to the sustainable processing of products with 

                                                
51 http://www.welcomeurope.com/default.asp?id=1110&idpgm=11232 
52 http://www.welcomeurope.com/default.asp?id=1110&idpgm=11232  
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Name EUREKA NETWORK 

ever better performance and ever more functionalities, using ever fewer material and energy resources)  
·  3795 DSSC - Low Cost Super Cells - New Generation Low Cost Dye Solar Cells (Developing Very Cheap Photovoltaic Cells Based On 

Dye Sensitised Titanium Dioxide Chemistry. The Product Would Be A Glass-Metal Foil Or Glass-Plastic Sandwich, Half The Weight Of A 
Silicon Product Of A Similar Size) 

·  E!4413- LCSC -  Low Cost Solar Cells (Orionsolar Will Be Improving Their 15cm X 15cm Single Cell Design And Assembly To Give 7% 
Efficient Pv Dye Cell Modules In Fully Scaled-Up Manufacturing Processes) 

·  3362 SENSIC - Stability Of Advanced Lp-Cvd Zno Within Encapsulated Thin-Film Silicon Solar Cells(To Study And Improve If 
Necessary The Overall Stability Of Low Chemical Vapour Deposition (Lp-Cvd) Zno Layers Incorporated Within Encapsulated Thin-Film 
Silicon Solar Cells) 

·  3575 Adasy - ACTIVE DAYLIGHTING SYSTEM (Develop A Commercial Lighting System Based On Daylight, Which Is Dimmable And 
Mainly Designed For Office Applications) 

Start date 1985 
End date N/A 
Website references www.eurekanetwork.org 
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Name EUROGIA+ 

Overall budget Associated costs to the projects under EUROGUIA+ label is EUR 200 Million53 

Main objectives It aims to support demonstration and deployment of Low-Carbon Energy technologies whose feasibility is already proven and foster the development 
of innovative hightechnology solutions. 

Background EUROGIA+, as a EUREKA Cluster for Low-Carbon Energy Technologies, is committed to enhancing the competitiveness of European industry 
through the promotion of cross-border, market-oriented industrial innovation. 

Beneficiaries  Industry members, Universities, Research Laboratories 
Geographic scope - 
Funding to which 
countries  

Projects' participants must be organisations from the Eureka Member Countries that includes EU Members (except for Bulgaria), Iceland, Norway, 
Switzerland, Russia, Ukraine, Turkey, Israel, the Former Yugolslav Republic of Macedonia, Serbia, Croatia, Monaco, San Marino. The European 
Commission is also an EUREKA member itself. 

Type of funding 
instruments 

Upon positive evaluation from the EUROGIA+ Technical Committee and approval by the EUROGIA+ Board, projects receive the official 
EUROGIA+ label. Public financial support of EUROGIA+ labelled projects is provided by the countries that support EUROGIA+.54  The 
contribution from any given country must not exceed 66% of the total budget. 

Type of activities 
funded 

Research projects in consortia with a strong market and exploitation orientation 

Topics covered The priority areas of this funding programme also include: 
·  Solar photovoltaic power generation (including also new materials) 
·  Carbon constraints (including also CO2 Capture) 
·  Hydrogen production and storage 

In the R&D priorities new materials are highlighted indicating the importance of nanotechnologies (arrangement of molecules or atoms for specific 
functions) that are providing new materials or techniques that could have a strong potential for several energy applications such as coating, filtration, 
sensors, or mini robots (oil reservoir, and all the oil process), cleaning system. 
In the technology challenge section of new materials the following nano-related aspects are stressed:  

·  Nanocomposites or organic/inorganic hybrid structures for new products or processes, Installation or process monitoring 
·  Nanomaterials for new applications: filtration, sealing products55.  

 
No projects have been supported under EUROGUIA+ so far with these specific or other relevant aspects. 

Start date 2008 
End date 2013 
Website references www.eurogia.com 

                                                
5353 http://www.eurogia.com/files/WhiteBook_%201_V1-164210A.pdf  
54 http://www.eurogia.com/content/story.asp?level0=2006&level1=2035  
55 http://www.eurogia.com/files/WhiteBook_2_V1-164401A.pdf 
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Name EUROSTARS 

Overall budget Budget defined by each EUROSTARS member individually  

Main objectives Eurostars aims to stimulate research-performing SMEs to lead international collaborative research and innovation projects by easing access to 
support and funding. 

Background EUROSTARS is the first European funding and support programme to be specifically dedicated to research-performing SMEs. EUROSTARS is an 
initiative of EUREKA Network initiative.  

Beneficiaries  Especially SMEs that invest 10% or more of full-time equivalent or annual turnover in research activities. Additionally other types of entities are also 
eligible to participate including large companies, universities and research organizations.  

Geographic scope - 
Funding to which 
countries  

Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, 
Israel, Italy, Latvia, Lithuania, Luxembourg, the Netherlands, Norway, Poland, Portugal, Romania, Slovak Republic, Slovenia, Spain, Sweden, 
Switzerland, Turkey, United Kingdom. 

Type of funding 
instruments  

EUROSTARS itself does not fund projects but it evaluates project ideas and provides successful projects with access to funding through national 
funds. The level of funding is determined by the member countries individually.  

Type of activities 
funded  

Collaborative research and development projects with a product of research at the end ready to be launched on the market in most cases.  

Topics covered  EUROSTARS has a bottom-up system, therefore, no priorities are defined. Some relevant projects funded with the help of this programme are listed 
below:  

·  E! 4336 SiPoSi - Silicon Wafers for Solar Photovoltaics by Powder Sintering  
·  E! 5220 10DSSC - 10 % Efficient DSSC (Increase photoconversion efficiency of commercial Dye Solar Cell modules from about 7% to 

10%. Main route is improvement of the nanostructured titania substrate) 
·  E! 5099 HyLIFT-FLEX - “Development and commercialisation of fuel cell hybrid power systems for clean and efficient material handling 

vehicles” 
Start date 2008 
End date N/A 
Website references www.eurostars-eureka.eu 
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Name FUEL CELLS AND HYDROGEN JOINT TECHNOLOGY INITIATIVE  (FCH JTI) 

Overall budget EUR 470 million (for the operation of FCH JTI) 

Main objectives The aim of FCH JTI is to accelerate the market introduction of the technologies of related to fuel cells and hydrogen, realising their potential as an 
instrument in achieving a carbon-lean energy system.  
 
More specific objectives include:  
 

·  Reducing time to market for hydrogen and fuel cell technologies by between 2 and 5 years.  
·  Commercial lift-off: to deliver robust hydrogen supply and fuel cell technologies developed to the point of commercial lift-off. 

For the automotive sector: to achieve breakthroughs in bottleneck technologies and to enable industry to take the large-scale commercialisation 
decisions necessary to achieve mass market growth in the time-frame 2015-2020.  
 
For stationary fuel cells (domestic and commercial) and portable applications, it will provide the technology base to initiate market growth from 
2010-201556. 

Background FCH JTI is implemented by the Fuel Cells and Hydrogen Joint Undertaking (FCH JU), which is a unique public private partnership supporting 
research, technological development and demonstration (RTD) activities in fuel cell and hydrogen energy technologies in Europe through this 
initiative. . The FCH Joint Undertaking is also  contribute to the implementation of the Seventh Framework Programme and in particular the Specific 
Programme ‘Cooperation’ themes for ‘Energy’, ‘Nanosciences, Nanotechnologies, Materials and New Production Technologies’, ‘Environment 
(including Climate Change)’, and ‘Transport (including Aeronautics)’ 

Beneficiaries  Research institutes, Universities, Industry, including SMEs. 
Geographic scope - 
Funding to which 
countries  

Focused on the EU Member States and Associated countries but International organizations, Agencies set up by such organizations and in justifiable 
cases legal entities from third countries can also participate in projects.  

Type of funding 
instruments  

Co-funding for collaborative projects and coordination and support action. FCH JU maximum reimbursement rates of direct costs are aligned with 
FP7 upper funding limits, except for 
"Coordination and Support Actions" (50% for all type of participants) and within Collaborative Projects "Other activities" (RTD funding limits 
apply).57 

Type of activities 
funded  

·  Research and technological development activities; 
·  Demonstration activities; 
·  management activities;  
·  Other activities directly related to the project’s objectives, eg. debates, etc.; 

                                                
56 http://ec.europa.eu/research/fch/index_en.cfm?pg=objective  
57 http://ec.europa.eu/research/fch/pdf/fch_ju_guide_applicants2008.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 activities (monitoring and assessment, studies, fact finding, operational support, etc. 

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

o Under this area the basic research issues focus on the analysis and development of thermochemical processes and photo-electrolysis and 
biological hydrogen production routes; investigation of conversion efficiency for photobiological processes; development of catalysts, 
adsorption materials and gas separation membranes. 

·  Hydrogen storage and distribution; 
o Under this area the basic research issues focus on new materials for hydrogen storage and storage containers, along with failure 

mechanisms and modelling. Standardised material screening and testing procedures are crucial. Further investigation of absorption and 
adsorption mechanisms is also needed – in particular, for a deeper understanding of degradation mechanisms. This also includes the 
development of reversible storage systems for transport towards energy densities exceeding 1.1 kWh/l, a usable hydrogen fraction above 
6 % and cost below 10 EUR/kWh. This is to be achieved under reasonable operating conditions, with long-term performance stability. 
Improvement of the energy density of hydrogen storage with metal hydrides also needs to be investigated; plus the use of chemical 
storage media and nanostructured materials. New materials are also required to withstand the high temperatures and are more corrosion 
resistant due to the high vapour content of the burnt gas. The peripheral systems and the safety features have to be adopted for hydrogen 
operation. 

o In the research strategy of FCH JTI under hydrogen storage and distribution nanomaterials are also highlighted for:  
1 Refilling and recycling centres: 
The development of a collection of specific stationary and portable applications requires the adaptation of existing industrial gas filling 
plants in order to manage the corresponding cylinder or cartridge logistics. This also needs engineering effort to optimise the refilling 
processes of reversible hydrogen adsorption/desorption systems based metal hydrides or on activated nano-porous carbon, as well as the 
recycling of chemical hydride by-products. 
2  Novel storage materials: 
Research in solid hydrogen storage materials has to be focused on including also Identifying new materials and new classes of materials 
whose properties can be tailored to meet targets required for different final uses. At present, most of the 2,000 storage materials known 
have not been explored yet in doped or nano form. Research will take advantage of the revolutionary new properties and capabilities 
offered by nanoscience to further enhance storage capacity and to improve uptake/release kinetics. Improvements in today’s metal and 
complex hydrides can be achieved by a careful design of two- and three-dimensional nano-architectures to improve the weight 
percentages of 
stored hydrogen and control of hydrogen storage/release. Advances in basic research also contribute to the development of intelligent 
storage tanks that predict and communicate performance attributes and warn of potential failure. 

·  Stationary applications; 
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Name FUEL CELLS AND HYDROGEN JOINT TECHNOLOGY INITIATIVE  (FCH JTI) 

·  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 for fuel cell 
·  Development and optimisation of PEM FC electrodes and GDLs 
·  New generation of high temperature electrolyser 
·  Improved solid state hydrogen storage systems 
·  Materials development for cells, stacks and balance of plant (BoP) 

Start date 2008 
End date 201758 (funding of new projects only until 2013) 
Website references http://ec.europa.eu/research/fch/index_en.cfm  

 

                                                
58 http://ec.europa.eu/research/fch/pdf/regulation_521-2008__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 research funding under EuroCORES59 

Main objectives The EuroCORES (European Collaborative Research) Scheme is a unique framework offered by the European Science Foundation (ESF) to promote 
collaborative research, networking and dissemination while targeting broad and complex topics of research across all scientific domains at the 
European level and in a global context. 

Background The ESF provides a common platform for its Member Organisations in order to:  
·  Advance European research 
·  Explore new directions for research at the European level 

EuroCORES has programmes in different fields, some of which have already been completed. These programmes also included SONS 1 (2004-
2007) and SONS 2 (2006-2009) which refer to self-organised nanostructures.  
This research programme concerns the utilization of supramolecular interactions for the synthesis and positioning of functional assemblies, 
macromolecules, dendrimers, liquid crystals, tailor-made polymers and inorganic nanoparticles. It is expected that the results obtained in SONS 1 
and 2 will contribute to the development of a range of fields including new and more efficient energy harvesting systems such as solar cells. 

Beneficiaries  Scientists/Reseachers 
Geographic scope - 
Funding to which 
countries  

EuroCORES covers 30 European countries. Each research initiative must involve at least 4 researchers from 4 members states.  

Type of funding 
instruments 

The research funding as well as funding for coordination and networking come from national funding organisations.  
 
Funding under research projects may include support for: 

·  Salaries (PhDs, Post-docs, senior scientists, technicians, etc.), 
·  Equipment and consumables, 
·  Publications and general dissemination, 
·  access to large infrastructures (e.g.ship-time), 
·  Participation in conferences and other travel within the CRP. 

 
Funding under networking and dissemination may include:  

·  Workshops; 
·  Conferences; 
·  Schools; 
·  Specialised courses; 
·  Short-term visits. 

 

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

The funding is covered by national funding organisations 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 approach, therefore, project topics are defined by the applying researchers.  
 
Some relevant projects funded under the SONS programme are:  
 

·  AMPHI - Self-Organised Amphiphilic Block Copolymer Nanostructures (SONS 1) 
Electrolyte polymer membranes are widely studied materials because of their extensive electrochemical applications in separation 
processes, energy storage and in fuel cells. The project aimed to investigate conditions under which ordered morphologies with different 
symmetries can be created as a function of polymer type, length and compositions and properties of such materials when swollen with water 
or an electrolyte. Nanoscale structured block copolymers with either Li+ affinity or proton exchange group were proposed to be investigated 
in order to study model compounds for membranes used in fuel cells or batteries. 

·  SUPRAMATES - SUPRAmolecular  MATerials for new functional Structures (SONS 2) 
The overall goal of SUPRAMATES is to generate new knowledge by combining supramolecularly-engineered nanostructured materials 
(SENMs), mostly based on organic semiconductors, with tailor-made interfaces to solid substrates and electrodes, for fabricating prototypes 
of optoelectronic devices. SUPRAMATES special focus was developing multiscale SENMs for transistors, in-plane diodes single-photon 
emitters (useful for quantum cryptography), and especially photovoltaic cells and OLEDs. 
 

Due to the termination of the SONS programmes, the launch of new programmes in 2010 is previewed.  
 

One of the research themes for these programmes is Molecular Science for a Conceptual Transition from Fossil to Solar Fuels 
(EuroSolarFuels) 
The aim of EuroSolarFuels is to develop molecular science to produce a CO2 lean solar fuel to accomplish the grand challenge of phasing 
out fossil fuels. All parts of the program aim for direct conversion of solar energy to chemical energy (a fuel). The solar fuel shall be formed 
from water as electron source, using visible light in direct processes involving (i) Photobiological solar fuel production in green algae and/or 
cyanobacteria that excrete the fuel (ii) Artificial photosynthesis in molecular systems and (iii) Solar fuel 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 Development for Nano Science & Technology Research, Nano Applications and Technology Development 
Programmes, Human Resource Development, International Collaborations 

Background The Nano Mission is the second phase of DST activities in Nano Science and Technology. DST, in October 2001, had launched a modest programme 
in Nano Science and Technology, called the Nano Science and Technology Initiative (NSTI), and the Nano Mission is the successor of this 
programme. 

Beneficiaries  Individual Researchers or in teams, Establishment of Centres of Excellence and Sophisticated Research Facilities,  
Geographic scope - 
Funding to which 
countries  

Exploratory visits of scientists, organization of joint workshops and conferences, joint research projects, provide access to sophisticated research 
facilities abroad, establish joint centres of excellence and forge academia-industry partnerships at the international level 

Type of funding 
instruments  

Grants, public-private partnerships, loans 

Type of activities 
funded  

Basic Research, Infrastructure Development for Nano Science & Technology Research, Nano Applications and Technology Development 
Programmes, Human Resource Development, International Collaborations 

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 Indian researchers in strategically focussed, leading edge, scientific research and technology 

with Australian counterparts; and 
·  Increased strategic alliances between Indian and Australian researchers. 
·  Facilitate India’s access to the global S&T system by supporting bilateral relations with Australia. 

Background The Indo-Australian S&T Fund is jointly managed by the Australian Government Department of Innovation, Industry, Science and Research (DIISR) 
and DST.The AISRF supports Indian researchers to collaborate with Australian partners on leading edge S&T in order to contribute to India’s 
economic, social and environmental wellbeing. 

Beneficiaries  Education institution; UGC recognized Universities/ Deemed Universities, Academic Institutes and National Research & Development 
Laboratories/Institutes, Public sector research agency and Private, not for profit, research organisation 

Geographic scope - 
Funding to which 
countries  

India and Australia 

Type of funding 
instruments  

Support of direct costs under a set of stated categories 

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 from India (DST) 

Main objectives ·  Catalyzing emergence of solar power as an economically viable, commercially attractive, environment friendly and sustainable energy 
option;  

·  Advancing the transition to clean energy technologies (such conversion of solar radiation into electricity using ST,CSP/SPV) )  that are 
sustainable, affordable ,add  to  energy security and have  no adverse impact on climate; 

·  Building institutional tie-ups with EU partners to incubate feasibility of and/or scaling  up of research, pilot scale production and  creation of 
new knowledge with output in the form of joint patents and co-authored publications; 

·  Achieving cost reduction , higher efficiency & reliability of solar photovoltaic devices and systems; 
·  Improving design ,fabrication and demonstration of innovative solar thermal power generating technology 

Background Pursuant to the scope of India-EU Science and Technology Cooperation Agreement  & Reinforcing the international dimension of European research 
within  the European Commission's Seventh Framework of Research , the 2009 India-EU Call on Solar Energy System will facilitate India-EU 
Project mode partnerships supported by two-way mobility of researchers to carry out projects under the stated 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 capacity in Universities, national R&D laboratories/institutes, private R&D institutes and industry 
Geographic scope - 
Funding to which 
countries  

India – for activities with the following countries. 
Argentina ; Armenia ; Australia ; Bangladesh ; Belarus ; Brazil ; Bulgaria ; Canada ; China ; Colombia ; Coratia ; Cuba ; Czech Republic ; Cyprus 
Egypt ; Estonia ; European Union ; France ; Germany ; Hungary ; Iceland ; Indonesia ; Iran ; Israel ; Italy ; Japan ; Kazakhstan; Dpr Korea (North 
Korea) ; Kyrgyzstan ; Laos ; Lebanon ; Libya ; Malaysia; Mauritius ; Mexico ; Moldova ; Mongolia ; Mozambique ; Myanmar ; Namibia ; Nepal ; 
Northern Ireland ; Oman ; Peru ; Philippines ; Poland ; Portugal ; Russia ; Romania ; Republic Of Korea (South Korea) ; Serbia ; Singapore ; Slovak 
Republic ; Slovenia ; South Africa ; Spain ; Sri Lanka ; Sudan ; Switzerland ; Syria ; Tajikistan ; Thailand ; Trinidad &Tobago ; Tunisia ; Turkey ; 
Ukraine ; USA ; United Kingdom ; Uzbekistan ; Venezuela ; Vietnam ; Yemen ; Zambia 

Type of funding 
instruments  

Reimbursement of expenditure 

Type of activities 
funded  

R&D Projects, Joint Workshop/Exhibition/Seminar, Exchange visit of scientist, Inter Institutional Linkages 
Fellowship, Organisation of visit of thematic scientific and composite (scientific and industrial) delegations, Transfer of Technology to Indian 
industry 

Topics covered  All 
Start date Ongoing 
End date Ongoing 
Website references http://203.200.89.92/dst/r&d_funding/rdfs2.htm 
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Name SCIENCE & TECHNOLOGY (S&T) 

Overall budget N/A 

Main objectives Development of technology/system and its successful transfer for commercial applications 

Background The Central Mine Planning and Design Institute Limited (CMPDI) is the nodal agency for coordinating R&D activities in Coal and Lignite sectors. 
The Ministry of Coal normally supports project of shorter duration (2-4 years). The findings of which, if completed successfully, can be used directly 
for commercial exploitation and benefit to the industry. However, in exceptional cases, research in newly emerging and front line areas of science 
and engineering and projects having long term implications can be supported. 

Beneficiaries  Research and educational institutions, public sector undertakings and such other agencies, which have capability to take up R&D work. 
Geographic scope - 
Funding to which 
countries  

Inside India 

Type of funding 
instruments  

Reimbursement of expenditure 

Type of activities 
funded  

Research in Production, Productivity & Safety, Coal Beneficiation & Coal Utilization, Environment & Ecology. Grants apply for Equipment, salaries 
and allowances, consumables, travel and contingency. 

Topics covered  Advanced coal combustion and gasification combined with 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 
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Name NATIONAL PROGRAMME ON CO2 SEQUESTRATION RESEARCH 

Overall budget N/A 

Main objectives Department of Science & Technology (DST) under its Inter –Sectoral Science & Technology Advisory Committee (IS-STAC) initiated a National 
Programme on CO2 Sequestration Research jointly with other Ministries. In this regard proposals have been invited 

Background Carbon dioxide capture and storage (CCS) is an approach to mitigating climate change by capturing carbon dioxide from large point sources such as 
power plants and subsequently storing it away safely instead of releasing it into the atmosphere. Various possibilities for CO2 sequestration are being 
considered, such as storage in empty gas and oil fields, coal beds, oceans and water containing sub-surface aquifers, mineral sequestration, 
afforestation and agriculture etc. 

Beneficiaries  Scientists and Academicians belonging to Universities, Deemed Universities, Research Institutes/Laboratories and Industry in following categories: 
 

·  R&D projects in emerging areas of CO2 sequestration through participation of user ministry. 
·  Research Development & Demonstration (RD&D) projects demonstrated on industrial scale jointly with the concerned ministry and 

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 combined with 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 a holistic approach in identified areas; 
·  promote application of modern/advanced technologies to socio-economic problem solving; 
·  promote modernization of traditional technologies, tools and skills; 
·  facilitate enhancing quality and performance of the traditional/non-traditional items; 
·  encourage developments in application  of R&D activities; and 
·  promote activities aimed at improving technology, technique, material, methods and other appropriate activities conducive for development 

of technology status in identified areas 
Background TSD Programme supports activities aimed at developing and integrating technologies to evolve technology systems both in the advanced/emerging 

areas and in traditional sectors/areas. Under the Programme, feasibility of fresh ideas/ concepts is assessed for their potential conversion into useful 
technology/product. Applications of R&D for socio-economic benefits is consciously promoted under this programme. 

Beneficiaries  Scientists/engineers/technologists working in academic institutions/registered societies/R&D institutions/laboratories having adequate 
infrastructure/facilities to carry out technology development work, Industry having DSIR recognized R&D Laboratories either alone or in 
collaboration with academic/R&D Institutions. 

Geographic scope - 
Funding to which 
countries  

India 

Type of funding 
instruments  

For Institutions: Project staff salaries, equipment, supplies and consumables, contingency expenditure, patent filing charges, outsourcing charges, 
internal travel, fabrication costs, testing charges, overheads, etc.  
For Industry:  Only cost of consumables upto 50%. 
For Institution/Industry Joint Programmes:  Support to the Industry upto 50% of the cost of consumables.   

Type of activities 
funded  

• Applied Research and  Analysis 
• Development and Engineering (D&E) 
• Application oriented Research, Design and Development (RD&D) having Production Potential 
• Prototype Development of Product/ System/ Services/ Software Development (new, upgradation of the existing, field trials and 
demonstration)  
• Process Development (new, up-scaling of the existing, field trials and demonstration) 
• Data Generation and Feasibility Study 
• Provision for Production Facility on a limited scale for a specific Technology Segment to enable the Technology to become competitive    
• Sophisticated Equipment and Technology based Job-Shops for cost-effective Fabrication Techniques 
• Scientific Knowledge leading to future Technology Development 
• 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 detailed analysis on the activities of relevant 

organisations in the EU and India involved in the thematic areas of this EICOON project 

presented in ANNEX 1. In addition to the research methodology used for identifying 

information on each topic/region, details on the main topics/technical themes that are currently 

under focus in research both in the EU and India, as well as the main achievements, main 

existing collaborations and suggestions on research needs and collaborations between the EU 

and India are defined. 

���  Advanced coal combustion and gasification combined with carbon capture & CO2 

sequestration 

�����  Summary - Europe 

·  Main topics/ technical themes 

Data for the present analysis are based on recent scientific publications at the ISI web of 

knowledge website60 of CO2 gas separation through membranes using nano-scale properties that 

helps to identify major organizations involved in the field. Experts from the EICOON project 

coordinator, MESA+ are also consulted.  

Europe produces one gigaton of CO2 annually and emits it into the atmosphere. Around two-

thirds of it stems from fossil fuelled power plants. Carbon capture and storage could reduce 

these emissions by up to 90%. The idea is to store the carbon captured underground in, for 

example, empty gas fields and aquifers. Existing capture methods include absorption, 

adsorption, membranes and non-selective cooling. In the absorber, the flue gas in brought into 

contact with an amine containing solution (or a physical solvent). In this absorber, CO2 is 

selectively absorbed by the amine. This process involves equilibrium reactions (processes) and 

occurs at lower temperatures. In the next step, the CO2 loaded solvent is regenerated in the 

regenerator by heating the solvent to higher temperatures. Especially this step is highly energy 

consuming. 30% of the energy ends up in the evaporation of the solvent and subsequent loss of 

energy. This process is economically viable at higher CO2 concentrations. However at lower 

CO2 concentrations, e.g. in flue gas, the high energy consumption limits the process and 

strongly favour the use of membranes. However, all technologies are still under development in 

order to make them economically attractive. 

                                                
60 http://www.isiwebofknowledge.com 
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·  Main achievements 

The development of a membrane process for the removal of CO2 from flue gas is a challenging 

task. Process simulations and calculations show that in order to design an economically viable 

process, membrane permeance is more important than membrane selectivity. Post-combustion 

flue gas streams have typically temperatures of around 50-60°C and are generally high in 

volume due to nitrogen in air. Furthermore, they are at low pressure (atmospheric) and the CO2 

concentration is rather low, usually 10-15 vol-%. The large volumes, the low pressure and the 

dilute streams make post-combustion CO2 capture a huge challenge. As a result of the low 

driving forces a prerequisite for any membrane material to be considered for such separation is 

the necessity of an extremely high CO2 permeability - minimum CO2/N2 selectivity of at least 30 

and preferably 40 or higher. 

Current research and main achievements so far are dedicated to the molecular design of 

polymeric membranes to improve the macroscale membrane permeance while maintaining 

selectivities. Different approaches are followed. Significant improvements are realized starting 

from a polyethylene oxide (PEO) based polymer. PEO is known for its high CO2 solubility 

combined with high diffusivity, resulting in high permeabilities. Although commercially 

available PEO based block polymers (e.g. Pebax®) do exist, their microdomain morphology 

limits its gas permeation behavior. Significant improvements and a five to six times increase in 

permeability are made by i.e. i) molecular tuning of the microdomain morphology and 

polymeric structure and ii) the use of highly permeable components used as additives to the 

PEO based matrix polymer.  

In a second approach the selective function of amines to capture CO2 is used to increase 

permeability and at the same time selectivity. Incorporation of the amine functionality in a 

polymeric matrix using an amine functionalized additive as well as the chemical modification of 

a polymer and the introduction of the amine functionality on a molecular level are considered.  

Both strategies resulted in greatly improved membrane performance, and this approach requires 

water vapor to be present to activate the amine functionality. As flue gases normally contain 

about 10-15 vol-% of water vapor, this is an advantage.  

Next to CO2 capture from flue gases, CO2 capture from high pressure applications also deserves 

significant attention as more and more high CO2 concentration natural gas fields become 

available. The main challenge for high pressure CO2 capture lays in the development of 

plasticization resistant membranes. Due to the high concentrations and pressures of CO2, the 

membrane tends to swell irreversibly, resulting in a significant loss in selectivity, often to values 

below 10. What is needed is an improved separation performance of membranes for such 

applications - a double of both existing flux and selectivity would make this attractive also for 
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offshore applications. This will also reduce the methane loss. Many are conducting research on 

nanomaterials within such high pressure applications. Several different approaches (e.g. 

crosslinking, polymer blending, heat treatment) are considered and although performance and 

stability has been improved, plasticization resistance is still a major issue in the development of 

the membrane for high pressure applications. 

Future developments should point in the direction of molecular design and tuning of properties 

on the micro- and nanoscale in order to control mass transport on the scale of the application. 

This requires a strong connection between chemistry and molecular design on one hand and 

fundamental characterization and application studies on the other hand. 

·  Main existing collaborations  

The EU has endorsed the SET Plan as a vehicle to accelerate the development and large scale 

deployment of low carbon technologies that draws upon the current R&D activities and 

achievements in Europe. As one of the priority technologies the CCS EII is implemented. 

Until now several research collaborations between European institutes/universities/companies 

on nanomembranes are funded by the European Commission under FP6 and FP7 such as:  

·  NANOGLOWA - Nanomembranes against global warming, Project Reference: 

NMP3-CT-2007-026735, 60 months (01/12/2006 - 30/11/2011), Contract Type: 

FP 6 - Integrated Project; 

·  DoubleNanoMem - Nanocomposite and Nanostructured Polymeric Membranes 

for Gas and Vapour Separations, Project Reference: 228631, 36 months 

(01/06/2009 – 31/05/2012), Contract Type: FP7 –NMP- Collaborative Project;  

·  DEMOYS – Dense membranes for efficient oxygen and hydrogen separation, 

Project Reference: 241309, 48 months (01/05/2010 – 30/04/2014), Contract 

Type: FP7- ENERGY.2009.5.1.1 Innovative capture techniques; 

·  CESAR - CO2 enhanced separation and recovery, Project Reference: 213569, 

40 months (01/02/2008 – 31/05/2011), Contract Type: FP7-ENERGY- Small or 

medium-scale focused research project. 

�����  Summary - India 

·  Main topics/ technical themes  

The research methodology for collecting organisations in ANNEX 1 under the respective theme 

included published reports and scientific publications based on search the Chemical Abstracts 
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database.61 Personal knowledge of colleagues working in some of the organizations are also 

used. Based on the research conducted, the main research topics in the area in India include:  

·  Polymer membranes for CO2 separation; 

·  Metal-oxide Framework for CO2 separation by means of adsorption; 

·  Development of nanostructures catalysts for coal combustion/gasification; 

·  Modeling and simulation of coal gasification kinetics; 

·  New methods of biomass utilization with enhanced efficiency; 

·  Hybrid nanocomposites for membranes used in CO2 separation; 

·  Electrochenical and photo-catalytic reduction of CO2 (using visible light 

range) with the help of nanostructures of ionic liquids/solid electrolytes. 

·  Main achievements  

Many Indian institutions like IIT, Delhi. (biomass characterization, development of process 

technology packages), NCL, Pune (both are EICOON project partners) and IIT, Bombay 

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

standardization and development of procedures and methods, quality assurance criterion and 

cost reduction), Indian Institute of Science (IISc), Bangalore (basic research in biomass 

gasification for non woody biomass materials, upgrading and up scaling wood based systems) 

and Madurai Kamraj University (Field evaluation and testing, monitoring revalidation and 

training, and development of application packages including implementation) have developed 

biomass based conversion technologies as a primary accomplishments. Institutes like, the 

Central Institute of Mining and Fuel Research (CIMFR), Dhanbad, and IITs are making many 

catalysts with improved efficiencies for coal gasification and CO2 sequestration. 

·  Main existing collaborations 

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

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

�����  Suggestion on research needs and collaborations between the EU and India 

Research into CCS is currently performed in Europe as well as in India. Although both regions 

have strong efforts in reducing CO2 pollution by existing methods like absorption and non-

selective cooling, CO2 emission reduction by gas separation through nanostructured membranes 

does currently not exist in industrial applications. 

The incorporation of nanotechnology in CO2 gas separation research remains limited to the EU. 

The detailed study and development of novel materials, down to the atomic scale for enhanced 

                                                
61 See the fact sheet at http://www.stn-international.de/uploads/tx_ptgsarelatedfiles/CA_06.pdf 
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performance, is performed nowadays in European research institutes/universities, while it 

remains underinvestigated in India. 

Future joint research projects could boost the incorporation of nano-related CO2 research in 

India dramatically and bring it to a high level in a short amount of time. The research in Europe 

could also benefit from a strong collaboration, because of the opening up of new research 

directions by new insights from Indian partners due to the utilization of state-of-the-art Indian 

research facilities and engagement of highly skilled Indian researchers. 
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���  Solar & photovoltaic 

�����  Summary - Europe 

·  Main topics/ technical themes 

The data in the tables in ANNEX 1 were collected by sending a questionnaire concerning 

research activities in the field of solar energy and nanotechnology to approximately 100 

European universities, research institutes, and industry carrying out research and development 

in the field of solar energy. A total of 19 answers are received. In addition, eleven organisations, 

with highest number of patents and publications, are reviewed by utilizing public information 

mainly from their websites. These are tabulated in ANNEX 1. The actors are selected according 

to patent and literature survey by using STN AnaVist,62 list of European PV Platform member 

companies, and personal contacts. 

From the collected data, the main research topics are identified as follows: 

1. Silicon based solar cells; 

2. Thin-film solar cells; 

3. DSSC; 

4. Organic PV (OPV); 

5. Nanostructures; 

6. Transparent conductors; and  

7. Other topics: e.g., concentrated PV, flexible substrates, organic–inorganic 

hybrid cells, and tandem and multijunction cells.  

According to the answers received and the web search, nanostructured materials are the 

dominating area with almost half of research organisations working in this field. Approximately 

40 % of the organisations are working with thin film solar cells followed by silicon based and 

organic solar cells both having approximately 30 % of the research organisations’ interest. 

DSSC and other topics have the interest of over 20 % of researchers. Roughly 18 % of research 

institutes are working with transparent conductors. 

·  Main achievements 

The European research institutes and universities are actively publishing their innovations in 

international scientific journals and other media. As the main themes of research work suggest, 

the main achievements of the European researchers are related to advanced PV to complement 

the traditional silicon based solar cells. For these novel materials, processing techniques are also 

being developed. 

                                                
62 http://www.stn-international.de/stn_anavist.html 



59 
 

Probably the most well-known European achievement in the field of PV is the DSSC developed 

by Michael Grätzel and co-workers. The DSSC is made of low-cost materials and does not need 

elaborate apparatus to manufacture, which makes it extremely promising. In bulk it should be 

significantly less expensive than traditional solid-state cell designs. Thus far chemical stability 

problems have slowed down full commercialisation. The newest forecast in the EU Photovoltaic 

Roadmap63 is that DSSC are to be a potentially significant contributor to renewable electricity 

generation by 2020. 

European research has also had a great input in the development of polymer or OPV. During the 

last two decades the development in this field has been extremely rapid. New and more efficient 

materials are developed for the photoactive and other layers of the organic solar cells. The 

prevailing structure is a so-called bulk-heterojunction in which electron donating conductive 

polymer and electron acceptor molecules, like fullerene, form a nanocomposite where light 

induces electron transfer reactions finally creating photocurrent. The relatively simple structure 

of organic solar cells and flexibility of used materials have enabled for example utilisation of 

printing techniques in solar cell fabrication. The printing techniques enable low-cost production 

of organic solar cells with high throughput. Now also some inorganic thin-film solar cells can 

be produced by non-vacuum techniques, such as CIGS (copper indium gallium selenide) cells. 

Printing techniques also facilitate the manufacture of these kinds of photovoltaics. The low-cost 

non-vacuum manufacturing techniques of solar cells will enable mass production of new 

generation PV devices.  

In addition, materials development for novel solar cell architectures is actively persude. The 

trend is towards inorganic–organic hybrid materials where conductive polymers and inorganic 

semiconductor nanoparticles form the photoactive layer. In addition, quantum dot based light 

absorbers are actively developed to enhance light harvesting. Furthermore, remarkable work is 

done with silicon-based solar cells. Efforts are made to find more cost-efficient ways to produce 

silicon PV in order to enhance their overall efficiency. 

·  Main existing collaborations 

According to the answers received, networking within the EU and between other European 

counties is actively persude. The Framework Programme is clearly facilitating collaboration 

between European research institutes, universities, and industry. Answers also point out 

cooperation with, for example, Japanese and Australian groups and actors outside of Europe. 

The development of better ways to harvest solar energy is a global challenge, addressing it 

requires strong collaboration across borders and regions. 

                                                
63 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 cell research being carried out in India is collected 

using ISI web of knowledge and other similar search engines. Some information is obtained 

directly via personal contacts. This information was further complemented by visiting the web 

pages of one of the respective institutes. Based on this search, a list of the individuals working 

in this field was prepared. A number of individuals (belonging to different universities / 

research institutes), working in the field of solar cells, are identified and marked under separate 

organisations head. The main topics of the ongoing research are as follows: 

1. Silicon solar cells; 

2. OPV; and  

3. DSSC.  

About 28% of the ongoing research in India is in the field of silicon based solar cells. This is 

followed by organic and DSSC with about 18 % and 20 %, respectively. In addition to these 

topics some work is also ongoing on the utilizing of materials such as CuInSe2, CuInSe2/ZnO, 

Cu2ZnSnSe4, PbS, CdS, CdZnS, TiO2, CdTe, ZnSe II-VI and III-V for solar energy harvesting. 

A total of about 30 % individuals are working on these different approaches to harvest solar 

energy. 

·  Main achievements 

The main objective of solar cell research in India is in developing various approaches to utilise 

solar energy for PV applications. The major thrust areas are silicon solar cells, organic solar 

cells and DSSC. There does not seem to be a directed approach to replace a particular kind of 

solar cells. As mentioned above, approximately 20% of the individuals are working in the field 

of silicon solar cells, organic solar cells and DSSC. The silicon solar cells will continue to be 

the preferred candidates for solar energy harvesting because of the low carrier mobility and 

hence low efficiency of organic solar cells. Overall, about 40 % of the individuals are active in 

dye-sensitized and organic solar cell research for light harvesting. This is because of low cost 

synthesis and non requirement of vacuum based techniques which are a must for manufacturing 

silicon solar cells. The efforts will always be on to find more cost-efficient ways of producing 

solar energy with higher efficiency. 

·  Main existing collaborations 

There have been collaborations in India between different institutes in the area of amorphous 

silicon solar cells under sponsored projects funded by DST and the Ministry of Non Renewable 

Energy Sources (MNRES). Recently collaborations are also initiated between institutes in India 

via DST and in the UK through the Engineering and Physical Sciences Research Council 
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(EPSRC) Collaborative Research Initiative on Solar Energy. Some collaboration are also started 

under India-EU joint projects. These projects are related to the using quantum dots for solar 

cells and studying the stability of solar cells. 

�����  Suggestion on research needs and collaborations between the EU and India  

A comparison of the summary on present solar cell research in India and EU shows that the 

major focus of research on PV is by using silicon solar cells, DSSC and OPV. Thus in our view 

these three approaches to harvest solar energy can form the common ground for future solar 

research collaboration between the two regions. Another point worth mentioning here is that the 

EU has a well planned approach to suplement silicon based solar energy harvesting by DSSC 

and OPV approaches. In that case, the meeting ground can be these two fields. In case of 

organic and dye-sensitized approaches, a variety of materials are being studied by scientists in 

the two regions. Research collaboration between the two regions can help in focusing the 

research efforts. Moreover, there are important horizontal themes like modelling, 

characterization, encapsulation, degradation and effects of impurities which are common for all 

PV technologies and which would need a focused approach to avoid fragmentation of research. 
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���  Fuel cells including hydrogen production and storage  

�����  Summary - Europe 

·  Main topics/ technical themes 

The organizations listed in ANNEX 1 under the respective theme were identified through search 

for Nanomaterials and fuel cells or hydrogen in various publisher databases of scientific 

literature limited to the past five years. The search is restricted to the most active and well 

recognised organizations distinguished by the greatest number of hits and by papers in highly 

reputed publications. This is cross checked with the organisations known to be active in the area 

of Nanomaterials for fuel cells and hydrogen within the EU. The element of known 

organizations stems mainly from contacts established at international events and research 

collaborations in the broad field of fuel cells and hydrogen. 

Then, the websites of the organizations so identified are searched to gain insight into the current 

topics of their research matching Nanomaterials for fuel cells and hydrogen.  

This non-exhaustive list of organizations is to represent a concise view of the recent and 

ongoing activities in the EU while the organizations are, in many cases, considered CoE. 

Nowadays, research in fuel cells is mainly focused on the two main types of fuel cells, PEFC 

and SOFC technology which have the greatest prospects in terms of commercialization. The 

major target applications of these technologies are currently automotive and stationary power. 

In hydrogen production, the two main technologies presently used are water electrolysis and 

reforming of hydrocarbons. These two key production routes have possibly the greatest 

prospects to generate hydrogen in the required quantities and for wide spread use in the near 

term future. 

In hydrogen storage, the two major technologies are the storage of gaseous hydrogen 

(compressed up to 700 bar) most often in composite tanks and liquid hydrogen in cryogenic 

vessels. The research of solid state storage of hydrogen mainly in complex and metal hydrides is 

still very much at an early phase compared to two aforementioned technologies. 

The organizations active in fuel cells research focus mainly on the development of new 

materials and components including their characterization and qualification, fuel cell design and 

assembly, the search for cost effective manufacturing methods and production routes, and are 

concerned with the integration of fuel cells into energy conversion systems. 

In the context of nanomaterials, the development and use of primarily non-noble metal 

electrodes including contaminant tolerant and inexpensive nano-catalysts and support materials 

and of membranes with improved properties are the prime research areas as far as low 

temperature fuel cells are concerned. For high temperature fuel cells this concerns the synthesis, 

manufacture and characterization of the traditional kind of materials nowadays used at the 
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nanoscale and of newly developed especially ceramic (like) materials including nanomaterials 

with improved properties leading to increased efficiencies. It also concerns the quest for low 

cost manufacturing and the most suitable production routes of nanomaterials and components 

made of nanomaterials. 

The organizations active in the research for hydrogen production by water (or steam) 

electrolysis persue research themes fairly similar to those of the organizations active in fuel cells 

research. Also here, nanomaterials come along as catalyst and support materials as well as more 

suitable and reliable membranes with improved properties in the case of low temperature 

electrolysis while high temperature electrolysis research in these organizations concerns 

electrodes and electrolytes made of nanocomponents or of materials synthesized at the 

nanoscale with improved properties and an expected increase in conversion efficiency. 

The organizations active in the research of hydrogen generation by hydrocarbon reforming have 

their focus on the development, characterization and cost effective manufacture of improved 

nano-catalyst and support materials for both fuel reformation and gas cleanup in conventional 

reactors. The same is true for the research on new selective membranes made of nanomaterials 

or synthesized at the nanoscale. 

The organizations active in the research on hydrogen storage most often focus on solid state 

storage especially on the various kinds of materials being of ceramic, organic, polymeric and 

metallic nature. Nanomaterials in their various forms, shapes and dimensions play a great deal 

in this research. Some of the organizations seem to have a special interest in carbon 

nanomaterials for hydrogen storage. At present, it is controversially discussed whether carbon 

based materials such as CNT have any realizable prospects in hydrogen storage. 

·  Main achievements 

The major technical achievements of the organizations active in fuel cells research and research 

in hydrogen production and storage can grossly be summarized as follows: 

·  Low temperature fuel cells – The development and characterization of 

more active and low cost electrocatalysts with reduced noble metal 

content/loadings and of non-noble metal catalysts, of new catalyst support 

materials, and of low humidity and high temperature membranes. 

·  High temperature fuel cells – Development, synthesis and characterization 

of ceramic nanomaterials for electrodes and electrolytes for use at reduced 

operation temperatures. 

·  Water electrolysis – Development and characterization of more active 

catalysts and support materials and of new membranes. 

·  Hydrocarbon reforming – Development of more selective membranes for 

reforming and for hydrogen separation. 
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·  Solid state hydrogen storage – Development and characterization of a 

variety of different storage materials especially of carbon and carbon 

containing nanomaterials. 

·  Main existing collaborations 

Almost all of the organizations active in the field of fuel cells and hydrogen including those 

who develop, fabricate, synthesis, characterize, test, make use of and integrate nanomaterials do 

already collaborate with other partners in various projects. These research collaborations are 

often conducted in the context of the EU Framework Programme, the ESF and initiatives such 

as COST64 and EUREKA.65 Also collaborations in the national programme of the EU Member 

States and on a bilateral basis are noted. 

In fact, none of these organizations could have realized significant progress in their respective 

area of research without most of these collaborations which often form a pre-requisite to obtain 

funding at European level and for bilateral research funds as well as is nowadays strongly 

encouraged at national level. 

�����  Summary - India 

·  Main topics/ technical themes 

The organizations and research institutes listed in ANNEX 1 were identified through extensive 

search in the web (including sources like Web of Sciences, Scopus and documents published by 

the Government of India) and also through personal contacts for fuel cells and related 

nanomaterials used. The institutes most active in research are listed based on their research 

output in journals and other publications. Most of the research in this area is conducted 

principally in the government research laboratories under CSIR, DST, Bhabha Atomic Research 

Centre (BARC) and also in some Indian Institutes of Technology (IITs). The main activities in 

the area of fuel cell research are in the areas of SOFC, PEFC, Methanol FC, AFCs etc. Research 

was conducted in the development of glass ceramic based sealants for SOFC, PEM fuel cell 

technology for UPS, on commercialization and market acceptance research etc. Several new 

goals were achieved in various organisations, particularly the development of SOFCs with 

glass-ceramic based sealants to allow its use in wide range of temperature at Central Glass and 

Ceramic Research Institute (CGCRI). 

 

In India, there has been a spurt of activities related to energy production and storage, both for 

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

                                                
64 European Cooperation in Science and Technology, http://www.cost.esf.org/ 
65 http://www.eurekanetwork.org 
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encouraged research in these fields. Many major research organizations such as National 

Laboratories of DST, IITs, CSIR, Naval Physical and Oceanographic Laboratory, Department 

of Atomic Energy have all serious activities related to non-conventional energy sources. Recent 

trend has been to employ nano-phase of materials towards hydrogen storage and production. In 

conjunction with fuel cell research, the field has generated great interest among researchers. 

Several industries have also initiated research and development in these fields, which are 

expected to expand and become critical for sustainable development and energy security of the 

nation. Several leading research institution have intra- and inter-collaboration to cover the wide 

intellectual component these high technology fields require. There is also a strong stress on 

finding inexpensive routes to produce these materials and make them reliable, and affordable for 

a developing country like India. 

 

A few groups work on topics such as hydrogen production by rare earth, binary and ternary 

metal hydrides, for their light weight and in their nanoform to reduce the hydrogen desorption 

temperature. Recent trends are to look at carbon forms for hydrogen storage to reduce weight 

further, hydrogen generation by Amine borines (Lewis Base Adducts) and Hydrazine hydrides. 

There has been an increasing interest in hydrogen storage in CNTs and Metal-Organic and 

Boron Nitride framework structures. Interest in Water-splitting reaction using ITO and some 

semiconductors has also been on the rise. 

 

The main activities in research on hydrogen production and 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 achievements on research activities related to fuel cells 

include: 

·  Development of glass-ceramic based sealants for SOFC; 

·  Synthesis of nano-structured materials (and their behaviour) for SOFC 

electrodes; 

·  Development of catalyst, electrode and membrane and its performance for 

PEFC especially for use in UPS (uninterrupted power supply); 

·  Development of catalysts for DMFC; 



66 
 

·  Development, prototyping, commercialization and market acceptance 

research. 

The main achievements on research for hydrogen production and storage are: 

·  Making nano binary and ternary metal hydrides for light weight and low 

desorption temperatures (150 C) and storing 7.5 wt% of hydrogen in 

Amine Borane using transition metal catalysts; 

·  Regeneration of amine boranes after hydrogen release: proof of concept; 

·  Storing 3.5 to 4% hydrogen in CNT and 2wt% in Graphene; 

·  3-4% hydrogen storage in metal-organic frameworks; 

·  2-3wt% storage of hydrogen using Rare-earth metal hydrides. 

 

·  Main existing collaborations 

Active collaboration among various reasearch groups in India exists in all organisations im the 

area of fuels cells as indicated in the tables under organisations. In the area of hydrogen 

production and storage, informal collaborations exist between laboratories and institutions in 

India. Some collaboration with laboratories of the western world have taken place and led to 

some joint publications.  

�����  Suggestion on research needs and collaborations between the EU and India 

The research collaboration in the EU among academia (universities/research centres) and 

industry is frequent and well structured while a few collaborations exist in India where a great 

deal of industry involvement is lacking. Moreover, PEFC and SOFC are the dominant 

technologies persued in Europe while almost all types of fuel cells are researched on in India. 

In order to mutually benefit fuel cells research in both regions and to achieve synergies, the 

following areas are suggested for collaboration: 

o Development of nano-catalysts and carbon supports including CNT for 

PEFC electrodes with reduced noble metal content/loadings and 

o New (multifunctional) nanomaterials for SOFC electrodes and electrolytes. 

 

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

persuing activities to make hydrogen a feasible energy carrier. 

 

For mutual benefit of research into hydrogen production and storage, the following areas are 

suggested for a joint coordinated collaboration: 

o Development of nano-catalysts and carbon supports including CNT for 

electrolyser electrodes; 
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o Development of nano-catalysts for steam reforming and gas cleanup; 

o Synthesis and characterization of nano materials; 

o Water splitting reactions; 

o Nano catalysis; 

o 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 direct research on available database and its related 

search engine (ISI web of knowledge) that is linked to the most important sources of scientific 

literature. We deem this allows to: have a complete view on the subject; list both private and 

public organizations that produce public research results; make the ranking of the organizations, 

to decide on a suitable threshold to consider them as leading actors in the European research 

landscape.  

The research looked at data of the years 2000-2010, with focus on the period 2006-2010. This 

source of data has been integrated with the personal knowledge of the experts in the field of 

batteries and supercapacitors in ENEA, an EICOON project partner. 

The list of projects is assembled from data queries of the Cordis FP6 and FP7 project database.66  

Most of the research, concerning nanomaterials suitable for batteries and supercapacitors, is 

focused on the electrodes, for both devices (with clear relevance of the batteries). The 

enhancement of the specific surface area of electrodes based on the peculiar nature of 

nanomaterials seems to be a research theme with a large impact on the community of scientists 

and technologists. Many research results account of experiments, where the innovative materials 

are assembled in a device, and the device performance is analyzed. 

In the search for an increased surface area of the electrodes, and a related increase of the 

charge/discharge current of the devices of interest, different examples of nanostructured 

materials are explored such as nanopowders, nanocomposites and nanowires. 

The number of nanomaterials investigated is large, with emphasis on nanostructured carbon 

materials. 

·  Main achievements 

                                                
66 Community Research and Development Information System, http://cordis.europa.eu 
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It is difficult to point out a single achievement leading to a real breakthrough in the very broad 

area of materials investigated by European research groups.  

There is a broad incremental progress of knowledge and results, with an appreciable 

participation of industries to the research, both in materials development and in applications. 

This makes easier the effective transfer of the know-how from public research centres and 

industrial organizations, in a field where the fast transfer of ideas from the labs to the market is 

essential. 

The applications belong to very different fields (automotive, energy storage for renewable 

energy generation, etc.). No special emphasis is found on the environmental impact and the 

recycling of the new materials, which should be instead an important theme to take into account, 

due to the expected large use of batteries and supercapacitors in products that should have a 

very large diffusion in the everyday life of consumers. 

However, the main research themes in Europe include: 

1. Manganese oxides to support various speciality chemistries (primary and rechargeable) 

and segments of the battery market: BioG and NMD for ZnC batteries; High grade 

MnO2 for lithium primary batteries; EMD for alkaline batteries; 

2. High Kinetic Processing (Mechanical Alloying, High Energy and Reactive Milling). 

·  Equipment manufacturing for Mechanical Alloying, High Energy and Reactive 

Milling (HKP), mixing and dispersing, sieving and filtering, atomizing, 

degassing and passivation. 

·  Manufacturing and design of nanostructured powder-materials. 

3. Batteries based on silver, nickel and lithium technologies and thin film polymers; 

4. Multidisciplinary technical research, e.g. materials, energy, bio and chemical processes; 

5. Materials characterization including microanalysis and nanoparticle formation; 

6. Carbide derived carbon (electron field emission, actuators, supercapacitors and others); 

7. Carbon-based electrodes, compound electrodes, nanostructures and nanowires, 

electrolytes and membranes for batteries and Supercapacitors. 

·  Main existing collaborations 

The results of this research suggest that all the leading European research groups collaborate in 

FP6 and FP7 projects. Therefore, there is a mature community of researchers working in this 

field, and the authorship of some of the mentioned publications is shared between different 

leading European actors in the field. Some of the research groups analyzed herein seems to have 

special attention to international collaborations especially in France and Germany. 

However, in the existing collaborations there is not a clear emphasis in the relationship with 

India, about the study of nanomaterials and nanosciences applied to energy generation and 

storage. 
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�����  Summary - India 

·  Main topics/ technical themes 

Data for this section are based on the available database under ISI web of Science and the 

journals covered by Engineering Village information system.67 Information is also collected 

from the scientists of the identified organizations in a few cases. 

Despite investment in batteries and supercapacitors technology with a good amount of expertise 

among the scientists and academicians, the research output and market demand needs to be 

enhanced. The major focus on batteries and supercapacitors 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 (at the commercial 

level); 

·  Development of novel materials (with a special focus on nano-structured 

oxides and conducting polymer) for use in electrodes of supercapacitors; 

·  Designing of supercapacitors energy storage system; 

·  Environment effect of the newly developed materials; 

·  Transfer of technology from research level to real world applications. 

·  Main achievements 

From the detailed survey, the main achievements on research activities related to batteries and 

supercapacitors include the following: 

·  Development of electrode materials for magnesium and sodium based 

rechargeable batteries. 

·  Synthesis of nano-structured materials (and their behaviour) for cathode 

and anode of batteries and supercapacitors. 

·  Development of catalyst materials, electrolyte (polymer based) and 

membranes for batteries and of electrodes for Li-ion batteries. 

·  Gel polymer electrolytes for supercapacitors. 

Moreover, the current research interest in India is devoted to:  

·  Prudent lead-acid batteries for solar lighting; 

·  Development of magnesium and sodium rechargeable batteries using 

gel polymer electrolytes; 

                                                
67 http://www.engineeringvillage.com 
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·  Development of supercapacitors based on carbon and conducting polymer 

electrodes, and gel polymer electrolytes; 

·  Development of ionic liquid based thermally and electrochemically stable 

polymer electrolytes for their application in energy storage/conversion 

devices. 

In Indian industry the main interest is focused on:  

·  Futuristic research for lead alternatives; 

·  Product development for new products based on lead acid technology; 

·  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 batteries and supercapacitors are mostly focusing on 

materials development with the existing facilities in their organization. Only a few members are 

collaborating with academicians which emphasize an interdisciplinary research approach. A 

closer look shows that collaboration is indeed insignificant.  

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

Hence, large scale collaboration between industry and research organization/academicians is 

needed for the fruitful development of technology. 

Though independent researchers collaborate on materials development with US based research 

laboratories/institutes, the exchange of ideas and collaboration with European 

universities/research laboratories is apparently very insignificant.  

�����  Suggestion on research needs and collaborations between the EU and India   

The interaction of research laboratories and industries appears to be more structured and 

frequent in the EU. Exploiting this expertise, or involving EU industries, in possible EU-India 

joint projects, can provide acceleration to market-driven studies that are still weak in India. Also 

the effective integration of fundamental research, applied research and industrial research can be 

much improved, especially in India, with synergies for both regions. As evident from the 

respective surveys for the two regions, EU and India have presently no significant emphasis on 

mutual collaboration in this field but the request of EU-India calls for projects in this field is 

recommended; similar to what is currently ongoing in the three projects as a result of the recent 

coordinated EC-DST call for research proposals in solar energy systems.68 

More specifically, it is concluded from the analysis conducted that collaborative research needs 

to be undertaken on the following areas: 

·  Development of novel materials for electrodes and electrolytes used in 

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

carbon-based electrodes and of nanostructured and compound electrodes;  

·  Application of advanced processing routes (Mechanical Alloying, High 

Energy and Reactive Milling) for materials development; 

·  Designing of new generation devices; 

·  Studying the effect of nano-structuring on the properties of battery 

materials; 

·  Development of coatings for batteries and supercapacitors. 

                                                
68 Call fiche at ftp://ftp.cordis.europa.eu/pub/fp7/docs/calls/cooperation/energy/e_ct_201004_en.pdf 
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4. Conclusions on research needs and on joint future calls 

�
Based on the results of the research conducted in the EU and India and on the discussions 

during the assessment workshop the following conclusions in relation to research needs of nano-

materials in sustainable energy technologies, most specifically in the areas of Advanced coal 

combustion and gasification combined with CCS, batteries and supercapacitors, fuel cells 

including hydrogen production and storage, and solar & PV are drawn:  

 

·  General conclusions 

o Collaborations between research organizations (universities, research 

centres and industry) in EU and India on nanomaterials in this field is rather 

limited but has great potential for future enhancement for mutual benefits; 

o Thematic areas of research in this field in Europe and India show some 

overlap especially in CO2 capture (nano-structured membranes, metalo-

oxide frameworks), hydrogen & fuel cells (novel nanomaterials for SOFC, 

nanomaterials for electrodes, nano-catalysts and carbon support including 

CNT mainly for PEFC and conductive polymers) and solar/PV (thin films, 

DSSC, silicon based cells); 

o Collaboration between academia and industry is well developed in Europe 

but appears to be lacking in India; 

o Academia and industry collaborations as well as an interdisciplinary 

approach to research on nanomaterials should be mandatory for coordinated 

joint calls for research proposals; 

o An interdisciplinary approach to research on nanomaterials in sustainable 

energy technologies is only partly developed in both regions but is utterly 

required since the structure-properties relationship in these materials 

depend heavily on the methods and techniques of their synthesis, 

manufacture and processing involving different disciplines; similarly the 

vast varieties of the different post- or in-situ characterization techniques 

require such an approach; 

o Large number of youth especially is India provides for immense 

opportunity for scientific excellence; 

o Nanomaterials research especially in energy applications is judged as 

having great economic potential and contributes to meet climate policy 

goals; 
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o Both regions have steadily increased investment in nanomaterials research 

by providing more funds and improving infrastructures; 

o Research collaboration should address IPR issues, accountability for funds 

provided and research conducted, affordability of energy supply going 

beyond mere cost reduction, relevance for society and scientific excellence 

o Desire for up-scaling of laboratory devices and production routes to 

industry scale and volumes; 

o The exchange of researchers in the field between both regions exists but is 

capable of development to enhance mutual benefit in terms of exchange of 

knowledge and research results, allow testing of novel ideas & concepts 

and to obviate duplication of research including streamlining of available 

resources. 

 

·  Suggested topics for coordinated joint RTD-DST calls for research proposals 

o Nanomaterials in sustainable energy technologies such as energy 

conversion (Clean coal including carbon capture & CO2 sequestration 

(CCS), fuel cells including hydrogen production and storage, and solar & 

PV) as well as energy storage (CNT, hydrides, batteries and 

supercapacitors) covering aspects of materials synthesis, manufacture, 

processing, characterization, processing-structure-properties relations, and 

modelling & simulations; 

o Mapping of competences of research expertise particularly of CoE in 

synthesis, manufacture, processing, characterization of nanomaterials and 

of their modelling & simulation at the nano-scale in India and EU including 

gap analysis; 

o Mapping of available research infrastructure in EU and India for use in the 

synthesis, manufacture, processing, characterization and modelling & 

simulation of nanomaterials in India and EU including gap analysis; 

o Establishment of standardized methods to assess and validate effects at the 

nano-scale in materials by means of inter-laboratory comparison; 

o Development of schemes for access to research infrastructures (synthesis & 

manufacture, characterisation tools, software codes, databases, etc); 

o Socio-economic studies on the use and effectiveness of nanomaterials for 

energy and other applications (i.e. cross fertilization potentials) including 

future research spending required and societal benefits and impacts. 



75 
 

·  Suggested areas for joint research projects 

o Development of (high temperature) and nano-structured membranes 

whether composites or hybrids for CO2 separation and fuel conversion 

(reforming, fuel cells, electrolyzer); 

o Development of improved and low (production) cost solar cells (thin films, 

DSSC, Si based, organic) with increased light harvesting capabilities and 

reduced degradation; 

o Development of novel nano-catalysts and carbon supports including 

functionalized (carbon) nanostructures for electrodes with no or reduced 

noble metal content/loading; 

o Development of new (multifunctional) nanomaterials for solid oxide 

electrodes and electrolytes; 

o Development of nanomaterials and nano-structures for batteries including 

carbon, polymers and catalysts to optimize power density of batteries, 

capacitors, and hybrids and to allow for new battery concepts. 

�


