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ABOUT MISSION INNOVATION

T

he Mission Innovation was launched on November 30, 2015 during the COP-21
in Paris in the presence of the Hon’ble Prime Minister. There are 23 countries
participating including European Commission and U.S. The Launch Statement

reads

“Accelerating widespread clean energy innovation is an indispensable part of an
effective, long term global response to our shared climate challenge; necessary
to provide affordable and reliable energy for everyone and to promote economic
growth; and critical for energy security. While important progress has been made in
cost reduction and deployment of clean energy technologies, the pace of innovation
and the scale of transformation and dissemination remains significantly short of
what is needed.”
For these reasons, participating countries have come together to launch Mission
Innovation to reinvigorate and accelerate public and private global clean energy
innovation with the objective to make clean energy widely affordable. ”
Mission Innovation initiative reflects the collective desire of nations to work together
to solve shared challenges to provide affordable and reliable clean energy. The
intense collaboration effort so far among Mission Innovation countries has culminated
into adoption of an Enabling Framework for mission innovation which is expected to
accelerate pace of clean energy innovation to achieve performance breakthrough and
cost reduction.
This Enabling Framework identified specific actions for doubling investments, information
sharing, innovation analysis and road mapping, joint research and capacity building and
private sector engagement. The framework also sets out organisations and processes
including setting up of Steering Committee for implementations of these actions. Along
with other Founding members of this steering committee, India would strive to facilitate
implementation of activities to ensure that Mission Innovation provides maximum value
to all members.
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GOALS OF MISSION INNOVATION

M

ission Innovation’s goal is to accelerate the pace of clean energy innovation so
as to achieve performance breakthroughs and cost reductions that can deliver
widely affordable and reliable clean energy solutions across the world in the
next two decades and beyond.
By the end of 2020 Mission Innovation will have helped deliver:
1.

A substantial boost in public-sector investment in clean energy R&D at national
level in the Mission Innovation Members States.

2. Increased Private Sector engagement and investment in energy innovation and in
particular in key energy innovation challenges.
3. Many new or strengthened voluntary cross-border networks and partnerships on
energy innovation, greater engagement from innovators and accelerated progress
in addressing specific Innovation Challenges.
Greater awareness amongst Mission Innovation members and the wider clean energy
community of the transformational potential of energy innovation, the progress being
made and the remaining critical clean energy innovation gaps and opportunities.
The inaugural Mission Innovation Ministerial was held on 1-2 June, 2016 at San Francisco.
Dr. Harsh Vardhan, Hon’ble Minister, Science & Technology and Earth Sciences led the
Indian delegation. The Ministerial comprising of 20 founding Members and European
Commission on behalf of the European Union as the 21st partner pledged to double
Government funded clean energy research and development over 5 years and enhance
international engagement in programmes on clean energy R&D which will enable
its deployment on very large commercial scale. This would enhance the government
investment of these 21 entities in clean energy research and development to US$ 30
billion per year from the current level of US$15 billion per year.
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During the meeting, Hon’ble Minister also announced that India’s current investment
of US$72 million would be doubled to US$145 million by 2020. He also highlighted the
collaborative research programmes in solar energy, energy efficiency, advanced biofuels, electrical transmission and storage with US, UK, Australia, Norway and South
Korea. The Minister also announced setting up of Joint Virtual Clean Energy Centre in
collaboration with UK with a contribution of £ 5 million from each side and launching
of a new research track on smart energy grids and energy storage under Indo US
Partnership for Advanced Clean Energy Research (PACE-R) at an investment of US$
7.5 million from each side with matching contribution of consortia for totaling US$
30 million over 5 years. The doubling plan of the country also outlined strategy for
doubling of the investment which includes setting up of Joint Virtual Centres, demand
oriented mission mode programmes, oriented fundamental research etc. in the priority
clean energy technologies such as renewable energy, energy efficiency, clean fossil
technologies, electric grid technologies and advanced transportation systems and
fuels and other cross cutting technologies.

Member countries of Mission Innovation
Currently, there are 23 members of Mission Innovation including European Commission.
They are Australia, Brazil, Canada, Chile, China, Denmark, European Union, Finland,
France, Germany, India, Indonesia, Italy, Japan, Mexico, Netherland, Norway, South
Korea, Saudi Arabia, Sweden, United Arab Emirates, United Kingdom and United States
of America.
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Mission Innovation Challenges
About one year into its launch, at the United Nations Climate Change Conference
2016 (COP22) in Morocco, MI countries have established seven Innovation
Challenges as the foundation for accelerating clean energy innovation while also
providing opportunities for new collaboration that build on multi-lateral research and
development efforts.

Main Objectives of MI challenges
Work under the Innovation Challenges is guided by following four objectives:
1)

Building an improved and shared understanding of what is needed to address
the Challenge, and how to define measurable targets and track progress towards
them;

2) Identifying key gaps and opportunities not sufficiently addressed by current
activities;
3) Promoting opportunities for researchers, innovators and investors in order to
build support and excitement around the Challenges and boost engagement; and
4) Strengthening and expanding collaboration between key partners, including
governments, researchers, innovators, and private sector stakeholders.
The shortlisted and agreed seven innovation challenges are:
1.

Smart Grids Innovation Challenge – this Challenge aims to enable future grids
that are powered by affordable, reliable, decentralised renewable electricity
systems. Work is being advanced under four sub-challenges, allowing for a more
focused approach. Two deep-dive workshops a year will be held to identify priority
opportunities and track progress, the first one alongside Mission Innovation-2. The
development of key performance indicators is also underway. Additional actions
to increase private sector engagement and foster deeper collaboration will be
developed in late 2017 and into 2018.

2. Off-Grid Access to Electricity Innovation Challenge – this Challenge aims to
develop systems that enable off-grid households and communities to access
affordable and reliable renewable electricity. Activities being advanced include
member surveys and international expert workshops (Delhi, May 2017; Paris, July
2017), which aim to inform gap analysis and target setting. A ‘state of play’ review
will be published. Actions to deepen engagement with innovators and investors
are in development and progress will be demonstrated in a new ‘state of play’
review to be published in 2020.
3. Carbon Capture Innovation Challenge – this Challenge aims to enable nearzero CO2 emissions from power plants and carbon intensive industries. Work has
been focused on organising a major international Experts Workshop (Houston,
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September 2017) to identify priorities, gaps and opportunities. The workshop’s
conclusions will be published in January 2018 to aid the identification of future
areas of research and international collaboration. Activities to engage the technical
and business communities, and longer-term activities focused on engagement and
collaboration will be developed in 2018.
4. Sustainable Biofuels Innovation Challenge – this Challenge aims to develop ways
to produce, at scale, widely affordable, advanced biofuels for transportation and
industrial applications. A joint survey with the IEA and Biofuture Platform has
been conducted to map the technology landscape and identify key innovation
gaps and opportunities. The Challenge will be engaging with the World Economic
Forum (WEF) to deepen private sector engagement. Stakeholder workshops
are planned in India (2017) and Brazil (2018) and a series of reports on research
priorities and opportunities will be published in 2018 and beyond.
5. Converting Sunlight Innovation Challenge – this Challenge aims to discover
affordable ways to convert sunlight into storable solar fuels. An international
experts’ group has been established to help define Challenge targets and scope
joint actions. There are also plans to participate in multiple international scientific
conferences to publicise the Challenge and engage the technical community.
Additional activities to engage the private sector, and strengthen and expand
collaboration between members, will be explored.
6. Clean Energy Materials Innovation Challenge – this Challenge aims to accelerate
the exploration, discovery, and use of new high-performance, low-cost clean
energy materials. A three-day Expert Workshop (Mexico City, September 2017)
to identify research priorities, gaps and opportunities. A workshop report will
be published in late 2017. Following the workshop there are plans to develop an
integrated platform to facilitate faster materials innovation and to work with WEF
to deepen private sector engagement.
7.

Affordable Heating and Cooling of Buildings Innovation Challenge – this
Challenge aims to make low-carbon heating and cooling affordable for everyone.
Six priority innovation areas have been identified as a focus for collaborative
actions. Surveys of member interests and plans will be firmed up in the country
workshop and later in international workshop by the end of 2017 to identify
and highlight key innovation gaps and opportunities. There are plans to partner
with WEF to deepen private sector engagement and additional collaborative
programmes will be developed in 2018.

Timeline: The timelines of the completions of collaborative activities under each IC
are set out in the individual work-programmes and are initially focused on the current
Mission Innovation timeline (until the end of 2020) but may continue beyond that point.
The concrete evidence and clear trend lines demonstrating progress in pursuit of the
objectives will be provided by 2020/21.

Indian Action Plans & Work Programmes

5

Milestones: Each Challenge has set its respective milestones. Progress under each IC
work plan will be discussed at annual Ministerial Meetings.
Each of these challenges have few interested countries as members and out of these
members countries some are designated as Lead and Co-lead. India is member of all
Seven innovation challenges. India is co-lead in smart -grid, Off-grid and sustainable
biofuel challenges.

Expected deliverables of MI challenges
➣

Identifying areas of Shared Importance
MI is leading into better understanding of each country’s perspective for scope,
objective, and priorities for their individual Challenges. Since the seven challenges
cover very broad areas, countries have started discussions on focused sub areas
which need R&D efforts and collaborations. The next steps will be prioritizing the
actionable areas and moving ahead to formalize modalities for mutual collaboration
which may be multi-lateral or bi-lateral.

➣

Discussions for Exploring Collaboration Opportunities
Each of the mission innovation challenge teams shall be planning to hold specific
workshops and conferences to bring innovators and investors on a single platform.
This will lead to better understanding between stakeholders and will result in
strengthening and expanding Collaboration.

➣

Identifying Key Gaps and Opportunities
Identification of gap areas in each of mission innovation challenge is a major
activity of the teams. Information may be collected by specially designed surveys
to collate the current activities of the member countries and their plans of R&D in
particular area. This exercise, which may include arranging workshops shall lead to
identification of critical gap areas in each sub area of a innovation challenge.

➣

Maximizing R&D Effectiveness
MI shall encourage leveraging of knowledge, capabilities, and resources among
members and other stakeholders. This will accelerate developments and shall
also avoid unnecessary duplication of efforts leading to effective utilization of
resources

The second MI Ministerial and Eight Clean Energy Ministerial (CEM-8) is
scheduled on 6-8th June, 2017 at Beijing, China.
This document briefs the work carried out for Mission Innovation activities during last
year and very briefly describes the status of activities carried out in area of clean energy
in India in the recent past.
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II. MISSION INNOVATION
India Narrative and Baselines & Doubling Plan
India recognizes the serious nature and significant scale of the energy-related challenges
facing the country and globe. Energy security, reduced pollution, access to electricity
for our people who currently lack it, and reduced emissions are some of issues which
Indian government considers necessary for reducing the worst impacts of climate
change. Meeting these challenges on a global scale will require significantly increased
and innovative effort to develop clean energy technologies and reduce their costs so
that they can become widely accessible and affordable. For this Government of India
considers international cooperation essential and thus was one of the first few countries
to join Mission Innovation.
India along with other member countries has agreed to double its investments in span of
5 years on development of clean energy technologies over the base investments of 2015.
The additional resources will be deployed to develop our country specific clean energy
technologies in chosen priority areas so as to provide affordable clean and sustainable
energy to its citizen. This will see a fundamental change on the energy utilization, reducing
the density of energy consumption, developing and deploying alternate energy sources
and supporting low carbon technologies.
The Government has announced an ambitious plan to deploy 175 GW of renewable
energy capacity by 2022, which includes 100 GW of solar, 60 GW of wind, 10 GW from
biomass, and 5 GW of small hydropower. The Government has also embarked on a major
mission for construction of 100 Smart Cities that will use both renewables and energy
efficient technologies. The government also has a target of 20% blending of biofuels in
the transport fuels.
The Government is making a concerted effort to enhance the pace of innovation and
scale of transformation in support of a clean energy revolution to meet the requirements
and goals for India’s economic and energy security in a timely manner. This will be
achieved by:
•
•
•
•

Strengthening and scaling up research in existing programs
Enhancing international cooperation in priority areas
Utilizing public-private partnerships and private sector investment
Strengthening capacity building for specific skill requirements.
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Major Funding & Implementing agencies
There are several key government departments and research agencies engaged in
research, development, and demonstration of clean energy and the major contributors
are:
• Ministry of Science & Technology (specifically Department of Biotechnology
; Department of Science and Technology, Council of Scientific and Industrial
Research)
• Universities and technical institutes like IIT’s through Ministry of Human resource
Development
• Ministry of New and Renewable Energy
• Research institutes funded by Public Sector companies like Oil, Power, automotive
sectors
• Private sector research institutes
To meet the ambitious national target for a green path to growth, R&D and demonstration
projects are supported through grants and in some case for setting up specialized
centres in high technology areas. These special centres develop linkages between the
organizations/agencies undertaking technology development and the user organizations
and transfer of know-how is thus facilitated to industry. With a view to achieve global
competitiveness, participation by industry in R&D and technology development is
encouraged with increased investment by industry.
International scientific and technical cooperation in the area of clean energy is established
in accordance with national priorities and socio-economic development strategies and
goals. Modalities of such cooperation include joint research and technology development,
field studies, pilot-scale plants, and demonstration projects with active involvement
of research institutions and industry on either side. Technology induction and transfer
is facilitated, wherever necessary, with time-bound goals for indigenization and local
manufacturing. Appropriate bilateral and multilateral cooperation programs for sharing
of technologies and funding are developed. Participation in international partnerships
and exchange of scientists, wherever necessary, is also explored.
Specific plans to double clean energy R&D investment involve intensifying research
efforts on:
• Promoting India-centric innovation for clean energy proliferation
• National, bilateral, and multilateral joint virtual centres on clean energy themes (see
Department of Biotechnology and Department of Science and Technology)
• Setting up of technology platforms led by industry for clean energy technologies
• Scaled-up funding to academic and R&D institutions as well as R&D units in industry
for research on identified topics relevant to clean energy
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• National, bilateral, and multilateral capacity building programs in clean energy
• Demand-oriented mission programs on clean energy technologies
• Developing models for last mile connectivity for technology leads obtained
through R&D
• Setting up demonstration models/pilot plants for developed technologies (see
Department of Biotechnology, Ministry of New and Renewable Technologies, and
Department of Science and Technology)
• Working with all stakeholders to translate research outputs for end-use deployment

Research Areas of Interest & Baseline
Areas of emphasis for Mission Innovation clean energy R&D include the following: energy
efficiency (industry; residential and commercial buildings, appliances and equipment;
transport); renewable energy sources (solar energy, on-shore wind energy, off-shore wind
energy, ocean energy, biofuels, geothermal energy, hydroelectricity, other renewable
energy sources); Hydrogen and fuel cells; other power and storage technologies (electric
power generation including advanced but non-renewable; electricity transmission and
distribution; energy storage; non-transport applications; smart grids); and other crosscutting technologies in Carbon Capture, Utilisation and Storage or research (energy
system analysis, basic energy research that cannot be allocated to a specific category).

Industry and buildings
Following the launch of Mission Innovation, the Department of Science and Technology
(DST) announced a new Initiative to Promote Habitat Energy Efficiency (I-PHEE). I-PHEE
is focused on promoting R&D activities to improve energy performance of buildings and
cities and support enhancement of knowledge and practice to save energy in design,

Industry & buildings
Vehicles & other transportation
Bio-based fuels & Energy
Solar, wind & other renewables
Nuclear energy
Hydrogen & fuel cells
Cleaner fossil energy
CO2 capture, utilization & storage
Electricity grid
Energy storage
Basic energy research

Focus areas for MI Share of overall funding (%)
5%
15%
5%
40%
5%
10%
10%
5%
5%

(These are indicative figures and the actual %age spend in each area will be decided based upon the
discussions and firming up of project plans in each area)
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construction, and operation of human habitats. The program will support specific
outcome-based research in the areas of energy efficient building envelope technologies,
low energy cooling systems, day-lighting and electric lighting, building automation and
controls for energy savings and research.

Research Priorities include
• Building envelop: Building materials and/or construction technology for walls, roofs,
windows which will help reduce operational energy, increase thermal comfort, or
reduce embodied energy of building.
• Low energy cooling: Novel systems that help achieve thermal comfort, direct/
indirect evaporative cooling, ground couple cooling, geothermal, passive down
draft systems.
• Buildings and cities automation and controls: Cost effective sensors, controllers,
automation system hardware, and/or software to help save operational energy of
buildings and cities.
• Development of test protocols, methods, data acquisition tools and methods for
building energy benchmarking or development of any scientific procedure to help
derive policy, codes and standards.

Vehicles and other transportation
India has most ambitious programme of transport fuel quality upgradation for reducing
the emissions both by using better fuels and modern technology vehicles. Whole
country is now supplies BS-IV (Euro-IV) fuel quality which saw an investment of Rs
60,000 crores (approx US$ 9.1 b). In a major shift Govt. has decided to jump to BS VI
(Euro VI) fuel quality by 2020 which will see additional investment of Rs 28,000 crores
(US$ 4.4 b) in refineries upgradation (www.mopng.gov.in). Along side the vehicles are
also been upgraded with most vehicles having catalytic converters and meeting at-least
BS IV emission norms.
The government has introduced bioethanol and biodiesel in transport fuels and also
use of CNG in diesel vehicles for reducing emissions. The government also mounted
a National Mission on Electric Mobility which envisages R&D programme on setting up
Technology Platform on Electric Mobility (TPEM). DST initiated steps to keep a close
watch on the innovations in the field of “Electric Mobility” in support of the manufacture
of vehicles under the “Faster Adoption and Manufacturing of (hybrid) Electric Vehicles
(FAME)” scheme of the Department of Heavy Industry (DHI).

Bio-based fuels and energy
The National Policy on Biofuels mandates a blending of biofuels of approximately 20%
of biofuels in transport fuels. This is an ambitious target and several steps have been
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undertaken to broad-base the feedstock for biofuel production and R&D for new
technology and feedstock is being supported to achieve this. The Ministry of Science and
Technology, through DBT and the Ministry of New and Renewable Energy have placed
a special focus on algal biofuel as an area of interest in Mission Innovation. Department
of Biotechnology (DBT) has established four Bioenergy Research Centres in the country
that integrate basic and translational science capabilities for biofuel development and
scale up. The major focus has been on cellulosic ethanol and algal biofuel. Early results of
these centres are encouraging and demo scale technologies for cellulosic ethanol have
been established in country. Based upon this success, Government of India has decided
to set up several large commercial scale cellulosic ethanol plants using waste agricultural
resides as the feedstock. Six of these, about 400 ton feed per day, plants are approved
by major oil marketing companies based upon indigenous technology and are likely to be
operational by Q2 of 2019.

The four centres of excellence each specializing in their own areas are:
1.

DBT-ICT Centre for Energy Biosciences, Mumbai is a unique centre that
integrates basic and translational science capabilities for bioprocess development
and scale up. The 10 ton/day biomass demonstration facility based on the novel
DBT-ICT Lignocellulosic Ethanol Technology, the development of novel ‘Hybrid
Technology’ for the treatment of municipal solid waste (MSW) and municipal
liquid waste (MLW) and the commissioning of 1000L modular photobioreactors
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designed for autotrophy as well as mixotrophy growth of algae are some of the
salient achievements for the Centre. More information on DBT-ICT can be found
(www.dbt-ceb.org).
2. DBT IOC Centre for Advanced Bioenergy Research, Faridabad is a finest
example of collaboration of DBT with an industry. The Centre has established
protocols for Life Cycle Assessment and GHG emission evaluation of all grades of
biofuels. Unique process for CO2 fermentation and conversion to lipids has been
carried out and a pilot is under installation. Development of enzymes needed for
cellulosic ethanol is a major programme of the centre. More information on DBT
IOC can be found (www.dbtiocberc.org).
3. DBT-ICGEB Centre for Advanced Bioenergy Research has been successful
in developing key technologies for ‘potent enzyme composition for biomass
hydrolysis’, ‘engineered bacteria for C5 fermentation to ethanol’ and ‘engineered
algae with enhanced CO2 sequestration’. Deep synthetic biology intervention led
to discovery of new pathway for fatty alcohol production and CRISPR/Cas9 based
genome engineering led enhanced fungal enzyme production. More information
on DBT-ICGEB can be found (www.icgeb-bioenergy.org).
4. PAN IIT Bio-energy Centre constitutes a network of 32 investigators from 5
Indian Institute of Technology (IITs) working on various thematic areas related to
Bioenergy. (www.dbtindia.nic.in)

Capacity Building in Bioenergy
• Ten post-doctoral fellows attracted back to country under the Energy Bioscience
Overseas Fellowships – They are now placed in some of the centres of excellences
on bio-energy in the country.
• Launching the Bioenergy Awards for Cutting Edge Research – India and
United States have joined hands to support a fellowship that will allow a group
of fellows and interns to pursue cutting edge research in various areas of bioenergy in US institutes of repute. This will help build capacity in clean and
environmentally safe energy.
DBT established network of more than 100 scientists working to realize the goals of
National Biofuel Policy with high quality research publication and patents for generated
knowledge and developed technologies.
The Bioenergy program also includes establishing a major network of programs on algal
biofuels. There are three repositories with more than 2,000 cultures that may be available
for the algal biofuel program. This has been identified as an area for both bilateral and
multilateral cooperation. Details on the Bioenergy Roadmap Vision 2020 can be found
(www.dbtindia.nic.in).
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Various projects under clean energy are provided to industries through Biotechnology
Industry Research Assistance Council an interface agency of DBT to strengthen and
empower the emerging Biotech enterprise. (www.birac.dbt.nic.in)

Solar, wind, and other renewables
The Ministry of New and Renewable Energy is working on a solar wind hybrid policy,
in which wind and solar can be co-located to maximize the utilization of transmission
systems, reducing cost and increasing efficiency. They are also working to develop
solar floaters indigenously. More information about the wind power program can be
found (http://niwe.res.in) and more information about the solar mission can be found
(http://nise.res.in).

Hydrogen and fuel cells
The Ministry of New and Renewable Energy Hydrogen Energy Program is embarking
upon the National Hydrogen Energy Road Map. This program supports research,
development, and demonstration projects on various aspects of hydrogen energy
including its production, storage and use as a fuel for generation for mechanical,
thermal and electrical energy. More information about the Hydrogen Energy Program
can be found (www.mnre.gov.in). The Department of Science and Technology is also
embarking upon a national mission to utilize methanol and di-methyl ether as cleaner
fuels in automobiles and fuel for fuel-cell based vehicles. Indianoil R&D centre has
established a Hyrogen dispensing station and vehicles on Hydrogen are tested for
endurance. This centre has also patented a technology to produce mixture of Hydrogen
and methane by partial catalytic reforming of natural gas for fueling vehicles to reduce
emissions. (www.iocl.com)

Cleaner fossil energy
The Department of Science and Technology has developed plans to set up demandoriented mission programs on clean coal technologies and has launched a national
mission with plans to set up material research centres on advanced ultra-supercritical
technologies. National programme on fuel quality upgradation for transport fuels, as
detailed above, has helped greatly in reducing vehicular emissions. Biomass pyrolysis
in combination with coal and petcoke and subsequent hydrotreating of the oil has
been taken up by several institutes to produce clean sulphur free drop in fuels.
(www.iocl.com)
A consortium has been formed among NTPC, BHEL and IGCAR –Kalpakkam for the
indigenous development of Advanced Ultra Super Critical technology for high efficiency
thermal power plants in India.
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Carbon Dioxide capture, utilization and storage
• Carbon capture
• Carbon storage and
• Carbon utilization for value addition
Out of these three components, India has not much experience or large projects on
carbon dioxide storage. However, Indian companies in power and oil sectors would like
to collaborate in this area.
Carbon capture technologies either by growing algae or by capture in solvents/
adsorbents have been studied by several institutes.
A large number of basic research projects have been undertaken in carbon dioxide value
addition. Some of the priority areas are :
• Carbon Dioxide to organic products with organo-catalysis
• Hydrogenation and reduction of CO2 with molecular catalysts
• Reforming of CO2 to Syn gas
• Production of polycarbonates
• Catalytic hydrogenation of CO2 to MeOH/DME
• CO2 to alkyl carbamates as fuel components

Electricity grid
The Department of Science and Technology is setting up a clean energy centre for
integration of intermittent renewables with suitable energy storage in on grid or off grid
situations.(www.dst.gov.in)

Research Priorities in off grid electricity system:
• Off grid electricity systems utilising polygeneration and also solar, wind, micro-hydel,
biogas, and various other forms individually or hybridised for heating/cooling/
thermal applications.
• Augment the existing fossil with renewable sources including roof top solar as an off
grid solution.
• Frequency and voltage stability of off grid system and developing robust control
algorithm.
• Development and demonstration of affordable and sustainable solution/devices for
wide application spectrum.
• Village Distributed Energy resource (DER) Grid.
• Hybrid distribution system (AC and DC grid).
• Development of efficient DC appliances and smart centralized distribution control
to ensure disciplined and efficient end use of energy.
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Energy storage
The Ministry of Power is working on flow batteries, which have larger potential for energy
storage and are more efficient. A large programme focussed on development of materials
for hydrogen storage has also been initiated by DST(www.dst.gov.in) and MNRE (www.
mnre.gov.in).

Basic energy research
Science & Engineering Research Board (SERB) under the aegis of DST is mandated
to promote basic research in all domains. Besides several individual-centric projects,
SERB has funded advanced research centres in the area of improved combustion and
battery technologies. Department of Biotechnology has been supporting fundamental
research on innovative approaches that lead to intensification of biofuel. Emphasis
has been on feedstock improvement (microalgae) and biochemical processes for
conversion of biomass to biofuels and production of biofuel molecules/hydrocarbons
using synthetic biology and genetic engineering, hydrogen production from autotrophic
and heterotrophic microorganisms. Similar projects of basic research are also funded by
CSIR. However all basic research projects funded in clean energy area are focused and
linked to eventual development of corresponding technologies and projects are closely
monitored and reviewed.

International Cooperation in Clean Energy
• Government of India has major international collaboration with countries for a
large number of programmes such as UK, USA, Europe, Australia, Canada, Korea,
etc. The Indo-US Joint Clean Energy Research and Development Centre is a
public-private partnership in which Government of India and the US Department
of Energy jointly supported three consortia on energy efficiency, solar, biofuels
and the 4th consortia on Smart Grids and Energy Storage is currently under
consideration. More information can be found (www.iusstf.org).
• Specifically created centres on clean energy are encouraged for international
cooperation and these centres have established research links and projects with
appropriate international agencies.
• Government of India’s Ministry of New and Renewable Energy (MNRE), Department
of Biotechnology (DBT), and Department of Science and Technology (DST)
currently has several centres of excellence dedicated to solar, wind, bioenergy and
biofuel. As part of Mission Innovation, the Government has developed proposals
for upgrading existing centres of excellence while also looking to create a centre
for clean energy. Through Mission Innovation, the Government hopes to expand
on current collaborations, both international and between the public and private
sectors, to ensure that the centres of excellence are not limited to just the Indian
public sector, but bringing in the private sector and other countries.
Indian Action Plans & Work Programmes
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• As part of Mission Innovation, the Department of Science and Technology is
also setting up technical research centres on energy and has plans to set up two
virtual centres on energy material research at the Indian Institute of Science and
International Advanced Centre of Research (ARCI), a DST institute at Hyderabad.
Department of Biotechnology has planned to start a mission program on Algal
Biofuel and Waste to Energy.

Baselines and Doubling Plans
• Country-Determined Baseline Year(s): 2014-2015
• Baseline Funding Amount: INR 470 crore (USD $72 million)
• Doubling Target-Year: 2019-2020
• Doubling Target Amount: INR 967 crore (USD $145 million)
• First-Year Mission Innovation Funding Amount: INR 475 crore (USD $72 million)
• First-Year Mission Innovation Funding Increment: INR 5 crore (USD $1 million)
• First-Year Funding Percent Increase: 1.37%

Methodology for Determining Baseline
Research, Development and Demonstration in environmentally friendly, clean energy
technologies including renewable energy, energy efficiency, Clean fossil technologies,
electric grid technologies and advanced transportation systems and fuels and other
crosscutting technologies. Investments are made through various models of joint
collaboration involving Public Private Sector, National Laboratories, Universities and
through International Partnerships.
Baseline has been worked out on the data available for each of the priorities sector
identified under Mission Innovation for fiscal year 2014-15 (base year) this includes all
Government funding by different Department/Ministries for research, development
demonstration activities. Further efforts are being made to capture total R&D spend on
clean energy by all the public funded organizations and figures will be updated soon.
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III. B
 RIEF STATUS REPORT ON CLEAN ENERGY
RESEARCH & DEVELOPMENT AND
DEMONSTRATION PROGRAMMES IN INDIA

T

he mission innovation cell established in Department of Biotechnology (DBT) in
close co-operation with Department of Science and Technology (DST) organized
series of discussions with the main stakeholders which included representatives

from:
➣

Ministry of Science & Technology (DBT, DST & CSIR)

➣

Ministry of New and Renewable Energy

➣

Ministry of Petroleum and Natural Gas

➣

Ministry of Power

➣

Ministry of Environment, Forests & Climate Change

➣

Ministry of Defense, DRDO

➣

Ministry of Earth Sciences

Based upon the input received from these departments, working documents for all
seven challenges have been prepared. These documents enlists the major objective of
challenge, present status of R&D in country, focus areas of interest to India, existing
international co-operations and the way forward. These documents also give timelines to
meet the mission targets.
Several tele-conferences were held with MI countries to decide the modalities and frame
work for future actions which can lead to successful multi-lateral or bi-lateral country
collaborations.

Clean Energy Development—The Mandate
“Research, Development and Demonstration in environmentally friendly, clean
energy technologies including renewable energy, energy efficiency, Clean fossil
technologies, electric grid technologies and advanced transportation systems and
fuels and other crosscutting technologies. Investments are made through various
models of joint collaboration involving Public, Private Sector, National Laboratories,
Universities and International Partners” MI recommends development of those
clean energy systems which are capable to be deployed on very large scale so as
to make a noticeable reduction in GHG and results in appreciable replacement of
fossil fuels.
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Government of India is committed to support clean energy research and is pursuing a
green path to growth. The Government of India has announced an ambitious plan for
deployment of 175 GW renewable energy capacities by 2022 which includes 100 GW
of solar 60 GW wind, 10 GW from Biomass and 5 GW from small hydro power. The
Government has also embarked on a Major Mission for redevelopment of 100 Smart
Cities which includes a blue print with adequate provision for use of renewables and
energy efficient technologies.
The National Policy on Biofuels of the Government provides for an indicative blending
of upto 20% of biofuels in transport fuels. This is an ambitious target and R&D for new
technology and development of feed stock is being supported to achieve this target.
Government of India is actively supporting Research, Development & Deployment
(RD&D), in our country specific, priority areas of clean energy development to meet our
national policy and also the international commitments.

Specific clean energy areas of interest to India
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➣

Energy Efficiency
❑ Reduction of energy intensity in industry
❑ Residential and commercial buildings, appliances and equipment
❑ Transport sector through use of better fuels and automobiles
❑ Energy savings through advanced traffic management protocols

➣

Renewable Energy Sources
❑ Solar energy
❑ On-shore & off-shore Wind energy
❑ Sustainable Bio-Energy
❑ Geothermal energy
❑ Hydroelectricity
❑ Other renewable energy sources

➣

Hydrogen and Fuel Cells
❑ Hydrogen
❑ Fuel cells

➣

Other power and storage technologies
❑ Efficient electricity transmission and distribution
❑ Energy storage (non-transport applications)
❑ Smart Grids

➣

Other cross-cutting technologies
❑ Energy system analysis
❑ Carbon capture, storage and utilization technologies
❑ Development of advanced sun fuels
❑ Basic energy research that cannot be allocated to a specific category
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Mechanism of support for clean energy development
While priority Research, Development and Demonstration in Clean Energy is
supported by the Scientific Ministries, the Deployment for clean Energy is supported
by related Ministries of the Government. To meet the ambitious targets, there is a
major focus on accelerating innovation, research and demonstration in Clean Energy
duly supported by Public and Private sectors, research institutions, Universities and
national laboratories.
For R&D and demonstration projects, grants are provided to academic institutions,
research organizations, specialized centers and industry. Strengthening of existing
R&D centers and setting up of specialized centers in high technology areas is also
considered. Linkages are established between the organizations/agencies undertaking
technology development and the user organisations. Transfer of know-how is
facilitated to industry. Participation by industry in R&D and technology development
is encouraged with increased investment by industry with a view to achieve global
competitiveness.
International scientific and technical cooperation in the area of clean energy is established
in accordance with national priorities and socio-economic development strategies
and goals. Modalities of such cooperation include joint research and technology
development, field studies, pilot scale plants and demonstration projects with active
involvement of research institutions and industry on either side. Technology induction/
transfer is facilitated, where necessary, with time-bound goals for indigenization and
local manufacturing. Appropriate bilateral and multi-lateral cooperation programmes for
sharing of technologies and funding are developed, and participation in international
partnerships, where necessary is also explored. Exchange of scientists in advanced
technology areas is encouraged.

2. C
 urrent Investment Status and Targets as per
Mission Innovation Objectives :
Sl No

(Rs in Crores)

US$ (Rounded off)
72.00 million USD

1.

Baseline Amount

470.00

2.

Baseline Year(s)

2014-15

3.

Doubling Target

940.00

4.

Doubling Year

2019-20

5.

First-Year Amount

475.00
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145.00 million US$

73.00 million US$
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3. Some of the Existing R&D programmes in country
in clean energy areas :
I. Energy Efficiency
Activities include Reducing energy intensity in Industry, Residential and Commercial
building, Appliances and Equipment, vehicles, energy audits and Transport
i.

Ministries Involved
a. Ministry of Science & Technology
b. Ministry of New and Renewable Energy
c. Ministry of Power
d. Ministry of Petroleum and Natural Gas
e. Ministry of surface transport

ii. Current Programmes on enhancing energy efficiency
a. National
The goal of energy efficiency is to provide for efficient use of energy and its
conservation. Need was felt to develop policy and strategies with a thrust
on self-regulation and market principles, within the overall framework of
the Energy Conservation Act, 2001 with the primary objective of reducing
energy intensity of the Indian economy. India adopted a very ambitious
transport fuel quality up-gradation policy for reduction of emissions.
Emission norms were established for all classes of transport vehicles and
vehicle technology saw regular use of catalytic converters for reduced
emissions and improved energy efficiency. Heat integration studies,
pinch analysis and energy audits have become an essential activity of any
industry.
b. International
Recognizing the need to address climate change, ensure mutual energy
security, and build a clean energy economy that drives investment, job
creation, and economic growth; U.S.-India Partnership was launched to
Advance Clean Energy (PACE) under the U.S.-India Memorandum of
Understanding to enhance cooperation on Energy Security, Energy Efficiency
and Clean Energy.
As a priority initiative under the PACE umbrella, the U.S. Department of Energy
(DOE) and the Government of India signed an agreement to establish the Joint
Clean Energy Research and Development Center (JCERDC) on November,
2010 during President Obama’s state visit to India. The JCERDC is designed
to promote clean energy innovation by teams of scientists and engineers from
India and the United States. The three priority areas covered under the IndoU.S. JCERDC are:
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• Solar Energy
• Second Generation Biofuels
• Energy Efficiency of Buildings
The U.S.-India Joint Centre for Building Energy Research and Development
(CBERD) is engaged in collaborative research and promotion of clean energy
innovation in the area of energy efficiency in buildings with measurable results
and significant reduction in energy use in the US, and in India. CBERD has
its focus on the integration of information technology with building physical
system technology with an aim to bring energy efficiency in commercial and
multi-family residential high-rise buildings. CBERD is dealing with multiple
aspects of building energy efficiency in a coherent manner. However for ease
of carryout R&D it has divided project in to following six distinct yet interconnected tasks.
➣

Building energy model & energy simulation

➣

Monitoring and energy benchmarking

➣

Integrated sensors and controls

➣

Advanced HVAC system

➣

Building envelopes

➣

Climate responsive design

II. Renewable Energy Projects
A. SOLAR ENERGY
Ministries Involved: Department of Science &Technology (Ministry of S&T), Ministry of
New and Renewable Energy, Ministry of Power (through NTPC), Railways and several
state governments. Several public and private sector companies have established very
large solar parks.
The major programmes in solar R&D supported by

(a) Department of Science & Technology
The Department of Science and Technology
(DST) supported a prestigious project of
national importance titled “Design, Fabrication,
Testing and Installation of Solar Multi-Effect
Distillation System for providing potable water
in arid rural areas”. This plant is commissioned
near TWAD RO plant, Narippaiyur village,
Tamil Nadu.
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The objectives of the project are:
➣

Utilization of concentrated solar thermal energy for seawater desalination by
means of the efficient multi-effect distillation process (MED) for producing potable
water in arid rural areas.

➣

Development of indigenous Multi Effect Distillation (MED) technology for
desalination

➣

Integration of Linear Fresnel Reflector (LFR) based solar thermal steam generating
system with the MED system and performance evaluation.

➣

Implementation of the solar desalination system in a coastal community near
Ramanathapuram for providing potable water.
• Development of large area, high efficiency (> 18%) silicon solar cells
• Design Development and Field Trial of a Low Cost Solar Dome for Urban Slums
and Rural Areas of India
• Solar Aluminium Tubular Air Heater, SATAH
• Development of large area, high efficiency (> 19%) Passivated Interface
Heterojunction (PIHJ) solar cells

(b) Ministry of New and Renewable Energy:
• Development and optimization of low cost reflectors, efficient and cost effective
receiver systems, storage and coatings for Solar Thermal Power Generation
Technologies
• High efficiency CO2 Brayton cycles (100kW-1MW) Super critical CO2 Brayton cycle:
> 50% cycle efficiency even at 500oC receiver temperature.
• Hybridization of solar thermal power technologies for (non-grid) power generation
• Development of solar thermal technologies/systems including evacuated collectors
for industrial processes
• Cooling and dehumidification applications
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• Solar water heating, solar cooking, desalination
• Hybridization and polygeneration
• Establishment of performance standards and testing
• Establishment of Centres of excellence in specific areas
• RD&D for improving the Si PV efficiency up to 25% by 2022 and also devise ways of
reducing the material and processing cost.
• Support for strengthening the capacity in taking up research efforts in new areas
such as PERC cells, dark silicon cells, Si nano-wire cells, passivated interface cells,
micromorph cells etc.
• In all RD&D efforts industry which are at present producing modules from cells and
wafers to be associated.
• RD&D on the second generation (thin film) for improving their efficiency and
istability.
• RD&D on the third generation cells including organic semiconductor PV, DSSC,
perovskite based cells.as long term solution to the energy scenario.
• RD&D on improving modules quality and reliability in cost effective manner.
• Technology demonstration should be scaled up for applications in various sectors
like Telecom. Railways, Defence, Space,etc
• Materials and fabrication Technology for solar cells and modules
• Production Technology for solar cells and modules.
• Balance of Systems to draw power from PV array
• Inverters and converters and storage
• Power conditioning (Power Electronics)
• Development of Materials and Fabrication Technology for solar cells and Modules
• Measurement facilities for calibration solar cell efficiency

Strategy for encouraging innovation in solar R&D :
➣
➣
➣
➣
➣
➣

Establishment of performance standards and testing
Centres of excellence in specific areas
Technology demonstration should be scaled up for applications in various sectors
like Telecom. Railways, Defence, Space, etc.
In all RD&D efforts, industry which are at present producing modules from cells
and wafers to be associated.
The target of efficiency for silicon solar cells should be 25% by 2022
The R & D/academic organizations engaged in the area of crystalline silicon
solar cell should be directly linked to the Indian Industries, which are at present
producing modules from cells and wafers. In addition, the Indian Installers of PV
Systems with c-Si modules should be part of this consortium. The association with
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Academic and R and D organizations will help the Industries in upgrading their
product and help in solving Technical problems,
➣ Setting up test labs for testing input material such as Si wafers, EVA, Tedlar, pastes
etc. to help industries.

National Collaboration on Solar Energy Jawaharlal Nehru National Solar Mission:
The mission, launched in 2010, has set the ambitious target of deploying 20,000 MW of
grid connected solar power by 2022 and is aimed at reducing the cost of solar power
generation in the country through (i) long term policy; (ii) large scale deployment goals; (iii)
aggressive R&D; and (iv) domestic production of critical raw materials, components and
products, as a result to achieve grid tariff parity by 2022. Mission will create an enabling
policy framework to achieve this objective and make India a global leader in solar energy.

International Collaboration on Solar Energy :
India and France have launched an International Solar Alliance to boost solar energy in
developing countries. The initiative was launched at the UN Climate Change Conference
in Paris on 30 November 2015 by Indian Prime Minister Narendra Modi and French
President Francois Hollande.
The alliance includes around 120 countries that support the “Declaration on the occasion
to launch the international solar alliance of countries dedicated to the promotion of
solar energy”.
It was acknowledged that developing countries need technology and capacity building
to quickly take solar energy to scale, and that initial public financing is important for solar
energy to take hold in developing countries.

Indo US Joint Clean Energy Research and Development Center (JCERDC)
The vision of the Solar Energy Research Institute for India and the United States
(SERIIUS), co-led by the Indian Institute of Science at Bangalore (IISc.) and the National
Renewable Energy Laboratory (NREL), is to create an environment for cooperation
and innovation “without borders” to develop and ready emerging and revolutionary
solar electricity technologies toward the long term success of India’s Jawaharlal Nehru
National Solar Energy Mission and the U.S. DOE SunShot Initiative.
The overall goal of SERIIUS is to accelerate the development of solar electric technologies
by lowering the cost per watt of photovoltaics (PV) and concentrated solar power
(CSP) through a binational consortium that will innovate, discover, and ready emerging,
disruptive, and revolutionary solar technologies that span the gap between fundamental
science and applied R&D, leading to eventual deployment by sustainable industries.
SERIIUS will address critical issues in fundamental and applied research, analysis and
assessment, outreach, and workforce development. Throughout this joint effort, a key
element is engaging a significant base of Indian and U.S. industry that is dedicated and
committed to developing solar energy for both countries.
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i. Focus efforts on high-impact fundamental and applied R&D to create disruptive
technologies in PV and CSP.
ii. Identify and quantify the critical technical, economic, and policy issues for solar
energy development and deployment in India.
iii. Overcome barriers to technology transfer by teaming research institutions and
industry in an effective project structure, cutting the time from discovery to
technology development and commercialization, through effective coordination,
communication and intellectual property management plans.
iv. Create a new platform for bi-national collaboration using a formalized R&D project
structure, along with effective management, coordination and decision processes.
v. Create a sustainable network from which to build large collaborations and foster
a collaborative culture, including the use of existing and new methodologies for
collaboration based on advanced electronic and web-based communication to
facilitate functional international focused teams.
vi. Create a strong workforce development program in solar energy science and
technology.

(c) Ministry of Power (through NTPC)
NTPC Energy Technology Research Alliance (NETRA) NETRA has set up a Solar Energy
Research Facility, in-collaboration with renowned domestic & international research
institutes/organizations. The Centre has envisaged the following facilities aiming for
excellence in R&D in solar energy application area:
1.

Solar Radiation Measurement Centre:

2. Prototype Evaluation Facility: First is the ‘Solar Thermal HVAC system’ for which
work is in progress and the second is the ‘Solar Thermal R&D plant’ based on CSP
Technology.
3. Design and Engineering Centre for Solar Thermal Energy Utilisation
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(d) Ministry of Petroleum & Natural gas (through Indianoil R&D Centre)
Indian Oil R&D has focused on concentrated solar power (CSP) to meet the heating needs
of refinery and other industries. This centre has developed the thermal heating fluid and
is presently engaged in commercialization of this fluid. The centre has established major
cell testing facilities in collaboration with a leading German research institute.

(e) Department of Scientific and Industrial Research (DSIR)
Plans to establish state-of-the-art National Silicon Production Facility covering conversion
of sand to Polysilcon, Polysilicon to Silicon Ingot and Silicon Ingot to Wafer through a
strategic partnership between Central Electronics Limited and leading Indian PSUs.
Progress by Central Electronics Limited (CEL) :
• Improvement in solar cell efficiency
• Crystalline silicon module development and installation on the roof of science
express
• State of the art automated module manufacturing line
• Solar powered water purification system
• Solar hybrid system installation
• Skill development/training-Solar, Photovoltaic, system-Installation, Commissioning,
Operation & Maintenance.

III Wind Energy-(On-shore, Off-shore); Ocean Energy;
Geothermal Energy; Hydroelectricity
Wind Energy (supported by MNRE)
The broad based Wind Power Programme of the Ministry aims to catalyze
commercialization of grid interactive wind power.

26

Indian Action Plans & Work Programmes

Wind Resource Assessment
Under National Wind Resource Assessment programme, Ministry through National
Institute of Wind Energy, Chennai (erstwhile Centre for Wind Energy Technology
(C-WET)) and State Nodal Agencies had installed and monitored 794 dedicated
Wind Monitoring Stations (WMS) of height ranging from 20 m to 120 m (20m, 25m,
50m, 80m, 100m & 120m) throughout the country. Initially the wind monitoring was
carried out only in known windy areas. Now it is extended to new/uncovered areas
which are not explored in earlier projects to complete the Indian Wind resource
mapping. Further hundreds of private winds monitoring stations are also operational
in the country.
The Potential for wind power generation for grid interaction has been estimated at
about 1,02,788 MW taking sites having wind power density greater than 200 W/sq. m
at 80 m hub-height with 2% land availability in potential areas for setting up wind farms
@ 9 MW/sq. km.
Two types of wind turbines namely stall regulated and pitch regulated are being deployed
in the country and abroad for grid-interactive power. The stall regulated wind turbines
have fixed rotor blades whereas pitch regulated wind turbines have adjustable rotor
blades that change the angle of attach depending upon wind speed. Both technologies
have their own advantages and disadvantages. Wind turbines are also available with
lattice, steel tubular and concrete tubular towers.

Demonstration Programmes
An aggregate demonstration wind power capacity of 71 MW has been established at 33
locations in 9 states viz., Andhra Pradesh, Gujarat, Karnataka, Kerala, Madhya Pradesh,
Maharashtra, Rajasthan, Tamil Nadu and West Bengal. Demonstration projects are
implemented through the State Governments, State Nodal Agencies or State Electricity
Boards. Demonstration projects will be taken up only in those states where commercial
wind power projects have not yet been initiated/taken off.
Following programmes are being carried out :
• Indigenous Development and manufacture of
MW scale wind turbines and components to
bring down the cost
• Development of wind hybrid electric systems.
Proper resource assessment including satellite
data Standards to be developed.
• Development of software for resource
assessment for site identification including use of
modern techniques like RS and GIS.
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• Development of techniques for design, constructions, performance prediction and
performance evaluation of SHP plants.
• Development of standardized design and power control and automation for
power plants.
• Development of ultra-low (below 3 m) head turbines
• Development of permanent magnet generators for small capacity hydropower
systems
• Development of flowing water kinetic energy based systems
• Development of IT based performance monitoring of SHP systems
• Development of Small Capacity Pumped Storage systems

IV Ocean Energy
(supported by Ministry of Earth Sciences)
The main forms of ocean energy are wave, thermal energy and ocean currents. India
being a tropical country a constant difference in temperature is available between surface
water and the deep ocean. This gradient can be used to generate power and fresh water
simultaneously. Using this method desalination has been very successfully implemented
in the Kavaratti Island at Lakshadweep as also demonstrated on a barge moored in
1000m water depth and in a power plant using the condenser reject water. Now a floating
offshore plant of larger capacity has to be attempted to serve coastal mainland water
requirements. To this end industry participation has already been sought and the steps
towards implementing the first phase, that of design, have been commenced. Parallel
work is in progress towards harnessing power from ocean currents, increasing efficiency
of power modules for harnessing wave energy and developing turbines for power from
thermal gradients.
The acute shortage of power and water faced by the country, demands taking up
extensive studies in these areas.
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Research on solar desalination has reached a stage where demonstration plants are
established in selective localities.

Objectives & Targets for desalination plants:
1.

Implementation of large scale floating desalination plant

2. Generating fresh water using the Low temperature thermal desalination technology
by utilizing the waste heat at North Chennai Thermal power plant
3. Development of turbines toward OTEC/Wave energy to run LTTD plants or run
small loads or increase efficiency of wave energy plants
4. Theoretical and experimental studies on components like heat exchangers for
desalination and energy conversion
5. To install a floating wave powered device to power loads or to meet the lighting
requirements of small islands
6. Selection of working fluids, turbines, power plant components and experimental
studies related with thermal gradients.
7.

Develop hydro-kinetic ocean current turbines and wave turbines to suit for power
generation along Indian coasts

8. Design, Development and installation and commissioning of an improved power
plant desalination technology in a coastal power plant for meeting the industrial
and drinking water requirements
9. Develop techno-economical solar desalination units for commercial implementation
in coastal and rural areas of the country.

V Geothermal Energy:
There is considerable potential for geothermal
energy for space heating and power generation.
There are four locations of high field
geothermal areas and more than 100 locations
of medium field geothermal areas identified.
The new technology can generate power with a
temperature as low as 70-80 C of hot fluids and
20-25 of cold fluid. A technology demonstration
project needs to be developed.
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VI Hydroelectricity:
India is the 7th largest producer of hydroelectric power. Hydroelectric power potential
of 84,000 MW at 60% load factor is one of the largest in the world. As on 31.03.2015,
H.E. Schemes having total installed capacity of 36481.80 MW (25.10%) excluding pumped
storage stations of capacity of 4785.60 MW have already been developed and the
schemes under development account for capacity of 12738 MW

MNRE support for development of small hydro plants
Ministry of New and Renewable Energy has been vested with the responsibility of
developing Small Hydro Power (SHP) projects up to 25 MW station capacities. The
estimated potential for power generation in the country from such plants is about 20,000
MW. Most of the potential is in Himalayan States as river-based projects and in other
States on irrigation canals. The SHP programme is now essentially private investment
driven. Projects are normally economically viable and private sector is showing lot
of interest in investing in SHP projects. The viability of these projects improves with
increase in the project capacity. The Ministry’s aim is that at least 50% of the potential in
the country is harnessed in the next 10 years.

Hydro Power Project Classification
Hydro power projects are generally categorized in two segments i.e. small and large
hydro. In India, hydro projects up to 25 MW station capacities have been categorized
as Small Hydro Power (SHP) projects. While Ministry of Power, Government of India is
responsible for large hydro projects, the mandate for the subject small hydro power (up
to 25 MW) is given to Ministry of New and Renewable Energy.
Small hydropower technology is needed to produce the power at competitive price.
Hence development of design tools/techniques for reassure assessment and performance
prediction and also performance evaluation are needed for proper designing and
development of SHP systems.
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Alternate Hydro Energy Centre, an academic centre of Indian Institute of Technology,
Roorkee has been providing professional supports in the field of Small Hydropower
Development covering planning, Detailed Project Reports, Detailed Engineering Designs
and Construction drawings, Technical Specifications of Turn Key execution/equipment
Supply, Refurbishment, Renovation and Modernisation of SHP Stations, Techno-Economic
Appraisal, R & D/Monitoring of Projects, Remote Sensing and GIS Based Applications.
Technical support to over 25 different state and central government organizations for
SHP development has been provided. IPPs and financial institutions are utilizing its
expertise support for their SHP development.
Following are the R&D thrust areas in SHP:
• Development of software for resource assessment for site identification including
use of modern techniques like RS and GIS.
• Development of techniques for design, constructions, performance prediction and
performance evaluation of SHP plants.
• Development of standardized design and power control and automation for power
plants.
• Development of ultra-low (below 3 m) head turbines
• Development of permanent magnet generators for small capacity hydropower
systems
• Development of flowing water kinetic energy based systems
• Development of IT based performance monitoring of SHP systems
• Development of Small Capacity Pumped Storage systems
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VII Biofuels
Ministries Involved : Department of Biotechnology, Ministry of Science and
Technology(MoST), MNRE, CSIR, DRDO, MoPNG

Department of Biotechnology for development of biofuels
1.

Energy Bioscience/Biofuel is one of the key areas of Department of Biotechnology.
This program is being supported through various schemes and major emphasis is
on development of 2nd generation biofuels. DBT has established a large network of
more than 100 scientists in the country, who are working to realize the goals set in
National Biofuel Policy. Efforts continued to support the R&D toward development
of cost effective next generation biofuels like algal-biodiesel, cellulosic ethanol,
bio butanol and bio hydrogen.

2. So far, four Bioenergy Centers are established by Department, specifically to
strengthen the research base in the country in biofuel area and to promote
translation of process and technologies from research to scale up and
commercialization. These centers have the state of art facility and research teams
are working in interdisciplinary areas related to Bioenergy. Various technologies
including cellulosic ethanol have been developed.
Following four DBT-Bioenergy Centers exist with specific goals and targets set by
Department aligned to National Biofuel Policy :
i) DBT-ICT Centre for Energy Biosciences, Matunga, Mumbai
ii) DBT-IOC Centre for Advanced Bioenergy, Faridabad
iii) DBT-ICGEB Centre for Advanced Bioenergy, New Delhi
iv) DBT-Pan-IIT Center for Bioenergy (participating 5 IITs)
Lignocellulosic Ethanol technology developed by DBT ICT Centre has been
demonstrated at Capacity of 10 tons biomass/day. This technology has various
novel features like continuous and rapid process, feedstock agnostic and low
CAPEX and OPEX.
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MoP&NG has decided to establish large cellulosic ethanol plants, 400 tons
feed per day, based upon technology developed by DBT-ICT centre
3. Considering the several challenges in production of algal biomass as a feedstock
for biodiesel, DBT has been supporting R&D projects to address the challenges
like higher productivity, minimum usage of resources, lower production cost etc.
4. Realizing the important role of cellulytic enzymes in cellulosic ethanol, Department
has created Virtual Enzyme Center - a R&D network program for development of
cost effective indigenous cellulytic enzymes.
5. Jatropha Micro Mission and Algal Network programs successfully completed with
collection of good feedstock material for Biodiesel production.
6. Capacity Building : “Energy Biosciences Overseas Fellowship” is a re-entry
scheme for scientists of Indian origin who are working outside the country in the
field of Energy Biosciences. Over the past few years since 2009, ten awardees with
diverse expertise have returned to India and are working with the DBT Bioenergy
Centers IISER, IITs and other institutes.
Bioenergy Awards for Cutting Edge Research ‘B-ACER’ launched for Ph.D. students and
young scientists from India to interact with American peers and helping build long term
R&D linkages. The purpose of this award is to nurture future innovators and thought
leaders in Biofuel and Bioenergy.
The Bioenergy Roadmap “Vision 2020” describes the Biofuel Strategy and
implementation plan.
Department of Science & Technology has also supported several programmes to
evaluate effect of biofuel use in automobiles in reducing emissions. Large programme
was undertaken with Indian Railways for use of biodiesel in traction engines.
Ministry of Petroleum & Natural Gas (MoPNG) through Indianoil R&D centre has set up
pilot facilities in the area of biomass gasification and pyrolysis. Co-pyrolysis of biomass
and refinery pet coke is being examined for techno economic benefits. The pyrolysis
oil is evaluated for up-gradation to transport fuels by catalytic hydrotreatment.
Power ministry has initiated programmes on
• Development of MW-scale fluidized bed biomass gasifiers, hot gas clean up system
and optimum integration of the system following the principles of Integrated
Gasification Combined Cycle (IGCC).
• Development of poly-generation facilities for the production of liquid fuels, variety
of chemicals and hydrogen in addition to power production through IGCC route
and establishing the concept of a Bio-refinery.
• Raising efficiency of atmospheric gasification to 25-30% along with cooling
systems, complete tar decomposition and safe disposal of wastes in commercial
production.

Indian Action Plans & Work Programmes

33

• Raising system efficiency of small (upto 1 MW) combustion and turbine technologies
to 20% plus.
• Design and Development of high rate anaerobic co-digestion systems for biogas/
synthetic gas production.
MNRE has supported three very large projects on different technology platforms for
biomass pyrolysis to produce liquid oil which can be used in place of furnace oil or can
be up-graded to transport fuels.
• RD&D for development, demonstration and evaluation of existing and new designs
of biogas plants for biogas generation utilizing different feedstock for cooking,
power and transport applications.
• Development of efficient and cost effective slurry handling system
• Performance testing of biogas plants utilizing standardized gas flow meters for
measurement of biogas generated.
• Standardization of multiple designs of biogas plants – all sizes, all feedstocks based
• Technology development for reduction of HRT
• New bacterial consortium of bacterial development of fast biomethnation processes
• Development in New materials of biogas plants for cost reduction.
• Standardization biogas slurry based biofertilizer, value addition and marketing
network development.
• Development of business model for biogas fertilizer plants should be taken up.
Strategy should be developed for large scale biogas plants, i.e., sewage treatment
plants, sugar industry effluent, gaushalas etc.
• Mechanism and regulation should be developed to segregate the municipal solids
wastes and Polluter–Pay principle should be made mandatory to stop the burning
of crop and industry derived biomass source.
• Development of standard models for different situations shall be taken up.
• Command area for biomass waste collection and utilization in urban and rural areas
needs to be promoted.
• MNRE regulated Bio–CNG marketing mechanism should be established in India
along with standardization and control systems.
• National centres of excellence should be established in the country to deliver
world class latest research and development in the country.
• Development and standardization of scrubbers for biogas purification.
• Technology development and demonstration and standardization of Bio CNG.Bio
Gas scale up projects. Only those projects which have reduced HRT ~ 1-2 days and
which can give BIO-CNG at ~ 25 Rs/Kg must be scaled up
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MNRE also supports - Cellulosic ethanol pilot, Demo plants in range of 2-10 Tons
per day—will need large funding of ~15-20 crores. Association of industry is essential.
MNRE may get the basic technology of the applicant vetted by experts before such
funding. Enzyme scale up projects at 250-500 lits (4 Crores). Presently there are no
scale up facilities in country for enzymes which are required in cellulosic ethanol
technology.
• Biomass availability studies-real time. This study is essential as many technologies
are being planned based on agricultural wastes.
• MSW/Waste to bio-energy projects demo scale. After verification of claims of the
developed technologies, these projects need funding.
• Waste gas fermentation for ethanol/bio diesel. Gas fermentation is new area
which is presently not pursued in country however waste industrial gases can be
converted to ethanol/bio diesel and China has set up few plants in steel industry.
• Agri waste to distillates by catalytic hyro-pyrolysis
• Semi-Commercial plants on Pyrolysis/gasification
• LCA, GHG and economic studies as these will be essential to classify fuels as
environmentally sustainable.
➣

International Collaboration :Indo-US Joint Clean Energy Research and
Development Centre.Indo-US Joint Clean Energy Research and Development
Centre (JCERDC) is being coordinated by Department and Biofuel consortium
is supported by Department. The U.S.-India Consortium for development
of Sustainable Advanced Lignocellulosic Biofuel Systems emphasizes
on sustainable feedstock cultivation and supply, biochemical conversion
technologies for production of second generation biofuels with minimal
environmental impact, and analysis of overall sustainability and supply chain of
feedstock.

➣

Department in its major initiative with BBSRC, U.K has funded four (4) proposals
under the programme “Sustainable Bioenergy and Biofuels” (SuBB). A Joint Call
for proposal was announced for Joint R&D under the “Sustainable Bioenergy and
Bioufuels” (SuBB). Following priorities are :

• RICEFUEL: Engineering enzymes, bacteria and bioconversion processes for
advanced biofuels from waste grain straw.
• Translational approaches to resolving biological bottlenecks in macroalgal biofuel
production (SuBBSea).
• Using flow cytometry and genomics to characterize and optimize microalgalbacterial consortia cultivated on wastewater to produce biomass for biofuel.
• Sustainable bio-energy from microalgae – A systems perspective.
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35

B. Hydrogen & Fuel Cell
i. BioHydrogen
a. Department of Biotechnology
Hydrogen production through biotechnological route using various carbon
sources (food and non-food) is being studied at TERI New Delhi and Motilal Nehru
Institute of Technology
Various bio-wastes for biohydrogen production have been identified and tested
fermentation using Bacillus firmus NMBL-03. The process has been optimized
using starch as a substrate. However, starch being food/feed source efforts are
continued to use cellulosic biomass as a feedstock.
A microbial based bioprocess developed for hydrogen production by Enterobacter
cloacae strainDT-1 from baggase and what straw at TERI New Delhi. Encouraging
yields of H2 obtained with acid treated biomass hydrolysate at 30 L fermentation.
Biohydrogen production using molasses as carbon source has been successfully
demonstrated at 1000 L fermentation scale.
Fuel cell development
i) High Temperature Proton Exchange Membrane Fuel Cell with combined
cycle
ii) Low Temperature Proton Exchange Membrane Fuel Cell
iii) Planar Solid Oxide Fuel Cell
iv) Phosphoric Acid Fuel Cell (for civilian applications only)
• Direct Methyl/Ethyl Alcohol Fuel Cell
• Molten Carbonate Fuel Cell
• Bio-Fuel Cell

Action Plan/Strategy
➣
➣
➣
➣

➣
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R&D should be pursued in partnership with industries in material development,
reactors/fuel cells, storage vessels.
Centres of Excellence may be set up with focused R&D for long terms gaols.
The indigenous technology for storage of hydrogen needs to be encouraged on
priority basis.
Promote the use of hydrogen available from chlor-alkali industries as surplus
(estimated to be around 66000 tons annually) as well as from fertilizer units and
refineries. Approaching fertilizer (urea) making units and refineries to produce
more hydrogen than their needs and divert the surplus for immediate use in the
hydrogen driven vehicles and stationary hydrogen based stand-alone power units.
In all areas, industry may be associated with projects for technology development
and demonstration ensuring commercial applications.
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Power Storage Technologies
Smart Grid facilitates efficient and reliable end-to-end intelligent two-way delivery system
from source to sink through integration of renewable energy sources, smart transmission
and distribution. In this way Smart Grid technology shall bring efficiency and sustainability
in meeting the growing electricity demand with reliability and best of the quality.
Smart Grid also enables real time monitoring and control of power system as well as
helps in reduction of AT&C losses, demand response and demand side management,
power quality management, outage management, smart home energy system etc. Smart
Grid will act as a backbone infrastructure to enable new business models like smart
city, electric vehicles, smart communities apart from more resilient and efficient energy
system and tariff structures.

Power Storage Systems
• Batteries and Super capacitors
• Lithium ion batteries
• Solid state batteries
• Hybrid capacitors
• Redox flow batteries
• Metal-Air systems
• Zinc-air rechargeable batteries
• Lithium-air rechargeable batteries (futuristic)
• Iron-air batteries (futuristic)
• Aluminium–air batteries (futuristic)
• Organic systems
Organic, green, environmentally friendly electrode materials for all organic
batteries
❍

• Pb-acid batteries, alkaline batteries (Ni-Fe, Fe-air, Ni-Metal hydride), Li-based
batteries (Li-ion, Li-air, Li-S), redox flow batteries (Zn/Bromine, soluble Pb) and
electrochemical capacitors (electrical double layer and pseudo capacitors,
Pb-C battery-super capacitor hybrid).
• Small Capacity Pumped Storage systems

Action Plan/Strategy
➣

Consortium for RD&D for technology development and demonstration between
the intuitions and industries.

➣

Fabrication and Demonstration of 2-3 Ah Li-ion cells and battery pack of 30 Ah
for energy storage applications to sources from wind/solar with a cycle life of
3000 cycles.

➣

Fabrication and Demonstration of 2-3 Ah Li-ion cells and battery pack of 60 Ah
for energy storage applications to sources from wind/solar with a cycle life of
5000 cycles.
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INDIAN ACTION PLANS & WORK PROGRAMMES

D

uring the last year, a cell established for promoting Indian participation in Mission
innovation programme, arranged several meetings of different stakeholders
to chalk out programmes which meet our national needs. Most stakeholders
provided information about their current support programmes in the area of clean
energy. Several tele-conferences and some international meets were held to work out
modalities of international collaboration in MI challenges.
The status papers on seven MI challenges presented in this report is result of these
efforts.
This report includes objectives, prioritised research areas of interest, work plans and
time-lines. It is proposed that in future continuous updating of these documents will
be carried out as per need.
➣

Smart Grids

➣

Off-grid Access to Electricity

➣

Carbon Capture

➣

Sustainable Biofuels

➣

Converting Sunlight to fuels

➣

Affordable Heating and Cooling of Buildings

➣

Clean Energy Materials

India Action Plan on MI Challenge — Smart Grid
Innovation Challenges:
World electrical energy consumption is increasing at the rate of 1.4%/year1 placing
the conventional generation under back foot due to its adverse effect of increasing
greenhouse gases (GHG) that are negatively affecting the climate around the globe.
Thus, a fundamental transformation of the world’s power systems is under way. The
transformation of the power systems is one of the key elements of the transition to a
decarbonized world economy.
While the challenges are tremendous, so are the opportunities. By 2040, it is expected
that zero-emission energy sources will make up 60% of installed capacity. Wind and
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solar will account for more than 60% of the new power
generating capacity added worldwide. This represents
more than 8 TeraWatts of generation capacity and
about $7 trillion dollars of the $11 trillion dollars invested.

Research Priorities:
• Advanced meter infrastructure
• Peak load management
• Power quality measurement

(B) Indo US
•	
Joint Clean Energy Research
Development Centre (JCERDC)
(C) India-Netherlands

Smart Grids Action Plan
Year
2017-18

• Outage management
• Distributed generation

International Collaborations:
1.

Existing Collaborators:
(A) Indo-UK
•	
Joint Virtual Centre for Clean Energy
(JVCCE)
•	
Smart Energy Grid and Energy Storage
(SEGES)

and

2018-19
2019-20

Activities
• MI India Workshop
• Country Status Report
• MI India Call for proposals
• Capacity Building Programmes
• Initiation of MI-India projects
• Performance assessment of pilots
• Documentation of case studies and
lessons learnt
• Consolidation of outcomes
• Best Practices Document
• Sustained research for addressing
IC goals

India Action Plan — Off Grid Access to Electricity
Background:
Access to affordable fossil-free electricity for rural
and urban households is a major challenge. Lack of
access to assured electricity in the rural areas is a
major barrier for growth of the country. Large numbers
of households in rural area still use kerosene for
cooking and lighting requirements. Electricity in remote
locations including many of our islands is from diesel
generators. Similarly, the power backups in cities are
through diesel generator. Also people in city and small
town use battery with an inverter to get electricity
during power cut. Though this scenario is fast changing,
the assured electricity access for remote communities
still remains a major challenge, waiting for R&D led
breakthroughs for innovation in technology, social,
economic and environmental aspects. The goal of the
R&D programme is to reduce significantly over the
years the price of renewable power systems for lighting
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and communication device charging, while expanding
the range of services deliverable on household system.

Research Priorities:
• Off grid electricity systems utilising polygeneration
and also solar, wind, micro-hydel, biogas, and
various other forms individually or hybridised for
heating/cooling/thermal applications.
• Augment the existing fossil with renewable
sources including roof top solar as an off grid
solution.
• Frequency and voltage stability of off grid system
and developing robust control algorithm.
• Development and demonstration of affordable
and sustainable solution/devices for wide
application spectrum.
• Village Distributed Energy resource (DER) Grid.
• Hybrid distribution system (AC and DC grid).
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• Development of efficient DC appliances and
smart centralized distribution control to ensure
disciplined and efficient end use of energy.
• Integration of renewable sources, storage and
smart small-scale grid management technologies
(e.g. systems safety, reliability and scalability,
interoperability between grid components to
allow demand growth, smart and integrated
control, etc.).

addresses micro grids R&D besides grids scale
issues have been set up besides individual
projects on micro grids.

India Action Plan
Year
2017-18

International collaboration:
• India-US PACEsetter fund to accelerate the
commercialization of innovative off-grid clean
energy access solutions by providing early-stage
grant funding that would allow businesses to
develop and test innovative products, business
models and systems.
• India-UK Joint Virtual Cente on Clean Energy
which includes generation and storage and

2018-19

2019-20

Planned Activities
MI India Workshop
• Country Status Report and Research
Priorities Identification.
• Funding
Opportunity
Announcement
• Support 5 MI R&D projects.
• Support atleast 10 National R&D
and Demonstration projects.
• Best Practice Documents (5)
• Innovative R&D, Business and
community models (5)
• Announcement of National Awards
and Best Projects.

India Action Plan — Carbon Capture Innovation Challenge
This consists of three parts
1.

Carbon capture

2. Carbon storage and
3. Carbon utilization for value addition

The Objective:
• Establish a long term collaborative platform to
share information for R&D opportunities
• Develop a country specific report to guide and
collaborate in future R&D activities
Though India is not a part of the technical committee,
however this innovation challenge is very important
to us specially in the area carbon utilization for value
addition.
Summary of the areas where Indian R&D community
is/has been active are given below. Most of these R&D
programmes have been funded by Department of
Science and Technology, Government of India (DST),
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Public Sector Companies and the R&D has been
carried out in state research labs (CSIR), universities
and technology institutes (IIT’s)
• Carbon Capture & Storage : Some basic R&D
programmes were undertaken in NPCS (National
Programme on carbon Sequestration) started by
DST in 2007. National oil major ONGC undertook
a EOR programme for CO2 capture and injection
but did not pursue it further due to higher
costs. NTPC undertook a project with National
geophysical research Lab (NGRL) and North west
national lab of US DEO for long term storage of
CO2.
IIP Dehradun,NTPC, CMSRI and NEERI did a large
programme on absorptive PSA columns complete with
process simulations and absorbent development.
• “CCS technology in context of Indian Power
Sector” is authored by Dr Joyti Parikh of IRADe
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in April 2010 (available full text at www.irade.org)
CCS in context of Indian power sector concludes
that India will take up CCS only after it is
demonstrated and implemented elsewhere.
However R&D will be encourage to bring down
the high costs.

• IIT Bombay along with Washington university
St Louis did a large programme on CO2
sequestration by Algae

• Carbon Capture and Storage (CCS) has many
associated pressing technical, safety, logistic and
legal concerns/issues e.g., high capital costs, high
auxiliary power consumption, low net efficiency,
non-existence of a commercial scale CCS project,
non-availability of maps for potential sites for CO2
storage, and uncertainty in preventing leakage of
the stored CO2 - to name a few.

Chemical conversion of CO2 to value added products,
following projects are being undertaken in Indian R&D
institutes and are areas of interest for collaboration.

• Due to such concerns, while CCS, presently is not a
viable proposition for power companies, research
in this direction is being encouraged. Instead of
being fully dependent on carbon sequestration
to mitigate CO2 emission, which appears an uphill
task, alternate ways of utilization/fixation of the
CO2 produced need to be found.
• Therefore, Carbon Capture and Utilization is an
area which is of interest to India from research
perspective. India will be interested to participate
in CCS projects abroad and then translate these
at home.

Carbon utilization for value addition
Large efforts have been made in this area and some
projects have been scaled up to semi commercial level.
• A private power producer, Tuticorin power along
with Tuticorin Alkali chemicals and fertilisers
converted CO2 to baking soda. This project is
viable without subsidies and is developed by
two students of IIT Kharagpur and cost of CO2
removal is approx 30 $/ton which is less than half
of similar technologies and core is development
of low energy chemical absorbent.
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• Department of Biotechnology has supported
several programmes on heterotropic cultivation
of algae and some of these are at pilot scale.

• CO2 to organic products with organocalalysis
• Hydrogenation and reduction of CO2 with
molecular catalysts
• Reforming of CO2 to Syn gas
• Production of polycarbonates
• Catalytic hydrogenation of CO2 to MeOH/DME
• CO2 to alkyl carbamates as fuel components

Next Steps
This country specific report on sub areas of IC3 Carbon
Capture Innovation Challenge will be shared with lead
and co-lead so that these areas can be matched with
other countries having similar interest. Thereafter
the scope and mechanisms for collaboration will be
decided with mutual consultations.
During the last conference call under Mission
Innovation on the subject, deliberations were held on
the proposed workshop on carbon capture innovation
challenge to be organized during Sept., 2017 in Houston
US. In view of India’s current stance on the subject
and current portfolio of R&D activities as summarized
above, it was suggested and that at least half a day
during the workshop should be dedicated to utilization
aspect of carbon capture challenge. The suggestion
was well received by other participating countries in
the conference call
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India Action Plans — Sustainable Biofuels Innovation Challenge
Introduction
Government of India is committed to support Research,
Development & Deployment (RD&D) technologies
in specific priority areas of sustainable biofues to
meet our national biofuel policy, which has set target
of blending 20% biofuels in transportation fuels. To
meet the ambitious target there is a major focus on
accelerating innovation, research and demonstration
for developing sustainable biofuels at commercial
scales. The government policy is technology neutral as
long as the feedstock for biofuels does not compete
with food and fodder. Large demonstration projects
are being supported in Public and Private sectors and
in research institutions, Universities and Laboratories
in priority areas. Sustainable biofuels can have an
important role to play in tackling GHG emissions,
however many of the most exciting biofuels still remain
at the pre-commercial stage of development.
International scientific and technical cooperation in
the area of sustainable biofuels shall be established in
accordance with Indian national priorities and socioeconomic development strategies and goals

Objective
Commercial scale sustainable, cost effective and lower
GHG technologies for biofuels like biodiesel, cellulosic
ethanol, bio butanol,biogas,gas fermentation, bio
hydrogen etc. Indian objective is thus aligned with MI
objective of Sustainable Biofuels Innovation Challenge
which states “developing ways to produce, at scale,
widely affordable, advanced biofuels for transportation
and industrial applications”
MI countries in IC4 challenge
Co-leads: Brazil, Canada, China, India
Participants: Brazil, Canada, Chile, China, European
Commission, Finland, France, Germany, India,
Indonesia, Italy, Mexico, Norway, Sweden, The
Netherlands, UK, US
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National Priorities
• “At scale” production of economically viable
biofuels and any future work must address the fact
that scaling up biofuels production technologies
has and continues to pose significant challenges
• Development of technologies for biofuels based
on economic and sustainably available feedstock
sustainable biofuels, guided by analytics such as
life cycle assessment or sustainability criteria
• Technologies based on solid, liquid or gaseous
feedstocks to produce biofuels or drop in fuels
• Continued R&D in not so mature and futuristic
promising areas.
• Meeting the targets set by National biofuel policy

Action Plan
• Mapping of activities of major stake holders
in country. A focused workshop, with limited
participation, shall be conducted as a first step.
• Classification of institutes based on subject type
expertise
• The workshop will be utilised for discussing
“lessons learnt” from previous attempts in a
particular area
• Preparation of country document for feedstocks,
technology type,current status and more
importantly “lessons Learnt”
• Participation in the MI mapping exercises of the
work being done in the participating countries
and develop a roadmap for future collaborative
work.
• Based upon the outcome of mapping exercise,
international cooperation can be decided meeting
our specific needs
• Exchange of scientists in areas of specific interest
• Prioritising technologies as nearly ready and
technologies needing long time efforts.
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Date
2017-18

2018-19
2019-20

Milestone/Comments
Participation in MI exercise on mapping
Conducting mapping for India
Organise MI workshop in India in partnership with Biofuels platform on lessons learnt and future
priorities
Exchange of about 10 scientists & selecting sub areas for international collaboration, Announcement
of funding opportunities.
Continued deployment of technologies and review of MI achievements

India Action Plan — Converting Sunlight Innovation Challenge
Introduction
Enough energy strikes the earth in the form of sunlight to
fulfill all of mankind’s energy needs. However since this
energy is diluted and in dispersed form, technologies
are needed to convert and use this abundant energy.
Most of the technologies are still in infancy and R&D/
innovations are required for maturing these. Since this
challenge is converting sunlight into fuel, therefore the
solar photovoltaics for electricity is not covered in this
challenge The major issue for solar fuel technologies in
the current state is high cost and lower scale. However
solar fuels will greatly contribute to GHG reduction
and add to fuel pool and hence importance attached
to this area.

Objective:
• To discover affordable ways to convert sunlight
into storable solar fuels
• Catalysing reaction through photo-chemical route
• Producing fuel like hydrogen through photo water
splitting
• Maturing some of these technologies to a scale
where commercial exploitation can occur

National Research Priority Areas
➣

Waste toxic Hydrogen sulphide to hydrogen

➣

Catalyst development for water splitting and
CO2 reduction

➣

Photoelectrochemical cells
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➣

Photovoltaic electrolyzers, i.e. electrolyzers capable of efficiently utilizing a fluctuating electricity input, such as provided byphotovoltaics

➣

Thermochemical pathways to energy rich
chemicals (using concentrated solar light)

➣

Design and engineering of devices for the
production of energy rich chemicals

➣

Cyanobacteria for converting solar energy to
fuel
➣

To produce carbon-neutral clean fuels (such
as hydrogen).

➣

To develop breakthrough energy storage
chemicals.

Organization
Australia, Brazil, Canada, Chile, China, Denmark,
Finland, France, India, Italy, Japan, Mexico, Norway,
Saudi Arabia, Sweden, The Netherlands, UAE, UK and
USA are participating in IC5.
Co-leads are the European Commission and Germany.

The Action plan
The IC5 challenge still falls majorly in R&D domain
and therefore it presents with excellent opportunity
of national and international collaborations. The Indian
action plan includes :
• Selection of areas based upon the maturity level
and the current state of development
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• National workshop of the involved institutes to
collate data & determine present status
• Scouting appropriate international collaboration
in priority areas
• Meetings of the international expert advisory
group
• Exchange of scientists and sharing data
• National call for proposals in the select area.
Report preparation for status of development by
2020
• Evaluating the success of these measures,
developing new measures based on lessons
learned
Short term (by June 2018): Continue consultation with
international experts group; organizing a webinar;
conducting a country survey on past/present/future
activities

Medium term (by November 2020): Side events
or presentations on IC5 at international scientific
conferences; identifying, developing and implementing
measures to enhance scientific collaboration.

Action Plan (2017-20):
Year
2017-18
2018-19

Target
• Setting up a scholarship exchange
programme for Researchers. (2)
• Bilateral/Multilateral
cooperation
programmes (2).

• Joint research among Mission Innovation
members (1)
2019-20 • Announce funding opportunity for
development of knowledge network of
researchers. (1)

India Action Plan on Mission Innovation Challenge — Clean Energy
Materials
Objective:
To accelerate the exploration, discovery, and use of new
high-performance, low-cost clean energy materials.

R&D Goals:
• To ensure the recognition of the critical enabling
role that Advanced Clean Energy Materials play
in making low-carbon energy & energy efficiency
technologies competitive with conventional
energy technologies.
• Make an impact on and help guide public policy
makers’ long-term priorities in advanced clean
energy materials for low-carbon energy & energy
efficiency.
• Be a key catalyst in building low carbon energy &
energy efficiency value chains in India (involving
various Funding Schemes).
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• Facilitate and develop competitive manufacturing
of Clean Energy Materials in India.
• Support demonstration and deployment of low
carbon energy technologies (energy harvesting &
storage, efficiency)

National Research Priorities:
• Materials for affordable energy storage in the
form of hydrogen, methane etc
• .Materials for harvesting solar energy with higher
efficiency.
• Materials for integrated storage technologies in
the electrical grid.
• Environmental friendly materials for durable solar
coatings, high performance and safety.
• Materials for weight reduction and improved
corrosion resistance of structural and functional
components in energy technologies.

Indian Action Plans & Work Programmes

Action Plan (2017-20):
Year
2017-18
2018-19

2019-20

Target
• Setting up a scholarship exchange programme for Research.
• Initiate 2 bilateral/multi-lateral research programmes.
• Announce MI-centric funding opportunity for development of MI network of research Announce
national funding opportunity for develop research network of leading industry & research
organisations.
• Development of a platform for computational materials for energy applications.

Indian Action Plan — MI Challenge on Heating and Cooling
Innovation Challenges:
Programme envisages support to India specific outcome
based research in the areas of energy efficient building
envelop technologies, low energy cooling systems,
daylighting and electric lighting, building automation
and controls for energy savings and research which
can provide scientific weights to policy formulation and
help devise procedures, codes and standards.

Research Priorities:
• Building envelop: Building materials and/or
construction technology for walls, roofs, windows
which will help reduce operational energy,
increase thermal comfort, or reduce embodied
energy of building.
• Low energy cooling: Novel systems that help
achieve thermal comfort, direct/indirect
evaporative cooling, ground couple cooling,
geothermal, passive down draft systems.
• Daylighting and electric lighting: Technologies to
help increase daylighting inside buildings, cost
effective lighting luminaire system for solid state
lighting
• Buildings and cities automation and controls:
Cost effective sensors, controllers, automation
system hardware, and/or software to help save
operational energy of buildings and cities.
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• Development of test protocols, methods, data
acquisition tools and methods for building energy
benchmarking or development of any scientific
procedure to help derive policy, codes and
standards.

International Collaboration:
1.

UK-India
➣

Energy Demand Reduction in the Built
Environment

Action Plan
Year
2017-18

2018-19

2019-20

Planned Activities
• First MI India Workshop in July, 2018
• Finalisation of Country Status Report
• Announcement of MI-India Call for
proposals.
• Launch of national research programme
on heating and cooling with MI
participation.
• Support to atleast 10 national and 5
collaborative projects.
• Best Practices Document Status Report
Update
• Pathways for sustained collaboration
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In Conclusion :
There is a concerted effort to enhance the pace of
innovation and scale of transformation so that we
can launch a clean energy revolution to meet the
requirements and goals for economic and energy
security in a timely manner.
This will be achieved by:
• Strengthening and scaling up research in existing
program.
• Enhanced International Cooperation in priority
areas

Plans to double the investments (DB): The specific
plans to double the investments in next 4 to 5 years is
as follows:
Intensifying research efforts on:
• Promoting India centric innovation for Clean
Energy Proliferation
• National, bilateral and multilateral joint virtual
centres on clean energy themes
• Technology platform led by industry for select
technologies

• Public Private Partnership with private sector
investment

• Scaled up funding to academic/R&D institutions
as well as R&D units in the industry for research
on identified topics relevant to clean energy.

• Strengthening capacity building for specific skilled
requirement.

• National, bilateral and multilateral capacity
building programmes in clean energy.
• Setting up demand oriented mission programmes
on clean energy technologies.
• Developing models for last mile connectivity for
technology leads obtained through R&D.
• Setting up Demonstration models/pilot plants for
developed technologies.
• Working with all stakeholders to translation of
research outputs for end use deployment.
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