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Introduction: the EU-India Cleantech Initiative and Strategy
In the words of the IPCC’s Fourth Assessment report, “the rate at which low emission technologies will improve during the next 20–30 years will be an important determinant of whether low emission paths can be achieved in the long term”
, while Oxfam, in its briefing note of December 2009 analysing the Copenhagen Conference on climate change, concluded: “progressive companies in all countries must draw the next swathe of corporate into alliances to build an international green new deal, and must more proactively call on governments to act”
. 

By setting up the EU-India Cleantech Initiative, key business players in the field of clean technology from the EU and India are taking a pro-active role in the fight against climate change, and, more generally, for a cleaner future. The EU-India Cleantech Initiative is a private initiative aimed at developing collaboration between the EU and India on clean technology at the business level in the context of renewed international, European and Indian political and economic frameworks. But the Initiative also intends to draw the world’s – and world policy-makers’ - attention on the need to act swiftly and efficiently to develop the technologies that will help create a more sustainable world and improve both human welfare and environmental protection. This initiative intends to create a spirit of cooperation that spills to the whole international community.
Cooperation on clean technology between the European Union and India deserves particular emphasis. The European Union, on one hand, has proven to be a leader of clean technology. India, on the other hand, is in urgent need for clean technologies to improve the well-being of its population while minimising its environmental impacts. The leadership demonstrated by the European Union, the largest economy block, and India, the second most populous country in the world, will be critical for shaping a less carbon intensive, more environmental-friendly world society.

The project aims to look at the ongoing collaborative efforts between the European Union and India, to explore new ground for building a partnership based on shared interest in a sustainable future, to put the spotlight on some of the key areas where partners from both horizons can benefit from each other’s experiences, and to call for policy support for cleantech international cooperation at the business level.

From January to June 2010, the participants have been working together to set up a common Declaration and Action Plan for EU-India cooperation on clean technology. A follow-up committee is in charge of reporting on the implementation of the Declaration and Action Plan. The results of this work are presented below and released on the occasion of the 2010 EU-India Business Summit.
I. Context and role of EU-India Cleantech collaboration

I.1. Overview of environmental challenges in India
For the rapid expansion of its population and its economy, India is bound to become a major contributor to global environmental problems, starting with climate change. Average CO2 emissions per capita in India are approximately 4 times lower than the world average. However, this figure is mainly explained by the staggering poverty in which live almost 80 percent of India’s population
, and the limited access to energy from which suffer the vast majority of them. The emissions produced by the richest consumer class, in contrast, are 4.5 times those produced by the poorest class, and are gradually converging towards those recorded in developed countries
. In other words Indian population gets richer, its contribution to climate change increases exponentially. India accounted for 4% of the world’s overall carbon emissions in 2005. This share is expected to double to 8% by 2030, even as per capita emissions remain well below those of OECD countries and even most developing countries
. 

India’s social and economic development is also putting its own environmental resources under increased pressure. Some of the most crucial challenges in that regard include soil degradation to water and air pollution and the depletion of natural resources. In turn, environmental degradation is threatening the perspectives of economic and social development. Natural capital is the basic foundation of a society and its economy. Natural resources provide valuable products and services that support and enable any economic activities and social wellbeing. For instance, the demand for food, energy and other human requirements depends upon the preservation and improvement of the productivity of land. 37% of India’s geographical area is degraded, which is hampering the potential of agricultural production, threatening not only India’s agro-food industry, but also India’s even development. The impact of pollution on morbidity and mortality is another growing concern. Unclean air and water may be taking a toll in terms of over 800 000 premature deaths in country each year and morbidity costs amounting to 3.6% of GDP
. And, as stated by Björn Stigson, President of the World Business Council for Sustainable Development, “business cannot succeed in a society that fails.”

Development efforts in India, therefore, should remain consistent with the principles of sustainability, both for global and local reasons. Some major issues in India that should be kept in mind are increasing the energy and resource efficiency of the economy, developing low-carbon and decentralised sources of energy, developing rural economic fabric, and containing the perverse impacts of an increasing transportation sector.
I.2. Climate change and the need for greenhouse gas mitigation

Climate change is considered by many scientists as the greatest challenge faced by mankind in the 21st century, and one of the greatest challenges ever faced. The IPCC Fourth Assessment Report, which was completed in 2007, highlights the fact that warming of the climate system is unequivocal, as is now evident from observations of increases in global average air and ocean temperatures, widespread melting of snow and ice, and rising global average sea level. Continued greenhouse gas (GHG) emissions at or above current rates would cause further warming. For a range of emissions scenarios that do not assume additional climate policies above current ones, best estimates for global average temperature increase range between 1.8 ° and 4.0 °C by 2100 relative to 1980-1999 depending on emissions scenario.

Extreme weather events (hurricanes, storms, flooding, drought, heat waves) are likely to become more common, more widespread spatially, and of increased severity. Melting glaciers will increase flood risk during the wet season and reduce dry season water supply. Ocean acidification will have major effects on marine ecosystems and fish stocks could dwindle. Crop and livestock production patterns and productivity will be impacted by changing climate and expected changes in pests and diseases. Human mortality and morbidity from malnutrition, heat stress, and vector borne diseases are expected to increase.

Abrupt or irreversible impacts could result from climate change, which could occur on account of partial loss of ice sheets on polar land implying several meters of sea level rise and major changes in coastlines and inundation of low-lying areas, with greatest effects in river deltas and low-lying islands. Such changes are projected to occur over millennial time scales, but more rapid sea level rise on century time scales cannot be excluded. 20-30% of the species assessed by the IPCC could face extinction if increase in warming exceeds 1.5 to 2.5 °C. As global average temperature increase exceeds about 3.5 °C, model projections suggest significant extinctions (40-70% of species assessed) around the globe.

Rising sea levels, more frequent flooding, and droughts could displace millions of people by the middle of the century. Moreover, if the predictions of sharply declining productivity of agriculture, fisheries, and forestry come true, households will to an increasing extent choose to abandon rural areas in search of alternative livelihoods in less-affected regions (often urban) and sectors (services and manufacturing). It is expected that migration will be the adaptation strategy for many households.
 

There have been significant domestic and international migration flows in recent decades in response to climatic and economic and social factors, and these could be expected to expand and accelerate. Conflict risk could also result, especially if large-scale population movements take place in response to climate change. As vast populations crowd into already congested urban areas, unemployment, crime, and violence would rise. And competition over those resources that are less directly impacted by climate change could greatly increase, resulting in violent conflicts.

India is expected to suffer severely from climate change impacts. Water and agriculture sectors are likely to be most sensitive to climate change-induced impacts in Asia. Glacier melt in the Himalayas is projected to increase flooding, and rock avalanches from destabilized slopes, and to affect water resources within the next two to three decades, affecting the hundreds of million of people relying on that mountain chain for their water supply. The projected decrease in winter precipitation over the Indian subcontinent would imply less storage and greater water stress during the lean monsoon period. Expansion of areas under severe water stress will be one of the most pressing environmental problems in South and South-East Asia in the foreseeable future, as the number of people living under severe water stress is likely to increase substantially in absolute terms. It is estimated that 120 million to 1.2 billion, and 185 million to 981 million people will experience increased water stress by the 2020s and the 2050s, respectively in Asia. India is especially susceptible to increasing salinity of their groundwater as well as surface water resources, especially along the coast, due to increases in sea level as a direct impact of global warming. Agricultural productivity in Asia is likely to suffer severe losses because of high temperature, severe drought, flood conditions, and soil degradation.
 A global ambitious strategy against climate change is therefore in the national interest of India.
Many impacts can be reduced, delayed or avoided by mitigation of global GHG emissions. Mitigation efforts and investments over the next two to three decades will have a large impact on opportunities to achieve lower stabilisation levels, while delayed emission reductions significantly constrain the opportunities to achieve lower stabilisation levels and increase the risk of more severe climate change impacts. In order to stabilise the concentration of GHGs in the atmosphere, emissions would need to peak and decline thereafter. The lower the stabilisation level, the more quickly this peak and decline would need to occur.

The IPCC has assessed different scenarios to stabilize GHGs emissions. The scenario targeting a global mean temperature increase of 2.0-2.4°C at equilibrium above pre-industrial levels implies a concentration of greenhouse gases between 445-490 ppm of CO2 equivalent. In this scenario, the requirement would be for CO2 emissions to peak no later than 2015.

According to the IPCC, reducing GHG emissions to a levels consistent with an increase in temperature limited to 2 to 2.4 °C is achievable by the deployment of a portfolio of technologies that are either currently available or expected to be commercialised in coming decades, assuming appropriate and effective incentives are in place for their development, acquisition, deployment and diffusion and addressing related barriers
. The European Commission stated in a Communication in January 2009 that to keep to a 2 °C global rise, developing countries as a group would need to reduce emissions by 15 to 30 per cent below business-as-usual projections by 2020.

All assessed stabilisation scenarios indicate that 60-80% of the reductions would come from energy supply and use, and industrial processes, with energy efficiency playing a key role in many scenarios. Including non-CO2 and CO2 land-use and forestry mitigation options provides greater flexibility and cost-effectiveness. Low stabilisation levels require early investments and substantially more rapid diffusion and commercialisation of advanced low emissions technologies.

I.3. Emerging economic and political frameworks

International framework

To limit the projected impacts of climate change, the nations of the world adopted the United Nations’ Framework Convention on Climate Change (UNFCCC) in the early 1990s. Its objective is to stabilize “greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system,” doing so in a manner that would protect ecosystems and food production while enabling “economic development to proceed in a sustainable manner.”

2010 is expected to see the conclusion of an international agreement that will determine future global efforts to tackle climate change. The success of such an agreement will depend on the adoption by developed countries of ambitious targets to reduce their GHG emissions, and their pledge to support developing countries to progressively engage on a low-carbon path. The agreement reached in Copenhagen in December 2009 already includes $30bn of aid from developed countries over the next three years to support mitigation action in developing nations.

Article 4.5 of the United Nations Framework Convention on Climate Change (UNFCCC) states that developed country Parties and other developed Parties included in Annex II “shall take all practicable steps to promote, facilitate and finance, as appropriate, the transfer of, or access to, environmentally sound technologies and know-how to other Parties, particularly developing country Parties, to enable them to implement the provisions of the Convention.” 

The UNFCCC and the Kyoto Protocol include provisions for establishing and funding project activities that are expected to allow technology transfer, although participation in these are mostly voluntary. Governments, multilateral organizations and private firms have established nearly 6 billion US$ in carbon funds for carbon-reduction projects, mainly through the Clean Development Mechanism (CDM). In rapidly developing countries, the CDM is currently the principal economic incentive to decarbonize new investments.

There already is a powerful market signal to the arrival of an alternative future for today’s fossil fuel dominated energy markets. Global renewable energy capacity grew at rates of 15-30% annually for many technologies during the five-year period 2002–2006, including wind power, solar hot water, geothermal heating, and off-grid solar photovoltaics
. Demand for global energy service has grown by 50% since 1980 and is expected to grow another 50% by 2030
. By 2020 the global market for financing clean energy technologies could reach $1.9 trillion
.
European framework

The EU has shown to be a world leader in the fight against climate change. Its Energy-Climate package sets the target to reduce GHG emissions by at least 20% by 2020 compared to 1990 levels. To achieve this target, it is believed that the EU will need to support mitigation outside its own frontiers in addition to domestic action to reduce its own emissions. To this end, the EU has notably developed the largest company-level scheme for trading in emissions of carbon dioxide. The growing price of carbon on EU carbon market has encouraged businesses to consider new opportunities, driving Europe towards technological leadership. There are clear signs that other countries, including the USA, will follow the EU’s lead in the coming years. A key aspect of the EU scheme is that it allows companies to use credits from Kyoto’s project-based mechanisms, joint implementation (JI) and the clean development mechanism (CDM), to help them comply with their obligations under the scheme. 
Some of the EU’s sectoral programmes place emphasis on cooperation as a way to resolve environmental issues and develop clean technology worldwide. The Seventh Framework Programme (2007-2013) of the European Union places emphasis on international research cooperation which is increasingly seen as being at the centre of community policies. The EU approach to international cooperation addresses the entire spectrum of FP7 activities and includes strategic activities underpinning the building of a European Research Area open to the world that will require a policy dialogue with major regions of the world and true partnership with those countries with which the Commission on behalf of the Community has signed an S&T Cooperation agreement.

Other major European initiatives supporting international cooperation on clean technology include the EU Energy Initiative for Poverty Eradication and Sustainable Development (EUEI) and the European Union Water Initiative (EUWI). The EUEI was launched in 2002 as a joint commitment by the EU Member States and the Commission to give priority to the important role of energy in poverty alleviation. The Initiative is a framework for policy dialogue with Developing Countries and other partners, and also for specific actions and partnerships. The Initiative strives to attract a major contribution from private sources. The EUWI is the EU’s main tool for meeting the international community’s goals on water and sanitation. The objectives of the initiative are being implemented through integrated water resource management founded on a river basin approach. The EUWI is based on strategic partnerships with specific regions, civil society stakeholders and the private sector.

Indo-European framework

The EU-Indian political partnership is already embedded in a strong institutional architecture. Annual ministerial meetings and summits are the most visible feature of an ongoing political dialogue. And since the first EU-India Summit in June 2000 an increasingly strong political dialogue has characterised the EU-India cooperation: yearly Troika Ministerial Meetings, Senior Officials Meetings every six months, and regular, de facto, yearly Summits. The EU-India Round Table adds the civil society component to the EU-India Partnership.

The last EU-India Summit, held in New Delhi on 6th November 2009, underlined the joint commitment to tackle the challenges related to climate change and energy security. The 1994 Co-operation Agreement, which is the current legislative framework for cooperation, emphasises the need for environmental cooperation, and for economic, technical and development cooperation directed towards environmental-friendly and energy-efficient solutions. Additionally, cooperation on clean technology between the European Union and India is expected to be set among the priorities of the Belgian presidency of the European Union, taking over on 1st July 2010.

The Science and Technology Cooperation Agreement signed on 23rd November 2001 began collaboration on science and technology between India and the EU. The Science and Technology Steering Committee gathered for the first time in March 2004 and meets annually in order to implement the Agreement (the latest meeting was held in Brussels on 2 October 2008). The Committee is composed of representatives from DG Research, and the Department of Science and Technology of the Government of India. Their meetings decide on the focus areas of cooperation, establish EU-Indian funded work programmes and have organised several EU-India thematic workshops in areas such as materials research, transport research, health, biotechnology, climate change and the launch of a coordinated call for proposals. For example workshops were organised on climate change and sustainable development, on clean coal technologies and carbon capture storage, on climate change research needs and on renewable energy research and technology development.

The New Delhi Communiqué, singed on the occasion of the India-EU Ministerial Science Conference in February 2007, underlined the importance of a strong science and knowledge base as a major prerequisite for competitiveness, and the strong role of international S&T collaboration. It confirmed that the S&T cooperation between the EU and India should be based on the principles of symmetry, reciprocity, mutual benefit and, where appropriate, the co-investment of resources in joint actions. The Ministers and their representatives recognised that important “windows of opportunity” existed for a significant increase in the breadth and depth of EU-India S&T cooperation, especially through the EU’s Seventh Framework Programme (FP7) for Research and Technological Development 2007-2013 and India’s 11th Five Year Plan.

Co-operation between India and the EU in the field of energy dates back to the fifth EU-India Summit of 8 November 2004, where the political decision was taken to embark in an energy dialogue. Key priorities for our cooperation are development of clean coal technologies, increasing energy efficiency and savings, promoting environment friendly energies as well as assisting India in energy market reforms. The India-EU Energy Panel has been created as the formal instrument of EU-India cooperation in the energy sector.

India has been taking part in the European Framework Programmes since mid-80s and participated (through Indian researchers or organisations) in 80 projects during the 6th Programme (FP6), spanning from 2002 to 2006, of which 20 fell into the category “sustainable development, global change and ecosystems”
. These 80 projects received more than €250 million of funding, with the Indian partners receiving more than €11 million.

In addition, India is a valuable partner for the EU in major international projects such as the International Thermonuclear Experimental Reactor (ITER) project, GALILEO, the European Satellite Navigation system, and the interlinking of India’s Education Research Network, ERNET, to its pan European equivalent GEANT2.

Indian framework

India has participated in major international events on the environment since 1972. The country has signed and ratified a number of key multilateral agreements on environment issues in recognition of, the trans-boundary nature of several environmental problems, impact on chemical industry and trade and has made efforts to comply with its commitments. Efforts have been made to network and enhance environmental cooperation by participating in regional and bilateral programmes.

The Indian government has shown increased commitment in the last decades to protect public health and natural resources, through the adoption of various programmes and targets. Energy management is now becoming a key driver for India’s climate change policy. Climate policies in India are expected to amplify the already growing price of fossil-based sources of energy.
The country is proposing to impose a mandatory fuel efficiency cap by 2011, enforce an energy-efficient building code for all public buildings by 2012, and push the share of renewables up to 20% by 2020 to mitigate climate change. Besides, the Energy Conservation Act, 2001, requires large energy-consuming industries to conduct energy audits and appoint energy managers. Energy-efficiency ratings are being made mandatory for four key appliances—refrigerators, air conditioners, tube lights and transformers—from January 2010. Ratings for other appliances are also in the pipeline. Most polluting industries like power, cement and steel may be also set emissions reduction targets by 2030.

As part of its strategy against climate change, India has projected a reduction of 20-25 per cent in the emission intensity for a unit of Gross Domestic Product (GDP) by 2020. To meet this target, the government has decided to adopt low carbon growth pathway from the financial year 2010-11.

India’s National Action Plan on Climate Change (NAPCC), adopted in June 2009 constitutes a historic opportunity to bring about major change in the way to make business in India. The Plan aims at tackling various aspects of climate change in coherence with other major environmental, economic and social challenges that India is facing. The NAPCC established eight National Missions:
· The National Solar Mission aims to promote the development and use of solar energy for power generation and other uses with the ultimate objective of making solar competitive with fossil-based energy options. The plan includes: 

· Specific goals for increasing use of solar thermal technologies in urban areas, industry, and commercial establishments; 

· A goal of increasing production of photovoltaics to 1000 MW/year; and 

· A goal of deploying at least 1000 MW of solar thermal power generation. 
Other objectives include the establishment of a solar research center, increased international collaboration on technology development, strengthening of domestic manufacturing capacity, and increased government funding and international support. 

· The National Mission for Enhanced Energy Efficiency are expected to yield savings of 10,000 MW by 2012. Building on the Energy Conservation Act 2001, the plan recommends: 

· Mandating specific energy consumption decreases in large energy-consuming industries, with a system for companies to trade energy-savings certificates, which would result in an energy-efficiency trading market worth Rs 75,000-crore by 2012; 

· Energy incentives, including reduced taxes on energy-efficient appliances; and 

· Financing for public-private partnerships to reduce energy consumption through demand-side management programs in the municipal, buildings and agricultural sectors. 

· The National Mission on Sustainable Habitat promotes energy efficiency as a core component of urban planning, the plan calls for: 

· Extending the existing Energy Conservation Building Code; 

· A greater emphasis on urban waste management and recycling, including power production from waste; 

· Strengthening the enforcement of automotive fuel economy standards and using pricing measures to encourage the purchase of efficient vehicles; and 

· Incentives for the use of public transportation. 

· National Water Mission: With water scarcity projected to worsen as a result of climate change, the plan sets a goal of a 20% improvement in water use efficiency through pricing and other measures. 

· National Mission for Sustaining the Himalayan Ecosystem: The plan aims to conserve biodiversity, forest cover, and other ecological values in the Himalayan region, where glaciers that are a major source of India’s water supply are projected to recede as a result of global warming.  

· National Mission for a “Green India”: Goals include the afforestation of 6 million hectares of degraded forest lands and expanding forest cover from 23% to 33% of India’s territory. 

· National Mission for Sustainable Agriculture: The plan aims to support climate adaptation in agriculture through the development of climate-resilient crops, expansion of weather insurance mechanisms, and agricultural practices.

· National Mission on Strategic Knowledge for Climate Change: To gain a better understanding of climate science, impacts and challenges, the plan envisions a new Climate Science Research Fund, improved climate modeling, and increased international collaboration.  It also encourages private sector initiatives to develop adaptation and mitigation technologies through venture capital funds.
 

I.4. The role and need for cleantech international collaboration

It is now widely acknowledge that technological innovation and diffusion under business-as-usual practices is far too slow to allow the required global reductions in GHG emissions. According a research from the Chatham House, the diffusion time for clean technologies globally will need to be halved by 2025 to have a realistic chance of meeting climate goals. Developing countries are in urgent need to adopting advanced technologies – and strengthen their innovation capabilities – and leapfrog the resource-intensive, highly polluting growth phase experienced by Western countries. 
 International cooperation on clean technology is of primary importance if the developing world is to engage in the path of a low-carbon development rather than invest in lock-in carbon-intensive technologies and sources of energy.
Today, however, innovation and technological development primarily take place within the OECD countries and companies, and cooperation on innovation is a national rather than an international, practice. The Chatham House report found that across the six sectors investigated, only 1.5 percent of total patents listed more than one company or institution as co-owners, and 87 percent of those were the result of collaboration between companies and/or institutions within a single country. "Cross-border trade and investment in low carbon and energy-efficient goods, services and technologies need to be encouraged and scaled," concluded the report.
 As stated in the IPCC’s Fourth Assessment Report, without substantial investment flows and effective technology transfer, it may be difficult to achieve emission reduction at a significant scale
. 
In designing global solutions it will be necessary to strike a careful balance between private interests and the delivery of global public goods, and to take into account the social and economic needs of developing countries.

International cooperation is needed to build and strengthen innovation linkages among different industrial sectors, especially those between developed and developing economies. Ultimately, however, the bulk of the decarbonization needed in fast-industrializing countries will be delivered by their own businesses and institutions.
 
European companies have proven to be world leaders in environmental-friendly solutions. And, as the second largest world economic bloc, the European Union has a major responsibility in global environmental problems. Both because of its responsibility and its expertise, the European Union should therefore develop intensified cooperation links with developing countries such as India, and help them engage in a path of sustainable development. The EU is India’s first partner in terms of trade and actual investment inflows and one of its major partners in the fields of economic and development cooperation. There is a crucial necessity and a great opportunity to strengthen this partnership at the service of environmental-friendly, low-carbon development.

I.5. The role of and opportunities for business involvement in cleantech development

Worldwide deployment of low-carbon and other clean technologies is required for meeting the climate and environmental challenges and reduce the economic costs of doing so. 
However, adequate use of available clean technology and technology improvements through RD&D are not being made in either industrialized or developing nations. Political leadership, in particular, has been judged by many observers as disappointing and insufficient to take up the challenges ahead. The private sector has a huge opportunity and responsibility to help the world move towards a cleaner future. Private capital represents 90% of all current investment capital being invested into clean and renewable energy globally and is expected to continue to play a dominant role.

In spite of the importance of public intervention to encourage and facilitate technology cooperation, the roles of governments and private actors in technology assessment are changing. Private information networks are proliferating through specialised consulting and evaluation services and over the Internet. Increasing FDI also demonstrates that many clean technologies can diffuse rapidly without direct government action.

Analysis of inventor networks shows a very high level of private sector cross-fertilization among companies and institutions in the development of new technologies. To speed up diffusion, there is a need to broaden these inventor networks to encourage faster cross-fertilization between inventions from different sectors in different countries. 

In a global market, the cost of technology can come down quickly as economies of scale are achieved through large-scale deployment. Since the 1970s, with the exception of nuclear power, the costs of energy production and use from all technologies have fallen systematically as innovation and economies of scale have increased in manufacture and use, including in developing countries.
 
An ultra-supercritical power plant – using an advanced cleaner-coal technology – can now cost a third less in China than a less efficient coalfired power station of similar scale in the United States, largely because China is building many identical power plants at the same time.
 In a context where cheap technology is desperately needed to build the world transition in energy and environment, developing countries like China and India have much to offer in terms of local expertise and low-cost technology development.
II. Lessons learnt from EU-India Cleantech companies’ experience

II.1. Successes and failures of the participating companies in developing cleantech partnerships with India

II.2. Considerations for successful collaboration

Experience shows that many technological breakthrough innovations occur when different fields interact. Most energy technologies are part of complex global technology systems, and their development does not often evolve within the boundaries of individual economic sectors. For example, innovation in solar PV technologies has benefited from developments in consumer and industrial electronics, and advances in CSP derive from aerospace and satellite technologies
.

It is essential to build on the local expertise and capacity from both developing and developed countries for efficient cooperation in technology research and development. It is important that strategies for technological acquisitions are complemented by investment in indigenous innovation capacities in developing economies. The technology-importing country or firm, on its side, needs to display what has been called ‘active technological behaviour’ – or risk to be left in a vicious circle of technological dependence and stagnation
. 

According to the IPCC Special report on technology transfer, there are many failures of technology transfer that result from an absence of human capacity. A failure to transfer the required skills and knowledge can result in operational failures, poor quality production, and compromised safety standards. This makes adequate human capacity essential at every stage of every transfer process. There are many ways of developing capabilities for the assessment, agreement, and implementation stages of technology transfer: (a) formal training of employees, (b) technological gatekeeping, by keeping informed of technical literature, forming links with other enterprises, professional and trade organisations, and research institutions; (c) learning by doing-operational experience such as through twinning arrangements with other firms.

Technologies that may be suitable in each of such contexts may differ considerably. This makes it important to ensure that transferred technologies meet local needs and priorities, thus increasing the likelihood that they will be successful. It is widely recognised that involvement of community institutions is therefore an important factor for the successful transfer of clean technologies and an essential part of successful sustainable development. The involvement of local government agencies, consumer groups, industry associations and NGOs can help to ensure that the technology being adopted within their particular country/region are consistent with their sustainable development goals.

Pre-project assessment was a vital stage in all cases. This frequently included a formal feasibility study, but projects here clearly highlight the benefit of a detailed assessment of the people to be involved and their needs and capabilities. It was also important to assess existing infrastructure to determine what was possible and how needs could best be met with the technology.

Meeting local demands also includes examining what the social impacts of technology transfer will be and how negative impacts can be reduced. There is a particular need for developing guidelines for ensuring that technology transfer projects do not disempower or negatively influence weaker social groups in a society. Such guidelines could draw from guidelines on integrating gender issues in technology development.

III. Key areas of EU-India cleantech collaboration and key stakeholders
III.1 Key areas of collaboration

Energy efficiency

Over the past decade, energy efficiency in Indian industry has increased steadily. In most industrial sectors, India has a very broad band in terms of efficiency, from world no. 1 to very poor performing industries. There is a huge potential for environmental improvements in small-scale industries (SMEs), who are constrained by an inability to access more efficient technologies. SMEs account for about 20% of total industrial energy consumption and 70% of industrial pollution, and until now most efforts have been concentrated on large-scale industries
.

In the case of buildings, the lack of suitably qualified professionals (architects and builders) and materials limits the construction of energy efficient buildings.

With energy service companies (ESCOs) still nascent in India, their access to finance is limited as banks are uncertain about the return that these energy saving investments are likely to deliver. Still, the creation of a service industry such as ESCOs is essential to facilitate the linkages between the consumers and technology suppliers, as well as the financiers.

The Integrated Energy Policy experts committee estimates that with an aggressive pursuit of energy efficiency and conservation, it is possible to reduce India’s energy intensity by up to 25% from current levels.

Clean power

The total installed electricity generation in India has grown more than hundred times since independence in 1947 (from 1363 MWe in 1947 to about 140,000 MWe in 2005). To sustain the projected GDP growth rate, the energy production levels must be stepped up to 1350 GWe by

2050. It is thus clear that, every source of energy needs to be exploited with adequate attention to the commercial viability and environmental aspects
.

India is endowed with abundant natural sources of renewable energy. For over more than two decades, several renewable energy technologies have been developed and deployed. Despite the turmoil in the world financial markets, investments in sustainable energy in India increased by 12% to reach $3.7 billion in 2008
. However, there is an urgent need to improve the performance of existing technologies and develop new and emerging technologies.
 According to the US Department of Commerce, the RE market in India is estimated at $500 million and is growing at an annual rate of 15%. According to the Eleventh New and Renewable Energy Five-year Plan proposed by the Government of India, from 2008 to 2012, the RE market in India will reach an estimated $19 billion.

In most parts of India, clear sunny weather is experienced 250 to 300 days a year. It is estimated that only 1% of India’s land area, given currently available solar PV and thermal power technologies, can fully provide for its estimated power generation until 2030.

India is rich in wind energy potential, and the country has been adding installed wind power capacity at an impressive rate. The improvement in grid connections, which have previously slowed the development of wind power in India, as well as an effort to provide incentives to wind-power producers, has spurred the growth of the wind energy industry in India.

At the same time that small- and micro-level wind and solar energy projects are taking shape, the Indian government is looking to large-scale hydroelectric plants to meet its future energy needs. Hydropower projects are highly capital-intensive and difficult to implement. A litany of challenges ranging from difficult working conditions and short working seasons to technical design issues based on geology and environmental issues make developing hydropower as difficult as it is promising.

The economic efficiency and reliability of nuclear fission in India has been demonstrated by the reactors operating today. The agreements with France, Russia and the United States have opened up an era of safer and cleaner energy production. Fast Breeder Reactors (FBRs) are the inevitable source of energy in the next fifty years. Over the next decade the contribution of nuclear energy is expected to rise from just 3% to 6% of the country's total needs. India lacks the uranium needed to obtain a generating capacity of more that 10,000 MWbased purely on indigenously available supplies; on the other hand, it has one third of the world’s resources of thorium, an alternative to uranium which allows power plants to operate more cleanly with less harmful waste.
 
Coal still accounts for more than 50% of India's energy use. Electric power generation by coal-fired ultra supercritical power plants becomes important to meet the needs of growing population and economy. Carbon capture and storage from coal power plants will be equally crucial as India is expected to continue to rely heavily on coal to meet its growing power requirements.

Hydrogen fuel cell technology is an early stage technology that is being developed for powering vehicles and buses. Work on hydrogen technologies has been initiated in some of the Indian Institutes of Technology and in the Atomic Energy establishment. However, it is still at an early stage.

Rural development
Insufficient energy access continues to hinder human development in India, where over 85% of rural households continue to use firewood, chips, and cow dung as the primary source of energy for cooking
. In such a constrained context, renewable energy technologies, in particular solar energy, hold tremendous potential to usher in a sustainable energy option. 

India’s non-commercial energy sector is unusually large for a major economy. Biomass based fuels provide 81% of domestic energy. Biomass is also used as industrial fuel by small industries in the unorganised sector and by cottage industries. Inclusive of such use biomass along with dung cakes accounts for almost a third of India’s total primary energy consumption. This non-commercial energy for the domestic use is essentially managed by women without technology, or investment, and involves unsustainable practises, backbreaking drudgery, health problems especially for women and the girl child and likely environmental damage.
  

Another notable consequence, emissions of “black carbon” have been identified as significant regional drivers of global warming. Black carbon (sometimes referred to as “soot”) consists in small particles produced by the incomplete combustion of fossil fuels, biofuels and biomass. Evidence has emerged in recent years that black carbon from fossil fuels and biomass is second only to carbon dioxide in contributing to climate forcing, and its effects on sensitive areas such as glaciers is even more pronounced.

What needs to be done to make this energy resource more sustainable is to improve the efficiency and convenience of using biomass through, for example, wood gasification or biogas plants.

Energy production like biofuels and biogas can be developed from a range of plants and biological matter. Surplus crop residues, in particular, comprise a significant renewable energy source at the village level. The total yield of crop residues each year is 546 MT, a significant part of which plays an important role in maintaining the rural economy and in ensuring agricultural sustainability
. Other biomass sources include fuelwood plantations on wasteland and degraded forestland, like jatropha. 

There is a tremendous potential to transform wet biomass into electricity via microbial fuel cells, and chemicals (volatile fatty acids and alcohols). 
Sustainable forest management and agriculture should represent an economically profitable activity for the local people. This would be possible through the use and transformation of wood and agricultural residues as lignocellulosic resource for chemicals, biofuels or biogas. For instance, forest fire risks can be reduced by removing the wood residue from the forest in due time (50 percent of forest areas in the country are fire prone)
 . This residue could be used as a source of useful chemicals or energy, hence providing a source of clean energy and, if traded, as a source of revenue for rural areas.
Though gasifiers in India has reached commercial production stage, technical issues related to gasifier performance, gas cleaning system, standardization of gasifier for multiplicity and feedstock compatibility etc. are some areas in gasification which needs further research and development for full exploitation of this technology. Biomass is available throughout the country but the present biomass usage is mainly for cooking in chulhas (cook stoves) with poor efficiency.
 

Environmental services

The problem of industrial and municipal solid waste management in the country is serious in terms of its magnitude and potential impacts on air, water, land, and health of people managing it. Management of industrial and municipal waste is the major cause of soil pollution and is a serious challenge in terms of magnitude and resources required. The growth in municipal solid waste in India’s urban centers has outpaced the population growth in recent years. Rapid urbanization and exponential growth of industries and has led to the generation of large quantities of solid wastes. It has been estimated that country generates about 1.2 million tons of MSW per day besides, 4.4 million tons of hazardous waste per year and 2.25 million tons of plastic waste per year, of which approximately 60% is recycled
. The average collection efficiency for MSW in Indian cities is about 72.5 per cent and around 70 per cent of the cities lack adequate waste transport facilities
. 
A substantial amount of wastes are potentially hazardous to the environment and the living organisms including human beings. Indiscriminate landfilling has also led to deterioration of water quality in the neighborhood areas of landfill sites due to contamination by leachates from the landfills. Health and environmental problems caused by hazardous waste, in particular from computers and other electronic devices, are emerging as one of the most serious problems in this regard, with hundred of million of devices becoming obsolete each year worldwide and ending up as detritus in developing countries.
About 45% of the country’s population is still denied access to safe drinking water. With depleting water resources, pressure on industry to recover and recycle waste water is mounting. Discharge of untreated wastewater is the main cause of water quality degradation. The untreated wastewater is mainly contributed by the urban centers and small-scale industries due to paucity of resources. In order to achieve water quality goals in the country it is important to address these polluting sources. Thus, development of low-cost technology is of crucial importance in the country.

Research and development activities needs to give further attention to municipal sludge and urban kitchen waste, which can represent big resource of energy and chemistry if adequately managed and transformed. The amount of energy used for wastewater treatment varies by over a factor of 10, depending on the technology used. For example, trickling filters use 0.12 kWh/m3 of wastewater treated, but they do not meet advanced treatment requirements without the addition of other processes, such as solids contact. This energy demand for activated sludge (0.28 to 0.71 kWh/m3) is actually decreased with more advanced treatment through biological nutrient removal to 0.23 kWh/m3. However, the use of membrane biological reactors (MBRs) substantially increases the energy needed for treatment due to wastewater filtration, with an average power use of 2.4 kWh/m3.  There are three advantages of MFCs compared to conventional aerobic treatment (1) A useful product (electricity) is produced. (2) No aeration is used, so electricity for that is not needed. (3) Bacterial solids (sludge) production is greatly reduced compared to an aerobic process. The lack of a need for aeration is the most significant contribution to the savings of the process as wastewater aeration can consume 30 to 50 percent of the electricity used at a waste water treatment plant. Solids reduction is another saving, as solids handling can account for 20 to 50 percent of operating costs at a treatment plant.
Transport

India’s passenger and freight transport system has witnessed a shift away from railways in favor of roads. However, rail is still the dominant form of transport for long-haul passenger movement, while road transport accounts for most of the short-haul movement. The modal split is expected to become increasingly skewed in favor of roads, with worsening impacts for energy use and the environment.

India is a fast-growing market for private vehicles. Although parts of the Indian population today are approaching towards luxurious and comfortable lifestyles, the hike in fuel prices is continuously increasing the demand for fuel-efficient vehicles. In spite of improvement in emission norms (Bharat 1 & 2), today’s motor vehicles remain a major source of regional air pollution and global greenhouse gases
.

In addition, India is considered by world-class automakers as a potential strategic base for export operations for small, fuel-efficient cars. Hybrid-electric vehicles have emerged as a synergistic vehicle/energy system that could meet society’s need for practical and sustainable personal transportation while avoiding these technical obstacles and environmental constraints.

Second generation biofuels, produced from agricultural waste or algae, offer promising potential in India by reducing oil-dependence and creating new sources of revenue for rural areas. Accelerating research and development is extremely important in this field.

Chemistry and materials

India is the second largest producer of pesticides and ranked 12th in pharmaceutical production production, and fast emerging among the top 5 players in selected petrochemicals. Due to large-scale production of pesticides, pharmaceuticals, petrochemicals, and other consumer durables, there is a great potential for green chemistry research in India to refine the existing technologies and also to find more environmentally benign alternatives. Green chemistry research in India has mainly been confined to areas of greener synthetic strategies, catalyst development, usage of biocatalysis, usage of nonconventional technologies, and analytical techniques.

In 2008-2009, Indian Biotech industry registered a 18% growth, yet again with record revenues. All major sectors - BioPharma, Bioagriculture, Bioinformatics, Bioindustrial, and Bioservices - continue their double-digit growth
. Biotechnology has played a major role in agriculture, with BT cotton fast catching up with farmers. During 2002-08, there has been a 150 fold increase in BT cotton cultivation, and yield has gone up by 31%
. 

Transformation of biomass into new basic chemical building blocks could create a huge possibility to tackle climate change and to produce renewable resources. These chemicals could be used either as biofuels, or as basic molecules for further modification. For instance such molecules could easily be transported over sea to Europe for special chemical production.
A vast chemical Indian industry, populated by SMEs, with poor environmental and safety standards, requires environmentally sound and sustainable management.

III.2 Key institutional and technical partners

Key public partners
- In India:

The Ministry of New and Renewable Energy
 (MNES) is the nodal ministry responsible for providing the overall thrust and direction for increased adoption and installation of renewable energy devices in the country. The Ministry implements the programmes through the state governments and through state energy nodal agencies. The Ministry has separate programmes for biogas, solar thermal, solar PV, biomass gasifier, and for new technologies.

The Ministry of Environment & Forests (MoEF) is the nodal agency in the administrative structure of the Central Government for the planning, promotion, co-ordination and overseeing the implementation of India's environmental and forestry policies and programmes.

The Ministry of Power is concerned with perspective planning, policy formulation, processing of projects for investment decision, monitoring of the implementation of power projects, training and manpower development and the administration and enactment of legislation in regard to thermal, hydro power generation, transmission and distribution.
 

The Bureau of Energy Efficiency (BEE) is the apex body for implementing energy efficiency services in India. Some of the objectives of the BEE consist in providing policy recommendations and directions to national energy conservation activities; establish systems and procedures to verify, measure and monitor Energy Efficiency improvements; leverage multilateral, bilateral and private sector support to implement the Energy Conservation Act of 2001; and demonstrate energy efficiency delivery systems through public-private partnerships.

The Central Electricity Authority (CEA) is a statutory organization with the objective of reforming the Power Sector.

The Energy Management Centre (EMC), an autonomous agency, under the Ministry of Power of the Government of India is a technology intermediary for energy efficiency. EMC has been carrying out a number of initiatives to promote energy conservation and efficiency in India. To begin with, EMC set up and trained 25 agencies (public, private, NGOs), to provide specialised energy auditing and management to consumers in India. EMC also carried out a number of studies in the area of technologies for energy efficiency, issues relating to standards and labelling, and implements a nationwide energy conservation awareness project. EMC annually organises through industry associations about 20-25 training programmes and workshops for wider dissemination of information on energy conservation in the country. EMC was the executing agency for international co-operation projects with Germany, the European Union and the US Department of Energy among others.
 

The Department of Science & Technology (DST) has for objective the promotion of new areas of Science & Technology. It is a nodal department for organising, coordinating and promoting S&T activities in the country.

The Technology Information, Forecasting and Assessment Council (TIFAC)
 in India was established as an autonomous organisation of the Indian Department of Science and Technology, and has been particularly successful in making the public-private sector linkages, providing information on patent issues, and supporting start-up ventures. Each of these activities provides important examples for other similar, knowledge-based technology transfer policy offices.

The Indian Renewable Energy Development Agency (IREDA), perhaps the only financial institution in the world solely created to provide financing to the renewable energy sector, has provided loans amounting to approximately $2.2 billion for projects aggregating to a capacity of 3400 MW
. 

Power Finance Corporation (PFC) is a Public Financial Institution dedicated to Power Sector financing and committed to the integrated development of the power and associated sectors. PFC, together with the Ministry of Power, and Central Electricity Authority are working together to facilitate development of Ultra Mega Power Projects with the capacity of about 4000 MW each under Tariff based competitive bidding route.
 

Rural Electrification Corporation Limited (REC) is a listed Government of India Public Sector Enterprise.  Its main objective is to finance and promote rural electrification projects all over the country.  It provides financial assistance to State Electricity Boards, State Government Departments and Rural Electric Cooperatives for rural electrification projects as are sponsored by them.

Powergrid, a Public Sector Enterprise, is discharging its responsibilities efficiently in Construction and Operation & Maintenance of inter-State transmission system and operation of Regional Power Grids. It is one of the largest transmission utilities in the world, wheeling about 45% of the total power generated in the country on its transmission network.

Central Electronics Limited (CEL) is a Public Sector Enterprise under the Department of Scientific and Industrial Research (DSIR), Ministry of Science & Technology, Government of India. CEL is pioneer in the country in the field of Solar Photovoltaic (SPV) and it has developed state-of-the-art technology with its own R&D efforts. CEL is also pioneer in the field of Railways Safety & Signaling.

- International partners: 
The United Nations Framework Convention on Climate Change (UNFCCC) is in charged with supporting the operation of the international treaty produced in 1992. Under the authority and guidance of the Conference of the Parties of the UNFCCC, the Clean Development Mechanism (CDM) Executive Board supervises the Clean Development Mechanism.
 
The World Business Council for Sustainable Development (WBCSD) is a CEO-led, global association of some 200 companies dealing exclusively with business and sustainable development. The Council provides a platform for companies to explore sustainable development, share knowledge, experiences and best practices, and to advocate business positions on these issues in a variety of forums, working with governments, non-governmental and intergovernmental organizations.

The Renewable Energy and Energy Efficiency Partnership (REEEP)’s mission is to facilitate the transformation of energy systems by accelerating the uptake of renewables and energy efficiency technology. REEP assists governments in creating favourable regulatory and policy frameworks and promotes innovative finance and business models to activate the private sector.

Other international efforts have also been undertaken to promote technology transfer in support of climate change mitigation efforts, including those by the UN Industrial Development Organization (UNIDO) and by the Climate Technology Initiative (CTI) of the IEA. 

The International Partnership for Hydrogen and Fuel Cells in the Economy (IPHE) is an international institution aiming to accelerate the transition to a hydrogen economy. Each of the 17 IPHE partners countries (including India and the European Commission), has committed to accelerate the development of hydrogen and fuel cell technologies to improve the security of their energy supply, environment, and economy.
 

The Carbon Sequestration Leadership Forum (CSLF) is a Ministerial-level international climate change initiative that is focused on the development of improved cost-effective technologies for the separation and capture of carbon dioxide for its transport and long-term safe storage. The CSLF is currently comprised of 24 members, including India and the European Commission.

Key private partners 

The Confederation of Indian Industry (CII) works to create and sustain an environment conducive to the growth of industry in India, partnering industry and government alike through advisory and consultative processes.

· The CII - ITC Centre of Excellence for Sustainable Development is an institution that creates a conducive, enabling climate for Indian businesses to pursue sustainability goals. It creates awareness, promote thought leadership and build capacity to achieve sustainability across a broad spectrum of issues.

· CII – Sohrabji Godrej Green Business Centre (CII – Godrej GBC), a division of Confederation of Indian Industry (CII) is India's premier developmental institution, offering advisory services to the industry on environmental aspects and works in the areas of Green Buildings, Energy Efficiency, Water Management, Renewable Energy, Green Business Incubation and Climate Change activities.

· India Green Building Council (IGBC), which is a part of Confederation of Indian Industry - Godrej GBC, is actively involved in promoting the Green Building concept in India. The council is represented by all stakeholders of construction industry comprising of Corporate, Government, and Nodal agencies, Architects, Product manufacturers, Institutions, etc.

The country's biggest power producer NTPC Ltd has already decided to invest Rs 0.5-1 crore per megawatt (Mw) of capacity to renovate and modernise its coal-based capacity, especially of plants built before the nineties
. With a current generating capacity of 30,644 MW, NTPC has embarked on plans to become a 75,000 MW company by 2017
.
Energy Efficiency Services Ltd (EESL) has been recently created and incorporated as a joint venture of NTPC, PFC, REC and PowerGrid to facilitate implementation of energy efficiency projects. EESL will work as ESCO; as consultancy organisation for CDM, energy efficiency; and as a resource centre for capacity building of utilities, financial institutions etc
. 

Suzlon Energy is a leading wind power company spread across worldwide, America, Australia, Europe, Denmark, India, The Netherlands.

Bharat Heavy Electricals Ltd (BHEL) is the largest engineering and manufacturing enterprise in India in the energy-related/infrastructure sector.

The ACME Group today is a leader in the field of innovative solutions for the wireless telecommunications industry, cold chain management systems, alternate energy and waste water treatment. It prides itself as a trailblazer in the development of green technologies.

Reliance is India's largest private sector enterprise, with businesses in the energy and materials value chain.

GMR Group is one of the fastest growing infrastructure organisations in the country with interests in Airports, Energy, Highways and Urban Infrastructure.


Lanco Infratech Ltd, through twenty-two subsidiaries, has operations across a synergistic span of verticals in power generation, civil engineering, property development. A member of the UN Global Compact, Lanco Infratech is recognized for its Good Corporate Governance and Corporate Social Responsibility initiatives.

The Adani Group is a leader in international trading and infrastructure development. The Group has made foray into high growth sector like Power, Infrastructure, Global Trading, Logistics, Energy.

Hindustan Construction Company Ldt, as an industry leader in engineering construction, currently nurtures projects that span across such diverse segments as transportation, power, marine projects, oil and gas pipeline constructions, irrigation and water supply, utilities and urban infrastructure.

Hindustan Unilever Ltd is India's largest Fast Moving Consumer Goods Company, touching the lives of two out of three Indians with over 20 distinct categories in Home & Personal Care Products and Foods & Beverages.

Crompton Greaves is engaged in designing, manufacturing and marketing technologically advanced electrical products and services related to power generation, transmission and distribution, besides executing turnkey projects. The company is customer-centric in its focus and is the single largest source for a wide variety of electrical equipments and products.

Jindal Steel & Power Ltd is a leading player in Steel, Power, Mining, Oil & Gas and Infrastructure.
 

Tata companies operate in seven business sectors: communications and information technology, engineering, materials, services, energy, consumer products and chemicals. Every Tata company or enterprise operates independently.

Pure Chemicals group provides value addition in the supply chain by offering infrastructure such as, Network of Branches with ware house, Qualified Sales Team, Underground Storage Tanks with barrel filling station for solvents in strategically important places, Quality control lab, Technical service lab for specialty chemicals and Ethical work culture.

Atul Ltd is a chemical company operating through six business divisions, namely, Agrochemicals, Aromatics, Bulk Chemicals & Intermediates, Colors, Pharmaceuticals & Intermediates and Polymers.

Praj is a global Indian company that offers innovative solutions to add value in bio-ethanol, bio-diesel, brewery plants and process equipment & systems for customers, worldwide. Praj is a knowledge based company with expertise and experience in Bioprocesses and engineering.

Jubilant Organosys Ltd is an integrated pharmaceutical industry player offering products and services to meet the demands of the Pharmaceuticals, Agrochemicals, Construction, Food & Beverages, Textile, Tyres and Paper & Packaging industries.

The Finolex Group is one of India’s leading industrial groups and has interests spanning over several areas such as power, communications, petrochemicals and agriculture.

Hikal is engaged in R&D, manufacturing and marketing of fine chemicals for the Pharmaceutical and Agrochemical industries.

Coromandel International Ltd manufactures a wide range of fertilisers and plant protection products (technical & formulations).
 

Bharat group is a multi-product, multi-locational and one of India's leading manufacturer and exporter of large range of pesticides technical, their formulations and intermediates for crop protection, public health, veterinary and pharma industry.

Key research institutes in India
The Energy and Resources Institute (TERI) provides knowledge in the areas of energy, environment, forestry, biotechnology, and the conservation of natural resources to governments, institutions, and corporate organisations worldwide. TERI has staff strength of over 800 dedicated employees.

The Council of Scientific & Industrial Research (CSIR) aims to provide industrial competitiveness, social welfare, strong S&T base for strategic sectors and advancement of fundamental knowledge. CSIR is recognised as one of the world's largest publicly funded R&D organisations having linkages to academic, R&D organisations and industry.

The Central Electrochemical Research Institute (CECRI) conducts research in the fields of batteries and Power, Sources, Electrochemical Materials Science, Electro-hydrometallurgy, Electrochemical Instrumentation.

The Central Fuel Research Institute (CFRI) conducts research on Coal Preparation; Carbonization for Assessing Coking Characteristics of Coal for different metallurgical of Pollution Control Measures for Coal based Industries.

The Central Road Research Institute (CRRI) Conducts research on Pavement Design and Performance; Road Condition Monitoring; Maintenance Planning and Management; Landslide Management and Hazard Mitigation; Deterioration and Rehabilitation of Bridges; Transportation Planning; Traffic Engineering Road Safety and Environmental Problems.

The Centre for Cellular and Molecular Biology (CCMB) focuses its research on Biophysics & Biochemistry; Molecular Biology; Genetics and Evolution; Biomedicines & Biotechnology are the basic research areas.

The Indian Institute of Chemical Technology (IICT) aims at the development of Technologies for Pesticides, Drugs, Organic Intermediates and Fine Chemicals.

The National Chemical Laboratory (NCL) conducts Research in the area of Catalysis, Biotechnology; Organic Chemical Technology.

World Institute of Sustainable Energy (WISE) is an apex policy think tank and outreach centre for communications, information and knowledge transfer in the fields of sustainable energy, energy conservation, and sustainable development.

Key Non-Governmental Organisations in India
The last two decades have witnessed a veritable mushrooming of NGOs in India. India is estimated to have about 1.5 million NGOs. Many of them can support and facilitate successful technology transfer activities.
Association for Voluntary Agencies for Rural Development (AVARD) is an association of more than 650 NGOs engaged in rural development in India. AVARD addresses issues of poverty reduction, food security, rural technology, and environmental sustainability.

Council for Advancement of People’s Action and Rural Technology (CAPART) was formed by mandate of the 7th Five-Year Plan in 1986 as a nodal agency for catalyzing and coordinating the emerging partnership between voluntary organizations and the government for sustainable development of rural areas.

Voluntary Action Network India (VANI) is a national apex body of NGOs in India. It is a network that comprises 237 organizations and 2,500 NGOs. VANI is a platform for national advocacy on issues and policies confronting the development sector, and for coordination and action to promote and support volunteer involvement.



BAIF Development Research Foundation aims to create opportunities of gainful self-employment for the rural families, especially disadvantaged sections, ensuring sustainable livelihood, enriched environment, improved quality of life and good human values. This is being achieved through development research, effective use of local resources, extension of appropriate technologies and upgradation of skills and capabilities with community participation.

The Centre for Science and Environment (CSE) is a public interest research and advocacy organisation. CSE researches into, lobbies for and communicates the urgency of development that is both sustainable and equitable.

Centre for Environment Education (CEE) was established as a Centre of Excellence with the support of the Ministry of Environment and Forests (MoEF), Government of India. CEE is actively engaged in environmental education and demonstration projects towards sustainable development.

Development Alternatives Group aims at innovating and disseminating the means for creating sustainable livelihoods on a large scale, and thus to mobilise widespread action to eradicate poverty and regenerate the environment.

WWF-India aims at the promotion of nature conservation and environmental protection as the foundation for sustainable and equitable development. It addresses issues like the survival of species and habitats, climate change and environmental education.

India Environmental Society is active in Environmental Education, Biodiversity Conservation, Information Dissemination, Solid Waste Management, Eco-Technology & Heritage Conservation.

The School of Fundamental Research represents a school of non-formal scientific thinking to promote science to the grass-root level. The objectives of the School of Fundamental Research have been to provide an interactive forum for generating logical faculties, analytical temper and critical awareness for basic scientific truths, particularly amongst the younger persons of the society.

Society for Participatory Research in Asia (PRIA) is an international centre for learning and promotion of participation and democratic governance. PRIA focuses on participatory research, citizen-centric development, capacity building, knowledge building and policy advocacy. With a combination of training, research and consultancy, it has grounded its work with conceptual rigour and understanding of social reality to command the strategic direction of interventions. PRIA works with a diverse range of partners at the local, national and global levels.

IV. Financial and regulatory issues

IV.1 Possible sources of financing for collaborative cleantech projects in India

Scale of investment needs

The total investment required to avoid dangerous climate change is more than USD 1 trillion per annum, according to the International Energy Agency (IEA). Half of this amount could be redirected from business-as-usual investment in conventional technologies to low-carbon alternatives. The remainder (USD 530 billion) is required in the form of additional investment. It is widely recognized that the challenge can be met, since this amount would represent less than 3 per cent of global investment in 2030. In comparison, in 2007, energy subsidies were USD 300 billion per annum. The World Bank estimates that around USD 475 billion of the total annual investment must occur within developing countries. It is estimated that existing public contributions to developing world climate-change investment total around USD 9 billion per annum, less than 2 per cent of USD 475 billion. The World Economic Forum (WEF) estimates that the sum of climate-related public sector commitments currently under negotiation, even if delivered to their maximum ambition, totals around USD 110 billion. The shortfall is potentially more than USD 350 billion.

Public sources of financing

Different financing arrangements are often required at both the production and acquisition stages of clean technology in developing countries. Clean energy projects are frequently a blend of public and private financing, with public financing used to leverage private investment. For example, the International Finance Corporation (IFC) clean energy financing projects in emerging countries use technical assistance funds to train commercial banks in energy efficiency while concurrently lending partial risk guarantees and offering credit lines to encourage banks to provide loans. In this manner public funds are heavily leveraged and provide a source financing for clean energy investments
.

Public private partnerships are increasingly seen as an effective way in which the public sector can achieve public policy objectives by working with the private sector. For the public sector they have the potential of harnessing the efficiency of the private sector, as well as overcoming budget restrictions and leveraging limited public funds. For the private sector, they aim to help overcome some of the internal and external barriers which prevent appropriate technology transfer from taking place, and to create interesting business opportunities. 

Public Finance Mechanisms (PFMs) could deliver between $3 and $15 of private investment for every $1 of public money. Public money can be used to increase returns or reduce risks, and can be an efficient way of mobilising institutional investor capital.

Initiatives from and in developing countries could be partly supported at the international level through a variety of tools, including an international fund, the carbon market, donations, loans, securities, etc., which would notably encourage partnerships between stakeholders from developed and developing countries on clean technology. The agreement reached in Copenhagen in December 2009 includes $30bn of aid from developed countries over the next three years to support mitigation action in developing nations.

The World Bank Group proposes loans and grants to developing country governments and loans to private sector financial institutions and businesses, large and small, make up a significant part of the work of the World Bank Group, which is to promote economic growth in order to alleviate poverty
:

· International Finance Corporation (IFC) provides investments and advisory services to build the private sector in developing countries. IFC helps companies and financial institutions in emerging markets create jobs, generate tax revenues, improve corporate governance and environmental performance, and contribute to their local communities.

· Multilateral Investment Guarantee Agency (MIGA) provides political risk insurance (guarantees) to the private sector in order to to promote foreign direct investment (FDI) into developing countries to help support economic growth, reduce poverty, and improve people's lives.

· The Carbon Finance Unit (CFU) uses money contributed by governments and companies in OECD countries to purchase project-based greenhouse gas emission reductions in developing countries and countries with economies in transition. The emission reductions are purchased through one of the CFU's carbon funds on behalf of the contributor, and within the framework of the Kyoto Protocol's Clean Development Mechanism (CDM) or Joint Implementation (JI).

The Asian Development Bank (ADB) follows three complementary strategic agendas: inclusive growth, environmentally sustainable growth, and regional integration. Although most lending is in the public sector - and to governments - ADB also provides direct assistance to private enterprises of developing countries through equity investments, guarantees, and loans. In addition, its triple-A credit rating helps mobilize funds for development.

The Climate Investment Funds are a unique pair of financing instruments designed to support low-carbon and climate-resilient development through scaled-up financing channeled through the African Development Bank, Asian Development Bank, European Bank for Reconstruction and Development, Inter-American Development Bank, and World Bank Group.

· The Clean Technology Fund (CTF) Finances scaled-up demonstration, deployment and transfer of low carbon technologies

· The Strategic Climate Fund (SCF) covers targeted programs with dedicated funding to pilot new approaches with potential for scaling up: the Forest Investment Program (FIP), the Pilot Program for Climate Resilience (PPCR), and Scaling up renewable energy program in low income countries (SREP).

The Clean Development Mechanism (CDM) can provide financial incentives for clean technology cooperation and influence technology choice. As voluntary mechanisms they require co-operation among developed and between developed and developing country Parties as well as between governments, private sector entities and community organisations.
 However, most CDM projects in India tend to be unilateral in nature. Only 4 of the 54 projects registered in India during the first six months of 2009 were bilateral, compared to 19 of 82 in 2008. This trend suggests that although the Indian CDM market is witnessing a revival from the slump witnessed in 2008, the participation of developed countries at the project development stage is diminishing. In addition, CDM in India is characterized by a lack of large-scale projects. Smaller project sizes are a concern for maintaining market attractiveness as the transaction costs tend to be higher in comparison to project revenue. Also, within the CDM generally larger projects have tended to involve a higher degree of technology transfer, whereas the technology transfer rate for India has been low (16% of projects vs 36% across the CDM).
 The Indian industry is seeking out opportunities from the expanding carbon market. About 32% of the Clean Development Mechanism (CDM) projects registered by the UNFCCC have come from India
.

To overcome the transaction costs barrier and improve the usefulness of programmatic CDM, the BEE have indicated that the Indian government is planning to set up a “revolving fund” that will be used to finance the transaction costs associated with CDM projects. Using the revolving fund, the government hopes to implement future programmatic CDM initiatives in the buildings and agricultural sectors. 

The Global Environment Facility (GEF) is an independent financial organization providing grants to developing countries and countries with economies in transition for projects related to biodiversity, climate change, international waters, land degradation, the ozone layer, and persistent organic pollutants. These projects benefit the global environment, linking local, national, and global environmental challenges and promoting sustainable livelihoods.
 The GEF is a key multilateral institution for transfers of clean technology. GEF projects are testing and demonstrating a variety of financing and institutional models for promoting technology diffusion and several GEF projects are designed to directly mobilise private-sector finance. Capacity building is a central feature of most GEF projects. Projects build the human resources and institutional capacities that are widely recognised as important conditions for technology adoption and diffusion.

Institutional investors

Institutional investors could provide much of the needed capital for cleantech development, if an appropriate risk-reward balance is offered. Institutional investors, such as pension funds, insurance companies and sovereign wealth funds, are in a position to provide some of the required capital. It is estimated that pension funds alone control assets worth more than $12 trillion and that sovereign wealth funds have a further $3.75 trillion under management. However, to stimulate their engagement the expected returns on climate-change mitigation investment need to be commensurate with the perceived level of risk.

Financial institutions remain common partners in the development of technology projects. Different financial institutions will take different levels of risk, from the high risks investing in new technology companies, to lower risk in mature technologies such as onshore wind.

Banks can provide a variety of financial services:
· Corporate Lending: banks provide finance to companies to support everyday operations. An assessment is made of the company’s financial strength and stability, and debt is priced accordingly. These bank facilities place few restrictions on how the company can use the funds, provided certain general conditions are met.

· Project Finance, or Limited Recourse Finance: debt is borrowed for a specific project, the amount of debt made available will be linked to the revenue the project will generate over a period of time, as this is the means to pay back the debt. This amount is then adjusted to reflect inherent risks, e.g. the production and sale of power. In the case of a problem with loan repayment, rather like a typical mortgage, the banks will establish first ‘charge’ or claim over the assets of a business, as described above. The first tranche of debt to get repaid from the project is usually called ‘senior debt’.

· Mezzanine finance: as its name implies, this type of lending sits between the top level of senior bank debt and the equity ownership of a project or company. Mezzanine loans are usually of shorter duration and more expensive for borrowers, but pays a greater return to the lender (mezzanine debt may be provided by a bank or other financial institution). A project may seek mezzanine finance if the amount of bank debt it can access is insufficient: the mezzanine loan may be a cheaper way of replacing some of the additional equity that would be needed in that situation, and therefore can improve the cost of overall finance (and thus the rate of return for owners).

· Refinancing: this is where a project or a business has already borrowed money but decides, or needs, to replace existing debt arrangements with new ones, similar to refinancing a mortgage. Reasons for refinancing include: more attractive terms becoming available in the market (perhaps as lenders become more familiar with the technology, meaning more money can be borrowed against the asset); or the duration of the loan facility, e.g. loans are often structured to become more expensive over time because of the increasing risk of changes to regulation or market conditions. 

Equity investments

Besides the recourse to financial institutions, other tools to finance a technology project include Venture Capital (VC), Private Equity and Funds. Equity investments taking an ownership stake in a project, or company, involve investments by a range of financial investors including Private Equity Funds, Infrastructure Funds and Pension Funds, into companies or directly into projects or portfolios of assets.

Depending on the type of business, the stage of development of the technology, and degree of risk associated, different types of equity investors will engage e.g. Venture Capital will be focused on ‘early stage’ or ‘growth stage’ (depending on how far from the laboratory and commercial roll out) technology companies; ‘Private Equity’ Firms, which focus on later stage and more mature technology or projects, and generally expect to ‘exit’ their investment and make their returns in a 3 to 5 year timeframe; Infrastructure Funds, traditionally interested in lower risk infrastructure such as roads, rail, grid, waste facilities etc, which have a longer term investment horizon and so expect lower returns over this period; Institutional Investors such as Pension Funds have an even longer time horizon and larger amounts of money to invest, with lower risk appetite. Funds use Internal Rate of Return (IRR, or ‘rate of return’) of each potential project as a key tool in reaching investment decisions. It is used to measure and compare the profitability of investments. Funds will generally have an expectation of what IRR they need to achieve, known as a hurdle rate. The IRR can be said to be the earnings from an investment, in the form of an annual rate of interest.

Different types of finance for new technology development
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Investments made in local currency can be subject to exchange rate fluctuations, devaluation or the vagaries of domestic monetary policy. Partnering with local financial institutions, potentially to structure dual currency loans, can provide the required mitigation to the lenders and project sponsors. Alternatively, projects can be structured with credit guarantees, risk guarantees and hedging products provided by development banks and ECAs.

Forms of partnerships

Technology cooperation can take many different forms. These range from highly structured, formal technology transfer contracts to less formal types of cooperative agreements. Types of agreements include: patent; know-how; trademark; franchise; distribution; copyright; computer software; technical services and assistance; engineering services; and management services.

Licences are frequently used as part of business practice. Patent owners license the use of IP in return for a fee, rather than resorting to litigation or other enforcement actions. Members of a cross-licensing agreement can use one another’s IP. Depending on the terms, outsiders can be prevented from joining an alliance. A cross-licensing regime can make it easier for new entrants to avoid infringement and benefit from the technology efforts. Enforcement of a cross-licensing regime can also be achieved through litigation (or the threat of litigation), sometimes used to induce new players to enter the cross-licensing arrangements.

Technology standards bodies are industry associations administering key technology standards on behalf of the market. Typically the entrants will contribute IP for mutual use, which means cross-licensing agreements are often part of these associations. All members can use IP within agreed boundaries and may be required to pay royalties into a common pool.

Risk pooling involves consortia of major players seeking to pool risks and resources for highly capital-intensive and risky ventures. IP is pooled or shared, but arrangements differ.

Multilateral or mutual funds bring together private sector, financial intermediaries, countries, development banks and other entities to develop project portfolios. This model benefits from risk diversification, specialization and economies of scale by reducing the transaction costs associated with individual project investments as different investors expect different returns.
 

Bilateral deals are joint ventures between companies, which have the advantage of flexibility and can mobilize private sector funds and technology for larger projects and areas of new market potential by spreading risks and capital among the partners. Multinational companies are increasingly willing to invest in projects, not only to receive commercial returns or manage a carbon compliance position but also to gain long-term strategic market advantage. This can come through the development and testing of new technologies or positioning a company as pursuing a sustainable business model in a rapidly emerging market.

Levels of foreign direct investment (FDI), commercial lending, and equity investment all increased greatly in recent years. These are the dominant means by which the private sector makes technology-based investments in developing countries and economies in transition, often in the industry, energy supply and transportation sectors.

The issue of Intellectual Property Rights (IPR)

A patent gives its owner protection over the covered invention from unauthorized use within a given territory for a limited period of time (generally 20 years). The patent owner – known as the assignee – can provide a licence to others to use the technology in return for royalties.

Patents are intended to act as incentives for innovation – providing exclusive rights to the use of particular inventions for a fixed period. The expectation is that the exclusivity will enable the firm holding the patent to charge a price above the marginal cost of production and thus to recoup the investment. In return, inventors are required to disclose sufficient information in their patents, so that society can benefit from the increased knowledge about technologies.

In general, developing countries and their companies tend to have fewer resources to purchase licenses and fear that strong IPR regimes would impede their access to patented technologies. As part of the ongoing international climate talks, India has been pushing for cheaper access to technology and a revision of the IPR international regime. To meet this concern, bilateral and multilateral financial assistance could provide funds for licensing of relevant technologies. This could be one way for the international regime to support technology transfer in cases where market-driven, grants, equity investment, and joint venture solutions are inadequate or infeasible.

According to the World Business Council for Sustainable Development (WBCSD), however, the royalty cost for energy patents represents a small share of the total investment cost. It argues that the bulk of the cost of bringing a new technology to market relates to the ‘soft’ aspects, for example operation and maintenance, practices, training and organizational procedures, which are not patentable. From their perspective, the real issue for developing countries is not the accessibility of technologies or the price of the patents, but the lack of capital and management. Regardless of the actual cost associated with royalty, patents provide powerful financial and strategic incentives for companies that can shape the incentive calculus for innovation and diffusion. In addition to attracting VC, a patent portfolio is also a currency for use in strategic alliances and protection against litigation, as well as in opportunities for mergers and acquisitions. The interplay between financing and access to patents is a critical issue for the new entrants – in developed and developing countries alike.

Intellectual property protection should not be seen as a barrier to access; it is the reason access even exists. Innovators are not looking to develop technology merely to have it sit on a shelf - they are looking to market it, license it, and recoup their costs so that they can continue to innovate.

A 2001 report from the International Energy Agency (IEA) on the issue of IPRs called in favour of strengthening intellectual property rights as one of the key actions that governments can take to improved the environment for the transfer of climate-friendly technologies. The IEA report contained several case studies, including a seminal program in the early 1990s led by the World Bank and the Global Environmental Facility (GEF) to improve the domestic markets for wind, hydroelectric and solar technologies. By helping set positive government policies, build the capacity of Indian innovators and producers, and strengthen public awareness of clean technologies, this program helped establish a set of tax incentives, favourable clean-electricity generation policies and acceptance of the technologies by commercial investors to created the right environment for private investment in renewables. This began to lay the groundwork for India becoming a major player in the global renewable energy industry
.

A report commissioned by the European Commission’s Directorate General for Trade (DG Trade) entitled “Are IPR a Barrier to the Transfer of Climate Change Technology?” analyzed over 215,000 patents filed globally from 1998-2005 for major “emissions reducing” technologies. The EU’s report stated that “for several of the seven most advanced technologies for which we have patent information, emerging countries account for a significant share of the patents which are protected in developing countries, making it less likely that patents and IPR constitute a major barrier for transfer of carbon abatement technology from developed to emerging economies.” 

Chatham House analyzed patents in the six cleantech sectors of wind, solar photovoltaic, concentrated solar power, biomass-to-electricity, cleaner coal and CCS, and found the 30 most cited patents took between 19 and 30 years to reach mass market diffusion, with an average of approximately 24 years. 

The goal is for India to be capable of manufacturing and employing clean technologies – not merely owning them. And this requires technical expertise and infrastructure improvement that exemptions of intellectual property rights would not allow by themselves. The Indian government and its own industry leaders will need to partner with companies from around the world to ultimately realize the promise of clean and reliable energy, not threaten to simply take the technology they want
.

V. Policy recommendations

Role of policy-making in supporting international partnerships on clean technology
A range of clean technology risk profiles can be matched to the spectrum of financial institutions from banks, pension funds, private equity and VC. However, the private sector is currently not motivated enough to undertake the level of investment needed by the developing world. To generate private sector interest, the expected returns on low-carbon investments will need to match the risks. This is not the case on a sufficiently widespread basis to deliver the scale of investment required. Expansion of carbon markets and international offsets will help, as will credible low-carbon domestic policies.

In addition, public finance contributions should be designed to maximise the leverage of additional private finance. Part of the answer is to deploy Public Finance Mechanisms (PFMs). PFMs are financial commitments made by the public sector which alter the risk-reward balance of private sector investments. They include grants, concessional finance, risk mitigation instruments and market aggregation activities. PFMs can leverage significant private capital. Previous research suggests that $1 of public investment spent through a well-designed PFM can leverage between $3 and $15 of private sector money. This suggests that a combination of public and private resources can, if allowed under the guiding principles of the Financial Mechanism under the Convention, collectively unlock the required levels of investment.

Raising finance is not necessarily the main problem, implementing framework conditions that direct financial flows toward the development, demonstration and deployment of commercially viable technologies is the key
.

Clean technology requires clear policy environment to deliver the project economics to attract private investment. Policy and regulation continue to be central to ensuring the long term stability of projects from a revenue and operation perspective. It is imperative that both regulation and policy be clear, of a long duration, and legally based in order to deliver growing volumes of private funds into clean technology development and cooperation.

Technology transfer and cooperation need global, long-term market incentives and policy signals so that business knows the kind of playing field it would have to operate on. Creating enabling conditions for investments and technology uptake and international technology agreements are important. As stated in the IPCC Fourth Assessment Report, policy uncertainties often hinder investment in R&D and the dissemination of new technology. A number of authors note that long-term policy targets or clear foresight on carbon taxes can overcome social inertia and reduce uncertainty for investors in R&D.
 
Policy efforts must align with the investment cycle that can last for decades, from initial R&D through to actual deployment at scale. A broad and efficient mix of policies and programs targeted at climate change mitigation and environmental protection in the broad sense, and backed by supportive regulation and governance frameworks will reduce investment uncertainty and encourage business to invest for the long term.

Targeted policies will be needed if accelerated and wholesale deployment of clean technologies is to be achieved. There is encouraging evidence that policy interventions to encourage demonstration and deployment – learning-by-doing – can be a major accelerator of the innovation process. Patenting rates and deployment in wind, solar PV and CSP took off from the late 1990s, driven by policy interventions to create market demand in key countries such as Germany and Japan, and at regional level in the United States.

Governments are now engaging with business through instruments like the Clean Development Mechanism and public-private technology partnerships. These are forming new areas of collaboration and new business opportunities.

Technology transfer results from actions taken by various stakeholders. Key stakeholders include developers; owners; suppliers, buyers, recipients and users of technology (such as private firms, state enterprises, and individual consumers); financiers and donors; governments; international institutions; NGOs and community groups. Some technology is transferred directly between government agencies or wholly within vertically integrated firms, but increasingly technology flows depend also on the coordination of multiple organizations such as networks of information service providers, business consultants and financial firms. Although stakeholders play different roles, there is a need for partnerships among stakeholders to create successful transfers. Governments can facilitate such partnerships.

Recommendations to European policy-making


There is substantial scope for increased flows of Official Development Assistance (ODA) from European countries aimed at addressing genuine development objectives. Within this context there is potential to support activities which assist the transfer of clean technology.
 In particular, a portion of ODA should be used to reduce these risks by building local technical and social capacity, better governance, accountability and administration. In this way it will improve the local business framework and foster technology cooperation, investment and enterprise creation.


Besides ODA, substantial assistance can be provided in the form of export credit, political risk insurance and other subsidies for the export of products or production processes. Little of this assistance is provided specifically for the transfer of clean technology, and substantial volumes may transfer environmental inferior technology or support environmentally damaging projects. The European Union could explore ways, such as developing environmental guidelines for export credit agencies, to refocus its trade assistance activities to avoid a bias against and promote the transfer of clean technology, and discourage the transfer of obsolete technologies.
 Stimulating low-carbon trade will create virtuous cycles, creating further investment opportunities and expanding the market for key technologies.

Developed countries and the European Union can stimulate fair competition in clean technology markets by discouraging restrictive business practices such as product dumping to strive out competitors; overly restrictive conditions on the use of patents and refusal of licencing.

Many technologies needed to tackle the environmental challenges still lie beyond the commercial frontier. Improving the enabling environment will not be sufficient to stimulate the transfer of such technologies that are still in the early stages of their development and have a comparatively short track record. Market actors will not accept the extra risks or costs involved in utilising these technologies. Governments should therefore consider extra efforts to increase the demand of these technologies and stimulate their development by lowering their costs and reducing the associated commercial risks. Such extra efforts may include increasing the means for non-market technology transfers and creating new and improving existing mechanisms for technology transfer. 

Grant funding can play a catalytic role in demonstration, deployment and diffusion of pre-commercial technologies. Bilaterally, some EU member countries have financed demonstration projects though often these have supported only small projects with relatively low mitigation potential, and have not been sustained over long time-periods hence limiting the scale of replication. Grants have typically not been available to bridge gaps in financing for technologies at the deployment and diffusion stages with the expectation that the carbon market would fill the gap. Where the additional revenues from the carbon finance is inadequate to cover the higher cost of a cleaner alternative (for e.g. due to long payback periods), the EU could discuss with India the possibility of supplementing carbon finance with grant financing provided bilaterally or, perhaps more appropriately, through a multilateral mechanism.

Government support for clean energy innovation is more likely to be effective at the early stages of the development of technology systems. European governments and the EU play an important role in providing funding for public R&D programmes as part of their industrial policies or science and technology development strategy. To promote the development of technologies that lack short-term commercial viability, government funding and public R&D programmes are vital, and appropriate, reflecting the high rate of social return. For example, governments have been investing for three decades in R&D for environmentally sound energy technologies in the energy sector. These programmes are implemented either by government institutions or in joint partnership with the private sector.

The European Union could enhance flows of technology transfer arising from its R&D programmes by encouraging or requiring where appropriate the recipients of such support to transfer the technology as soon as practical; by entering into co-operation with developing countries on R&D partnerships and international research institutions.

The European Union could support bilateral demonstration programmes with India. Such programmes are especially required for large-scale, high-risk technologies such as CCS and CSP. The size and complexity of demonstrating these technologies, which often includes intricate planning and infrastructural support, make it difficult for the private sector to independently finance demonstration. Public funding in the form of grants, loans and risk guarantees is therefore necessary to ensure these technologies can become fully commercial. The joint nuclear-fusion project ITER is an example of a wide-ranging international collaboration project. 

There is a need for ‘model’ technology cooperation agreements and open innovation platforms that would limit the potential of patent-related conflicts and encourage joint development between the EU and India.

Switzerland has apparently established a program of engagement with various industrial sectors, including the glass manufacture and foundry sectors. The model places joint technology development at its core, partnering Swiss engineers with Indian companies to develop, over several years, higher efficiency plant that is suitable for local conditions. There are various components to this approach – an initial technology mapping of both Indian and world’s best technologies; funding of pilot studies to develop and implement improved technologies locally; a training program for technology operators, consultants and manufacturers, in order to foster further development and deployment of the technology in future; and mediation with domestic financial institutions to secure access to the necessary capital to undertake technology upgrades. The EU is in a position to develop models along these lines that would undertake technology assessments and implementation, via a matchmaking and/or technology brokering role with European companies.

The market is the key to technology transfer and cooperation. The EU GHG Emission Trading Scheme for carbon emissions and its link with the Clean Development Mechanism is an essential tool in that regard. Although a tradable permits approach can ensure that a certain quantity of emissions will be reduced, it does not provide any certainty of price. Price uncertainty may be addressed by a ‘price cap’ or ‘safety valve’ mechanism, which guarantees that the government will sell additional permits if the market price of allowances hits a certain price. In addition, the current trend towards excluding heavy industry from climate-change regulations (e.g. by issuing free emission permits) may reduce these incentives, with negative spillover effects on the rest of the economy.

The Solar Mission offers a collaborative opportunity for EU and India. The 2008 Summit

Declaration called for both partners to “foster cooperation on solar energy with a view to jointly developing a flagship programme in solar energy”. Such a programme could be developed jointly with India’s Ministry of New and Renewable Energy. The EU could contribute financial resources to the Solar Fund as well as launch collaborative research to help bring down the costs of solar technologies. 

Recommendations to Indian policy-making

Successful, sustainable technology transfer requires a multi-facetted enabling environment. An enabling environment for technology transfer includes macroeconomic conditions, the involvement of social organisations, national institutions for technology innovation, human and institutional capacities for selecting and managing technologies, the underpinnings of sustainable markets for environmentally sound technologies, national legal institutions that reduce risk and protect intellectual property rights, codes and standards, research and technology development, and the means for addressing equity issues and respecting existing property rights. Creating such an enabling environment is especially relevant for those technologies that are already in common use and that could be diffused through commercial channels, but whose spread is hampered by risks such as those arising from distortive incentives, deficiencies in legal systems and inadequate regulation. 
 

The first step in ensuring market access for green technologies would be to dismantle trade barriers affecting the diffusion of technologies to encourage investment and business participation through reducing or eliminating tariffs. If local Indian companies are not producing the technology that India needs, and if the Indian government feels that the costs for foreign goods are too high, then the government needs to eliminate exorbitant tariffs to bring down the cost.

Tax incentives will also play a strong role for companies and consumers. At the Central and State government level, India can provide companies with incentives to build renewable energy facilities. The Indian government may also consider providing tax credits to consumers, who retro-fit buildings with green technologies or install solar paneling to roofs. These incentives can help encourage consumers to adopt green technologies and help multiply the benefits of using these technologies.
 
The Indian Government, like any public authority, has the responsibility to set an example for other sectors by acting as an early adopter, buying new, advanced technology products for government fleets and operations.

The development and dissemination of clean technology suffer from the fact that significant research and development (R&D) is required, although their benefits are not necessarily appropriable to the firm making the investment. Use of patents and other forms of intellectual property protection (such as design rights or trade secrets) is one way in which companies increase their ability to recoup their R&D investments.
 The perception by clean technology patent owners of market conditions and of the level of IP protection in developing economies will do much to determine the rate of roll-out of the next generation of low-carbon, environmental-friendly technologies.
 
Uncertain, slow and expensive enforcement of contracts by national courts or international arbitration and insecure property rights can discourage investment. Three broad types of legal risk are likely to influence decisions to invest in advanced environmental technologies by foreign and domestic actors: contract risk, property risk and regulatory risk. Contract risk refers to the likelihood and costs of enforcing legal obligations with suppliers, partners, distributors, managers, labour forces, construction organisations or licensors. Property risk refers both to more familiar risks associated with interference in asset ownership and to less visible, but also to essential questions of corporate governance including shareholder rights and competition laws that determine how decision making within the firm is divided and whether firms will be able to operate in competitive markets. Regulatory risk arises from the behaviour of public administrations, which influence economic returns through licensing, tariff setting, taxation, and foreign exchange and trade controls. To reduce contract, property and regulatory risk, governments can strengthen national legal institutions for intellectual property protection; strengthen administrative and law processes to assure transparency, participation in regulatory policy-making, and independent review; and strengthen legal institutions to reduce risks and corruption and to ensure that public regulation is accessible to stakeholders and subject to review by independent authorities.

There is a need for improved information systems and linking them to international networks, through well-defined clearing houses (such as energy efficiency and renewable energy centres), information speciality firms, trade publications, electronic media or NGOs and community groups. In order to overcome information barriers, technology information centres have been widely advocated.

New technological trajectories for an economy imply new social challenges. To help increase both clean technology demand and acceptance, awareness raising and education is essential, for instance through means such as eco-labelling, product standards, industry codes, and community education.

The lack of domestic regulations and/or institutional capacities to implement policies can act as a barrier to the adoption of cleaner technologies or market transformations. The transport sector in India is a clear example. It presently lacks vehicle efficiency standards as well as the urban planning capacity to develop integrated transport strategies that can adequately meet growing urban transport demand. 

The responsibility for capacity building lies with both the companies transferring technologies to developing countries as well as those developing country governments at both local and national levels. It is important that capacity building takes place at different levels for the success of individual business and projects as well for the development of industrial capabilities at the host country level.
 Training and human resource development have been popular development assistance activities. Future approaches can be more effective by better stressing the integration of a total package of technology transfer, focusing less exclusively on developing technical skills and more on creating improved and accessible competence in associated services, organizational know-how, and regulatory management.

It is important to recognize the need for participatory approaches and to strengthen the networks in which diverse organizations contribute to technology transfer. Although many actions that facilitate the growth of networks of partners are already underway, initiatives of particular importance to technology transfer include:

· Expansion of opportunities to develop firms for management consulting, accounting, energy service, law, investment and product rating, trade, publishing and provision for communication, access to and transfer of information, such as Internet services;

· Encouragement of industry associations, professional associations and user/consumer organizations;

· Participatory approaches to enable private actors, public agencies, NGOs and grassroots organizations to engage at all levels of environmental policy-making and project formulation;

· Where appropriate, decentralization of governmental decision-making and authority, in relation to technology transfer, to effectively meet community needs.

Engaging India on the path of clean development will require massive investments into infrastructure. India’s rapidly growing economy has been placing huge demands on power supply, roads, railways, ports and transportation systems. But, infrastructure bottlenecks have been eroding the country’s competitiveness.
 Because of its public good characteristics, technology infrastructure required to generate new knowledge and information may lack direct economic value to one firm, and thus individual firms may lack adequate incentives to build technology infrastructure on their own. This points to an important role for governments to create the necessary information assessment and monitoring capacity.
 
In order to encourage technology development in India, authorities could develop improved indicators and collecting data on availability, quality and flows of clean technology to improve monitoring of implementation; and develop technology performance benchmarks for clean technology to indicate the potential for technological improvements. Technology prizes could be established to promote environmental-friendly innovation.

Through tax, other fiscal or investment incentives, the Indian public sector should support the design and creation of patent pools and cross-licensing schemes to encourage innovation and mass diffusion for relevant technologies. These patent pools can be used to support innovation in SMEs and emerging markets in exchange for a royalty fee. Collaborative initiatives such as the European Commission’s European Technology Platform for Zero Emissions Fossil Fuel Power Plants (ZEP) demonstrate the potential of stakeholder advice platforms, and can provide support for knowledge-sharing structures at the regional level.
 Such initiatives could be used as a starting point for joint EU-Indian efforts.

Recommendations to the international community
Because of its global nature, the problem of climate change must be resolved on an international basis. In addition, no single country emits more than approximately 20% of global emissions, which means that successful solutions will need to engage multiple countries. Similarly, the fact that no one sector is responsible for more than about 25% of global emissions implies that no single sector will be uniquely required to act.

The UNFCCC and Kyoto Protocol have been significant in providing a means to solve a long-term international environmental problem, but they are only first steps towards the implementation of an international response strategy to combat climate change.

The conclusion of an international ambitious, binding agreement to tackle climate change is essential and highly expected. The agreement must establish a reduction pathway for all greenhouse gas emissions, for the period 2013 to 2050, and include interim targets. These targets will need to be guided by science to ensure global greenhouse gas concentrations are stabilised below critical thresholds. There is now a consensus, mentioned in the Copenhagen Accord, behind an objective of limiting global average temperature rise to less than 2 degrees Celsius compared to pre-industrial levels. In this scenario, developed countries would need to reduce emissions in 2020 by 10–40% below 1990 levels and in 2050 by approximately 40–95%. Emissions in developing countries would need to deviate below their current path by 2020, and emissions in all countries would need to deviate substantially below their current path by 2050, according to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC).

One mechanism for technology transfer is to establish innovative ways of mobilizing investments to cover the incremental cost of mitigating climate change. There is an urgent need to scale up international finance to support mitigation efforts worldwide. The UNFCCC has estimated that global additional investment and financial flows of USD 200 – 210 billion will be necessary in 2030 to return global GHG emissions to current levels. For technology research and development and deployment, additional investment and financial flows are estimated at about USD 35 – 45 billion.

Investment and financial flows for mitigation in developing countries are likely to be particularly cost effective according to the UNFCCC. While investment flows in non-Annex I Parties are estimated at about 46 per cent of the total needed in 2030, the emission reductions achieved by the countries amount to 68 per cent of global emission reductions. Around $176bn will be needed annually by 2030 in order that developing countries can keep their emissions within safe levels.

When considering means to enhance investment and financial flows to address climate change in the future, the UNFCCC insists on the importance to focus on the role of private-sector investments as they constitute the largest share of investment and financial flows (86 per cent).
 Hence, there should be stronger incentives for private sector capital to invest in mitigation projects, and particularly in clean technology.

Sources of funds to be mobilised could include:

· Bilateral and multilateral flows

· A global green fund, financed through agreed contributions

· International public finance through mix of bunker fuels, special drawing rights, auction revenues and other instruments

· Carbon markets reformed to scale up support for mitigation and strengthen environmental integrity.

At present, regional, national and sub-national trading programmes are all operating under different rules, which could inhibit ‘market convergence’ and increase the costs of trading. A fully global emissions trading system would provide market players and policymakers with information thus far absent from decision-making: the actual, unfettered, global cost of GHG mitigation in a range of economic activities.

In its current form the CDM will fail to achieve investment at scale. Pricing for certified emission reductions (CERs) created from projects under the CDM have generally been low, on the back of low-cost, end-of-pipe solutions that have satisfied market demand for CERs. Low-cost solutions are not likely to trigger technology transfer in the early stages of technology development. Major technology investments in the near term will require substantial additional support and incentives to both scale up the investment amounts and reduce costs. Policy certainty regarding the mechanism’s role and design in a post-2012 international climate framework could also provide much needed clarity for project-based investments.

One important market imperfection is that the social benefit of improving environmental protection and quality is not yet generally reflected in pricing structures. The most important element in this respect is the introduction of a global carbon price to encourage low-carbon technology development.
A project’s ability to attract investment depends heavily on the prospect of a commercial rate of return. A lack of certainty over policies related to carbon pricing and GHG reduction targets increases the risk of achieving a commercial return for low-GHG technology projects. While this uncertainty prevails, the bulk of potential private capital available will probably flow to traditional energy sources, or remain uncommitted until definitive policies, which underpin a pragmatic approach, begin to emerge.

The international community should also establish a clear framework for evaluating and determining when intellectual property becomes a barrier to international technology research, development, deployment, diffusion and transfer and should provide options for corrective action, that both ensure that appropriate protection is provided to maintain reasonable and fair incentives for innovation, while enabling access to critical technologies and enhanced sharing and follow-on innovation in keeping with national circumstances and capacities. Such measures could include for example: 

a. patent pools and related concepts such as patent libraries;
b. joint research initiatives; 

c. compulsory or non-voluntary licensing; 

d. patent buy-outs; 

e. segmented/parallel markets; 

f. parallel imports; 

g. patent exclusions; 

h. differential patentability requirements; 

i. open-source licensing; 

j. prize funds; 

k. rules on open access to publicly funded technologies.
 

Establishing a bridging mechanism between trade law and multilateral environmental agreements (MEAs) has emerged as a major requirement for furthering the constructive relationship between the two. This is necessary because of the likely increase in the number of MEAs in the future. This bridge should ensure the policy goal of having the least trade restrictive international regime consistent with achieving the intended environmental protection and sustainable development.

Very few data on licensing deals, cross-licensing initiatives or patent pools are available in the public domain. The development of a reliable patent-licensing database could assist in setting benchmarks and sharing best practices. There is a role for institutions such as the World Intellectual Property Organization (WIPO) to set up global databases on licensing and cross-licensing regimes as well as patent pools on climate-friendly technologies. Patent owners could register their licensing deals (and showcase their latest commercial success) within a specified time period (such as 18 months) to protect their latest commercial interests. 

VI. Commitments from the participating companies

Developing partnerships with India

Reporting on cleantech collaboration with India to the EU-India Cleantech Initiative

Annex

Barriers to reducing emissions
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