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I. About Mission Innovation
“Innovation is vital for combating climate change & ensuring climate justice”:
Shri. Narendra Modi, Hon’ble Prime Minister of India, at launch of Mission Innovation.
India is one of the three countries responsible for crystallizing the idea of a global initiative to accelerate
the pace of innovation to make clean energy widely affordable. The Mission Innovation was launched on
November 30, 2015 during the COP-21 in Paris in the presence of the Hon’ble Prime Minister of India. The
Launch Statement reads:

“’Accelerating wide spread 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 which includes 23 countries including the European Commission
have come together to launch Mission Innovation. The member countries of Mission Innovation 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.
Mission Innovation initiative reflects the collective desire of nations to work together to reinvigorate and
accelerate public and private global clean energy innovation with the objective to make clean energy widely
affordable.
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, road-mapping, joint research, capacity building and private sector engagement. The framework also
sets out organizations and processes including setting up of a steering committee for implementations of
these actions.

Mission Innovation Challenges
As part of the initiative, participating countries have committed to double their governments’ clean energy
research and development (R&D) investments over five years, while encouraging greater levels of private
sector investment in transformative clean energy technologies. The objective is to accelerate the availability
of the advanced technologies that will define a future global energy mix that is clean, affordable, and reliable.
Collectively, MI members encompass over 80% of the world’s public funding for energy R&D. Mission
Innovation Challenges have been designed keeping in view the following four objectives:
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1)

Building an improved & shared understanding of what is needed to address the Challenge, 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 & investors in order to build support around the
Challenges and boost engagement;
4) Strengthening and expanding collaboration between key partners, including governments, researchers,
innovators, and private sector stakeholders.
Innovation Challenges are global calls to action aimed at accelerating research, development, and
demonstration (RD&D) in technology areas where MI members believe increased international attention
would make a significant impact in our shared fight against climate change. These challenges are global
calls to action that complement efforts already underway by MI countries. Identification of key gap areas
and opportunities not sufficiently addressed at present and promoting, expanding collaborations between
key partners are the key objectives of Mission Innovation Challenges. The seven Innovation challenges
include:
• Smart Grids Innovation Challenge
• Off Grid Access to Electricity Innovation Challenge
• Carbon Capture Innovation Challenge
• Sustainable Biofuels Innovation Challenge
• Converting Sunlight Innovation Challenge
• Clean Energy Materials Innovation Challenge
• Affordable Heating and Cooling of Buildings Innovation Challenge
The innovation challenges are aimed at catalyzing our global research efforts in areas that could provide
significant benefits in reducing greenhouse gas emissions, increasing energy security, and creating new
opportunities for clean economic growth.

Main Objectives of MI challenges
Mission 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 over the next two decades and beyond.
By the end of 2020 Mission Innovation aims:
1.

A substantial boost in public-sector investment in clean energy R&D at national level in Mission
Innovation member states.

2. Increased Private Sector engagement and investment in clean energy innovation; particularly in the key
energy Innovation Challenges (IC).
3. Many new/ strengthened voluntary cross-border networks and partnerships on energy innovations,
greater engagement from innovators and accelerated progress in addressing specific Innovation
Challenges.
India - Country Report and Progress Update – May 2018
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4

Greater awareness amongst MI members & the clean energy community of the transformational
potential of energy innovation; the progress being made and critical clean energy innovation gaps and
opportunities.

The second Mission Innovation Ministerial was held on 6-8 June, 2017 in Beijing. Dr. Harsh Vardhan, Hon’ble
Minister for Science & Technology & Earth Sciences and Environment, Forest & Climate Change led the
Indian delegation. Ministers and high level delegates from MI member government participated in business
meetings to discuss plans, progress made, country highlights and also made a series of public announcements
on selected areas of joint cooperation. The member countries shared their national priorities, clean energy
strategies and way forward for business and investor engagements.

India’s Role in MI Subgroups
India, one of the founding Mission Innovation members, is bringing increased focus to their energy innovation
activities through Mission Innovation. In recent months, India’s Mission Innovation team has delivered a range
of activities contributing to the achievement of Mission Innovation’s goals and accelerating the implementation
of India’s clean energy innovation plan. These have included two highly subscribed international funding calls,
with three more funding calls in the offing in 2018. Through the calls for funding, institutions and industry from
Mission Innovation member countries are invited to join partnerships with leading Indian institutes to carry
out collaborative work with a view to accelerating innovation.
India is an active Member of all seven Mission Innovation challenges and is co-lead in three Challenges i.e Smart
Grid, Off Grid Access and Sustainable Biofuels. Mission Innovation India has arranged country workshops on
all the seven Innovation Challenges and organized International Conferences on two challenges. India is also
engaging with the private sector to boost investment in clean energy and organized a Stakeholders Meeting in
Dec 2017 to boost public-private cooperation on Clean Energy Innovation.
India is a member of the MI Steering Committee that delivers senior-level strategic guidance and oversees
the support provided by the MI Secretariat. India is an active member of the Analysis and Joint Research
(AJR) Group that supports and coordinates work across implementation of the seven challenges. In addition,
India is a member of the Business and Investor Engagement (BIE) sub-group that encourages national policies
and programs that incentivise and increase private sector investment in clean energy innovation.
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II. India Narrative

B

eing a founding and steering committee member, India has played an active role in all Mission
Innovation activities. India recognizes the importance of addressing the energy-related challenges
facing globally in an environmentally benign cost-effective manner. Energy security, reduced pollution,
access to affordable energy for all and reduced emissions are some of issues which Indian government
considers necessary for reducing the adverse impacts of climate change. The Government of India considers
international cooperation essential and thus was instrumental in shaping Mission Innovation. Hon’ble
Minister for Science & Technology, Earth Science and Ministry of Environment, Forest & Climate Change
Dr. Harsh Vardhan reaffirmed India’s commitment to pursue green path to growth through Research Innovation
and Joint Collaboration.

Second Mission Innovation Ministerial (MI-2)
India like other Mission Innovation member countries has agreed to double its investments in a span of
5 years on development of clean energy technologies over the base investments of 2015-16. The Government
of India has nominated Department of Biotechnology, Ministry of Science and Technology, as a key nodal
agency to facilitate national efforts on Mission Innovation in collaboration with concerned ministries. All
the seven Mission Innovation challenges are being addressed jointly by Department of Biotechnology and
Department of Science and Technology.

List of ministries and departments involved in clean energy areas
• Ministry of Science & Technology [Department of Biotechnology (DBT), Department of Science and
Technology (DST), Council of Scientific and Industrial Research (CSIR)]1
http://www.dbtindia.nic.in/; http://www.dst.gov.in/; http://www.csir.res.in/

1
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• Ministry of New and Renewable Energy (MNRE)2
• Ministry of Petroleum and Natural Gas (MoPNG)3
• Ministry of Power (MoP)4 and Bureau of Energy Efficiency (BEE)5
• Ministry of Environment, Forest and Climate Change (MoEF&CC)6
• Ministry of Earth Sciences (MoES)7
• Department of Scientific and Industrial Research (DSIR)8
• Ministry of Housing and Urban Affairs (MoHUA)9
As one of the world’s fastest growing major economy, India’s energy needs are immense. According to an
energy forecast, India will be the key driver of global energy demand in the next twenty-five years. India’s
energy consumption will grow by 4.2 % a year for the next twenty-five years. India has planned to install
175 Giga-Watts of energy from renewable sources by 202210. This includes 100 Giga-Watts from Solar Energy
and another 75 Giga-Watts from Wind, biomass and other sources. India is the fifth largest producer of solar
energy in the world and also the sixth largest producer of renewable energy. The Government has also
embarked on a major mission for construction of 100 smart cities that will use both renewables and energy
efficient technologies.
India hosts the headquarters of International Solar Alliance (ISA)11 which have member countries lying
between Tropic of Cancer and Tropic of Capricorn. More than one hundred and twenty-one member
countries have already joined ISA. This coalition provides a collaboration platform for member countries
to address their energy needs, especially through utilization of solar energy, to promote sustainable
energy models.

RD&D spending in clean energy technologies
India along with other member countries has agreed to double its investments in a span of 5 years on
development of clean energy technologies over the base investments of 2015-16. Resources will be deployed
to develop country specific clean energy technologies in chosen priority areas so as to provide affordable
clean and sustainable energy. This will see a fundamental change in energy utilization, reducing the intensity
of energy consumption, developing and deploying alternate energy sources and supporting low carbon
technologies.

https://mnre.gov.in/
http://petroleum.nic.in/
4
https://powermin.nic.in/
5
https://beeindia.gov.in/
6
http://moef.nic.in/ccd-napcc
7
http://www.moes.gov.in/
8
http://www.dsir.gov.in/
9
http://mohua.gov.in/index.php
10
https://mnre.gov.in/
11
http://isolaralliance.org/
2

3
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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.
The government sponsored funding in Research, Development and Demonstration (RD&D) in clean energy
technologies including renewable energy, energy efficiency, clean fossil fuel technologies, smart grid
technologies, transportation systems and other cross-cutting technologies.
India’s investment in clean energy R&D has seen a significant increase as shown in Table below. The
investment in clean energy R&D in 2016-17 (First Year) and 2017-18 (Second Year) is 45% and 88% more
than the base year of 2015-16.
Table: RD&D spending in clean energy technologies
RD & D spending
Department

Technology/Area

DST

Cleaner fuel and Transportation, Solar Energy,
Energy Efficiency, Smart Grid, Advanced Materials,
Clean Coal, Clean Water Technology etc.
Cleaner Fossil Fuels Technology,
Energy Efficiency
Clean Energy Technologies

Ministry of
Power
Ministry of
Earth sciences
MNRE
DBT
MoPNG
CSIR
Others
Total spending
(INR: Crores)
Spending in
US$ (Millions)

Solar/Biofuel/Biogas/Hydrogen & Fuel Cells/Wind
Hybrid /SHP
Biofuels (liquid /solid biofuels and biogases)
Energy Storage /Advanced Biofuels/
CO2 utilization/Energy Materials etc.
Clean Energy Technology Area

In Crores In Crores In Crores
(INR)
(INR)
(INR)
FY 2015-16 FY 2016-17 FY 2017-18
(2nd Year)
(Baseline) (1st Year)
50.01
109.87
159.70

146.18

190.09

244.83

3.95

4.38

6.15

43.75

59.75

81.00

18.14
24.76

30.00
35.35

45.85
34.20

58.91
49.83
395.53

55.49
87.61
572.54

15.48
159.39
746.60

58.59

85.45

110.61

*1US$=67.50 INR
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National & International Workshops:
India is an active Member of all seven Mission Innovation challenges and is Co-lead in three Challenges
i.e Smart Grid, Off Grid Access and Sustainable Biofuels. Mission Innovation India has arranged country
workshops on all the seven Innovation Challenges with the participation from subject experts, industry
representatives and government policy planners. The objective of holding national workshops was to collect
information on current status of R&D and gap areas in the innovation challenge. The workshops also arrived at
technology readiness level (TRL) and need of national/international collaborations to achieve the objectives
of Mission Innovation Challenges.
Some of the major activities of the country workshops are described below.
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.
Priority Research & Development Areas on Smart Grids include:
• Grid Operation, Control & Protection
• ICT & Cyber security
• Devices and Technology (Converters)
• Distributed Energy Resources, Storage and
Deployment Issues12
Two deep-dive workshops were held to identify
priority opportunities and track progress, the first
one alongside the 2nd MI Ministerial. India status
report on research, development and demonstration

http://mission-innovation-india.net/wp-content/uploads/2017/12/IC1.pdf

12
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of Smart Grids Innovation Challenge as well as scope, objectives and size of funding opportunity of
US$ 5million was announced by Hon’ble Minister Dr. Harsh Vardhan, on 7th June, 2017 during the 2nd MI
Ministerial at Beijing, China.
2. Off-Grid Access to Electricity Innovation
Challenge – This Challenge aims to develop
systems that enable “Off grid access to electricity”
and has the larger objectives to support significant
reduction in price and increase performance
of renewable power systems by 2020 for
individual homes in off grid region and, for remote
communities.
The objective is to demonstrate in diverse geographic and climate conditions, the robust, reliable,
autonomous operation of renewable power systems at a significantly lower cost.
National workshop was held in May 2017 at New Delhi for highlighting and identifying the R&D
gaps, possible areas for collaboration, modalities of collaboration and possible contours of funding
opportunity13. A similar funding opportunity of US$ 5million was made for the IC#2 Off-Grid Access to
Electricity Innovation Challenge during the second MI Ministerial meet at Beijing, China14.
3. Carbon Capture Innovation Challenge – This
Challenge aims to enable near zero CO2
emissions from power plants and carbon
intensive industries. A national workshop
was held in September, 2017 at New Delhi
for identifying the current status of R&D,
gap areas, technology readiness levels and
areas of collaborations15. The participants Participants of MI-India on Carbon Capture
discussed on major separation and capturing and Utilisation
technologies for CO2 like adsorption and
absorption membranes and cryogenic technology. The technology readiness level (TRL) of most of
the CCS technologies is rather low and a need was felt to initiate programmes on CO2 capture and
value addition. The discussions led to classification of programmes for short, mid and long-term R&D
activities. Based on the discussions in the national workshop, a call for inviting research proposals in the
identified areas has been prepared and shall be released soon.
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 national workshop
was organized on October, 2017 at New Delhi, with a very wide participation of researchers, industry
and government policy makers16. The participants discussed developments in 2G ethanol, butanol and
http://mission-innovation-india.net/wp-content/uploads/2017/12/IC2.pdf
http://dst.gov.in/sites/default/files/4-MI%20Off%20Grid%20Call%20VF.pdf
15
http://mission-innovation-india.net/wp-content/uploads/2017/12/IC3.pdf
16
http://mission-innovation-india.net/wp-content/uploads/2017/12/IC4.pdf
13

14
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biohydrogen. While a lot of progress has been made in development of 2G ethanol technology, certain
areas like biomass collection chain, enzyme production, etc. still need attention. The participants
also discussed production of algae, drop-in fuels and Bio-CNG and the discussions led to major R&D
gap areas or large-scale commercialization of sustainable biofuels. Addressing the need to further
strengthen R&D in Sustainable Biofuels, a call for inviting proposals in this area has been prepared and
shall be released soon.

5. Converting Sunlight Innovation Challenge – This Challenge aims to discover affordable ways to convert
sunlight into storable solar fuels.

A National workshop was organized on September, 2017 at New Delhi. The participants discussed
strategies to develop photocatalysis for water-splitting, photoelectrochemical cells and photo/
biochemical CO2 reduction. Cyanobacteria and micro-algal based fuels were also discussed. The
national workshop could clearly point out the gap areas in R&D and for bench scale in all areas and a
clear need was felt for national collaborations in this area. Based upon the outcomes of this national
conference a call for proposal has been prepared for inviting proposals in this area and this call should
be released soon.
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 national expert
workshop was held in August, 2017 and identified the R&D activities and National Research Priorities17.
http://mission-innovation-india.net/wp-content/uploads/2017/12/IC6.pdf

17
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A call for proposals on Clean Energy Materials (Material for Energy Storage (MES) and Material for
Energy Conservation and Storage Platform (MECSP) is under consideration.

7.

Affordable Heating and Cooling of Buildings Innovation Challenge – This Challenge aims to make lowcarbon heating and cooling affordable for everyone. Six priority innovation areas have been identified
as a focus for collaborative actions.

A National workshop was organized in August, 2017 at New Delhi. The objective of the workshop was
to collate inputs from key stakeholders and to build consensus on priority R&D areas. The discussions
indicated that thermal energy storage systems and H-VAC technologies are evolving very fast. Preventive
maintenance, optimization and building level integration were also discussed. Based upon the national
workshop recommendation a funding opportunity announcement for the innovation challenge will be
released soon18.
Department of Science and Technology (DST), India has partnered in the organization of the prestigious
workshops of Mission Innovation Challenge #7: Affordable Heating and Cooling in Buildings held at Abu
Dhabi during 01-02 November, 2017. This event aimed to bring together international experts, investors,
innovators and policy makers. The representatives from the 16 countries attended the workshop with a
common goal to find meticulous solutions to address the global climatic change.
http://mission-innovation-india.net/wp-content/uploads/2017/12/IC7.pdf

18
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DST has initiated one national programme on Initiative to Promote Habitat Energy Efficiency (IPHEE) and one
bilateral programme with UK on India Energy Demand Reduction in Built Environment. Indo-UK Projects on
“Energy Demand Reduction in the Built Environment” with the United Kingdom’s Engineering and Physical
Sciences Research Council (EPSRC) to evolve a joint India & UK research programme to help reduce energy
demand in UK & India’s built stock, both new major urban developments’ currently being planned and
existing built stock. The RCUK Energy Programme committed £3.8M with same matching commitment from
DST (Government of India) to support R&D projects in the area of Energy demand reduction in the built
environment. Four proposals have been supported for funding against the received call on “Energy demand
reduction in the built environment”. 31 Projects are on the Initiative to Promote Habitat Energy Efficiency
(I-PHEE) are effective nationally.

International Conferences
1.

Second International Mission Innovation Workshop on Smart Grid
This three-day international workshop hosted by India was held from 16-18th November 2017 at IIT, New
Delhi. This very well attended conference reviewed the progress till date in this innovation challenge.
Four sub challenges i.e. Regional grid innovation, micro-grid innovation, distribution-grid and service
platform were discussed in different roundtables and the technology status in each sub challenge
was listed. MI countries (Australia, China, Canada, Finland, India, Italy, Saudi Arabia, Sweden, UK and
USA) presented the status of smart-grid innovation challenge and thus the following countries made
detailed presentations. Business investor engagements were discussed in brainstorming sessions and
way forward was planned. The participating countries agreed on further cooperation in smart grid
innovation challenge and a co-approved New Delhi Declaration (Annexure I) was endorsed. Department
of Science and technology, which arranged this International conference, released a detailed India
Country report 2017 listing strategies and trends in IC#1.

Mission Innovation challenge on Smart Grids at Indian Institute of Technology, New Delhi

20
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2. International Conference on Sustainable Biofuels
International Conference on Sustainable Biofuel, 2018 (ICSB) was held in New Delhi on 26-28th Feb,
2018 with active participation of Biofuture Platform. About 300 national and international participant
and high-level delegations from 19 countries participated in this event.
During this event the status of biofuels in various member MI countries was discussed. Several national
and International researchers and government representatives presented the status of various
advanced biofuels in their respective countries.
The New Delhi Declaration (Annexure II) was endorsed by members of MI IC#4 and Biofuture Platform
countries, for Sustainable Biofuels, highlighting the intent of MI countries to work in collaboration
mode in development and deployment of sustainable biofuels on commercial scale by sharing best
practices.

Endorsement of New Delhi Declaration at ICSB, 2018

Public-Private Partnership for Clean Energy Innovations
In addition to thematic workshops on innovation challenges, a country Stakeholder’s meet on Public-Private
Cooperation for Clean Energy Innovation was organized to encourage increased engagement from the
research community, industry, and investors, while also providing opportunities for new collaborations.
MI India Stakeholder’s meet on Public-Private Cooperation for Clean Energy Innovation was held in December,
2017 within the mandate of Mission Innovation on public-private partnership to broad base development and
deployment of clean energy technologies. Participation included industry, investors, researchers and policy
planners from Government.
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A clear need was felt to bring up to pilot scale some of the technologies which are proven in lab scale so that
private sector industry can invest in further commercialization19.

Stakeholders Meet on Public-Private Cooperation for Clean Energy Innovation, 2017

Release of National consultative workshop report at Stakeholders Meet, 2017

http://mission-innovation-india.net/wp-content/uploads/2018/01/Stakeholders-Meet-on-Public-Private-Cooperation-for-CleanEnergy-Innovation-2017.pdf

19
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III. International Collaborations in Clean Energy
1.

Indo-US Joint Clean Energy Research and development Centre (JCERDC) - Partnership for Advancing
Clean Energy-Research (PACE-R)
The JCERDC is a joint initiative of the Government of India (through DBT and the Department of
Science and Technology, Ministry of Science and Technology), and the US Department of Energy. The
overall aim of the JCERDC is to facilitate joint research and development on clean energy by teams
of scientists, technologists and engineers from India and the United States, and related joint activities,
needed to deploy clean energy technologies rapidly with the greatest impact.
Under this program both counties have supported multi-institutional network projects in following
three thrust areas as Solar Energy, Second Generation Biofuels and Energy Efficiency of Buildings using
public-private partnership model of funding and to sponsor research towards scientific, engineering,
design and technological solutions to overcome barriers to achieve energy efficiency.
DBT supported the bio-fuel consortium led by IICT Hyderabad and University of Florida from the US.
This programme was co-ordinated by DBT along with US Department of Energy under an MoU signed
between the two countries.
The consortium of Second Generation Biofuel comprises
• India (9 Academic Institutions + 2 Industry Partners)
• U.S. (5 Academic Institutions + 2 Industry Partners)
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
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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.
The Centre for Building Energy Research and Development (CBERD) is a collaborative programme
led by CEPT University and LBNL in US. This programme has resulted in development of Life Cycle
Analysis (LCA) framework for buildings in design, operation and maintenance of buildings and resulted
in several deployable outcomes.
2. Joint Indo-US Program to Advance Smart Grid Technology, UI-ASSIST (US-India collAborative for
smart diStribution System wIth STorage)
The U.S.-India collAborative for smart diStribution System wIth STorage (UI-ASSIST) was selected as
the new consortia for Smart Grid and Energy Storage under the U.S.-India Joint Clean Energy Research
and Development Center (JCERDC). Together with their counterparts in India, the center will conduct
research and deploy new smart grid and energy storage technologies that will modernize the grids of
both nations to make them “smarter,” while increasing resilience and reliability.
The consortium is aimed at conducting cutting-edge collaborative research that will allow a continued
increase of renewable energy penetration into existing electric distribution grid. Thirty academic
institutes, R&D organizations, utilities, industries and policy makers from India and US are working
together on basic research activities, laboratory and real-world demonstrations. IIT Kanpur and
Washington State University lead this effort from India and US, respectively.

Formal launch of UI-ASSIST consortia for Smart Grid and
Energy Storage on 18 November 2017 at IIT Delhi
3. India-UK Joint Virtual Centre for Clean Energy
India and UK have collaborated in the area of solar energy, fuel cells, smart grids & energy storage
and rural energy systems. The scope of these programmes included advanced research in the area of
organic solar cells, performance assessment of solar cells, fuel cells, distributed storage, DC networks,
controls and communication as well as systems for practical rural application such as biomass and
biomass photovoltaic hybrid systems. The virtual centre has two main focus areas:

24
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A) UK India Clean Energy Research Institute (UKICERI)
The UK-India Joint Virtual Clean Energy Centre will be formed from two distinct sub-centres, in the
India side UK-India Clean Energy Research Institute (UKICERI) and in the UK, this is the Joint UK-India
Clean Energy Centre (JUICE). The two Centres will have a co-ordinated and internationally integrated
research programme and will work together on networking and capacity building measures as well as a
collaborative approach to disseminating the results.
Each centre has agreed on work programmes coordinated between the centres to maximize impact
and meet funding requirements of each nation. The overlap between the centres was selected in a way
that there are synergies and co-operation for each of the UK work packages with one or both Indian
centres. Each centre will also co-ordinate its own research and membership to maximize the crosscommunity communications and work towards sustainability of the centres beyond the initial funding
period.
B) India -UK Center for education and research in clean energy (IUCERCE)
The proposed centre aims to address the issues related to microgrids to meet the rural and urban
electrical demands by improving the quality and reliability of the energy supply. This broad aim will be
achieved through implementation of renewable systems based microgrids in different regions in India
representing different climatic conditions as well as different microgrid application scenarios.
4. Department of Biotechnology, 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 microalgal-bacterial consortia
cultivated on wastewater to produce biomass for biofuel.
• Sustainable bio-energy from microalgae – A systems perspective.
5. Indo-UK Cooperation Programme on “Energy demand reduction in the built environment”
United Kingdom’s Engineering and Physical Sciences Research Council (EPSRC) and ESRC, as
a part of the Research Councils of UK (RCUK) Energy Programme, to evolve a joint India & UK
research programme to help reduce energy demand in UK & India’s built stock, both new major urban
developments’ currently being planned and existing built stock. DST entrusted to address particular
challenges include undertaking research that can have impact during a period of rapid development
including major urbanization and infrastructure development to provide access to clean forms of
energy. The RCUK Energy Programme committed £3.8M with same matching commitment from DST
(Government of India) to support R&D projects in the area of Energy demand reduction in the built
environment. Energy demand can be reduced by better energy efficiency, increased control and
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hence reduced waste and changes in practices/behaviour. These three methods are interlinked in
complex socio-technical ways and this call aims to fund research into a more complete understanding
of this relationship. Interventions can also be effective at different levels of scale from the single
building level up to national level. Collaborative efforts to establish information and communication
technology (ICT) based building energy benchmarking, future stock modelling and energy demand
forecasting, which may include end-use data and existing building data, may also be included as part of
facilitating the above research.
Supported four Indo-UK joint consortia projects. (i) Residential building energy demand reduction
in India (RESIDE), IIIT Hyderabad & Oxford Brookes University (ii) Zero Peak Energy Building
Design for India (ZED-i), IIT Roorkee & University of Bath. (iii) Integrated Urban Model for Built
Environment Energy Research (iNUMBER), CEPT University, Ahmedabad & University College
London (iv) Community-scale Energy Demand Reduction in India (CEDRI), IIT Delhi & Heriot-Watt
University.
6. Research & Development on Production and Utilization of Methanol & Di-Methyl Ether (DME) as
Sustainable Fuel
DST initiated a major development programme for production of Methanol from various sources
including Indian coal and CO2 from thermal plants, steel plants etc. The programme would also
include direct utilization as drop-in fuel in automobiles and fuel for fuel cell based vehicles. 10 projects
have been supported in the areas of development of novel catalysts, utilization of methanol in direct
methanol fuel cell, development of engines fuelled on methanol and DME etc.
7.

Bioenergy-Awards for Cutting Edge Research ( B-ACER)
This programme aims to:
• Provide an opportunity to the best and brightest Indian students and scientists to gain exposure and
access to world class research facilities in leading US institutions;
• Promote research and capacity building in the frontline area of Biofuels and Bioenergy;
• Encourage and motivate outstanding students to take up research as a career path; and
• Pave the way for the next generation scientists and technologists from India to interact with American
peers, thus helping to build long-term R&D linkages and collaborations. Annual awards, both for PhD
students and for PDF, are given in following priority areas:
• Systems & Synthetic Biology (to produce biofuels)
• Feed stock improvement (microalgae, macro algae, cellulosic biomass, tree born oil)
• Production Technology (cost-effective technology for bio-ethanol, algal biofuel, bio-butanol, biohydrogen, fuel cells, bio-refinery)

8. India-US Strategy Energy Partnership
This programme aims to:
• The Strategy Energy Partnership elevates the role of energy in advancing shared goals, including
universal energy access, strengthened energy security and increased energy efficiency. The
Partnership will create important opportunities for advancing favorable policies and ventures
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in support of these goals, including in natural gas markets. In keeping with the shared objectives
to provide a stronger business orientation to our energy cooperation, both sides noted with
appreciation the growing investment of Indian companies in the United States and the beginning of
oil and gas exports from the United States to India.
9. Indo-Brazil International Cooperation Projects on Waste to Bioenergy and biotechnological
approaches for sustainable biofuels20, which includes wastewater to bioenergy, integrated biorefinery
approach towards production of sustainable fuel and chemical from Algal biobased systems, biorefining
of sugarcane bagasse for production of bioethanol and value-added products.
10. Indo-Russia International Cooperation Projects on biotechnological approaches for cleaner fuels
involving development of integrated (biotechnological and nanocatalytic) biorefinery for fuels and
platform chemicals production from lignocellulosic biomass (crop/wood residues).
11. Indo-German Energy Programme – Green Energy Corridors (IGEN-GEC) of Ministry of New
& Renewable Energy and Ministry of Power, project seeks to design and develop a concise set of
recommendations for decision makers and implementation agencies in India to assist them in
renewable energy (RE) grid integration.
12. Clean energy initiatives by the Ministry of New & Renewable Energy
• UNDP/GEF supported Project on “Scale Up of Access to Clean Energy for Rural Productive Uses”.
• Department for International Aid, UK (DFID) assisted Project on Energy Access Policy Fund (EAPF).
• UNDP–GEF Project- Market development of concentrating solar technologies for industrial process
heat applications.

www.dbt.nic.in
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IV. Some initiatives on clean energy

T

he Government of India through Ministry of New and Renewable Energy (MNRE) is playing a proactive
role in promoting the adoption of renewable energy resources by offering various incentives such
as generation-based incentives (GBIs), capital and interest subsidies, viability gap funding (VGF),
concessional finance, fiscal incentives etc. Significant policies formulated by the government of India are as
follows:
The ‘Power for All’21 initiative, announced by Hon’ble Prime Minister of India, Shri. Narendra Modi, aims to
provide 24x7 power to all Indian households by 2020 by increasing the hydroelectric, wind and solar capacity
of India’s power grid by 175 gigawatts.

National Solar Mission
National Solar Mission22 aims to promote the development and use of solar energy for power generation and
other uses, with the ultimate objective of making solar energy compete with fossil-based energy options. The
objective is to reduce the cost of solar power generation in the country through long-term policy, large scale
deployment goals, aggressive R&D and the domestic production of critical raw materials, components and
products. To establish India as a global leader in solar energy and targets deployment of 20,000 MW of solar
power and ramp up the capacity of Grid Connected Solar Power generation from 1,000 MW to 1,00,000 MW
by the year 2022.

Solar Energy Corporation of India
The mandate of the SECI allows wide-ranging activities to be undertaken with an overall view to facilitate the
implementation of the National Solar Mission and the achievement of targets set therein. The SECI has the
objective of developing renewable energy (RE) technologies and ensuring inclusive RE power development
throughout India.

National Offshore Wind Energy Policy
Under this Policy, the Ministry of New & Renewable Energy (MNRE) has been authorized to explore and
promote deployment of offshore wind farms in the Exclusive Economic Zone (EEZ) of the country and the
National Institute of Wind Energy (NIWE) has been authorized as the Nodal Agency for development of
offshore wind energy in the country and to carry out allocation of offshore wind energy blocks, coordination
and allied functions with related ministries and agencies. It would pave the way for offshore wind energy
development including, setting up of offshore wind power projects and research and development activities,
in waters, in or adjacent to the country, up to the seaward distance of 200 Nautical Miles (EEZ of the country)

http://pib.nic.in/newsite/PrintRelease.aspx?relid=159789
https://mnre.gov.in/

21

22
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from the base line. The policy will provide a level playing field to all investors/beneficiaries, domestic and
international. It is planned to set up the first offshore wind power project off the Gujarat coast soon.

The Policy for Grid connected Solar Roof-top Projects
Joint Electricity Regulatory Commission (JERC)/State Electricity Regulatory Commissions (SERC) of 29
States/UTs namely Andhra Pradesh, Assam, Bihar, Chhattisgarh, Goa, Gujarat, Haryana, Himachal Pradesh,
Jharkhand, Karnataka, Kerala, Maharashtra, Madhya Pradesh, Meghalaya, Odisha, Punjab, Rajasthan, Sikkim,
Tamil Nadu, Uttar Pradesh, Uttarakhand, West Bengal, Andaman & Nicobar and Lakshadweep Islands,
Chandigarh, Dadra & Nagar Haveli, Daman & Diu, Delhi and Pondicherry have notified regulations/tariff order
for grid connected solar rooftop projects.
The Ministry of New and Renewable Energy (MNRE) came up with a new policy for the renewable energy
sector, for “testing, standardisation and certification” of products in the renewable energy sector. The policy
aims to develop standards for all renewable energy equipment in line with the international practices. The
policy aims to adopt, update and develop standards of all renewable energy systems, components and devices
in line with international practices and making performance certification mandatory to ensure quality and
reliability in renewable energy supply in the country. Under the policy, a Standards, Test and Quality Control
Committee (STQCC) for the entire renewable energy sector will be set up in MNRE.

National Wind-Solar Hybrid Policy draft is formulated with the objective to provide a framework
for promotion of large grid connected wind-solar PV system for optimal and efficient utilization of transmission
infrastructure and land, reducing the variability in renewable power generation and thus achieving better grid
stability. Further, the Policy aims to encourage new technologies, methods and way-outs involving combined
operation of wind and solar PV plants, with a goal to reach the wind-solar hybrid capacity of 10GW by 2022.

National Biofuels Policy: The new National Biofuels Policy recently approved by cabinet aims at
adopting the 2nd generation or advanced biofuel from the current 1st generation ones and enable availability of
biofuels in the market thereby increasing the blending percentage. It also incentivise setting up of biorefineries
through VGF schemes to the tune of Rs 5000 crore. It also has provision for differential pricing of advanced
Biofuels and their off-take assurance. The policy encourages setting up of supply chain management of used
cooking oils, short gestation crops and non-edible oil seeds. The raw material used for IG ethanol has been
expanded to allow use of sugarcane juice and damaged food grain conversion to ethanol in years of surplus
production. MSW to drop-in fuels and bio-CNG will also get fiscal incentives under this new policy.

Energy Efficiency Policies: National Mission for Enhanced Energy Efficiency (NMEEE) which is one
of the missions under the National Action Plan on Climate Change (NAPCC) aims to strengthen the market
for energy efficiency by creating conducive regulatory and policy regime. Presently, Ministry of Power/
Bureau of Energy Efficiency (BEE) is upgrading the NMEEE scheme to make it in-line with the objectives of
India’s Nationally Determined Contributions.
BEE has developed Energy Conservation Guidelines to set benchmarks for the energy intensive equipments
in various industrial processes to optimize their performance. BEE is also working on National Cooling
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Action Plan to address the rising cooling demand which will address the technological challenges at the
equipment level.
Government of India launched ‘Energy Conservation Building Code’ (ECBC) in 2007 as a voluntary code
by Bureau of Energy Efficiency (BEE), Government of India. Energy Conservation Building Code, 2017 was
launched by the then Hon’ble Minister (IC) for Coal, Mines, NRE and Power on 19th June, 2017 at Delhi and is
applicable for large commercial buildings with connected load of 100 kW and above or 120 kVA and above.
ECBC focuses on building envelope, mechanical systems and equipment including heating, ventilating, and
air conditioning (HVAC) system, interior and exterior lighting systems, electrical system and renewable
energy, and also takes into account the five climates zones (Hot Dry, Warm Humid, Temperate, Composite
and Cold) present in India. The purpose of the ECBC is to provide minimum requirements for the energyefficient design and construction of buildings. The Code also provides two additional sets of incremental
requirements for buildings to achieve enhanced levels of energy efficiency that go beyond the minimum
requirements.

30
INDIA Country Report_inside_May'18_FNL.indd 30

India - Country Report and Progress Update – May 2018

18-05-2018 18:51:56

V. Next Steps

F

unding of R&D activities in clean energy initiatives has seen a very healthy increase in the first two years
of launch of Mission Innovation. Having conducted the country workshops in all the seven challenges
of Mission Innovation, the R&D gaps and the methodology to address these gaps has been properly
documented. Based upon the recommendations of the national expert workshops the following actions are
planned in a time bound manner.
1.

Funding opportunity Announcements:
The areas needing attention which have been classified as short /mid and long term have been identified
in IC#3(Carbon Capture and Utilisation) and Funding Opportunity announcement to the tune of US$ 3
million has been prepared and will be announced within a month.
IC#4 Sustainable Biofuel Innovation Challenge can have a direct and immediate impact to usher low
carbon fuel infrastructure in the country. A comprehensive funding call of US$ 5 Million is ready to be
launched.
Converting Sunlight to Fuels i.e. IC#5 is still in the research phase and needs immediate funding and
therefore a call of US$ 3 Million shall be announced soon.
Department of Science and Technology shall also issue funding Opportunity Calls in IC#6 (Advanced
materials) and Heating and Cooling Challenge (IC#7).

In all the above calls the collaboration of Indian PI with an institute/researcher of member MI country shall be
encouraged, however the funding shall be provided to the Indian institute proposing the project. MI countries
shall be encouraged to announce matching funding calls.
2. International Incubator for Clean Energy (IICE)
Realising that India has very large startup ecosystem which can attract investments from both Indian
and Global Investors, it has been decided to create an International Incubator for Clean Energy.
Department of Biotechnology, the nodal agency in India to handle the Mission Innovation activities, has
drawn up a scheme for international incubator on Clean Energy. This incubator will help MI innovators
to test their technologies in local markets. This will ensure fund flows and will support the growth of
new and clean energy solutions internationally. The International Incubator for Clean Energy (IICE) is
being set up by Department of Biotechnology, GOI, through its Public Sector undertaking BIRAC, in
collaboration with Industry partner Tata Trust. The International Incubator for Clean Energy will be
connected internally with existing three national incubators aims at the following deliverables:
1.

Scouting for Innovations

2. Providing space and infrastructure facility
3. Training and Mentoring
4. Incubation and Hand-holding
5. Exchange programs
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6. Seed Support
7.

Opportunity to connect with other incubators

8. Encourage private investments
9. IP Facilitation
10. Market access /linkages
The framework to set up this incubator has been decided with Industry partner Tata Trust and the centre will
be operational within next year.
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VI. Success stories (Academia/ industries/ PSUs)

I

ndia would like to highlight the full range of exciting developments that are occurring across the clean
energy innovation ecosystem, from the latest breakthroughs in the lab, to demonstration projects, new
technologies that are just beginning to scale and new approaches to public-private or international
collaboration. These highlights show some of the RD&D breakthroughs and solutions that have emerged in
India and have the greatest potential to significantly accelerate the delivery of clean and affordable energy
by 2020.
The main focus is to compile the Clean Energy success stories as a source of information on clean energy
capabilities within India and will assist in promoting the capabilities of individual organizations to the
different clean energy sectors in India. By no means this is a complete spectrum of success stories in India
but only a glimpse of happenings in clean energy arena in the country.
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Contents
Smart Grids Innovation Challenge
1.

Establishment of a Pilot Synchrophasor network connecting NTPC Turbo-Generators - to enable better
grid and generator behaviour monitoring during disturbances, NTPC Ltd.

Off-Grid Access to Electricity Innovation Challenge
2. Micro Solar Dome (MSD) -Surya Jyoti, NB Institute of Rural Technology (NBIRT), Kolkata.
3. Solar Biomass Hybrid Thermal Technology Test Bed, Savitribai Phule Pune University, Pune.
4. Design and Development of Smart Renewable Energy Micro Grid, Dayalbagh Educational Institute,
Agra.
5. Solar Energy Based micro-Grid Power System with Hybrid Battery to power Remote Rural area, Indian
Institute of Science, Bangalore.
6. Solar multi-effect distillation system for providing potable water in arid rural areas, Empereal-KGDS
Renewable Energy Pvt Ltd., Tamil Nadu.
7.

Large area, high efficiency (> 18%) silicon solar cells, BHEL ASSCP, Gwalpahari, Gurgaon.

8. Ocean based floating islands capable of generating sustainable solar power for remote coastal
locations, Sea6Energy.
9. Single step preparation of interconnected Si-nanosphere electrode, Pandit Deendayal Petroleum
University, Gujarat.
10. Clean energy solutions to rural households. The Energy and Resources Institute (TERI), New Delhi.

Carbon Capture Innovation Challenge
11. Process integration, optimization and intensification for microalgal CO2 sequestration, wastewater
remediation and biorefinery applications, Indian Institute of Technology-Kharagpur.
12. Air Conditioning by Flue Gas Waste Heat of Fossil Fuel Power Station, NTPC Ltd.
13. Water desalination using low grade waste heat from flue gas, NTPC Ltd.
14. Methane carbon capture in everyday value added products, String Bio Pvt. Ltd.
15. Industrial plant turning planet-heating CO2 emissions into profit by converting CO2 to Chemicals,
Carbon Clean Solutions
16. Conversion of CO2 to carbamates with green solvents, Anna University, Chennai
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Sustainable Biofuels Innovation Challenge
17. Microwave-assisted rapid conversion of Sunn hemp fibres to biofuels, Indian Institute of TechnologyKharagpur
18. Yeast Biorefinery: A promising and sustainable model for the production of biofuels and value-added
products, Indian Institute of Technology-Kharagpur.
19. Development of a glucose tolerant ß-glucosidase for biofuel production, Indian Institute of TechnologyBombay
20. The DBT-ICT 2G-Ethanol Technology, DBT-ICT, Mumbai
21. Indigenous enzyme technology for sustainable biofuel development, DBT-ICGEB Centre for Advanced
Bioenergy Research
22. Development of Second Generation Ethanol, DBT- IOC Advanced Bio-Energy Research Centre
23. Development of Cellulase Enzyme Technology for 2G ethanol plants, DBT- IOC Advanced Bio-Energy
Research Centre
24. Sustainable biofuel production through large scale mechanized seaweed cultivation systems,
Sea6Energy
25. 2.5th generation bioethanol technology, Nagarjuna Energy Pvt. Ltd.
26. TERI’s Gas Fired Auger Pilot Pyrolysis Test Unit (20 kg/h PTU-II) for Green Bio-crude, The Energy and
Resources Institute (TERI), New Delhi
27. Producing hydrogen the biological way: Microbes as cell factory for clean energy generation,
The Energy and Resources Institute (TERI), New Delhi
28. Enzymes derived from thermophilic fungus for reducing the cost of enzyme in bioconversion of
agro-residues into Ethanol, Guru Nanak Dev University, Amritsar
29. Renewable Bio-hydrogen Production from Waste, CSIR-Indian Institute of Chemical Technology
(CSIR-IICT), Hyderabad
30. High rate biomethanation of organic waste based on Anaerobic Gas lift Reactor (AGR) technology
for the generation of biogas and biomanure, CSIR-Indian Institute of Chemical Technology (IICT),
Hyderabad
31. Enzymes development in bioethanol production, Jawaharlal Nehru Technological University,
Hyderabad
32. Sustainable Biodiesel production from sago wastewater (SWW) using oleaginous fungi, Tamil Nadu
Agriculture University
33. Successful Demonstration of IH2® technology to convert Biomass residue to high quality drop-in
biofuels meeting Bharat stage VI, Shell India Markets Pvt. Limited
34. Biomass fuel Management, Punjab Renewable Energy Systems Pvt Ltd.
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Converting Sunlight Innovation Challenge
35. Hydrogen generation from water using inexpensive nano-CuO photocatalyst and sunlight, Pandit
Deendayal Petroleum University, Gujarat
36. Development of an outdoor algal growth system of improved productivity for biofuel production, The
Energy and Resources Institute (TERI), New Delhi
37. Efficient hydrogen generation via photoelectrochemical splitting of water, Dayalbagh Educational
Institute, Dayalbagh, Agra

Clean Energy Materials Innovation Challenge
38. Dendritic Fibrous Nanosilica based Nanocatalysts and CO2 Sorbents: Morphology Makes the
Difference, Tata Institute of Fundamental Research (TIFR), Mumbai
39. Biomass energy to power India: Tale of a Weed to Value Added Product from Tamil Nadu, Anna
University, Chennai
40. AagunTM – 24 x 7 Dryer for consistent drying – using advanced materials to store solar heat, Pluss
Advanced Technologies Private Ltd

Affordable Heating and Cooling of Buildings Innovation Challenge
41. A Novel Design of Encapsulated Phase Change Material based Heat Exchanger for Thermal
Management of Building, Indian Institute of Technology-Bombay

Others
42. Demand Analysis for Cooling by Sector in India in 2027, Alliance for an Energy Efficient Economy
43. Solar Thermal Cooking System at NTPC Dadri, National Thermal Power Corporation Limited
44. Use of thermal storage to improve unit flexibility –Condensate throttling system, National Thermal
Power Corporation Limited
45. Development of 1200kV Ultra High Voltage (UHV) AC technology through establishment of 1200kV
National Test Station at Bina, Power Grid Corporation of India Limited
46. Introduction of Process Bus technology in Substation Automation System through pilot project at
400/220kVBhiwadi Substation, Power Grid Corporation of India Limited
47. Establishment of pilot project on Grid scale Battery Energy Storage Systems (BESS) of different
technologies, Power Grid Corporation of India Limited

India - Country Report and Progress Update – May 2018

INDIA Country Report_inside_May'18_FNL.indd 39

39
18-05-2018 18:52:01

1. National Thermal Power Corporation Ltd.
Establishment of a Pilot Synchrophasor network connecting NTPC Turbo-Generators - to
enable better grid and generator behaviour monitoring during disturbances.
Contact details:
Subrata Sarkar
subratasarkar@ntpc.co.in
Tarun Sharma
tarunsharma@ntpc.co.in
Affiliation (Industry/Academia/Venture Capitalist): Industry and Academia
Other organizations involved (if any): IIT Kanpur
Innovation Challenge(s) or technology sectors (Clean energy):
IC#1 Smart Grids Innovation Challenge
• Regional grid innovation

Technology Overview: Generating Stations have a big role to play in the overall Electrical Grid stability
but often they are not well equipped with the information which can help them take instant decisions which
can save the grid or strategic decisions that improve its stability and reliability in the long term. Modern smart
grid technologies like synchrophasor networks relies on installing Phasor Measurement Units(PMU) at critical
locations in the Electrical System, to enable real time monitoring of the electrical parameters of the grid like
power transferred and frequency oscillations and compare these parameters with other locations in the grid.
To integrate the benefits of PMU for better grid and generator behaviour monitoring during disturbances,
NTPC Energy Technology Research Alliance (NETRA) initiated a pilot project on “Installation of PMUs
on Select NTPC Stations” in January 2017. The intent was to monitor the electrical parameters from the
Generator’s point of view by installing PMUs at the Generator’s end of 500MW Units at NTPC Stations. By
March 2018, total three PMUs have been made installed in three different power stations at NTPC located
in three different regions across India. A fourth PMU is scheduled to be commissioned in July 2018 at the
Ramagundam Power Station situated in southern region of India.
The Phasor Data Concentrator (PDC) has also been successfully commissioned at NETRA and it is now
possible to monitor, record and analyse data from these three stations like current, voltage, frequency, rate of
rise of frequency, power oscillations and other electrical parameters as minutely as every 20ms.
During the initial analysis of the data, it has been observed that synchrophasor networks can detect many
hidden oscillations and disturbances in the system which were hitherto not know visible to the plant
operators. These disturbances can sometimes cause plant outages and thus a system of monitoring these
disturbances can be the first step towards avoiding electrical outages which affect system reliability and
cause economic losses.
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NETRA has also initiated a joint project with IIT Kanpur to develop applications based on synchrophasor data
available with NTPC.

Clean Energy issues tackled: As the share of renewable energy increases in the grid, it is expected that
the Grid will become more dynamic in nature. In some scenarios, it may need the conventional Generating
stations to not only be more flexible and ready for frequent changes in the grid parameters but also contribute
towards stabilizing the adverse effects of renewable energy sources on the grid. The conventional method
for stabilizing any grid disturbances is through the Power System Stabilizer (PSS) which is installed in most
of the machines nowadays. But the problem faced in many generators is that PSS is not tuned properly and
frequently to enable it to respond to changing grid structures. Thus there is an urgent need to incorporate
modern technologies to improve monitoring of the grid from the Generator side which will result in better
PSS Tuning and optimization of other Electrical Systems in the plant like protection systems so as to improve
overall reliability of the Grid.
Innovation in Clean Energy: PMUs can be considered the building blocks of the Smart HV Grids.
Presently, PMUs are being installed in the Transmission Systems throughout the world so that grid operations
can be optimized and blackouts may be avoided by quickly detecting emerging disturbances and taking action
to avoid cascading of disturbances. If PMUs are installed at Generator Ends too, as demonstrated through this
pilot, it shall be possible to model and predict the behaviour of individual generator during the disturbances.
This will greatly increase the grid and plant operators’ ability to take immediate corrective actions and even
suggest long term initiatives to save the grid. For example, if PMU data from the generator is used to detect
some recurrent oscillations in the grid and the same data is analysed through artificial intelligence algorithms
to detect pattern in the data and possible PSS settings that will mitigate these oscillations, we can have smart
and adaptive regional grids which can secure themselves from possible disturbances. These grids will be ready
for rapid clean energy deployment. It is worth mentioning that one of the objectives of NETRA – IIT Kanpur
Joint project is to develop applications that can suggest semi real-time PSS settings based on field PMU data
measured from the Generator.

Innovation Breakthrough: The approach to the project is a departure from business-as-usual as it is
usually considered that Grid reliability is the sole responsibility of the Grid operator. Infact, Grid operator
has very limited knowledge of the Generator’s behaviour and also in some cases, where operation and
transmission functions are interlinked, the operator may not always act in the best interest of the Generating
Utility. In the present case, NETRA has demonstrated that by installing PMUs at Generator Ends, it is possible
for Generating Station to participate in Grid reliability enhancement and also verify that its interests are
protected during Grid operation in the era of high renewable penetration.

Next Steps:
• Adding more PMUs at different critical stations of NTPC so that diverse synchrophasor data is accessible
for monitoring and analysis.
• Developing applications using synchrophasor data for efficient plant and grid operations.

Support:
• Collaboration/Trainings with similar initiatives around the world working on using Synchrophasor
Networks at Generating Stations.
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2. NB Institute of Rural Technology (NBIRT), Kolkata
Micro Solar Dome (MSD) — Surya Jyoti
Contact details:
Prof. (Dr.) S.P. Gon Chaudhuri
NB Institute of Rural Technology
NBIRT, 22O, Madurdaha, Kolkata-107
nbirt2012@gmail.com
Innovation Challenge(s) or technology sectors (Clean energy):
IC#2: Off Grid Access to Electricity

Technology Overview: Surya Jyoti is a unique device, which concentrate it inside a dark room, particularly
in rural areas which lack electricity supply, a low cost and energy efficient. It can works upto 17 hours giving an
illumination equivalent of a 60W incandescent lamp with a life of 20 years for dome structure.
MSD has been tested and developed under the aegis of Department of Science and Technology (DST).
The MSD is a Clean Energy Research Initiative of the DST.

Clean Energy issues tackled:
• The MSD is a day and night lighting single device unique in its features.
• It has a transparent semi-spherical upper dome made of acrylic material which captures the sunlight and
the light passes through a sun-tube having a thin layer of highly reflective coating on the inner wall of the
passage.
• It also contains a lower dome made of acrylic.
• There is a shutter in the bottom of the lower dome which can be closed, if light is not required in the day
time.
• It is leak proof and works throughout the day and four hours continuously after sunset.
• The latest Surya Jyoti operate in three modes: day light without any electricity, night time with solar PV
and night time with conventional grid after 17 hours of operation.
• Surya Jyoti lamps, gives an illumination equivalent of a 60W incandescent lamp.

Innovation in Clean Energy: It is a innovation breakthrough as millions of off-grid households in urban and
rural spaces and many more that do not have reliable access to electricity are its potential users.
Innovation breakthrough: Fully developed and in final form for delivery. Tested and Field demonstrated.
• 4000 Micro Solar domes have been installed in the slums of Delhi, Mumbai, Kolkata and Bengaluru.
• Revenue Model being worked out in partership with Energy Efficient Services Limited (EESL).
• It would lead to an emission reduction of about 12.5 million tonne of CO2.
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• The manufacturing process of the device is labour intensive and is expected to generate huge job
opportunities.
• This will increase the productivity of women who stay at home and are involved in small income generation
activities.
• Surya Jyoti has been tested from recognised Laboratory like Electronics Regional Test Laboratory (ERTL)
and also by academic institutions such as The Energy and Resource Institute (TERI), Indian Institute of
Technology- Bombay, Indian Institute of Engineering Science and Technology (IIEST), Kolkata etc.
• 54 technicians from 14 States trained.

Next Steps:
• The DST is training and giving licenses to start-up and self-help groups to make these lamps.
• The DST along with MNRE will take it up for larger distribution in bigger areas.
• Attempts are also being made to integrate Surya Jyoti for subsidy in rural and urban housing schemes,
MP Local Area Development Schemes and Corporate Social Responsibility activities of public sector
enterprises.
• The PV integrated MSD has been included as a product for off-grid solar lighting applications by MNRE
and is eligible for subsidy at par with other solar lighting products.

Additional Details/Links: https://drive.google.com/open?id=1Gt3IkEkYc3dYrgzgEJFDzBVmN1h_j4UF

Solar Micro Dome “Surya Jyoti”

Surya Jyoti in Operation
in Delhi
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3. Savitribai Phule Pune University, Pune
Solar Biomass Hybrid Thermal Technology Test Bed
Contact details:
Prof. Dr. Suresh Gosavi
Department of Physics,
Savitribai Phule Pune University
(Formerly University of Pune)
Pune 411 007
swg@physics.unipune.ac.in
Innovation Challenge(s) or technology sectors (Clean energy):
IC#2: Off Grid Access to Electricity

Technology Overview: Renewable energy based small scale distributed energy plants integrating solar &
biomass for a 24 x 7 operation with a capability to dispatch power into the local grid for export of power. It has
automatic controls to irrigate the fields.This plant has been demonstrated and set up on a land provided by
Shive village panchayat in Public-Private-Community Partnership (PPCP) mode. This distributed technology
is targeted to village people and village administrative bodies and also small and micro industrial clusters in a
village setting.
Clean Energy issues tackled: The test bed demonstrated in an actual village setting – a first of a kind
of concept in this field using innovative solar-biomass design capturing all the complexities to establishing a
distributed plant using the natural topography.

Innovation in Clean Energy:
• Plants integrating solar & biomass for a 24 x 7 operation with a capability to dispatch power into the local
grid for export of power.

Innovation breakthrough:
The following technology has been developed and field demonstrated
• Concentrated Solar Thermal technology with 50% efficiency
✓

100% indigenously developed Parabolic Trough technology with medium 2m aperture width

✓

Non-evacuated tube receiver technology with air-stable Absorber-tube coating technology & highly
efficient anti-reflective coating

✓

Low cost Patented Gear mechanism which tracks 2 rows of collectors with single motor with astronomical
sun position algorithm and feedback mechanism.
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• Power Island:
✓

Steam Rankine cycle as topping cycle

✓

Organic Rankine Cycle as bottoming cycle

Next steps: The technologies for Parabolic Trough absorber solar selective coating and sun tracking system
are developed and requires adaptation to meet the requirement of process heating for various applications.
Additional Details/Links: https://www.youtube.com/watch?v=7dRfgGlVySc&feature=youtu.be

Solar-Thermal Hybrid Power Plant at Shive Village, Pune, Maharashtra
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4. Dayalbagh Educational Institute, Agra
Design and Development of Smart Renewable Energy Micro Grid
Contact details:
Dr. Bhagwan Das
Dr. A K Saxena
Faculty of Engineering
Dayalbagh Educational Institute, Agra – 282 005
dbhagwandas@gmail.com
Innovation Challenge(s) or technology sectors (Clean energy):
IC#2: Off Grid Access to Electricity

Technology Overview: The Dayalbagh renewable energy smart microgrid is a modern, small scale
electricity system comprising a group of distributed loads and distributed renewable energy resources acting
as a single controllable entity in synergy with the grid. It is being designed to achieve specific local goals, such
as energy reliability, security, carbon emission reduction, diversification of energy sources, and cost reduction.
Such smart microgrids are an ideal way to integrate renewable resources and form the building blocks of the
Smart Grids.

Clean Energy issues tackled: Renewable Energy micro grid poses several challenges in efficient and
reliable operation of the plants. The load is dynamic, and so is the generation which depends on weather. The
specific challenges encountered in the operation of the distributed SPV plants are as follows:
• Monitoring and Fault diagnosis of inverters
• Monitoring of loads
• Lack of coordination between various solar plants
• Overloading of inverters
• Inefficient operation of inverters due to under loading
• Heavy charging through grid after outage during cloudy/foggy days
• String Monitoring and fault diagnosis of SPV panels
To address these challenges and ensure efficient, reliable and economic operation of the distributed energy
resources and achieve proper coordination among them, a need based R&D project to develop a Smart Micro
Grid in the institute was raised with support from DST’s Solar Energy Research Initiative (SERI).

Innovation in Clean Energy: The following features are incorporated as part of the R&D project to
develop the smart micro grid with remote monitoring, communication, control and fault diagnosis of DERs
from a central control station, which would ultimately enable the development of a Decision Support System
for Optimal efficiency, economics and reliability.
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• Display of Inverter parameters viz. inverter voltage, current, power, grid source for inverter parameters,
solar current, voltage, power, solar irradiance, ambient temperature, heat sink temperatures, data logs
etc. All of these parameters can be accessed from the central control station through the institute LAN.
As per the requirement, the inverter behaviour can be controlled by remotely changing the software
set points and selecting different modes of operations. All the inverters are on the institute LAN and
accessible remotely through the front end program.
• Display of Load Parameters through integration of Smart Meters: Load currents, voltages, powers on
all the outgoing circuits can be accessed at the central control station through smart meters over the
institute LAN.
• Remotely controlled switchgear and change-over switches: Change-over switches for the selection of
source (grid or solar) are installed for every outgoing circuit in various control rooms. A system has been
designed and implemented to monitor the status of the switches and remotely control the selection
through the software at the central control station.
• Battery charging : Battery charging is a very important feature of the system affecting the life of the
battery and overall system efficiency. Battery charging is to be closely monitored and controlled so as
to utilize the solar power fully and ensure float operation of the battery as far as possible. Grid charging
schedules (in rainy, cloudy days) for all the 9 power plants are carefully scheduled to prevent overloading
of the sub-station.
• Water Pumping: A scheme is being designed for remote monitoring and control of water pumps in
the institute for punctual and efficient operation of water pumps. This will be integrated to the central
control system software. A prototype with remote control and monitoring using Short Messaging Service
on GSM mobiles has been developed and implemented for field testing.
• String monitoring and fault diagnosis: With thousands of panels in the institute, it is difficult to identify
a mal-functioning panel. The requirement has prompted development of a ZigBee based wireless
monitoring system for string current measurement. All the measurements of a plant would be collected
at a central computer for processing and analysis. An alarm would be raised if some string is found to
be mal-functioning along with the geographical location of the string. A prototype of the same has been
developed.
• Sun Tracking Stands: R&D has been done in collaboration with BHEL Electronics Division, Bengaluru, in
design and fabrication of 2-axis sun tracking stands which follow the sun so as to ensure that the sun rays
are always perpendicular to the panel. Such a strategy improves the solar generation by 15-20% (annual
average) and 40% (peak). A prototype of an economical, simple and rugged design has been developed
and tested in the field (Fig.3). The stand utilizes the power generated by the panel itself and no hydraulic
components are used. Prototypes that can accommodate three 170Wp panels, and five panels have been
developed and analysed. The design has now been upgraded to accommodate 50 modules of 170Wp
each in single axis tracking mode.

Innovation Breakthrough: The Dayalbagh Educational Institute initiative has demonstrated that
Universities, building intellectual resources through teaching-learning and research, offer a perfect platform
for establishing renewable energy microgrids. In addition to sustainable development through clean energy
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technologies and self-sufficiency in energy, a university microgrid is an ideal test bed for conducting indigenous
research and development. This would ensure quality research with relevance as well as development of skilled
man power and intellectual property in the area. Universities can design and implement model curriculum for
vocational diploma and certificate courses in solar energy technologies, provide earn-while-you-learn schemes
to the students and encourage entrepreneurial start-ups through incubation cells.

Next Steps: Apart from the Dayalbagh campus of the institute, a total of 40kWp has been installed at its
Distance Educations Centers in various cities and about 150 kWp within Dayalbagh colony for residential
quarters and institutions. The Dayalbagh Town Area has been declared as a Green Campus by Ministry of
New and Renewable Energy, Government of India. The institute has designed and deployed a number of
small capacity off-grid SPV plants in Rajaborari Estate comprising of 10 hamlets in the deep forest region of
Madhya Pradesh. Recently, the institute has prepared a detailed project report of deploying 200 kWp off-grid
distributed solar power plants including solar power for BTS systems, solar pumps, solar high mast lights etc.
at Rajaborari Estate which is being executed by Madhya Pradesh Urja Vikas Nigam Ltd.

Glimpses of the Solar Power Plant at Dayalbagh
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5. Indian Institute of Science, Bangalore
Solar Energy Based micro-Grid Power System with Hybrid Battery to power Remote Rural area
Contact details:
Dr. A.K. Shukla
Indian Institute of Science
Bangalore
akshukla2006@gmail.com
Innovation Challenge(s) or technology sectors (Clean energy):
IC#2: Off Grid Access to Electricity

Technology Overview: A 500W solar microgrid system with sealed maintenance free valve regulated
lead acid battery bank and Pb - C hybrid ultracapacitor bank as energy storage system (ESS) is deployed
and installed in a rural place at Challakere where there is no grid power is available.

Clean Energy issues tackled: The project provides a technology solution that would enable access to
electrical energy for grid deprived rural communities. To realize this, the researcher architect, design, build
and demonstrate the working of a photovoltaic based DC microgrid Power system that uses a combination
of storage devices such as hybrid ultracapacitors and batteries.

Innovation in Clean Energy: Demo of micro grid having 16 solar panels with each producing about
250 W of peak power with distributed load of 12 Nos. of 25 W electric bulb and 4 tube lights of each 40 W.
The electrical energy generated from solar panel is stored in the energy storage system having 48 kWh
capacity of lead acid battery bank and Pb - C HUC bank having capacity of 2.3 kWh of electrical energy.
A Novel power controller unit has been commissioned to provide power to off grid community.
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6. Empereal-KGDS Renewable Energy Pvt Ltd.,
Tamil Nadu
Solar multi-effect distillation system for providing potable water in arid rural areas
Contact details:
Dr. S. P. Viswanathan
President,
Empereal-KGDS Renewable Energy Pvt Ltd,
366 Thudiyalur Road, KG Campus, Saravanampatti, Coimbatore-641 035, Tamil Nadu
spv@kgisl.com
Innovation Challenge(s) or technology sectors (Clean energy):
IC#2 - Off Grid Access to Electricity

Technology Overview: DST in collaboration with Empereal KGDS Renewable Energy Private Ltd and
National Institute of Ocean Technology (NIOT) has installed a Solar-Biomass based Multi Effect Distillation
(MED) system at Narippaiyur, a coastal village in rain shadow area of Ramanathpuram of Tamil Nadu.
The plant has 40 tonnes per hour capacity sea water intake systems and round the clock operation is achieved
by integrating biomass boiler with direct saturated steam generated by Linear Fresnel Reflector (LFR) solar
energy collector.
The solar desalination technology will typically save 2500 ton of CO2 emission annually in comparison to
conventional coal fired boiler producing 1,40,000 litres in a 24-hour period.
Brine reject from the desalination system is directly discharged into the sea without affecting the marine
ecology as no harmful chemicals are used.

Clean Energy issues tackled: The solar-MED system located at Narippaiyur village, Ramanathpuram
district, Tamil Nadu is the only operating solar sea water desalination plant of industrial scale in India.

Innovation in Clean Energy: The competing technology for Solar Thermal MED desalination is PV
powered RO technology.
• Solar and biomass/ waste heat hybrid operation of a thermal desalination plant has integration for round
the clock desalination unlike the expensive battery based storage system required to realize the clock
PV-RO plant.
• When compared to PV-RO, this solar thermal MED technology has advantage in the areas of lower
operational and maintenance cost, energy efficiency because of the direct utilization of thermal energy,
and less chemical utilized in the process.

50
INDIA Country Report_inside_May'18_FNL.indd 50

India - Country Report and Progress Update – May 2018

18-05-2018 18:52:02

7. Bharat Heavy Electricals Limited ASSCP,
Gwalpahari, Gurgaon
Large area, high efficiency (> 18%) silicon solar cells
Contact details:
Dr A.K. Saxena,
Head- BHEL ASSCP, Gwalpahari, Gurgaon
aksaxena@bhel.in
Innovation Challenge(s) or technology sectors (Clean energy):
IC#2 - Off Grid Access to Electricity

Technology Overview: Process know how for large area (156mm sq.), high efficiency (>18%) silicon solar cells
has been developed. The process optimization in diffusion, contact printing and firing has led to improvement
in cell efficiency about 0.5% absolute.

Clean Energy issues tackled: The process optimization in diffusion, contact printing and firing lead to
improvement in cell efficiency will help in reducing the cost by 3%. The potential user of this technology will
be various government and private agencies implementing in erecting solar PV power plants, individuals for
their use in roof top power generating applications.

Innovation in Clean Energy:
• The technology for efficiency has been fully developed and is at TRL-9.
• The increase of process efficiency of 0.5% can lead to reduction in generation cost by 3%.

Innovation Breakthrough:
• Critical process steps such as diffusion of emitter, contact printing and firing etc., adopted in a standard
industrial Si solar cell process are optimized leading to high efficiency >18.5% c-Si solar cells.
• The process optimization in diffusion, contact printing and firing leading to improvement in cell efficiency
about 0.5% absolute leading to cost reduction of solar cell and modules. Potential to reduce the cost
about 3%.
• The process developed in this project does not involve any additional process steps thereby no additional
capital cost.
• The knowledge generated in the project can be easily implemented in manufacturing without any
additional expenditure.
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Product: Mono crystalline Silicon solar cell
Format: 156 mm psq
Front: Textured, Antireflection coating, 3 Ag busbars
Back: 3 rows of soldering pads, Aluminium BSF

c-Si solar cell developed in
the project

Module produced using
the cells produced in the
project

The project has resulted in patent for a novel design of a jig used for light induced plating (LIP) of silicon
solar cells (13014RD), a process of plating silicon solar cell front contacts in a light induced plating system with
improved jig device (130173RD), SS carrier for drying/curing of screen printed patterns on silicon wafers in a
conveyor drying furnace without contamination from mesh conveyor belt. (120125RD)

Next Steps: The technology is in final form for commercialisation. The group is working on other pathways
to further improve the efficiency.

Additional Details/ Links: https://www.youtube.com/watch?v=cKQa4GIV0XA&t=67s
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8. Sea6Energy
Ocean based floating islands capable of generating sustainable solar power for remote coastal
locations
Contact details:
N. Chaitanya Praveen
chaitu@sea6energy.com
Type of Member submitting (Industry/Academia/Venture Capitalist): Industry
Innovation Challenge(s) or technology sectors (Clean energy):
IC#2 - Off-Grid Access to Electricity Innovation Challenge

Technology Overview: Access to energy is fundamental to a developing society. Rudimentary access to
electricity often translates to lower standard of living, and sometimes even limited access to basic resources
like water. There are several such communities found across the globe, especially in remote coastal regions or
flung islands.
We have developed a system to impact coastal and island communities, by enabling them to generate solar
energy, without having to sacrifice precious land. We do this by creating eco-friendly floating islands – called
Dweeps- which are modular, scalable and designed to survive the harsh conditions seen on the sea. The Dweep
makes use of the plentiful Ocean surface, to provide an inexpensive means of generating Solar Energy on the
Oceans. The size can vary based on the application - ranging from a few square metres to several hectares.
This solar power can also be used to generate fresh water through desalination plants, generating the maximum
amount of fresh water in the hot summers when the sun is most plentiful, and also when it is most needed.
The Dweep is designed to withstand the harsh conditions seen in the Oceans, where it may encounter waves
of 5m or higher, and still survive. It is able to do this because it makes use of a concept found ubiquitously
in nature – tensegrity. Using a combination of prestressed cables and struts, it is able to mimic the flexibility
seen in nature – very similar to the bones and tendons seen in the human body. This flexibility enables it to
adapt to the Ocean surface rather than resist it. An added advantage of this system, is that the flexible nature
allows the structure to absorb the wave energy, acting as a natural breakwater to reduce coastal erosion due
to waves.
The flexible nature of the system, coupled with the scalable nature of the design, enables us to put out large
hectare scale islands in the middle of the Ocean. When coupled with Solar PV panels, these islands can serve
as a limitless source of Energy in the Oceans.

Clean Energy issues tackled: There are several coastal and island communities in India and around the
world with intermittent or no access to Electricity. While Solar Energy can help electrify these locations,
acquiring large tracts of land in these regions may prove to be a tedious and expensive process, especially
considering our growing population. However, these coastal regions do have one resource in abundance – the
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sea. With our floating Dweep platforms, we are able to make use of the previously inaccessible Ocean surface
and are able to generate Solar PV based electricity on the sea.
While floating solar power installations on lakes has been gaining popularity over the last few years, there has
been no system capable of laying out a solar power plant over the Ocean. This is primarily because of the
harsh conditions seen in the Sea –viz. winds, waves and currents. Our system is designed to withstand these
conditions and provide power where it is needed the most.
These solar powered islands can also serve as autonomous research stations in the middle of the sea, capable
of collecting valuable oceanographic data throughout the year.

Innovation in Clean Energy: There are several isolated coastal and island communities around the world
which are in dire need of electricity for their basic needs. Today, the only option for generating power in
remote, far flung regions is to use diesel fired generators. The Dweep based Solar power systems, manages
toprovide solar energy without having to sacrifice on precious land resources. The system is scalable, and can
provide hectare sized platforms over the Ocean capable of generating a substantial amount of affordable
solar Energy to these locations.
Moreover, being a completely floating system, it is immune to the issues of rising sea levels which are a cause
of endless worry to every island nation. Unlike traditional artificial islands, which are created through dredging
of the seabed and reclaiming the sea by dumping tons and tons of material in it, the Dweep floats and has a
minimal interaction with the seabed , making them a very green and sustainable solution.
Typically in these coastal villages, the groundwater may contain a lot of salt due to the close proximity to the
sea. With access to such a scalable source of power, Desalination units can be powered to convert sea water
to fresh water to these communities.
Moreover, the Dweep acts as natural breakwater, absorbing the wave energy as the wave passes it, hence
significantly reducing the coastal erosion problems faced by so many coastal regions.

Innovation Breakthrough: Building an island on the Ocean is not new. However, conventional engineering
methods involved dredging large volumes of soil and rock from the seabed and dumping it at other regions of
the Ocean to either create a new island or extend existing land. A prominent example are the famous Palm
islands in Dubai. However, land created in this manner is simply too expensive to justify it being used for
generating solar energy.
However, with the breakthrough Dweep technology, we bring the ability to create floating land on the Oceans,
in a scalable and cost-effective manner. The challenge, however, is to be able to create hectare sized platforms
which are able to withstand the forces seen in the open Ocean. This is primarily possible because of the
inherently flexible nature of the Dweep. The system is able to adapt to the Ocean surface rather than resist it,
enabling it to withstand extreme sea states.
This flexibility is made possible by the use of Tensegrity elements. Using a combination of pretensioned cables
and precompressed struts, the structure is designed to to have a flexible skeleton, whose stiffness can be
tuned to suit the conditions seen offshore. This tensegrity skeleton enables the system to adapt to the Ocean
waves, while maintaining the general shape of the structure on the water surface – all of this is done without any
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moving parts. Also, the materials used in the system are tried and tested marine grade engineering materials
which are designed to resist corrosion in the harsh marine environment.

Next Steps: Currently we have put out a prototype unit off the coast of Tamil Nadu, where the results have
been extremely promising.
As a next step, we hope to deploy at least a system capable of generating at least a 100 kW worth of power
to demonstrate the potential of the system. This power will be used to drive a desalination unit which will
generate fresh water from seawater to the coastal communities.
This will involve rigorous testing of the system in various environments, High-end software simulations, Scaled
down experiments before installation. On another track, developments in manufacturing processes, quality
control and installation techniques will have to be developed to ensure high lifetimes in the Ocean.

Support: We are looking for funding support of about 15 Crores for the project.
Additional Details/ Links: Video link: https://goo.gl/qEeQVh
Website:http://dweep.in

Dweep prototype installed in Tamil Nadu:

Applications in Solar energy:

Offshore floating power station producing fresh water through Reverse Osmosis
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9. Pandit Deendayal Petroleum University, Gujarat
Single step preparation of interconnected Si-nanosphere electrode
Contact details:
Prof. Indrajit Mukhopadhyay
Solar Research & Development Center
Indrajit.m@sse.pdpu.ac.in
Affiliation (Industry/Academia/ Venture Capitalist): Academia
Innovation Challenge(s) or technology sectors (Clean energy)
IC#2 - Off-Grid Access to Electricity Innovation Challenge.

Technology Overview: The present project
relates to the electrodeposition of silicon nano–
spheres from ionic solution at room temperature
using a green ionic liquid solvent. The interconnected Si nano-sphere electrode can be
made on suitable current collector like Au (111) or
Graphene coated Cu directly in a single step. The
project will provide energy efficient economical
yet simple process for producing silicon nanospheres active electrode which can be directly
used in high energy density Li ion battery. It
is expected that this kind of electrode will be
economically viable and very easy to fabricate,
which will not require very skilled manpower. Along
with very high energy density of >2000 mAh/g,
this electrochemically synthesized ordered 2D nano-sphere electrode will show very stable cycle life due
to involvement of nano-sized Si particle. We represent the Scanning Electron Micrograph and transmission
electron micrograph of the ordered nano-sphere in the following figure that has been reproducibly prepared
in the laboratory on a scale of 1 sq. cm area.
Clean Energy issues tackled: In many of the modern clean energy technology involving solar energy as
the primary resource, a major problem is the gap in the peak demand and supply. In order to mitigate this
challenging issue, energy storage is one of the important option. In the energy storage sector, high energy
density batteries based on Li ion technology seems to be a potential promise. However, Li ion battery
based on conventional graphitic negative electrode material suffers from a major disadvantage of limited
capacity of 372 mAh/g. In this regard, Si material can provide very high thermodynamic energy density of
around 4200 mAh/g. The major problem of Si material is its vulnerability of fragmentation during battery
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cycling, which causes unexpected capacity fading during cycling and affect the life time of the battery badly.
Nano-particle Si has been used extensively for providing the stability of Si material during battery cycling.
But, the process adopted for fabricating the nano-sphere Si based negative electrode is energy intensive
involving atomization technique and multiple processes. In the present proposal we intend to fabricate
interconnected Si nano-sphere based active negative electrode on suitable current collector by single step
electrodepostion at room temperature using green ionic liquid solvent.

Innovation in Clean Energy: The proposed work has the potential to overcome the major disadvantage
of Li ion battery technology, which is its economic viability. We expect that the proposed work will provide
high energy density negative electrode material at very affordable cost. Li ion battery based on the new Si
nano-structured based film will be very stable and will inhibit the capacity fading problem. We can expect
long life cycle Li ion battery by using these negative electrodes. Once we achieve high energy density Li ion
battery with long life, we hope to mitigate many bottle necks of implementing green energy for sustainable
growth.

Innovation Breakthrough: The proposed work is expected to provide us interconnected Si nano-sphere
based negative electrode in a single step, which will be ready to use electrode for battery application. The
electrodeposition is itself very easy, versatile and scalable approach. The process of electrodeposition
will be carried out at room temperature. Consideration of all the aspects of the process, we hope to get
the final electrode at very competitive price. Overall the proposed work will help to start Li ion battery
business more lucrative. The ionic liquid component and Si precursor (SiCl4 solution) can be economically
viable if we can go for bulk scale production. The overall process will be very cheap compared to available
technology.
Next steps: The first step of get the nano-structured Si electrode has been successfully carried our on
Au(111) substrate. The next step is under progress where we are working on the decoration of Si nano-sphere
on Cu and carbon coated Cu electrode. The optimization of parameters for the orderliness of the nanosphere of Si on Cu/Carbon coated Cu by electrochemical method is under progress at the moment. We
are also working on the fabrication of swage-lock cell using Nano-sphere Si on Au (111) substrate. We should
establish battery fabricating line for proper testing of the fabricated battery in near future.

Additional Details/ Links:
http://www.ipindia.nic.in/writereaddata/Portal/IPOJournal/1_2603_1/Part-1.pdf (page No. 13404)
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10. The Energy and Resources Institute (TERI),
New Delhi
Clean energy solutions to rural households
Contact details:
Prashanta Kumar Swain
pswain@teri.res.in
+91-7008040695
Type of Member submitting (Industry/Academia/Venture Capitalist):
Academia (Research Organisation)
Which Innovation Challenge(s) or technology sectors (Clean energy)does this link with:
IC#2 - Off-Grid Access to Electricity Innovation Challenge

Technology Overview: The Energy and Resources Institute (TERI), New Delhi, a not for profit, research
institute has been addressing rural energy issues through its energy access programme by innovating reliable
and renewable energy technologies. The objectives of the programme have been to enhance energy access,
literacy, income generating opportunities as well as reduce the indoor air pollution to mitigate the drudgery
associated with women and small children in particular.
On the basis of successful experience in implementing different renewable technology options in remote
rural area across the country, Power Finance Corporation Ltd.(PFC), a Govt. of India Undertaking,
supported energy access initiative to provide clean energy solutions to around 25,000 rural and offgrid of households across the five districts of Bihar, namely Gaya, Madhubani, Khagariya, Purnea and
West Champaran. The project was uniquely designed to utilise PFC grant for scaling up; a) women selfhelp groups financing for their access to integrated domestic energy system, b) strengthening the local
renewable energy value chain, c) engaging women as key after sales service providers and environment
educators, and d) Reducing the drudgery associated with women, thus by enhancing their socio-economic
development.
In order to the above CSR project objectives, TERI collaborated with JEEViKA (initiative of Bihar Rural
Livelihoods Promotion Society) in the selected five districts where TERI organised awareness generation,
sensitisations through product demonstrations and finalisation of desirables households. The collaboration
of with JEEViKA helped TERI to access the self-help group networks across the target region who became
the target beneficiaries of the project. Based on the field experience and past learning, TERI came up with
Integrated Domestic Energy System (IDES) that combined a solar home system integrated with improved
biomass cook-stove to address the lighting, cooking energy and mobile charging needs of the same numbers
of the households.
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TERI mobilised the funding requirement for procurement of entire hardware materials from the corporate
social responsibility of Power Finance Corporation of PFC as well as corpus available for availing the
household/community infrastructure under JEEViKA initiative. The funding supported by JEEViKA was
later repaid by the target beneficiary households.
TERI selected its designated vendors as per the standard procedure of procurement and placed first
order during January, 2016 and since then it has completed the entire procurement in various phases and
completed installation and commissioning of all 23,437 IDES systems by 31st March 2018. Most of these
vendors were from local region, established by TERI for effective supply and service. During the supply,
selected women self-help group members, JEEViKA volunteers and other unemployed rural youths TERI
were trained technical training on IDES technologies so that most of them could be employed for large scale
installation, end users training and after sales service. TERI also facilitated large numbers of sensitisationcum-end users training for all women users across the region through trained local technicians.
The project faced many challenges including demonetisation and goods and service tax, etc. along with
numerous local issues, the key emerging success factors have been due to a) affordability and reliability
of IDES b) customisation to suite to the local needs, and c) Offering flexible financing model for women
self-help groups, etc.

Clean Energy issues tackled: The ‘Status of Rural Electrification in Bihar’ report shows that only
48%) rural households have been electrified out of a total 121.96 lakh rural households which means
majority of households have been still remaining without access to electricity. Besides, the rural areas and
households also suffer due to unreliable power supply forcing them to depend heavily on kerosene and
other traditional sources.
Similarly, around 70% of the households in rural areas of Bihar have been still dependent upon traditional
sources of energy for meeting their cooking energy needs, mainly depending upon cow-dung, agri.
residues, twigs, firewood, etc. Even after lunch of ‘PM Ujjwala Yojana’ (PMUY) towards meeting the target
of achieving universal clean cooking coverage, regular usage of Liquefied Petroleum Gas (LPG) based
stove has been still perceived as expensive cooking option by many rural households due to their poor
socio-economic conditions.
In the absence of affordable and clean energy solutions, the backward region of the selected districts of
Bihar under the project, the quality of community lives have been severely impacted in the sectors such
as health, education, livelihood opportunities and many other aspects of life. Women (and accompanying
children) have been regularly exposed to polluted household environment due to usage of traditional
stove and conventional fuel every day, particularly in poorly ventilated kitchens; face increased risk of
pneumonia, respiratory diseases, etc.

Innovation in Clean Energy: On completion of all key deliverables under the project, the sample
impact study has been undertaken in 940 households across all the five districts to collect some qualitative
and quantitative evidences to assess a) if there have been any impact of the project b) and if yes, what
have been the kinds of impacts in the lives of rural and off grid households.
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The positive impacts ranged from i) improved energy access through clean lighting and cooking facility
for significant percentage of households who do not have access to conventional electricity and LPG
gas stove; b) significant reduction of fuel consumption and expenditures; c) switch to a cleaner source
of cooking and lighting, leading to reduced health issues; d) ease and flexibility in carrying out domestic
chores and more time for leisure for women in particular leading to increase in productive time ; e)
better ambient lighting and longer hours of study for children; f) easier access to mobile charging facility
at no cost; g) reduced incidents and threat of fire; h) improved lighting for mobility and safety in the
village; i) increased engagement in traditional livelihood practices leading to incremental income at the
households level due to more working hours; j) increased women participation in training, mobilisation,
maintenance and usage of clean energy devices leading to improve their social status at household and
village level.
The business model included a soft loan for individual self-help group members from the corpus of JEEViKA
initiative under the project. TERI was able to convince the state government and officials to arrange the
finance for the target group due to its long standing efforts in promotion of renewable energy technology
since 2008. Hence all the interested self-help groups members received soft loan which amounts to 60%
of the hardware cost of each unit of IDES from the corpus fund available at cluster level federations of the
JEEViKA initiative. The women beneficiary contribution was Rs.4,500/- per IDES system which they paid
in eight equal instalments along with a upfront cost of Rs.500/- during delivery of system. The balance
40% of the hardware cost of IDES was mobilised from the corporate social responsibility of Power Finance
Corporation. Availability of local funding was key factor for implementation of such large scale project
across the state.
IDES intervention has been effectively targeted to empower the women members who were usually the
most deprived section of the society. Women have been key decision maker in this project to avail IDES
as well as propagate the environmental and health benefits of the programme. Besides, selected women
self-help group’s members were adequately trained and equipped to provided after sales service at the
local level.

Innovation Breakthrough: IDES has been appreciated every where and majority of them found
fuctional on regular basis. Lighting facility has been impacted significantly for the enhancement of study
and household level livelihood activities. Improved cook stoves have been popoular in the areas of Purnea,
Khagariya and Gaya district where dung cake and maize residue fit into the improved stove designed.
However there have been challenges while ensuring regular usage cook stoves in few region where
desired fuels are not available and condusive, pariculary in the district like Madhubani. The women selfhelp groups of that region took the IDES system for meeting their lighting needs in the evening. In order
to address some of these challenges of the project for ensuring sustaianble usages of IDES, particulary
improved stove in the long run, the efforts have been made to train and engage the the lcoal level women
entrepreneurs who have been regularly on job to motivate the women users for stove usages. Besides,
TERI also has to initiate other solar based interevention for popularising water pumping for irrigation,
suppplying drinking water, provision of lighting facilities for poultry farming, cold stroage facilities for
vegetables, etc which may further engage these women self-help groups and their federations directly in
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agricultural productions, preservations, value additions, etc as well as enhancemnet of other livelihood
opportunities leading to long term socio-economic development and empowement.

Additional Details/ Links: http://www.teriin.org/energy-access

Light-IDES

Cook stove-IDES
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11. Indian Institute of Technology-Kharagpur
Process integration, optimization and intensification for microalgal CO2 sequestration,
wastewater remediation and biorefinery applications.
Contact details:
Ramkrishna Sen
rksen@yahoo.com
Affiliation (Industry/Academia/Venture Capitalist): Academia
Innovation Challenge(s) or technology sectors (Clean energy):
IC#3 - Carbon Capture Innovation Challenge

Technology Overview: Our project focusses on carbon-dioxide sequestration from point sources by
the green microalgae and utilization of biomass for various biorefinery applications. We have been able to
efficiently capture CO2 from flue gas in closed and open (raceway ponds) photobioreactors, and evaluated
the potential of microalgal biomass for nutraceutical, fuel, feed and fertilizers andbioelectricity using
MFC. For this, a pilot scale study was carried out using freshwater (Chlorella sp.) and municipal wastewater (Scenedesmus and Chlorococcum sp.) to demonstrate the ability of microalgae to utilize wastewater as an inexpensive growth medium. The microalgae showed exceptional ability by not only reducing
the organic nutrients present in the waste-water (waste-water remediation) in a mixotrophic metabolism
mode but also effectively sequestered inorganic C from the flue gas (CO2 capture) in a process integration
and intensification step. Also, a process optimization and integration were carried out to sequester
flue gas CO2, synthesize pigment-lutein (nutraceutical) and also lipids (Chlorella sp.) for its possible
environmental, healthcare and biofuel applications. The sequestered biomass due to its rich biochemical
profile was tested as a bio-fertilizer to augment the growth of rice plant (Oryzasativa) in open farms in the
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agricultural farm facilities of Indian Institute of Technology Kharagpur, West Bengal, India. Additionally, the
sensitivity and toxicity studies were successfully carried out for the potential application of the protein
rich microalgal biomass for its efficacy as a low-cost algae-based diet (fish feed)on the freshwater fish
(Orange carp).

Clean Energy issues tackled: This project addresses the major environmental concern pertaining
alarmingCO2 concentrations in the environment due to elevated carbon emissions from point sources and
anthropogenic activities in today’s world. The project describes the methodology to improve carbon utilization
and its re-use as part of a carbon-neutral cycle. The various value-added products obtained from this project
are green, non-toxic and have immense industrial applications.
Innovation in Clean Energy: The successfully implemented process will be able to address the global
issue pertaining to environmental pollution and climate change due to global warming. Rapid depletion of
fossil fuel reserves demands an urgent need for its replacement by green alternatives. The process developed
by our team at IIT Kharagpur is green, carbon-neutral and sustainable and is directed towards a clean energy
innovation.
Next Steps: Additional support is required for the successful implementation of this project at commercial
scale for biodiesel, feed and pigments production. A technology is needed to cultivate microalgae so as to
produce biodiesel at the rate of approximately 1/6th of current daily biodiesel production capacity.
Additional Details/Links:
http://pubs.rsc.org/en/content/articlelanding/2015/ra/c5ra09306f#!divAbstract
https://www.sciencedirect.com/science/article/pii/S0960852415005386
http://pubs.rsc.org/-/content/articlelanding/2016/ra/c6ra17899e/unauth#!divAbstract
http://pubs.rsc.org/-/content/articlelanding/2016/ra/c6ra01477a/unauth#!divAbstract
https://www.sciencedirect.com/science/article/pii/S2211926414000617
http://pubs.rsc.org/-/content/articlelanding/2016/ra/c6ra14611b/unauth#!divAbstract
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12. National Thermal Power Cooperation Ltd.
Air Conditioning by Flue Gas Waste Heat of Fossil Fuel Power Station
Contact details:
Sh. Shaswattam
shaswattam@ntpc.co.in
Ravi Shankar
Ravishankar04@ntpc.co.in
Dr. Swapnil Patil
swapnilpatil@ntpc.co.in
Affiliation (Industry/Academia/Venture Capitalist): Industry
Innovation Challenge(s) or technology sectors (Clean energy): Energy Efficiency

Technology Overview: The installed system utilizes waste heat of flue gas going out through chimney in a
coal fired power stations. This flue gas based Air conditioning plant utilizes only 15 to 18 % of the total available
flue gas (of 500 MW unit).
Reduction in auxiliary power in air conditioning system (around 2 MU/yr).
Reduction in CO2 emission (2,100 T/yr.)
Green House Gas (CFC & HCFC) free thermally driven 400 TR VAM based AC system: water acts as
refrigerant in this system.

Clean Energy issues tackled: Presently, Industry is mostly using vapor compression refrigeration
cycle for air conditioning of spaces and control rooms. This type of air conditioning is energy intensive and
compressors require around 0.9 kW of power for 1 ton cooling capacity of air conditioning. By using waste
heat in the flue gas of power plant, upto 80% electrical power for air conditioning can be reduced.
In coal based power plant, around 6%-10% heat is lost through flue gas. The flue gas temperature is around
120 0C to 145 0C and there is possibility to capture and utilize waste heat. There is very low Sulphur content in
Indian coal and the acid dew point of the flue gas is below 100 0C. Therefore, we can safely cool the flue gas
to around 110 0C to extract heat from flue gas. This heat can be utilized to run a LiBr-water refrigeration cycle
for producing cooling water at 7 0C for air conditioning.
The system shall operate in fully automated mode (24x7) through PLC with minimum manual intervention.
Since the air conditioning of control rooms is crucial for uninterrupted power plant operation, a backup
Steam heat exchanger is provided in case of un-availability of flue gases during short period of maintenance
of power plant.
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Innovation in Clean Energy: Potential of scale up to meet entire Air-Conditioning requirement using
waste heat from flue gas at power plants.
• After successful demonstration, the system can be used for new plants for reducing auxiliary power
consumption in air conditioning utilities.

Innovation Breakthrough: Additionally, such system is Green House Gas (CFC & HCFC) free and
employ water as refrigerant instead of conventional refrigerants such as R22, R134 etc.
System can be designed to match the load requirements as per changing seasons of load conditions

Next Steps: After performance testing the this flue gas based AC system will be recommended for new
power station as well as retrofitting for replacement of conventional AC system on case to case basis.
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13. National Thermal Power Cooperation Ltd.
Water desalination using low grade waste heat from flue gas
Contact details:
Sh. Shaswattam
shaswattam@ntpc.co.in
Ravi Shankar
Ravishankar04@ntpc.co.in
Dr. Swapnil Patil
swapnilpatil@ntpc.co.in
Affiliation (Industry/Academia/Venture Capitalist): Industry
Innovation Challenge(s) or technology sectors (Clean energy):
Waste heat utilization for Water Desalination

Technology Overview: The system utilize low grade thermal energy of flue gas before going to chimney
for Desalination of Sea water. For this purpose a heat exchanger is installed in the path of outgoing, waste flue
gas to generate hot water of 90 Deg C. This hot water is flashed to produce low pressure steam which is used
to run thermal energy driven machine called multi-effect-distillation (MED) to coverts sea water (40000 ppm
TDS) to desalinated water or DM water (0.054 ppm TDS) for boiler make up. The capacity of the plant is
120 Tonns per Day (TPD) or 5 Tonns per hour (TPH).
This water can be converted into high quality drinking water by addition of desired minerals

Clean Energy issues tackled: Desalination is the process which takes out dissolved salts from water.
Presently, there are four types of process which are commercially available in the market i.e. Multi-Stage
Flash (MSF) desalination, multiple effect distillation (MED), MED with Vapor Compression (VC) and
reverse osmosis (RO) or membrane based desalination. The major difference between these processes
consists of their different input energy requirements. For MSF, MED and MED-VC the input is ‘thermal
energy’ which could be steam or hot water. For RO or membrane based desalination the input energy is
‘electrical energy’.
NTPC’s in house R&D unit ‘NETRA’ has developed a process for utilization of waste heat from the flue gas
to generate distilled water / DM water for boiler make up to generate steam. The distilled can be converted
into high quality drinking water by addition of desired minerals.
The installed project is first of its kind in the country.

Innovation in Clean Energy: Desalination of water using waste heat of outgoing flue gas, brings down
the overall energy requirement of Multi Effect Distillation (MED) process. Thus the cost of water generated
is very low.
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Innovation Breakthrough: This desalination process runs with waste flue gas heat energy. Thus overall
energy requirement of the process is very less.
1.

It can operate 24x 7 through in automated process

2. The system requires little maintenance and has longer life.
3. This process may be used be used to generate high quality drinking water by addition of desired
minerals

Next Steps:
➤

The present pilot plant uses only small quantity of waste flue gas. There is potential to scale-up the
process which will bring down the cost further.

➤

Further research work is being done for Desalination of sea water using solar thermal energy. The success
of which will help in installation of such system at remote place to meet drinking water requirements.

Additional Details/Links: NTPC-NETRA Journal
Pictures of Plant:
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14. String Bio Pvt. Ltd.
Methane carbon capture in everyday value added products-String Bio Pvt Ltd
Contact details:
Dr. Ezhil Subbian
subbiane@stringbio.com
Affiliation (Industry/Academia/Venture Capitalist): Industry
Innovation Challenge(s) or technology sectors (Clean energy):
IC#3 - Carbon Capture/Clean Energy Materials

Technology Overview: Imagine an ecologically sustainable world! What if everyday products were made
of value chains that are circular? At String, we are using our experience and energy to enable this possibility.
Our goal is a world where robust, cradle-to-cradle solutions provide us cleaner ways of living.
String Bio leverages methane as a source of carbon to manufacture green chemicals and feed ingredients.
The products address multi-billion dollar markets. We are amongst a handful of companies worldwide and
the only Asian company to successfully enable methane based value chain. Our proprietary platform (SIMPString Integrated Methane Platform) leverages advances in synthetic biology, fermentation technology,
chemistry and process engineering.

It is a proprietary platform that can be leveraged for the manufacture of chemicals, food and feed ingredients
from methane. One of the critical components of this platform is the gas conversion technology that we have
built in our R&D lab in Bangalore. Our first product to market is a protein, String Pro, made from methane.

68
INDIA Country Report_inside_May'18_FNL.indd 68

India - Country Report and Progress Update – May 2018

18-05-2018 18:52:04

Methane, the primary component, of natural or bio gas or landfill gas, is a more potent greenhouse gas than
carbon dioxide. More than 1.6 bcf of methane is flared annually largely because of the lack of sustainable
solutions to convert methane. By capturing methane in value added products, we enable cleaner solutions for
better living.

Clean Energy issues tackled: Methane is the second most dominant greenhouse gas emitted due to
human activities. Though methane’s lifetime in the atmosphere is shorter than carbon dioxide it is more
efficient at trapping radiation. Methane has 25 times greater impact on climate change than CO2 over
a 100-year period. Rapidly developing economies such as India and China are among the top methane
emitters in the world.
Currently, solutions to convert methane into useful products are limited. To date, thermochemical
conversion via Fischer Tropsch process is the only commercial technology available to harvest methane
gas. Fischer Tropsch process, requires high temperatures and pressures and is economical only at very
large scales. Smaller sources of methane are mostly either vented or flared, adding to GHG emissions.
An economical and sustainable technology to enable methane conversion to value added products will
help unleash the energy of methane for productive use. It also provides a sustainable way forward for
manufacture of essential, platform chemicals. Enabling methane as a substrate allows the manufacture of
these products cost effectively.

Innovation in Clean Energy: Our technology provides, first, a biological route for conversion of methane
to value added products and, second, allows for working with small to medium sources of natural gas.
Biological conversion of methane can occur at nominal temperature and pressure and offers advantages such
as no catalyst poisoning, low operating costs and higher specificity. Within the Indian geography alone, the
opportunity for application of the proposed solution is immense. The scope can be further widened when
adapted for other geographies as well as alternate sources of methane.
Our first product to market is a high quality protein made using methane. Conversion of methane to protein
is a process that occurs naturally in lakes and ponds. Using advances in biology and engineering, we have
industrialized this conversion. This enables us to deliver a sustainable protein source that is cost effective and
address the growing worldwide protein demand by using a vented or flared resources as the input carbon.

Innovation Breakthrough: The key differentiators of the proposed technology are,
1.

Thermochemical conversion via Fischer Tropsch process is the only commercial technology currently
available to harvest methane. Fischer Tropsch process, however, is highly capital intensive and
economical only at very large scales. Smaller sources of methane are mostly either vented or flared,
adding to GHG emissions. The technology provides an economical solution to unleash the power of
methane from small, medium or large sources for diversified use. It also provides a sustainable way
forward for manufacture of essential, platform chemicals.

2. The solution is agnostic to input methane. The solution can work with flared natural gas as well as biogas
or landfill gas.
The key societal and market benefits of this solution is,
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1.

It creates higher value and diversified revenue opportunities from methane.

2. It lowers the environmental impact of methane both directly and indirectly.
3. It creates a true cradle-to-cradle solutions.

Next Steps: Currently the technology is being validated at pilot scale. We are looking for resources (funds,
manufacturing capacity, land etc) to scale the technology to commercial production. The primary support
would be financial/logistical/regulatory support to accelerate technology commercialization.

Additional Details/Links:
1.

https://www.youtube.com/watch?v=NQ7LEROhB0s

2. https://vimeo.com/224915825
3. http://www.financialexpress.com/industry/technology/string-bio-bengaluru-biotech-firm-workingontechnology-that-can-turn-food-fromwaste/872597/
4. https://www.cbinsights.com/research/future-ofmeat-industrial-farming/
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15. Carbon Clean Solutions
Industrial plant turning planet-heating CO2 emissions into profit by converting CO2 to
Chemicals
Contact details:
Prateek Bumb
prateek@carboncleansolutions.com
Affiliation (Industry/Academia/Venture Capitalist): Carbon Clean Solutions (Industry)
Other organizations involved (if any): Tuticorin Alkali Chemicals & Fertilizers Limited
Innovation Challenge(s) or technology sectors (Clean energy):
IC#3 - Carbon Capture Innovation Challenge

Technology Overview: Carbon Clean Solutions installed a first-of-its-kind Carbon Capture & Utilisation
plant in Tuticorin, South India at the end of 2016. CO2 emissions from the boiler’s chimney are stripped
out by Carbon Clean Solutions’ patented technology. A stream of CO2 is fed into the chemicals plant as
an ingredient for soda ash and other compounds with many uses, including the manufacturing of glass,
detergents and sweeteners. Thanks to our technology, this plant also produces clean chemicals and zero
emission power. For example, Tuticorin captures 60,000 tonnes/year of CO2, making it the largest CO2
capture and utilisation plant in India.

Clean Energy issues tackled: According to India’s Draft National Energy Policy, energy demand in 2040
will be 4.5 times greater than 2012 levels, and India remains the biggest driver of this consumption. The
country’s coal reserves rank among the top five in the world. This is significant as coal is able to meet over 40
percent of India’s energy needs for the next three decades. However, India faces the challenge of reconciling
its energy consumption. As the world’s fastest growing economy, coupled with the realities of climate change
and the impetus of reducing pollution, India must curtail its demand. Thus, a major component of India’s
emissions reduction strategy centres around making sure coal combustion is as clean as possible as well as
cutting the harmful emissions, without impacting economic growth.

Innovation in Clean Energy: Carbon Clean Solutions’ technology will be crucial in helping the world reach
its low carbon-emissions targets. In the near future, the technology will offer the possibility of widespread
commercial adoption of Carbon Capture & Utilisation. This in turn will increase global contribution to the
green economy and future energy security. The proposed carbon emissions-free technology can act as the
best mitigation strategy for clean coal technology and can de-carbonise industrial scale boilers, which struggle
to work with renewable energy. This innovative technology can decarbonise industries and solve the CO2
emissions problem. The captured CO2 has the potential to be recycled into fuels, carbonates, polymers and
chemicals – all value-added commodities that can be sold. Carbon capture &utilisation has the potential to
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alleviate dependence of petrochemical supplies, by creating alternative pathways to synthesizing products,
such as substitutes for transportation fuel, and chemical feedstocks from waste CO2.

Innovation Breakthrough: Carbon Clean Solutions’ patented CO2 capture technology reduces the cost
of CO2 capture by 30% when compared to conventional technologies, and helps customers to convert
captured CO2 into economically valuable products. As cost is currently the main barrier to the widespread
adoption of Carbon Capture & Utilisation, our strategy provides a solution to these financial obstacles to
help industry adopt cleaner technologies at scale.
Our technology offers significant salient features:
1)

40% lower OPEX and 30% lower CAPEX than conventional technology.

2) ‘ppb’ level emissions - offers guaranteed environmental compliance
3) High availability and reliable performance
4) Low corrosion – reduced capital cost
5) Guarantee >90% CO2 removal with low energy & high reactivity
6) High reactivity and very low energy requirement
In industrial power plants in the UK, EU (Norway, Germany, Netherlands), India and the USA, our technology
is being used. Our patented technology has also received independent verification from Imperial College
London, TNO (the Dutch R&D organization), the University of Kentucky, and SINTEF (Norway, Institute of
Chemical Technology, ICT Mumbai (India).

Next Steps: The next step or various drivers for the widespread adoption of Carbon Capture &Utilisation
as a sustainable process technology are:
1)

Ensuring that the adoption of the technology is economically viable in order for industries to take
ownership of it

2) It is important that a whole-system approach is considered and that supply chain networks are included
3) Engaging the public to view Carbon Capture & Utilisation as a necessary action to respond to climate
change.

Additional Details/Links:
https://www.youtube.com/watch?v=QvcjyqUihPA
https://www.businessgreen.com/bg/news/2473777/carbon-clean-solutions-launches-game-changing-indianproject-to-capture-coal-plant-carbon-emissions
https://qz.com/878674/two-indian-engineers-have-drastically-reduced-the-cost-of-capturing-carbon-dioxideemissions/
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16. Anna University, Chennai
Conversion of CO2 to carbamates with green solvents
Contact details:
Prof. K. Palanivelu,
Centre for Climate Change and Adaptation Research, Anna University, Chennai
kpvelu@gmail.com
Affiliation (Industry/Academia/Venture Capitalist): Academia
Innovation Challenge(s) or technology sectors (Clean energy):
IC#3 - Carbon Capture Innovation Challenge

Technology Overview: Among the different capturing techniques developed for the removal of CO2
gas like absorption, adsorption, cryogenic distillation and membrane, solvent absorption is the most widely
employed method and aqueous alkanolamines are the most commonly used chemical absorbents for the
removal of CO2 gas.
Attempts have been made to measure the absorption of CO2 in amines(EA, PA, EDA, DETA, and TETA) and
alkanolamines (MEA, DEA, TEA, MAE, and AMP) in cleaner, greener, non-toxic, and biodegradable nonaqueous medium like vegetable oil (coconut oil, sunflower oil, groundnut oil, palm oil, and gingili oil)and deep
eutectic solvent (DES) such as ChCl: U (1:2), ChCl: Gly (1:2), ChCl: EG (1:2), ChCl: DEG (1:4) and ChCl: TEG (1:4)
The various operating parameters such as amine concentration, reaction time, tempera-ture and pressure of
CO2 gas have been optimized to get the maximum yield. This is the first attempt which reports the isolation
of the value added products aminecarbamate using DES and vegetable oil media for carbon dioxide capture
and utilization.
Amines in non-aqueous medium such as vegetable oil or DES medium in the case of primary and secondary
amines, the zwitterions formed by the nucleophilic addition of CO2 with amine are unstable and can rapidly
rearrange via proton transfer to the corresponding carbamic acid. Both the zwitterions and the carbamic acids
can generally be unstable, and it is not known which equilibrium form undergoes further reaction, although it
is posited that the carbamic acid may be deprotonated by a second equivalent of free amine to produce an
ammonium carbamate salt with the overall stoichiometric requirement of two moles of amine per one mole of
carbon dioxide absorbed (0.5:1 CO2: amine). These reactions are possible in the aqueous system also, but in
non-aqueous system the possibility for further reaction of carbamate with water is less. Thus, the ammonium
carbamate formation is more favorable than bicarbonate formation and the loading capacity can exceed the
predicted theoretical value due to the equilibrium established between zwitterions and carbamic acid. In the
case of tertiary amines, they are unable to form the carbamic acid/carbamate species and the reaction of
tertiary amines with CO2 in non-aqueous system is less pronounced due to the absence of water nucleophile.
The scheme for capture of CO2 with 4-AMP is shown below
India - Country Report and Progress Update – May 2018

INDIA Country Report_inside_May'18_FNL.indd 73

73
18-05-2018 18:52:04

Clean Energy issues tackled: The control of anthropogenic carbon dioxide emission is one of the
most challenging environmental issues faced by industrialized countries, as CO2 is the largest contributor
accounting for 60% of the global warming effect.
The only large scale solution to the problem of CO2 emissions currently being considered is carbon capture
and storage. However, this is an energy intensive and hence expensive process which will result in increased
fossil fuel consumption and increased energy costs. Carbon capture storage (CCS) does not eliminate
carbon dioxide; it just stores it. Environmental threats of escape are spurring re-evaluation of carbon capture
strategies to eliminate carbon dioxide rather than move and store it. A more attractive solution would be
carbon capture and utilization in which the waste CO2 was not dumped, but converted into a commercially
valuable product.
Utilization of carbon dioxide as a resource is the strategic idea in the mitigation of carbon dioxide especially
from stationary sources. Carbon dioxide can be converted into an assortment of value added products such
as bicarbonates, carbonates and carbamates. Among them, carbamate is one of the most substantial value
added product obtained by reaction of CO2 with amines. carbamates are important raw materials for the
manufacture of a variety of polymers used in foams, coatings, adhesives, plastics, and fibres. It is being used
as an insecticide and as a preservative. It can also be converted to urea on dehydration. Moreover they
are valuable synthetic intermediates and are widely used for a number of scopes, including drug synthesis,
production of agrochemicals, and as protecting groups of amines function
Thus, this novel scheme of green non-aqueous medium seems to be a better alternative to conquer the
drawback of aqueous amine-based CO2 capture as well as for the capture and utilization of the CO2 gas
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to gain the value-added products from flue gas of thermal power plants rather than geological storage and
ocean storage.

Innovation in Clean Energy: It is necessary to have an absorbent with rapid reaction rate with CO2, high
CO2 absorption capacity, less regeneration energy, and also less corrosive nature. All these requirements
could be achieved by applying non-aqueous solvents as a medium for amines instead of aqueous medium.
Furthermore, by applying non-aqueous amines for CO2 capture, it is possible to obtain a value added product
called, ‘carbamate’ . This is a surprising advantage compared with other conventional CO2 capture process
with isolation of carbamate products with no energy for regeneration and one of the strategic ideas in the
mitigation of the global warming effect.
CO2 + 2RR’NH ↔ RR’NCOO- + RR’NH2+

Innovation Breakthrough: CO2 absorption of alkanolamines in aqueous vegetable and DES medium was
investigated. The absorption was observed to be higher in DES medium compared with aqueous medium.
Among the alkanolamines in various DES media, the CO2 absorption was higher in AMP in the ChCl:U (1:2)
medium. In addition to that, under optimized conditions, the maximum yield of 82%, 30%, and 22% of AMPcarbamate was obtained for 99% CO2 gas, 15% CO2 gas in 85% N2, and 15% CO2 gas in 1000 ppm of SO2 and
balance N2 and it was confirmed by FTIR, 1H and 13C NMR spectroscopic techniques. The maximum yield was
found near the critical temperature of CO2 and at a pressure of 6 bar. Among the amines TETA showed the
maximum CO2 capture with coconut oil.
Aqueous medium yielded water soluble carbonate species and the formation of products in precipitate form
has not been observed in the In the case of aqueous medium.
Thus, this work will provide some technological insight into the identification of economical gas absorbents
for the CO2 capture. Hence, it is proper to say that the application of alkanolamines in DES medium would
be a promising viable option to prevent global warming effects and for the capture as well as utilization of
CO2 gas to get value added products. The green solvents used for the absorption process can be recovered
and recycled.

Next Steps: This laboratory study findings to be tested in a pilot scale with real flue gas for the formation
of carbamates.
Further, conversion of these carbamates to urea’s to be investigated for their easy dehydration reaction with
green catalysts.

Additional Details/Links:
1.

https://pubs.acs.org/doi/abs/10.1021/acs.iecr.5b01818

2. https://link.springer.com/article/10.1007%2Fs11356-016-8306-5
3. https://ac.els-cdn.com/S2212982014000183/1-s2.0-S2212982014000183-main.pdf?_tid=29b16262-48a341a2-96ef-005f8876aa8f&acdnat=1524052128_9839f2f641d9086f3423fa278bb9c623
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17. Indian Institute of Technology-Kharagpur
Microwave-assisted rapid conversion of Sunn hemp fibres to biofuels
Contact details:
Dr. Saikat Chakraborty
saikat@che.iitkgp.ernet.in
Affiliation (Industry/Academia/Venture Capitalist):
Academia;
Associate Professor, Department of Chemical Engineering, Indian Institute of Technology Kharagpur
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Biofuels Innovation Challenge

Technology Overview: In this invention, Sunn hemp fibre – a cellulose-rich crystalline non-food energy
crop, containing 75.6% cellulose, 10.05% hemicellulose, 10.32% lignin, with high crystallinity (80.17%) and
high Degree of Polymerization (650) – is identified as a new non-food substrate for second generation
lignocellulosic biofuel production. Microwave irradiation is employed to rapidly rupture the glycosidic
bonds in raw Sunn hemp fibres and produce biofuel precursors such as glucose and hydroxymethyl furfural
(HMF), as well as levulinic acid (LA) and formic acid (FA), in only 46 minutes. The reactants – long-chain
cellulose in untreated Sunn hemp fibres, ionic liquid, transition metal catalyst, and water – form a polar
supramolecular complex that rotates under the microwave’s alternating polarity and rapidly dissipates
the electromagnetic energy through molecular collisions, thus accelerating glycosidic bond breakage and
biofuel production.
The Sunn hemp fibres used in this study were obtained from Indian Council of Agricultural Research –
Central Research Institute for Jute and Allied Fibres, India.The experiments are conducted in a Titan
MPS™ microwave reactor (Perkin Elmer, Waltham, USA) by mixing raw, untreated Sunn hemp fibres with
the catalyst CuCl2, ionic liquid [Bmim] Cl, and water. The microwave system contains 16reactors of 75 ml
each, with diameter and height of 4.5 cm and 28.5 cm, respectively (Photo 1). The total heat input rate to
the 16 reactors in the microwave system is 1500 watts, and the total reaction time is varied from 36-51
minutes. The water concentration (w/w) is varied from 5-90%, where 5% (w/w) of water means 0.05 g of
water per g of ionic liquid. The reaction temperature is varied from 160-200°Cin steps of 20°C, and the
reaction pressure is slowly increased from 1-5 bars. The catalyst to substrate ratio (w/w) is varied from620%, while the substrate to ionic liquid ratio (w/w) is varied from1.25-10%.
Along with the water concentration, the reaction temperature is found to be a process parameter that
can be regulated to obtain a desired product distribution that maximizes either the yield of glucose (at
160°C) or that of HMF (at 180°C), or that of LA and FA (at 200°C).As the total reaction time is varied from
36-51 minutes, the yields of all four products maximize at 46 minutes (Figure 1). The optimum catalyst to
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substrate ratio is obtained as 16%, while the optimum Sunn hemp to ionic liquid ratio is 2.5%.The maximum
yields obtained after 46 minutes of microwave irradiation are: 78.7% for glucose at 160°C and 40% water
concentration (Figure 1a), 26.8% for HMF at 180°C and 25% water concentration (Figure 1b), 44.9% and
17.8% for LA and FA, respectively, at200°C and 40% water concentration (Figure 1c, d).
In 46 minutes, 1 kg of Sunn hemp fibres containing 756 g of cellulose produces 595 g of glucose at 160°C,
and 203 g of HMF at 180°C.The glucose is separated from the reaction medium and fermented using yeast
(Saccharomyces cerevisiae) to produce 230 g of bioethanol in 15 hours with 75.6% yield at 30°C (Figure
2), and the platform chemical HMF can easily be hydrogenated to furanic biofuels such as dimethylfuran.
The ionic liquid is recovered using potassium sulphate (with recovery efficiency of 84%) and recycled for
cost-effective biofuel production.

Clean Energy issues tackled: To increase the world’s liquid biofuel production and meet the goals of
the Paris Agreement, we must identify new cellulose-rich non-edible lignocelluloses that do not conflict with
food sources and can be rapidly converted to second generation biofuels. This invention identifies a new nonedible lignocellulose which is widely cultivated around the world, namely Sunn hemp fibre, and innovates a
process of rapidly converting them to biofuel precursors in only 46 minutes using microwave radiation.
Sunn hemp (Crotalaria juncea) is widely grown as a non-edible nitrogen-fixing lignocellulosic cover crop
in the subtropics of Bangladesh, Brazil, India, Pakistan, Russia, Sri Lanka, USA, Uganda, etc. A shrubby,
herbaceous, fast-growing, sub-tropical annual legume, it produces 2268 kg dry biomass/acre in only
9–12 weeks, with 19 MJ of energy/kg dry biomass at a global production of 130,000 MT/year. Sunn hemp
fibre, with its low lignin and hemicellulose contents, high cellulose content, and high energy content of
2.5×109 MJ/year, has the unique potential of being converted to transportation biofuels rather than being
merely used as bast fibre. The main obstacle to its large-scale deployment as a future fuel in our fight
against climate change is its low porosity, high crystallinity and long chain length, which together render
the cleaving of the glycosidic bonds between its glucose monomers rather challenging.

Innovation in Clean Energy: While this breakthrough produces biofuel precursors from a highly crystalline
cellulose-rich non-edible lignocelluloses such as Sunn hemp fibre – a new non-food bioenergy crop – in only
46 minutes, this technology can also be employed to depolymerize less crystalline lignocelluloses such as
Ricinus communis, Bambusa bambos, Miscanthus stems (with crystallinities of28–45%) even faster. The high
molecular weight, long-chain cellulose polymers (e.g., Degree of Polymerization of cellulose in Sunn hemp
fibre ~650, in Bambusa bambos ~1100, and in Miscanthus stem ~800) in these lignocelluloses facilitate the
formation of polar supramolecules that help the rapid absorption of energy at the reactor scale, and its
subsequent dissipation at the molecular scale. We have also applied this technology on a locally available
cellulose-rich grass with 84% cellulose content and 48% crystallinity to produce biofuel precursors such
as glucose and HMF in only 36 minutes. Thus, we have shown that this microwave-based invention can
be applied to a wide spectrum of second generation bioenergy crops with high cellulose content, Degree
of Polymerization and crystallinity, and convert these recalcitrant low porosity lignocelluloses – which are
otherwise resistant to enzymatic treatment – to biofuel precursors in less than 46 minutes. This technology,
not being substrate-specific, can be applied to mixture of non-edible lignocelluloses – rather than a single
lignocellulose – to rapidly produce second generation biofuels.

India - Country Report and Progress Update – May 2018

INDIA Country Report_inside_May'18_FNL.indd 77

77
18-05-2018 18:52:05

Additional Details/Links:
Publication: https://www.sciencedirect.com/science/article/pii/S0960852418300105
Video: https://www.youtube.com/watch?v=Zj-k7SAL4PA
Patent: Filing number 201631036686

Photo 1: Prof. Saikat Chakraborty and his research team use microwave reactor to rapidly convert raw
Sunn hemp fibres to biofuels in the Chemical Engineering Department of IIT Kharagpur.
News report: https://timesofindia.indiatimes.com/city/kolkata/iit-kharagpur-research-team-turns-hemp-fibre-into-clean-fuel/articleshow/63448955.cms

Figure 1. Effect of reaction time in the microwave reactor on the yields of (a) glucose at 160°C, (b) HMF
at 180°C, (c) levulinic acid at 200°C, and (d) formic acid at 200°C for various water additions (%), at the
optimum catalyst to Sunn hemp fibre loading of 16 wt%, and the Sunn hemp fibre to ionic liquid loading of
2.5 wt%, with the reactor pressure maintained at 1–5 bar. (Reaction Time: 36 min, 41 min, 46 min, 51 min).
[Source: Paul, S.,& Chakraborty, S., Bioresource Technology, 253, 85-93, 2018]
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18. Indian Institute of Technology-Kharagpur
Yeast Biorefinery: A promising and sustainable model for the production of biofuels and valueadded products
Contact details:
Prof. Ramkrishna Sen
IIT Kharagpur
rksen@bt.iitkgp.ac.in, rksen@yahoo.com, rksen@hijli.iitkgp.ernet.in
Affiliation (Industry/Academia/Venture Capitalist): Academia
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Biofuels Innovation Challenge

Technology Overview: Oleaginous yeasts have gained increasing attention as feedstock for biodiesel and
other value-added products due to their high growth rates coupled with lipid accumulation abilities. Locally
isolated oleaginous yeast, Pichia guilliermondii was found to accumulate more than 50% (w/w) lipid and was
used in the present study. The lipid content was further enhanced by imposing nutrient stress on the yeast.
Studies have also been done at various oxygen saturation levels to see any further improvement in biomass
density and lipid content. Also we understand that the development of a technologically and economically
sustainable biodiesel manufacturing process from yeasts necessitates the use of low-cost substrates and
co-production of value-added by-products in a biorefinery model. Various low- cost raw materials, such as
molasses, crude glycerol, distillery wastewater (DWW) and corn steep liquor (CSL), are tested to develop
a judicious combination of substrates for the optimal production of yeast biomass and lipid for biodiesel
application. The cell-free supernatant of the culture showed significant emulsification activity indicating
production of extracellular bioemulsifier by the yeast.
The conventional biodiesel production process using yeast biomass often involves multiple energy intensive
unit operations and processing steps that increase the overall cost and reduce the economic viability of
the biodiesel product. Thus, a study was conducted to design and optimize an in-situ process for the direct
conversion of lipids in disrupted wet yeast biomass with an average total lipid content of 50 ± 2% [w/w, on dry
cell weight (DCW) basis] to biodiesel, while bypassing important steps of biomass processing such as drying
and lipid extraction. An extensive energy and cost analysis was done to compare the in-situ process with the
conventional transesterification process.
A major fraction of the yeast biomass was left unutilized after conversion of the lipid fraction to biodiesel.
Biochemical analysis of the lipid-extracted biomass shows that it contains up to 24.6±0.83 %, w/w protein
and 44.2± 1.41%, w/w carbohydrate, which indicate its potential use as a feedstock for thermo-chemical
processes for biocrude production or as an animal feed. Thermo-chemical conversion methods offer an
ultimate solution to utilize the majority of cellular fraction to liquid fuels and is indeed the future of advanced
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biofuel based research. Also, glycerol produced as a by-product (10 % v/v) in transesterification reaction was
used as a co-solvent in hydrothermal liquefaction (HTL) and the yield of biocrude was found to improve.

Fig 1. Lipid droplets inside intact yeast cells as seen under fluorescence microscope
Table 2. Comparative total energy consumption and cost involved in both conventional and in situ
transesterification process
Energy Consumption per unit operation/process
Total Energy
(kWh/ kg biomass)
Technique
Consumption
involved
Biomass
Cell
Lipid
(kWh)
Transesterification
drying disruption extraction
Conventional
6*
42.5
34.72
2.4
85.62
In situ
-42.5
-3.6
41.1

Total cost to
process 1kg
biomass (USD)ψ
12.84
6.16

Fig 2.Schematic of the steps involved in conventional and direct/in situ transesterification

Clean Energy issues tackled: The depletion of fossil fuels and associated GHG emission have prompted
the world scientific community to find alternative renewable fuel sources that can meet the challenges of
ever increasing global demand for fuels. Third generation biofuels from single cell micro-organisms are gaining
attention but the challenges include energy intensive upstream and downstream processing steps. Oleaginous
microorganisms have the potential to play an important role as alternative lipid producer for biodiesel
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industry. Though there are some reports on the hydrolysis of microbial lipids and production of biodiesel
from its conversion and on the study of bioemulsifier production by an oleaginous yeast, no attempt has
been made to use the yeast biomass as feedstock in an integrated biorefinery model for the co-production of
biodiesel by a green enzymatic method and other valuable products like bioemulsifier from the by-product of
biodiesel making process. Considering higher cost, inconsistent availability of vegetable oils; microbial lipids,
relatively inexpensively produced by fermentation of oleaginous yeasts, can potentially serve as renewable
and sustainable sources of biodiesel. The biorefinery model should be an ideal model for a country like ours as
it represents an integrated facility of biomass conversion processes to produce multiple products like biofuels
and bio-chemicals.

Innovation in Clean Energy: Various feedstocks have been checked for their biofuel production potential,
oleaginous yeasts in particular are gaining increasing importance because it is fast growing, attain higher
cell density, growth independent of climatic conditions and accumulates higher lipid as compared to other
single cell micro-organisms. The yeast biorefinery approach can provide a sustainable feedstock for biofuel
production and to make the entire process energetically and cost feasible various value-added products
(bioemulsifier, biocrude, biochar, etc.) can be obtained. Almost 50-60 % of the biomass contains lipid which
can be transesterified to biodiesel. The fatty acid composition showed similarity with plant derived oils and can
be suitable blended with petro-diesel for use in existing engines. The B100 showed good heating value around
30-32 MJ/kg. The residual de-oiled biomass left after lipid extraction can also be converted to liquid fuels by
thermo-chemical processes, which can be further upgraded to higher fuels for use as jet fuel. Both biocrude
and biochar obtained after hydrothermal liquefaction showed good heating values similar to petrodiesel.

Innovation Breakthrough: After critical analyses of the national and international literature reports,
it is very much evident that the present-day energy crisis coupled with a demand of pollution free world
drives the search for an alternative diesel fuel, which is equally environment and economy-friendly. Though
batch and continuous reactor studies have been conducted for the production of biodiesel, an integrated
biorefinery concept based strategy towards making biodiesel production economically viable by integrating
and optimizing the biodiesel production process using renewable and cheaper microbial lipid as feedstock
produced from oleaginous yeast using industrial wastewater with concomitant production of glycerol and
bioemulsifier from glycerol and wastewater is a ground-breaking approach. The waste biomass after lipid
extraction was tested for its utility as animal/fish feed. The importance and relevance of the proposed project
thus lie in this innovative idea and effort to develop, integrate and optimize bioprocesses for the biorefinery
concept based concomitant production of microbial lipid, biodiesel fuel, glycerol, bioemulsifier and biomass
as animal/fish feed in an integrated process, which can potentially serve as a green technology, for achieving
innovative breakthrough in terms of enhanced process performance, energy efficiency, bio-based economy
and environmental sustainability.

Next Steps: In order to make the entire biorefinery process more impactful and valuable for industrial
implication, scale-up of the process is essential. Higher volume bioreactor (1000 L) may be installed to
achieve higher biomass for more lipid and biodiesel production. Further, to ensure maximum lipid extraction
high pressure homogenizer may be used for better cell disruption and oil extraction process. For the
enzymatic transesterification process, packed bed bioreactor or continuous stirred tank reactor may be
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installed for better FAME conversion. A continuous supply of wastewater from an industry would be helpful
for large scale operations. A high pressure-high temperature reactor of around 10 L capacities will help
conversion of residual de-oiled biomass to liquid fuels. Proper analysis or characterization of the product
is very important to understand the efficiency of the process, such as CHNO analyser, proximate analyser,
bomb calorimeter and GC-MS.

Additional Details/Links:
1.

http://pubs.rsc.org/en/content/articlepdf/2016/ra/c6ra14003c

2. http://pubs.rsc.org/en/content/articlepdf/2017/se/c7se00010c,
3. Doi no. 10.1007/s00449-018-1939-7 (in press)

Fig 3. Schematic of the Developed Yeast Biorefinery: A Success Story
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19. Indian Institute of Technology-Bombay
Development of a glucose tolerant β-glucosidase for biofuel production
Contact details:
Dr. Prasenjit Bhaumik
pbhaumik@iitb.ac.in
Affiliation (Industry/Academia/Venture Capitalist):
Academia, DBT-Pan IIT Center for Bioenergy, Indian Institute of Technology Bombay, Powai,
Mumbai-400076, India
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Biofuels Innovation Challenge

Technology Overview: Cellulases, a family of enzymes those are responsible for hydrolyzing cellulose
or hemicellulose to produce glucose, have lots of industrial importance in cellulosic biofuel production.
β-glucosidase is the rate limiting cellulase which produces glucose from cellobiose. Feedback inhibition by
glucose is one of the reasons for low catalytic efficiency of this enzyme and slower enzymatic conversion
rate of cellulose to glucose. Therefore, engineering of β-glucosidase is essential to produce enzymes with
high catalytic efficiency and higher tolerance to product inhibition. We have cloned a β-glucosidase (UnBGl1)
with a C-terminal His6-tag. The wild type recombinant enzyme was expressed and purified to homogeneity.
The glucose tolerance level of the purified enzyme was measured to be 0.9M. The enzyme showed highest
optimal activity at pH 6.0 at 55oC. The enzyme was crystallized and atomic resolution (0.95Å) structure of its
Tris bound form has been determined using the diffraction data collected at PX-BL21 beamline, Indus 2 at Raja
Ramanna Centre for Advanced Technology, India. Very high resolution crystal structures of active UnBGl1
have also been determined as apo-enzyme as well as complexed with cellobiose and glucose. The cellobiose
bound form of this enzyme is the first structure of an active β-glucosidase with its substrate in the active
site. The structural analysis indicates the mode of cellobiose binding in the active site. The cellobiose bound
structure has revealed that the substrate binding pocket contains two catalytic glutamate residues (E185 and
E370) and the substrate is anchored to the enzyme via several polar interactions. The glucose bound structure
represents a state of the enzyme in which glucose is covalently bound to the active site. These structures
of UnBGl1 provide a detailed understanding about the reaction mechanism of this enzyme. Our results also
indicate that the active site is located at the closed end of a tunnel that opens at the surface of the enzyme.
This tunnel might be involved in supply of cellobiose to the active site and removal of product glucose. Based
on the structural analysis a cysteine residue (C188) was identified to stabilize a glucose molecule adjacent
to the catalytic center (Fig. 1a). The C188V mutant of UnBGl1 was created and the purified mutant enzyme
showed higher glucose tolerance of 1.7M, as compared to the wild type (Fig. 1c). The crystal structure of C188V
mutant has been determined at 1.1 Å resolution (Fig. 1b) and it serves as a tool for further improvement of
glucose tolerance of this enzyme to enhance its performance in industrial biofuel production process.
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Figure 1: Structure based improvement of glucose tolerance of β-glucosidase(UnBGl1).
(a) The active site of UnBGl1 complexed with glucose. 2Fo - Fc and Fo - Fc maps are shown by blue and green
mesh, respectively. (b) The active site of UnBGl1 C188V mutant complexed with glucose. 2Fo - Fc map is
shown by blue mesh. The inset shows another orientation with better view of V188.(c) Comparison of glucose
tolerance between native and C188V mutant UnBGl1.

Clean Energy issues tackled: Feedback inhibition of the enzymatic activity of β-glucosidase by glucose is

a major challange in enzyme catalyzed biofuel production from cellulose. Hence, engineering of β-glucosidase
is essential to produce enzymes with high catalytic efficiency and higher tolerance to glucose inhibition.In
this project we are trying to develop a β-glucosidase with high glucose tolerance and longer stability in the
fermentation conditions.

Innovation in Clean Energy: We have successfully developed a highly glucose tolerant β-glucosidase.
Innovation Breakthrough: This mutant β-glucosidase will improve the efficiency of biofuel production
from cellulose.

Next Steps: The next step is to improve the stability of this highly glucose tolerant β-glucosidase mutant so
that it’s enzyme activity is maintained for long time in the fermentation conditions.
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20. DBT-ICT, Mumbai
The DBT-ICT 2G-Ethanol Technology
Contact details:
Prof. Arvind M. Lali
arvindmlali@gmail.com
Affiliation (Industry/Academia/Venture Capitalist): Academia
Other organizations involved (if any):
• Department of Biotechnology, Ministry of Science & Technology, Govt. of India
• Biotechnology Research Assistance Council (BIRAC)
• India Glycols Ltd., Kashipur, Uttarakhand
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Biofuels Innovation Challenge

Technology Overview: The DBT-ICT 2G-Ethanol Technology, a highly competitive technology for
lignocellulosic ethanol production has been developed under the Centre’s mandate of ‘Waste to Energy’
and governments initiatives on ‘Make in India’ and ‘Swatch Bharat Abhiyan’. The technology developed
was proven at 1 ton/day scale in Phase 1 at India Glycols site. This was later scaled up to Rs. 35 crore
demonstration scale plant of 750,000 litre annual alcohol capacity. India’s first 2G or Cellulosic Ethanol
demonstration plant with a capacity of 10 t/day erected at India Glycols Ltd., Kashipur was inaugurated
by Dr. Harsh Vardhan, Minister of Science and Technology & Earth Sciences, on the 22nd of April 2016. The
plant, built with the support from Department of Biotechnology, Ministry of Science and Technology and its
Public sector Undertaking Biotechnology Research Assistance Council (BIRAC) is based on the novel and
indigenous 2G-Alcohol technology developed by the DBT-ICT Centre for Energy Biosciences, a Centre of
Excellence established in 2008 at the Institute of Chemical Technology, Mumbai.
The technology and plant design are unique and can process any given biomass feedstock. The technology
employs continuous processing system and converts biomass into C5 and C6 sugars through pretreatment
and enzyme hydrolysis. These sugars produced at conversion efficiency of 95% and 4-5% concentration can
be taken up for fermentation to form ethanol. These sugars can also be fermented towards production of
fuel, feed, food and functional molecules. The technology converts biomass feed to alcohol within 24 hours
as compared to other technologies from the developed economies that take anywhere from 3 to 5 days.
This multi-scale technology and recycling of enzymes (upto 50 cycles), chemicals and water results in low
CAPEX and OPEX thus producing ethanol at competitive cost.

Clean Energy issues tackled: India’s energy requirement is 150GW and 80% of this is met through
import of petro-crude. Use of coal and petro-crude add to the increasing carbon imbalance that the
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world today struggles to contain. The government of India has proposed to reduce carbon emission and
the dependence on crude oil imports by increasing domestic output; promoting energy efficiency and
conservation; and encouraging greater use of alternative fuels. Mandated to blend 5% green biofuels
into gasoline (petrol) and diesel by its National Biofuel Policy drafted in 2009, India today has no diesel
substitute of note while barely managing to achieve about 3.3% bioethanol blending in gasoline. Use of
surplus agricultural residues and other renewable sources of energy can lead to partial or full replacement
of petro-derived fuels with renewable fuels ensuring energy security for the country. The indigenously
developed and validated 2G-Ethanol technology by DBT-ICT Centre is claimed to be easy to scale up, works
with any agri-residue feedstock, and has superior competitiveness with unique and novel features not only
for India but also for rest of the world. The technology is devised to overcome all the drawbacks of the
contemporary technologies and can produce ethanol from any agricultural residue feedstock.

Innovation in Clean Energy: Indian Government started to spend on both basic and translational
research to arrive at scalable and indigenous biofuel technologies for conversion of agri-residues into biofuels
to achieve the blending target after release of National Biofuel Policy in 2009. The DBT-ICT 2G-Ethanol
technology developed and proven at 1 ton/day scale in Phase 1 at India Glycols site, was scaled up to Rs.
35 crore demonstration scale plant of 750,000 litre annual alcohol capacity at the same site at Kashipur in
Uttarakhand. The impact of this technology would be net reduction in the import of crude oil and reduction
in carbon emissions into the atmosphere. The surplus conversion of agri-waste/residues to ethanol would
help achieve the proposed 20% target of ethanol blending with biodiesel along with considerable savings
in import of crude oil. This technology will generate farm revenues for farmers, creation of jobs, thereby
achieving social, environmental and economic benefit for the country.

Innovation Breakthrough: The DBT-ICT 2G-Ethanol technology has several novel features and merits that
marks it apart from other globally promoted technologies. The other features of this technology are
• Easy to scale up.
• Feedstock agnostic technology i.e. any biomass feedstock from hard wood chips and cotton stalk to soft
bagasse and rice straw can be processed.
• Lowest capital expenditure (CAPEX) on plant and machinery.
• Low cost of production with recycling of enzymes, chemicals and water.
• Minimum consumption of energy.
Further, the technology employs continuous processing and converts biomass feed to alcohol within 24 hours
compared to other technologies from the developed economies that take anywhere from 3 to 5 days. The
plant design also has unique features such as advanced reactor design and separation technologies with rapid
reaction regime operations.

Next Steps: The DBT-ICT Centre, along with other Industrial partners (Bharat Petroleum Corporation Ltd
and Hindustan Petroleum Corporation Ltd.) are already on the way to design and scale-up the technology to
400 ton/day biomass scale. Larsen & Toubro Hydrocarbon Engineering Ltd. has signed on as the Engineering
Partner for commercialization of the technology.
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Future steps must be targeted towards setting such plants (either private or government) at locations where
the agricultural residues are surplus. The use of agricultural waste would deter farmers from burning it as
practiced by most rice and wheat farmers in the Indo-Gangetic plain.

Support: The major challenge is the slow translation of these impactful technologies to pilot and commercial
scales. Efficient mechanisms for rapid translation along with federal or institutional support would be needed
to translate these technologies at a faster rate.

Additional Details/Links:
• doi:10.1080/10826068.2016.1275006
• doi:10.1080/10826068.2016.1275009
• https://patents.google.com/patent/US8338139B2/en
• https://patents.google.com/patent/US8673596B2/en
• https://patents.google.com/patent/US8709763B2/en
• https://patents.google.com/patent/WO2015107415A1/en
• https://patentscope.wipo.int/search/en/detail.jsf?docId=WO2018042464&recNum=1&maxRec=&office=
&prevFilter= &sortOption=&queryString=&tab=PCT+Biblio

Photos related to DBT-ICT 2G-Ethanol Technology

Inauguration of the 2G-Ethanol Plant at IGL, Kashipur
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2G-Ethanol plant at IGL, Kashipur, Uttarakhand
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21. DBT-ICGEB Centre for Advanced Bioenergy Research
Indigenous enzyme technology for sustainable biofuel development
Contact details:
Dr. Syed Shams Yazdani
shams@icgeb.res.in
Affiliation (Industry/Academia/Venture Capitalist): Academic
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Biofuel Innovation Challenge Indigenous Enzyme Technology

Technology Overview: DBT-ICGEB Centre for Advanced Bioenergy Research (DBT-ICGEB) is an
integrated centre for performing cutting-edge basic research and its translation into reality. It thrives upon
ICGEB mandate to perform research in the field of molecular biology and biotechnology and will serve as
platform for the synthetic biologists to utilize combination of genomics, metagenomics, synthetic and systems
biology approaches. Using these tools, we focus on three major research areas: screening, identification and
design of novel cellulolytic enzymes, engineering microbe for production of bioethanol from cellulosic biomass
using consolidated processing approach, and engineering microbe for production of biofuels of longer carbon
chain length. We have established the capabilities to screen cellulolytic microbes in high throughput manner
and identified several novel enzymes that would ease in the degradation of cellulolytic biomass. We select the
promising ones and perform thorough genetic and biochemical characterization to understand its functional
mechanism and to further improve its functional characteristics. We express these enzymes in high quantities
in heterologous host and construct bifunctional hybrid enzymes to reduce the production cost further.

Clean Energy issues tackled: The biological conversion of cellulosic biomass to produce environment
friendly fuels and chemicals is in demand and the conversion of lignocellulosic biomass to fermentable sugars
is the most complex step. Enzymatic hydrolysis offers the potential for higher yield, higher selectivity, lower
energy costs and milder operating conditions than chemical processes, the mechanism of enzymatic hydrolysis
and the relationship between the substrate structure and function of components is not well known and
limited success has been realized in maximizing sugar yields at very low cost.

Innovation in Clean Energy: Our innovation provides detailed information for enzymes and its use for
biomass hydrolysis and sustainable solution to biofuel industries.
DBT–ICGEB Centre Identified key enzymes in fungal genome for biofuel production
The new fungal source Penicillium funiculosum could be a strong alternative in the industrial enzyme repertoire
for biofuel production.
Dr. Syed Shams Yazdani and his group from ICGEB’s microbial engineering department have found
that P. funiculosum effectively produces the enzyme GH7 cellobiohydrolases (CBH1) – vital for the
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breakdown of cellulose – just as its fungal cousin Trichoderma reesei, which is mostly used in the
industrial enzyme cocktails.
Dr. Yazdani has published his work in the Journal Biotechnology for Biofuels [Comparative insights into the
saccharification potentials of a relatively unexplored but robust Penicillium funiculosum glycoside hydrolase 7
cellobiohydrolase. Biotechnology for Biofuels10:71 (2017)]
Also DBT-ICGEB Centre recently published in the Journal Metabolic Engineering explain how the group
has increased the hydrocarbon production rate so that more carbon is available for alkane formation. The
development is being hailed as reporting the highest production levels achieved so far by any microbial source.
Another research article published in Journal of Biological Chemistry (JBC) A consensus-guided approach
yields a heat-stable alkane-producing enzyme and identifies residues promoting thermostability. Where
we have generated a thermostable (Cts)-ADO based on a consensus of ADO sequences from several
thermophilic cyanobacterial strains. Using an in silico design pipeline and a metagenome library containing 41
hot-spring microbial communities, we created Cts-ADO. Cts-ADO displayed a 3.8-fold increase inpentadecane
production on raising the temperature from 30°C to 42 °C.

Innovation Breakthrough: Altered fungal genome to double enzyme production, useful for biofuel
production
Dr. Syed Shams Yazdani and his group have tweaked the genome of a fungus to make it produce double
the amount of industrially-important cellulolytic enzymes, or enzymes that break down cellulose into simple
sugars. Such cellulose breaking enzymes derived from microbes are used extensively in the biofuel production
industry, and are currently obtained from one industrial workhorse fungus.
The fungus Penicillium funiculosum produces five times more active cellulolytic enzymes GH7 cellobiohydrolases
(CBH1) than Trichoderma reesei, most widely used in industrial enzyme cocktails.

Additional Details/Links:
https://biotechnologyforbiofuels.biomedcentral.com/articles/10.1186/s13068-018-1011-5
https://biotechnologyforbiofuels.biomedcentral.com/articles/10.1186/s13068-017-0752-x
https://www.natureasia.com/en/nindia/article/10.1038/nindia.2018.13
https://www.thehindubusinessline.com/economy/genetically-engineered-fungus-now-squeezes-outmore-biofuel-from-farm-waste/article22636896.ece
https://www.biospectrumindia.com/news/68/10328/icgeb-scientists-engineer-fungal-genome-toenhance-biofuel-synthesis.html
https://advancedbiofuelsusa.info/icgeb-scientists-identify-key-enzyme-for-biofuel-production-in-fungalgene/

Photographs related to ICGEB technologies
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Native Fungus
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22. DBT- IOC Advanced Bio-Energy Research Centre
Success Story of DBT-IOC Advanced Bio-Energy Research Centre for the Development of
Second Generation Ethanol
Affiliation (Industry/Academia/Venture Capitalist):
Industry: Indian Oil Corporation Ltd, Research and Development Centre, Sector-13, Faridabad
Other organizations involved (if any):
Department of Biotechnology, Ministry of Science and Technology, Government of India, New Delhi
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Biofuels Innovation Challenge

Technology Overview: Department of Biotechnology, Ministry of Science and Technology, New
Delhi and the Research and Development Centre, Indian Oil Corporation Limited, Sector-13, Faridabad,
Haryana established Bioenergy Research Centre (DBT-IOC Centre) for the development of 2G ethanol
and other value added chemicals. For this purpose a pool worth Rupees 52 Crores was created with the
contribution of 51% by DBT and 49% by IOC. The centre started functioning from May 2012. Besides
this, the centre roped in various institutes like NREL, USA and the Lund University, Sweden to develop
2G-Ethanol technology as both of these organisations are pioneer across the world in this area.
A group of researchers started working in the laboratory with almost no prior experience in this area.
Within a year, with the help of NREL, USA a pilot plant having processing capacity of 250 kilograms per
Day was commissioned indigenously. Thereafter, by exploiting this pilot plant facility, a large amount of
database was generated using various catalysts and agricultural residues like rice straw, wheat straw,
bagasse, etc. The data was related to all the steps involved in the process of biomass to ethanol, i.e.
pretreatment, enzymatic hydrolysis and fermentation followed by distillation and purification of ethanol
was generated.
All sorts of studies were conducted like carbon mass balance; component based mass balance, life cycle
assessment and life cycle costing using this pilot plant in a span of about 4 years. Thereafter, the process
flow diagram of technology was firmed up in order to scale it to 10 tons per day processing unit. For this
project a land of about 14 hectares has been allotted by IOC in Mathura. BDEP of the technology was
firmed up with the help of process design and engineering cell of IOC. Now, mode of execution of the
project, necessary approvals and the allocation of the funds is being finalized, which are expected to be
around 110 Crores.
The application has been filed for the environment clearance for this project which is expected to
commence in June 2018. Simultaneously, vendor development work is underway for the fabrication and
integration of the plant. It is anticipated that this demo-scale plant of 10 tons biomass per day processing
capacity will be functional by the end of 2019.
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In the nutshell, the project was conceived and processes are being scaled up indigenously which
itself explains a very successful and exemplary success story of the efforts made by the Department
of Biotechnology, Ministry of Science and Technology, New Delhi and the Research and Development
Centre, Indian Oil Corporation Limited, Faridabad, Haryana.

Clean Energy issues tackled:
In the quest for an alternative source of transportation fuel due to dwindling fossil fuels and their adverse
impact on the environment, a project was initiated jointly by the Department of Biotechnology, Ministry
of Science and Technology, New Delhi and the Research and Development Centre, Indian Oil Corporation
Limited, Sector-13, Faridabad, Haryana. The main objective was to develop 2G ethanol process from
agricultural residues like wheat straw, rice straw, bagasse, cotton stock, etc. at low cost .

Innovation in Clean Energy: Once the technology is commercialised over a period of time, it will
be able to produce ethanol on a commercial scale. Ethanol is clean transportation fuel which will be
produced indigenously and will address all the parameters of sustainability by improving the environmental
problem, creating socio-economic benefits for rural sector and helping the country to be self reliance in
the energy.

Innovation Breakthrough: By exploiting the pilot plant facility, a large amount of database was
generated using various catalysts and agricultural residues. The data was related to all the steps involved
in the process of biomass to ethanol, i.e. pretreatment, enzymatic hydrolysis and fermentation followed
by distillation and purification of ethanol was generated. Our process uses minimum use of chemicals
to maximize sugars and followed by unique SSCF process to maximize ethanol at reduced time and
cost. Apart from this, our process uses indigenous enzyme cocktail using enzyme broth as such, without
concentration and stabiliser, to further reduce the cost of enzyme, which is a major Opex component in
2G ethanol cost.

Next Steps: Once the technology is demonstrated at 10 ton per day unit in Mathura it will be ready for
deployment in the country.
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Photograph- 250 kg/day Lignocellulosic ethanol pilot plant at IOC R&D
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23. DBT- IOC Advanced Bio-Energy Research Centre
Development of Cellulase Enzyme Technology for 2G ethanol plants
Affiliation (Industry/Academia/Venture Capitalist):
Industry: Indian Oil Corporation Ltd, Research and Development Centre, Sector-13, Faridabad
Other organizations involved (if any)
Department of Biotechnology, Ministry of Science and Technology, Government of India, New Delhi
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Biofuels Innovation Challenge

Technology Overview: Cellulase enzyme is a major opex cost component in 2G ethanol process for
conversion of biomass into ethanol. Currently the enzyme supply is proprietary to very few companies and
the cost of enzyme per litre of ethanol production is very high. In view of this, R&D Centre developed its
indigenous cellulase enzyme recipe for the sustainable supply of enzyme at low opex.
After screening about 85000 of mutants of fungal strains, one strain was found highly effective to produce
suitable cocktail/recipe of Cellulase enzyme for the hydrolysis of pretreated biomass. After extensive
optimization of carbon and nitrogen sources, cultural conditions, feeding strategies, etc the cellulase enzyme
production has been improved significantly and scale-up studies from 5 lt to 5000 Lt scale has been completed
in collaboration with third party.
The indigenously produced enzyme broth as such (without concentration and stabilization) has been evaluated
in the 1MT/Day pilot plant of M/s Praj Industries, Pune and the indigenous enzyme has shown comparable
hydrolysis efficiency to the commercial enzyme from M/s Novozyme for rice straw biomass. The indigenously
developed cellulase enzyme is cost effective by about 30-40%. This is first attempt in India to develop large
scale enzyme production process.
In order to further scale up and integrate the process for onsite production and use of indigenous enzyme in
demo/commercial 2G ethanol plants, an agreement would be signed with a third party who has expertise for
large scale enzyme manufacturing.

Clean Energy issues tackled: The cellulase enzyme preparation consists of multiple activities and hence
more than 85000 mutants of fungal strains were profiled for different cellulolytic and hemicellulolytic activities
like endo/exoglucanase, β-glucosidase, FPase etc. Based upon profile enzyme broths from potential strains
were blended and analyzed for hydrolytic performance at different FPU/Protein concentrations. This has led
to two strains that were selected for further activity improvement and process development. These strains
had very high hydrolytic activity ranging from 1.5-2.5 FPU/ml on Avicel as substrate.

Innovation in Clean Energy: The microbial strains were subjected to intensive chemical and physical
mutagenesis using different agents to screen out hyper producing strains. Also developed a screening method
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for the selection of only hypercellulolytic mutant. After screening about 85000 colonies, two strains were found
highly effective to produce suitable cocktail of Cellulase enzyme for the hydrolysis of pretreated biomass. The
strains were improved about 1.5 X in activities on Avicel. Mutagenesis is continued activity. Different media and
media components were extensively analyzed and optimized for higher cellulase production. Among nitrogen
sources, corn steep liquor, urea and sodium nitrate are found better and all are cheaper.
Carbon sources such as commercial cellulose, pretreated biomass were used and found better for enzyme
production. After optimization of carbon and nitrogen sources, cultural conditions, feeding strategies, etc the
cellulase enzyme production has been improved significantly.

Innovation Breakthrough: Enzymes has been produced at 5 Lit scale reactors using optimized media and
carbon sources. Large numbers of experiments were performed for fine tuning and repeatability testing. Some
fermentor parameters (pH, temp., DO, amount of feed) were again optimized at this scale. This indigenously
developed cellulase enzyme is cost effective and its performance was analyzed on different pretreated
biomass ( acid pretreated rice straw, wheat straw, sugar cane bagasse) for fermentable sugar production. The
process has been up scaled up successfully using commercial grade chemicals in series of 250L and 5000 L
reactors. The enzyme broth produced commercially in 5000 L reactors has shown excellent productivity and
activity. The broth also has efficient hydrolytic activity comparable to commercial enzymes.
The indigenously produced enzyme broth as such (without concentration and stabilization) has been evaluated
in the 1MT/Day pilot plant of M/s Praj Industries, Pune and the indigenous enzyme has shown comparable
hydrolysis efficiency to the commercial enzyme for rice straw biomass. The indigenously developed cellulase
enzyme is cost effective by about 30-40%. This is first attempt in India to develop large scale enzyme
production process.

Next Steps: In order to further scale up and integrate the process for onsite production and use of indigenous
enzyme in demo/commercial 2G ethanol plants, an agreement would be signed with a third party who has
expertise for large scale enzyme manufacturing.
This is ongoing process and further improvement in the activity thru mutagenesis and genetic modification has
been undertaken.
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Photograph- Fermenters from 1 litre to 150 litre for Enzyme Development work
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24. Sea6Energy
Sustainable biofuel production through large scale mechanized seaweed cultivation systems
Contact details:
Srideep Chatterjee
srideep@sea6energy.com
Affiliation (Industry/Academia/Venture Capitalist): Industry
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Biofuel Innovation Challenge

Technology Overview: Biofuel has long been a promising way to help shift humankind towards a more
sustainable and climate-friendly lifestyle. Although biofuels are a sustainable alternative to crude, many
biofuels are produced from food crops, such as corn and sugar. This becomes a problem as it competes with
the food of the ever-increasing population of the world, not to mention the high fresh-water consumption
involved in the production of biofuels from these sources.
Biofuel from seaweed removes many such serious problems with conventional biofuel.Seaweed, technically
known as macroalgae, is one of the world’s fastest-growing plants. They grow almost anywhere in tropical
marine environments by absorbing nutrients from the water around them, along with sunlight and carbon
dioxide for photosynthesis. Owing to more than 70 percent of earth’s surface dominated by oceans, they
could potentially be the answer to the global demand for renewable energy.
However, cultivating tropical seaweed biomass on a very large scale using mechanical cultivation methods
has not yet been demonstrated commercially. Of the various kinds of seaweed that can be potentially
cultivated, Sea6 Energy has been focused on developing mechanical cultivation systems for the vegetatively
propagated, traditionally cultivated, tropical red seaweed species. These seaweeds are the preferred
source of the sulfatedgalacto-oligosaccharides, carrageenan and agar. A patent application covering part
of the cultivation system was published as US 2016/0219811A1 in August 2016. Another patent application
covering a complementary part of the cultivation system has been filed and is expected to be published by
August 2017.
The traditional cultivation method of these red seaweeds is very labour intensive, and this is a hurdle in
industrializing the process. Furthermore, due to various limitations of the traditional cultivation system, the
cultivation of these seaweeds is limited to shallow and calm waters. In our patent application, we describe
a mechanical solution which automates every bit of seaweed farming process, right from the seeding of the
sea-plant right up to harvest and processing. The SeaCombine, our solution for the large-scale seaweed
cultivation problem, is essentially a sea-tractor which moves over sea farms and simultaneously seeds
and harvests the crop just like a regular land-combine. It enables an increase in productivity over existing
traditional cultivation systems by over 50-fold. Our solution also makes use of an advanced method of
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growing these seaweeds in the ocean using tube-nets which allows automation of the entire cultivation
process and also increases the accessible cultivation areas for these seaweeds by a factor of 10 or greater.
Large scale adoption of the technology, will allow us to access large quantities of extremely cost effective
seaweed biomass. This seaweed biomass can easily be converted to a hydrocarbon fuels using processes like
Pyrolysis and Hydrothermal liquefaction, which converts the biomass into crude oil under high temperatures
and pressures in the presence of a catalyst. These technologies have been available for some time already,
however large scale adoption to produce biofuels have been limited by the availability of large quantities of
biomass – which is provided by seaweed.

Clean Energy issues tackled: Many institutions including the International Renewable Energy Agency
(IRENA), Ministry of New and Renewable Energy, India (MNRE), and the Indian Institute of Science (IISc)
have identified the huge potential biomass-based energy generation represents for India. It has also been
established that the major challenge lies in establishing an affordable, scalable, and reliable source of high
carbon-content biomass. Further the source of biomass must be sustainable in terms of its environmental
footprint, economic feasibility, and social impact.
Current focus on supplying this biomass relies on traditional sources such as small wood chips, rice husk,
arhar stalks, cotton stalks, and other agro-residues. However, the supply of this “surplus biomass” is highly
variable depending on factors such as the weather, storage and transportation infrastructure, and industrial
supply and demand. Apart from reliability these traditional sources also suffer from affordability and
scalability issues.
We propose a method and the associated technology to use seaweed as a source of biomass which satisfies the
conditions of affordability, scalability, reliability and sustainability. Further seaweed cultivation can potentially
also provide a sustainable, non-seasonal income source for coastal communities across India.

Innovation in Clean Energy: We propose a four-pronged approach towards the cultivation of tropical
red-seaweed:
a. Mechanization: Traditional seaweed farming is a highly labour-intensive process which severely limits
the area that a single farmer can cultivate. The SeaCombine completely mechanises this process
increasing the area that the farmer can cultivate by 10 times.
b. Potential Area Increase: Currently, seaweed farming is restricted to calm waters in very select pockets
representing less than 1% of the coastline of India. The use of “tubenets” greatly expands the available
potential area for cultivation not only along the coastline but also further into deeper waters.
c. Universal Adaptability: Coastal rural communities primarily depend on fishing as their source of income.
Our solution relies on commonly available materials like bamboo and ropes to start cultivating and then
retro-fitting fishing boats to mechanize the process enabling every fisherman and woman to become a
seaweed farmer.
d. Smart Farming: At present, seaweed growth is seasonal and depends on several factors including the
salinity and temperature of seawater, nutrient content, and tidal action. We are developing a data
collection and prediction technology that will precisely dictate the correct time to seed and harvest
turning seaweed farming into a perennial activity.
India - Country Report and Progress Update – May 2018

INDIA Country Report_inside_May'18_FNL.indd 99

99
18-05-2018 18:52:08

Innovation Breakthrough: Traditional seaweed cultivation process (tie-tie method) consists of wading
out to sea, tying small pieces to a rope, and then tying the ropes to sticks in the sea. The harvesting process
is similarly tedious and even after harvesting the farmer needs to sort the fast-growing tender pieces for
reseeding from the larger pieces used as feedstock for biofuel. While significant progress has been made
in the field of agricultural mechanization on land, the SeaCombine is the first such technical advance in the
field of cultivation at sea. The machines on board can harvest seaweed, separate out the tips, load them
into tubenets, and lay the tubenets into the sea automatically. This reduces the manual effort in cultivation,
expands the area that can be productively cultivated, and removes the need for prior specialized knowledge
or training to begin cultivation.
Conventionally seaweed cultivation has been highly seasonal and variable from location to location. Based
on the data collected on the factors affecting growth rates, we have established a package of practices for
seaweed cultivation which includes fertilization using byproducts of the biofuel conversion process. This
makes seaweed-based biofuel production a zero-waste process and also mitigates the seasonality of seaweed
farming.

Next Steps: The next step is to build a pilot plant to demonstrate the large scale cultivation of seaweeds
over a span of several hectares of Ocean Area, so that we are able to produce and process about 100 tons of
fresh seaweed per day
This will involve identification of potential development sites with the greatest seaweed growing potential,
and install the necessary farms for the SeaCombine to operate on. Also the Fully integrated seaweed handling
system on the SeaCombine needs to be built along with the necessary infrastructure for transportation and
storage of the biomass. A biofuel production plant will also be installed with the capability to absorb all the
seaweed produced in the farms and convert this into usable fuel in a cost-effective manner.

Support: A project of this scale would require funding of about 20 Crores.
Additional Details/Links:
Video link: https://goo.gl/W2hMci
Website link: https://www.sea6energy.com/ocean-systems/ocean-farming/
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Fig.1: Artist’s rendering of a SeaCombine workboat operating over seaweed farms made up of seaweed planted
inside tubenets. It simultaneously harvests the seaweed ahead of it while seeding new lines behind it while
moving along the farm. Harvested seaweeds are transported to the storage ship beside the farm.

Fig 2. Machinery used to Seed and harvest seaweeds developed at Sea6 Energy
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25. Nagarjuna Energy Pvt. Ltd.
2.5th Generation Bioethanol Technology
Contact details:
Dr. Banibrata Pandey
Affiliation (Industry/Academia/Venture Capitalist): Industry
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Biofuel Innovation Challenge
Clean Energy, Renewable Fuels

Technology Overview: Nagarjuna group was founded on the principle of “Serving society though
industry” in the year 1973. With vast experience in the areas of agriculture and energy, the company began
focussing on developing economical and eco-friendly clean energy and green chemicals from agricultural
feedstocks. To this end, NEL was incorporated in 2006 in order to address technology gap in 2nd generation
bio-fuels and green chemicals. So far, NEL has developed the following products using its proprietary 2nd
generation bio-fuels & chemicals technology platform namely Bioethanol, Biobutanol, Isopropanol and
Biohydrogen. For two of these , Bioethanol and Biohydrogen , the production technologies have been
scaled up from laboratory level to pilot scale.
Nagarjuna Group has been involved in the development of an integrated and end to end cellulosic ethanol
technology for over fourteen years. Over this period, Nagarjuna Group had undertaken technology
development conceptualization, conducted basic R&D to establish the proof of concept and scaled the
process to multi –ton pilot level to establish the proof of value. Through its technology development
program, Nagarjuna has executed innovation across the key modules of the Bioethanol production chain.
The key features of Nagarjuna’s next generation, the 2.5th generation Bioethanol technology platform are:
Hybrid Energy Crop: Nagarjuna has developed a dedicated seedless sweet sorghum hybrid energy crop
having round the year harvest. This innovation single handedly address a vital bottleneck of ethanol
production
Sugar Platform: Nagarjuna has developed efficient Enzymatic and non- enzymatic process with sugar yields
achievable of ~97% of theoretical limit. Moreover, our novel platform is compatible range of agri- residue
sources and any proportion of sweet sorghum and agri- residue mix.
Fermentation: We have developed a unique strain which has similar preference for C5/C6 sugar. Our High
cell density fermentation and operation being continuous, requires low capacity equipments, contributing
towards investment savings.
Downstream Process: We have developed a low cost and smart process using LLE approach and adsorption
with diminished energy requirements and reduced solvent loss.
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The above mentioned technological intervention has resulted in up to 30% lower operating expenses, ~50%
lower capital investment requirement. The technology has been demonstrated at multi –ton levels with over
3600 hours of extensive modular level study and experiments have been performed.
The technology platform has been conceptualized, developed and scaled to multi- ton level entirely
in India, using Indian resources, skills and know how. The platform does not use any imported process,
consumables or equipment. Nagarjuna’s indigenous technology is amongst the top global technologies for
sustainable bioethanol production. In this regards, the technology imbibes the “Make in India” initiative of
the Government.

Clean Energy issues tackled: The current cellulosic ethanol technologies in the market have intrinsic
inefficiencies, the implication of which is reflected in non- viability of cellulosic ethanol projects due to
high investment requirement, high cost of production and consequently, low returns. To elucidate further,
the critical gaps that are hampering the current technology offerings are as follows. The feedstocks used
for the cellulosic ethanol production are agri-residues of commonly used crops that are susceptible to
irregular round the year supply. This results in risk to capacity utilization of the ethanol production units
and causes additional investment and expenses towards establishing biomass storage infrastructure.
The platform used for extracting the sugars from the biomass are usually based on enzymes that are
costly, time consuming and constrains the entire system to batch processing. Moreover, the supply of
required enzymes is limited to handful of suppliers around the world, which increases supply and price
risk. Most of the fermentation modules use the common haploid yeast (a feature of first generation
ethanol production) that functions preferably on C6 rather than C5 sugars. Polyploid yeasts that are
able to utilize C5 sugars also efficiently might be susceptible and instable over long term. This renders
the fermentation in a low throughput that requires higher capacities and associated investment to
compensate. The downstream processing methods used to concentrate the ethanol to fuel grade levels
are the ones that are a typical of first generation technology. These conventional methods have high
energy and cost associated with them.
Nagarjuna has executed innovation across the all these key modules of the Bioethanol production chain
over fourteen years of intense R&D.

Innovation in Clean Energy: Nagarjuna’s hybrid energy crop for instance hybrid sweet sorghum can
successfully be made available for year round plant operation as it can overcome hurdle of seasonality.
The green stalk yield per hectare of the hybrid is about thrice that of the conventional sugarcane crop
with its water requirement close to one third. The energy crop benefits the ethanol producer by having
supplementary biomass supply and minimizing the investment and operational expenses for establishing
and operating storage infrastructure. The one-pot sugar generation process developed in-house is feedstock
agnostic and is able to capture upto 97% of the sugars from the biomass. Further the sugar concentrate
generated in this step can be produces at satellite plant locations and stored / transported for further
processing. This is better because it eliminates the need to store/ transport the voluminous bagasse. It also
gives a rise to aplethora of possibilities for conversion into fine chemicals and evolving into a biomass based
biorefinery scenario. This uniqueness renders our technology effective irrespective of geographic, climatic
and agricultural constraints.
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Overall, Nagarjuna’s technological intervention has resulted in up to 30% lower operating expenses, ~50%
lower capital investment requirement. Nagarjuna’s 2.5G bioethanol technology tackles the eminent bottleneck
of the conventional 2G technology.

Next Steps: Having developed a few technologies from test tube level to a pilot scale, we understand
the roadblocks to commercialization very well. Firstly, Technologies such as ours and other 2G Cellulosic
Ethanol technologies are in great need for funding to establish a demo scale plant ~ 30KLPD capacity. This
is an important step that needs to be brought to the attention of policy makers which will make the large
scale commercialization of cellulosic bioethanol plants smooth and also reduce risk components. Today,
the locations where the proposed bioethanol units are coming up are of great significance. Focus needs
to be in having plants at remote locations, near marginal lands where the bulk of farmers have easy access
in delivering the feedstock. There is a strong need of focus towards farmer’s benefit so that the logistics
become socially sustainable. To further reduce the lead time for commercialization the technology, sensitizing
the stakeholders must take place which will greatly expedite the creation of a sustainable ecosystem for
cellulosic bioethanol production, distribution and consumption.
Recently, the Government of India has provided renewed impetus to promote and roll- out cellulosic
ethanol production. GoI has mandated establishing of fourteen 100KLPD in the country in Phase-I. At
this stage, formation of mutually agreeable collaborations and consortiums to handle various aspects in
commercialization of bioethanol as a fuel is crucial. Bids have been submitted to the tender floated by the
OMC’S for which the techno- commercial assessment and discussions are ongoing.
The uniqueness our technology platform enables diversification into other fine chemicals in environmentally
friendly and sustainable manner. Technology for production of green chemicals from renewable feedstock
is in the pipeline. In this regard, joint proposals with leading organizations have been made. Proposals are
currently under review.
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26. The Energy and Resources Institute (TERI),
New Delhi
TERI’s Gas Fired Auger Pilot Pyrolysis Test Unit (20 kg/h PTU-II) for Green Bio-crude
Contact details:
Dr Piyali Das
piyalid@teri.res.in, piyalid33@gmail.com
Affiliation (Industry/Academia/Venture Capitalist):
The Energy and Resources Institute (TERI) (Academia)
Innovation Challenge(s) or technology sectors (Clean energy)
IC#4 - Sustainable Biofuels Innovation Challenge

Technology Overview: TERI has developed an indigenous pyrolysis technology with joint funding from
TERI and Ministry of New and Renewable Energy (MNRE) for making refinery grade bio oil and biochar from
different agro-industrial biomass residues. The Patented Pilot Scale Pyrolysis Test Unit (PTU of capacity
20 kg/h) is a uniquely designed fully automated Programmable Logic Control (PLC) based gas fired auger
pyrolyser reactor system. In this reactor, the combustion flue gases from a coupled biomass gasifier and the
pyrolysis non-condensable gases provide the pyrolysis heat.
This novel design is suitable to scale up from pilot to modular commercial unit. The Pilot Reactor has been
tested extensively with non-edible oil seed residues e.g. Jatropha, Karanja oil seed cakes, shells along with
different agro-industrial biomass like Sugarcane Bagasse, Paddy, Wheat and Maize stalks, Cashew nut-shells
and Lignin residues from lingo-cellulosic ethanol plant. The advantage of having the gas fired auger system
is to avoid the energy intensive feedstock pretreatment steps and to make the unit extremely flexible to
heterogeneous and lignocelluolosic biomass feedstocks, major source for biofuel production in India for
decentralized pyrolysis.
The pyrolysis product distribution at 5000C is: total liquid ~50-60 wt. %, biochar ~25-30 wt. % and rest noncondensable gases. The total liquid comprises of ~35-40 wt. % combustible bio oil fraction and 15-20 wt. %
in-situ separated Pyrolytic aqueous fraction called as PAF. The overall moisture content in the combustible
bio oil fraction is most cases is in range of 3-5% whereas, for PAF fractions it is considerably high between
40-50 wt. %. The higher heating values of bio oils are in the range of 31-35 MJ/kg. The pyrolytic biochar have
moderate heating values in the range of 25-26 MJ/kg. This pyrolytic biochar is upgraded to enhance the
porosity and surface characteristics through downstream activation.
Non-catalytic Gas-fired Auger Pyrolyser with staged condensation
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• Automated & PLC system integrated continuous Gas Fired Auger Pilot Pyrolysis Unit (PTU-II 20kg/h)
suitable for heterogeneous biomass, biomass mixture and decentralized production of bio oil from Indian
agro residues
• PTU-II suitable for pyrolysis of 7 different agro-industrial residues
• In-situ separation of oil, aqueous & acidic fractions through staged vacuum condensation avoiding post
distillation of bio oil. The refinery grade bio oil fraction has high heating value 30-35 MJ/kg, very low
moisture, acids and O2 content (3-12 wt. %)
• Compact, no carrier gas, low pretreatment cost of biomass
• Operates at lower process temperature(400-5000C) compared to fluidized bed
• Biochar as by product—a potential precursor for fuels, Catalyst, Activated Carbon and Soil improver
Catalytic upgradation of bio oil to transport fuel (work in progress)
• 2 stage catalytic bio oil upgradation over novel mixed metal oxide catalysts (deoxygenation)
• In-situ vapor phase condensation reactions to reduce oxygen content
• Maximising carbon retention in the bio oil liquid by minimizing the carbon loss in the aqueous phase
• Reduced H2 consumption during the secondary upgrading of pyrolysis bio oil
Total yield and conversion expected to be higher than the presently practiced methods

Clean Energy issues tackled: In 2016-17 India’s total import of crude oil was 213.93 MMT which marked
an increase by 5.46% in quantity terms as compared to the import during 2015-16. In the total crude oil, the
fuel oil contributed ~ 4% amounting to a total consumption of 9.9 MMT. In India the heavy fuel oil/furnace
oil is especially used in transport sector, in boilers and furnaces of iron and steel industries and in marine
applications.
TERI’s approach to pyrolysis process development is two-fold, catalytic and non-catalytic. The non-catalytic
process is aimed at making refinery grade bio oil with minimum moisture content (3-12 wt. % O2 content
achieved so far) free from acidic components which could be renewable & green substitute to conventional
fuel oil and suitable for co-processing in delayed coker units.
The on-going catalytic pyrolysis is aimed at in-situ upgradation of bio oil vapour to aromatics and
hydrocarbons with far superior bio oil characteristics especially in terms of O2 content and H:C ratio
against non-catalytic process. This upgraded bio oil could be co-processed in refinery FCC units for
production of transport fuel.
Thus there is a great potential of enhanced use of bio oil to lower the burden on fossil fuel import.

Innovation in Clean Energy: A preliminary assessment has been carried out for potential fossil fuel
savings and associated economic advantages using actual data from existing 20kg/h unit and extrapolated to
5/10tpd unit for two different categories of biomass feedstock (Type A: Cashew nut shells/Karanja/Jatropha
oil seed cakes etc.; Type B: Agro Straw residues (Paddy & Wheat straw/Maize stalk/Cotton stalk) already
studied in TERI’s pyrolyser. It is quite encouraging to see that less than 2 MMT of biomass feedstock would be
required for replacing ~5 % of India’s present furnace oil consumption using 5-10 t/day of such pyrolysis units.
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This seems to be viable given the available surplus biomass is much higher (estimated surplus agro residues in
India is ~139 MT/y). Also around 390 units of 10tpd plants or ~790 units of 5tpd plants for Type A biomass will
be sufficient to satisfy ~ 5% of the total furnace oil demand in India.
Similarly upgraded bio oil (produced through non-catalytic as well as catalytic pyrolysis process) when coprocessed in oil refinery has great potential for sizeable replacement of fossil fuel based transport fuel in near
to medium term.

Innovation Breakthrough: TERI has developed non-catalytic pyrolysis process and working on in-situ
vapour phase bio oil upgrading through catalytic intervention. However, the core of both the processes is the
same Gas–Fired Auger Pyrolysis unit (20 kg/h).
Most of the commercially available pyrolysis plants use fluidized bed technologies which is techno-economically
viable at a high scale of operation (above 100tpd) where bio-oil is the major product and the bio-char produced
is combusted for process heat. However, auger based technologies are now gaining importance because of
their small to medium scale of operation (5-50tpd) and decentralized nature where bio-char is obtained as
a by-product. TERI has developed process to make high grade carbons (~2400 m2/g surface area) from the
pyrolytic biochar to significantly improve the process economy.
TERI’s bio oil has been blended with 5-10 wt. % Heavy Furnace Oil from IOCL’s refinery and used in the
furnace. In the MNRE sponsored project, 5 to 20 wt. % blend of TERI’s Bio-oil with IOC Refinery’s Vacuum
Residue is also processed in the Delayed Coker Unit (DCU). The blending resulted in significant decrease in
the coke yield in DCU with simultaneous increase in liquid yield thus indicating an improvement in the overall
process economics.

Next Steps:
1.

Modeling, simulation and optimization studies and development of process model for upscaling of the
continuous Gas fired auger reactor to 5-10 tpd (300-500kg/h) unit.
To develop the scaled up process and mechanical design of the 500 kg/h industrial scale gas fired auger
pyrolysis demonstration unit

2. Refinery application/co-processing of bio oil
Extensive testing and evaluation of advanced bio oil (produced in TERI Pilot Pyrolyser)
i. Refinery co-processing in FCC unit
ii. Refinery co-processing in delayed coker unit
iii Gasification for production of high grade syngas for Methanol and DME
3. Use of upgraded bio oil for industrial heating application like boiler, furnaces, etc.as a green substitute
of fossil based fuel oil
i. Technical suitability through extensive experimentation of pyrolysis products in industrial boiler/
furnaces
ii. Economic Assessment in various scenario
iii. Assessment of overall emission reduction/LCA with respect to fossil fuel
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Additional financial support is needed for,
1.

Upscaling and Demonstration of Upscaled Pyrolysis unit

2. RD&D on co-processing with Oil refinery
Policy support needed for penetration of pyrolysis products in Industrial set up in place of fossil based fuel
oil and enhanced international cooperation in innovation

Additional Details/Links:
Patents
http://ipindiaservices.gov.in/PublicSearch/PublicationSearch/ApplicationStatus
http://ipindiaservices.gov.in/PublicSearch/PublicationSearch/ApplicationStatus
Papers in International Journal
(https://link.springer.com/article/10.1007/s13399-018-0308-8)
(https://link.springer.com/article/10.1007%2Fs13399-013-0107-1)
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27. The Energy and Resources Institute (TERI),
New Delhi
Producing hydrogen the biological way: Microbes as cell factory for clean energy generation
Contact details:
Dr. Sanjukta Subudhi
Senior Fellow, TERI
ssubudhi@teri.res.in, sanjuktasubudhi@yahoo.com
Affiliation (Industry/Academia/Venture Capitalist): Academia
Innovation Challenge(s) or technology sectors (Clean energy)
IC#4 - Sustainable Biofuels Innovation Challenge
Clean Energy: ‘BioHydrogen production from Renewable sources:
Moving from first generation to second generation feedstock’

Technology Overview: Energy plays a key role in socio-economic development of a nation and
thus energy strategy of a nation targets at energy security as well as on energy efficiency. Currently
conventional fossil fuel resources serve as primary energy source and contribute to major global
energy share (> 80%). This has raised a serious concern for energy security as well as for climate
change. This is mainly due to the faster depletion of fossil based reserves along and fossil fuel burning
associated Green House Gas emissions.
Considering these concerns, clean energy production especially from sustainable sources has
become the prime focus for national as well as for international policies. In this perspective, hydrogen
gained substantial global attention as the most promising cleanest form of energy owing to its highest
gravimetric energy density, ease of transportation, high efficiency of conversion to usable power,
high conversion efficiency to power and on combustion generates clean water. Current hydrogen
production processes rely mainly (> 96%) on fossil based sources and are high energy intensive and
thus are not sustainable.
Hydrogen production through biological routes; Dark fermentation, photo fermentation, photosynthetic
process, Integrated dark & photo fermentation, carried out by unique group of microbes (H 2
producing anaerobes, purple Non sulphur bacteria, algae & cyanobacteria), are promising alternative
processes for clean hydrogen production. These processes make use of renewable sources and do
not rely on fossil based resources, can be operated in mild condition, less energy intensive. Among
all biohydrogen production processes, dark fermentation process has significant advantages as this
process has higher production rate and has potential for valorization of organic rich waste water,
organic wastes, and lignocellulose biomass.
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Hydrogen production from Sugarcane blackstrap molasses
With a goal to develop a process for clean energy production, Dr Subudhi and her team at TERI (The
Energy and Resources Institute) explored intensively on hydrogen production from sugarcane blackstrap
molasses through dark fermentation process. Financial assistance for this project (Title: ‘Dark Fermentative
Bio-hydrogen Production from Renewable Sources’, Duration: 2010-2013) was provided by Department
of Biotechnology (DBT), Ministry of Science and Technology. In depth research explorations along with
the existing state of art large scale fermentation reactor facilities at TERI, eventually paved the way for
development of a 1500 litre pilot scale biohydrogen production process by using the unique anaerobic
bacteria, Clostridium butyricum TM-9A strain (hydrogen yield efficiency of this strain is 3.334 mol of H2 /
mol of glucose). This strain was isolated at TERI from estuarine sample collected from southern part of
India. The process was first optimized and then eventually scaled up in batch scale from laboratory scale
to, 10 liter, 100 liter and 1000 liter working volume scale (Figure 1). Hydrogen yield efficiency of 1500 liter
scale process (1000 liter working volume) was 13.01 mole of H2/kg of COD. In this process 65% of maximum
theoretical (20.93 mole of hydrogen/Kg of COD) hydrogen yield efficiency from molasses could be achieved
by Clostridium butyricum TM9A strain.

Figure 1: Experimental set up for dark fermentative hydrogen production from sugarcane blackstrap molassesBy Clostridium butyricum TM9A strain, in 1500 litre pilot scale bioreactor (1000 litre working volume)
Hydrogen production from second generation Feedstock
Considering the food security issues along with agricultural waste biomass generation potential of the nation,
Dr Subudhi and her team shifted their explorations towards hydrogen production from non-feed competitive
lignocellulose biomasses; rice straw, wheat straw, sugarcane bagasse, sorghum stover, sugarcane trash (acid
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and alkaline treated biomass sample received from DBTIOC centre
and DBT-ICT centre, respectively). One of the major challenges for
this feedstock is presence of C5 sugar (around 30% of the biomass)
and only few microbes utilize C5 sugar.
Her intensive research explorations under the second phase
project (Title: Development of a pilot scale process for dark
fermentative hydrogen production by Enterobacter cloacae DT-1
from lignocellose biomass, a second generation feed stocks,
2014-2018) sanctioned by DBT paved the way for isolation of a
unique C5 sugar utilizing bacteria, Enterobacter cloacae DT (hydrogen yield efficiency of this strain is
2.6 mol of H2/mole of xylose), that could produce hydrogen from acid & alkaline pre-treated rice straw,
wheat straw, sugar cane trash, and sugarcane bagasse.
Extensive research explorations helped to scale up the process for hydrogen production from Sugarcane
bagasse (Received from India Glycol Limited, Kashipur) by Enterobacter cloacae DT-1 in 150 liter scale fermenter
at TERI’s state of art Fermentation Technology Research Center, TERI GRAM (Fig.3). To the best of our
knowledge, this is first report on pilots scale production of hydrogen from agriwaste lignocellulose biomass.

Figure 2: Pilot scale production of hydrogen
through biological route (advanced biofuel)
from waste woody biomass (wheat straw
and sugarcane bagasse), in 150 and 300 liter
bioreactors by using microbe; Enterobacter
cloacae DT1, isolated at TERI (experiments
were performed at TERI’s state of art
Fermentation Technology Research Center
(FTRC).
Further research explorations are in progress in this domain at TERI to fill the transition gaps to move this
technology to demonstration/pre-commercialization scale.

Clean Energy issues tackled: India generates more than 350 million tonnes of agricultural waste annually
which is huge. Tackling these wastes has become one of the major issues and currently these wastes are
burned. Emissions from biomass burning emerged as the deadliest air pollution source in India that contributes
for around a quarter of the deaths caused by PM2.5, as per a global study.
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This has raised a serious concern for tackling these agricultural waste biomasses in a sustainable manner.
Lignocellulose biomass composed of around 60-70% carbohydrates (C5 and C6 sugars) in complex form
and there is a huge potential to tap this in the form of clean energy. The hydrogen production technology
developed at TERI by using this agricultural waste biomass can help greatly in sustainable management of
these wastes. Instead of burning (current practice) these biomasses can be employed as feedstock for clean
energy generation. This can not only help in clean energy generation but also can help in environmental
protection from hazardous emissions and can also aid in the benefit of human health. This can also help in
creating job opportunities and also can help farmers to get revenue from these wastes, which are otherwise
burned in the field.

Figure 3: Broad spectrum
lignocellulose biomass utilization
potential of C5 sugar utilizing
Enterobacter cloacae DT-1 (isolated
at TER) for hydrogen production
through dark fermentation process.

Innovation in Clean Energy: Currently the technology developed at TERI for hydrogen production
from lignocellulose biomass is a breakthrough research innovation. This is the first pilot scale biohydrogen
production process developed by using C5 sugar rich lignocellulose biomass. The microbe (mentioned above)
used for this process has broad spectrum biomass utilization potential and it could use both acid treated as
well as alkaline treated biomass and could convert C5 and C6 sugars into hydrogen. The results were quite
promising and were reproducible in pilot scale. HRT of the process is also less which can aid in lowering the
energy input of the process. This is first global report for pilot scale production of biohydrogen by a purified
microbe from acid and alkaline treated lignocelluloses biomass. This process has significance to further scale
up in large scale. The lignocelluloses biomasses can be used as feedstock for clean energy generation that
can stop burning which will eventually help in protecting our environment and in generation of clean energy.
This process needs further explorations in large scale to move towards demonstration scale. Further
explorations are also required in capturing and storage of hydrogen gas. Currently storage of hydrogen is an
issue and hydrogen generated are released into air due to safety issues.
Further, hydrogen production through dark fermentation process is accompanied with generation of
metabolites, acetic acid, butyric acid which are high value compounds. The spent effluent from dark
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fermentation process is rich in COD and needs treatment prior to discharge into the environment. This
effluent can be used as feedstock for further energy generation Methane in the second stage. This can
help in treatment for spent effluent and enhancing energy generation of the process. Hydrogen generated
in the first process can be mixed with methane generate din the second stage to produce hydrogen rich
methane that has high calorific value and is safe to use as transport fuel (gaseous). In order to accelerate
this process it is very essential to integrate this hydrogen production process with other processes as
mentioned above.
Presently cost is one of the great concerns and thus above mentioned research explorations need to be
focused to reduce the overall cost of the process. Maturation of this technology will eventually contribute for
substantial cost reduction of this process.
All these above mentioned explorations will greatly help in rapid acceleration of affordable clean energy
generation.

Innovation Breakthrough: This is a new breakthrough process as it deals with pilot scale hydrogen
production from lignocelulose biomass by a C5 and C6 sugar utilizing microbe that has significant hydrogen
yield. C5 sugar utilization is one of the challenges and only few microbes reported to utilize C5 sugar. It
is crucial to employ C5 sugar utilizing microbes for use of lignocllulose biomass as second generation
feedstock. These biomasses are composed of around 30% C5 sugar and only few microbes are known to
utilize C5 sugar. This microbe (Enterobacter cloacae DT-1) has broad spectrum biomass sugar utilization
potential and could utilize both acid and alkaline treated biomass with significant hydrogen yield efficiency
shorter HRT. This process was successfully scaled up in 150 litre scale and the results are reproducible.
This microbe has potential for further scale up of hydrogen production from lignocelluloses biomass in
large pilot scale.
Lignocellulose biomass composed of around 30% of C5 sugar and it is imperative to utilize C5 sugar utilizing
microbe for energy generation in order to tap maximum energy from these biomass in cost economically
viable manner.

Next Steps: Research explorations are required to scale up hydrogen production in 1000 litre scale from
lignocellulose biomass. Also it is essential to explore for new feedstock with a goal to sustainable supply of
feedstock to produce hydrogen in a continuous mode. Further, explorations are required in development of
hydrogen storage vessel, capturing of hydrogen.
Further, hydrogen production through dark fermentation process is accompanied with generation of
metabolites, mainly acetic acid, butyric acid and these are high value compounds. Since the spent effluent from
dark fermentation process is rich in these metabolites and COD (residual sugars) and cannot be discharged
into the environment. It needs treatment prior to discharge into the environment.
In order to make this process economically viable and zero discharge, it is essential to integrate this process
with further energy recovery in the form of methane from the spent effluent. Hydrogen generate din first stage
can be mixed with methane generated in second stage for production of biohythane. Biohythane has high
calorific value and safe to use as transport fuel. This can help in decentralised application of this lean energy
and can make the breakthrough more impactful.
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28. Guru Nanak Dev University, Amritsar
Enzymes derived from thermophilic fungus for reducing the cost of enzyme in bioconversion of
agro-residues into Ethanol
Contact details:
Prof. B S Chadha
chadhabs@yahoo.com
Affiliation (Industry/Academia/Venture Capitalist): Academic
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Biofuels Innovation Challenge

Technology Overview: Supplementation of in-house produced hemicellulases to commercial cellulase
Cellic CTec2 helped to reduce the cellulase load and increased the efficiency of saccharification. In-house
developed cocktail was effective at high substrate loading during enzymatic hydrolysis subsequently resulting
in higher ethanol yields which is critical for economics of the process

Clean Energy issues tackled: The lignocellulosics to ethanol bioconversion platform requires a
very efficient array of cellulolytic and hemicellulolytic and other accessory enzymes so as to achieve
bioconversion of physico-chemically pre-treated lignocellulosic substrates into fermentable sugars
(glucose, xylose and arabinose) for subsequent fermentation into ethanol. However, the cost of enzymes
is one of key factor governing the economics of the process as it contributes to up to 25-30% of the
process cost and therefore any biotechnological intervention in this area through discovery of novel and
catalytically efficient glycosyl hydrolases as well as other enzymes (auxiliary enzymes) that can enhance
the rate of hydrolysis at low enzyme titres will be crucial in developing a commercially viable bioconversion
of lignocellulosics into 2G ethanol.
Innovation in Clean Energy: A thermophilic fungal producing high levels of xylanase (2700 units/ml)
was discovered. The cocktail prepared using commercially used cellulase (Cellic Ctec 2) and thermostable
xylanase resulted in reduction of the cellulase enzyme loading rate by by 4.13, 2.71 and 2.45 folds and 4.48,
3.23 and 2.58 folds at 10, 15 and 20% substrate loading, respectively, during saccharification of acid and alkali
treated bagasse respectively.

Innovation Breakthrough: This enzyme was discovered as a result of intensive screening using secretome
based analysis followed by other proteomics approaches.
Next Steps: To license the enzyme production process and microbial strain to the stakeholders such as
enzyme producers or bio-refineries who are interested to produce the lignocellulolytic enzymes at their
facility.
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29. CSIR-Indian Institute of Chemical Technology
(CSIR-IICT), Hyderabad
Renewable Bio-hydrogen Production from Waste
Contact details:
Dr. S. Venkata Mohan
vmohan_s@yahoo.com, svmohan@iict.res.in
Affiliation (Industry/Academia/Venture Capitalist):
Dr. S. Venkata Mohan, Principal Scientist, BEES Lab, CEEFF,
CSIR-Indian Institute of Chemical Technology (CSIR-IICT), Hyderabad
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Biofuels Innovation Challenge

Technology Overview: Renewable H2 production through biological routes is gaining momentum, due to
its sustainable nature. Renewable resources, such as waste and/or wastewater containing organic fraction
serve as good source for production of biohydrogen (bio-H2) through acidogenic/dark-fermentation. A group
of anaerobic bacteria can convert a broad range of residual biomass and organic waste into biohydrogen,
which has the potential to supplement renewable hydrogen in the market. Acidogenic fermentation of 1 Kg
COD of waste can generate about 150 to 250 L of biohydrogen along with other value-added products.
Since 2005, CSIR-IICT has been working on biohydrogen production process form biogenic waste. Different
wastes like food waste, vegetable waste, distillery waste etc., have been used as a source of carbon for
production of biohydrogen. Process parameters such as selective enrichment of biocatalyst, retention time,
redox microenvironment and bioreactor configuration, which could enhance yield and hydrogen conversion
efficiencies were optimized. After years of research and overcoming all the process limitations, CSIR-IICT has
successfully developed and demonstrated biohydrogen technology, which can convert biodegradable waste/
wastewater with the funding of MNRE, Government of India. A pilot scale bioreactor with 10 m3 was designed,
fabricated and operated at CSIR-IICT with H2 production capacity of 50 m3 per day.
Clean Energy issues tackled: In the current energy crisis, as we look for ways to reduce our carbon
footprint and transition away from fossil based fuels, the current technology developed by CSIR-IICT fits
the bill. Low cost/negative valued organic waste/wastewater/biomass holds great promise as a renewable
feedstock for conversion to biohydrogen by acidogenic fermentation. Hydrogen production from waste
feedstock is an attractive option due to its abundance, low cost and renewability. Moreover, H2 is the ‘‘cleanest
and most energy dense” fuel with energy carrying capacity of 122 KJ/g. It is expected that forthcoming global
economy will rely on hydrogen as a primary source of energy, considering the environmental deterioration and
the increasing demand for clean transportation fuels. The current market of hydrogen is mainly in the sectors
of oil refining, food production, metals treatment and fertilizer manufacture. Its application in the chemical
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and pharmaceutical industry, petroleum recovery and refining, metal production and fabrication, aerospace
and fuel cells, hydrogenation of fats and oils, fertilizer production (fixation of nitrogen from the air in the Haber
ammonia process), glass purification, methanol production, cryogenics, semiconductor manufacturing, power
plants (as coolant), etc., is also well established. Currently, petroleum refinery and ammonia production are
the two sectors with largest demand for hydrogen. Global hydrogen production market is valued at USD 115
Billion in 2017, which is projected to be worth USD 154 Billion by 2022 and forecasted to grow by compound
annual growth rate (CAGR) of 6.07%. Global hydrogen production currently exceeds 1 billion m3/day of which
48% is produced from natural gas, 30% from oil (often on-site in refineries), 18 % from coal and the remaining
4% by water electrolysis. Besides these, partial oxidation of coal, heavy residual oils and other low-value
refinery products is second in production capacity after steam reforming of natural gas followed by steam
gasification of coal. Currently, about 96 % of hydrogen is being produced from non-renewable sources and the
growing demand for renewable energy and environmental protection are the driving forces for biohydrogen
production from renewable source. The major aim of this technology is to precisely tackle dual problems of
energy scarcity and waste management.

Innovation in Clean Energy: Currently India is importing more than 140 MT of oil per year; hence, paying
a huge amount to oil exporting countries. On the other hand an increase in the price of the international
market levys an additional burden on the Indian economy. Use of biohydrogen as fuel will be of paramount
relevance since India has only 0.9% of the world’s oil reserves (as against 5% for China; 15% for USA and 59%
for the Middle East). India will always be fuel starved if it depends on oil alone. Thus, biohydrogen which can
replace oil will sustainably relieve us from this burden.
Innovation Breakthrough: CSIR-IICT has been working on biohydrogen production from waste/
wastewater. With the funding from Ministry of New and Renewable Energy (MNRE), CSIR-IICT has successfully
installed a 10 m3 pilot scale bioreactor, which can convert bio-waste (MSW, industrial waste/wastewater,
high strength organic waste, etc.) to biohydrogen. At 50 g COD/L organic load, 50,000 L of biohydrogen
production (purity: 46%) with hydrogen conversion efficiency (HCE) of 45 % with other value added products
in form of VFA was achieved. The plant if upscaled to 100 m3 will produce bio-H2 at the cost of rupees 125-150
per kg. Development of biohydrogen technology accords with environment protection, renewable energy and
sustainable development.

Next Steps: The process need to be demonstrated at commercial scale with higher capacity (100 m3/day)
using different waste feedstocks. The renewable hydrogen products similar to ethanol production will be
given priority and accordingly can be include in the policy framework.

Additional Details/Links: https://www.youtube.com/watch?v=Eve2ddj9PCY
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Figure 1: Biohydrogen pilot-plant (10 m3) integrated with waste
biorefinery facility developed by CSIR-IICT, Hyderabad.
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30. CSIR-Indian Institute of Chemical Technology
(IICT), Hyderabad
High rate biomethanation of organic waste based on Anaerobic Gas lift Reactor (AGR)
technology for the generation of biogas and biomanure
Contact details:
Dr. A. Gangagni Rao
agrao@iict.res.in, gangagnirao@gmail.com
Affiliation (Industry/Academia/Venture Capitalist): Senior Principal Scientist (Academia)
Other organizations involved (if any): M/s Ahuja Engineering Services Private Limited
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Biofuels and IC#1 - Smart grid Innovation Challenge, Bio based fuels & energy

Technology Overview: CSIR-IICT has developed and patented a high rate biomethanation technology
known as ANAEROBIC GAS LIFT REACTOR (AGR) for the generation of biogas and bio manure from
organic solid waste like poultry litter, food waste, press mud, cattle manure, organic fraction of municipal
solid waste (OFMSW), sewage sludge etc. AGR is basically designed to minimize HRT and increase SRT while
enhancing the rate of biogas production by incorporating the best features of high rate biomethanation
such as mixing, retention of high active biomass, buffering capacity, food to micro-organism ratio, feed
slurry concentration, microbial culture inhibition mechanisms, delinking of HRT & SRT etc. This technology
provides a decentralized treatment option for organic waste based on high rate biomethanation to generate
biogas for combined heat and power (CHP) applications. M/s AESPL Hyderabad has installed biogas plant
at TAPF at Bellary, Karnataka for the generation of biogas and bio-manure from food waste generated at that
kitchen. The plant is based on “AGR TECHNOLOGY” and the aim is to serve as a sustainable technology to
provide a scientific waste disposal system to the kitchens as well as utilize the clean fuel (biogas) produced
as a cooking fuel to replace LPG consumption. The plants run like a closed-loop system where the kitchen’s
waste is converted into biogas and fertilizer on day-today basis. Approximately 1000 kg of food waste
(400 kg cooked food waste, 600 kg uncooked food waste) and 2000 L of organic wastewater (rice water/
Ganji) is used for the generation of 130 to 140 m3 of biogas per day to replace 55 to 60 kg of LPG at each
plant. The plant is operational since June 2015. The third biogas plant based on AGR Technology has been
installed and commissioned by AESPL under the supervision of CSIR-IICT. Approximately 1000 kg of food
waste (400 kg cooked food waste, 600 kg uncooked food waste) and 2000 L of organic wastewater (rice
water/Ganji) is used for the generation of 130 to 140 m3 of biogas per day to replace 55 to 60 kg of LPG at
each plant. The plant is operational since June 2016. Fourth, Fifth and sixth similar biogas plants based on
AGR Technology have been installed and commissioned at the kitchens of TAPF at Ahmadabad, Surat and
Bhavnagar (Gujarat) by AESPL under the technical guidance of CSIR-IICT.
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Clean Energy issues tackled: The Akshaya Patra Foundation (TAPF) is an NGO operates under the
aegis of ISKON serves midday meals to children in school. There are approximately 40 large-scale kitchens
set up by Akshaya Patra Foundation across the country. At each kitchen approximately meal for one lakh
children is prepared every day and distributed to the schools in and around 50 square kilometer. Previously
TAPF is facing the problem of disposing solid and liquid waste generated at their kitchens. The food waste
generated at these kitchens is highly biodegradable and results in putrefication rapidly. This could damage
the quality of food prepared in the kitchen. As on date, we have installed four plants and of which three
plants are working for the past few years which means approximately three lakh children are benefitted from
the hygienic food prepared at the kitchens of TAPF. TAPF is planning to install biogas plants based on AGR
Technology at the all the kitchens in next 3 – 4 years so that every kitchen is free from solid waste disposal
and associated issues. At each kitchen approximately, 30-40 women and 10 – 20 men are working for the
preparation of meals. They were being exposed to mal odours of the putrefied solid waste at the kitchen and
due to the installation of biogas plants at the kitchens these issues were resolved simultaneously replacing
LPG with biogas.

Innovation in Clean Energy: Currently, food waste across our cities and towns is rapidly increasing
along with human population. Cooked and uncooked food waste collected from households, restaurants,
institutional canteens etc. constitutes the food waste and is known as organic fraction of MSW (OFMSW).
Instead of land filling, OFMSW could be purposefully utilized for the generation of renewable energy
(biogas). Besides this, fruit and vegetable wastes are produced in large quantities in markets, which is a
source of nuisance in municipal landfills because of their high biodegradability. In India, most of the MSW
related issues would be settled if the OFMSW could be used purposefully in a semi-decentralized manner.
The Akshaya Patra Foundation (TAPF) is an NGO operates under the aegis of ISKON serves mid-day meals
to children in school. There are approximately 40 large-scale kitchens set up by Akshaya Patra Foundation
across the country. As a solution to the waste disposal problem, CSIR-IICT and M/s AESPL has installed
its second biogas plant at Torangallu, Bellary, Karnataka based on IICT’s AGR Technology. Upon successful
commissioning of the plant and the intangible benefits accrued by the beneficiary, TAPF has given consent
to install similar biogas plants at other kitchens of TAPF.

Innovation Breakthrough: CSIR-IICT has made intensive research efforts and developed a novel high
rate biomethanation technology called “ANAEROBIC GAS LIFT REACTOR (AGR)” for the generation of
biogas and biomanure from organic solid waste. This technology is superior in terms of biogas and biomanure
production as it incorporates novel pre and post processing technologies required for the biomethanation
of organic solid waste as per its characteristics. An amount of Rs.6.8 lakhs (six lakhs and eighty thousand
only) was sponsored by M/s AESPL to CSIR-IICT towards development of this technology at initial stages.
A full scale commercial plant was installed near Toofran (near Hyderabad) based on the AGR technology
demonstrated at CSIR-IICT. The full-scale plant at Toofran was operated with different organic wastes
continuously for 3 years to understand the various techno-commercial aspects of AGR Technology. CSIRIICT and AESPL are collectively exploring the opportunities associated with food waste-to-energy in large
kitchens, hotels, hostels, canteens, and temples etc where at least three to four LPG cylinders per day are
used for cooking. Waste disposal at source is also an important result of this process. Based on IICT’s AGR
Technology, M/s AESPL under the technical guidance and supervision has so far installed 5 full scale plants
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for the treatment of 1 to 1.5 TPD of food waste. The beneficiary (TAPF) is content with the installations and
has given consent to install the biogas plants at other kitchens of TAPF across India.

Next Steps: Currently the technology is implemented for the generation of biogas for CHP applications and
biomanure as fertilizer. Now our aim is to produce BioCNG from the biogas generated from organic waste.
The disposal of waste is highly essential in India and local and urban bodies are spending good amount of
revenue for the waste transportation and disposal. There is a need to treat this waste at source efficiently and
remuneratively. In this context, AGR is creating value to this waste in terms of biogas and bio manure
Promoting “Swachh Bharat Mission” by treating waste generated at source along with the generation of biogas
through AGR Technology.
GHG emissions into the atmosphere could be reduced by utilizing the organic waste as resource for the
generation of biogas and bio manure instead of landfilling. One ton of organic waste could release about
280-296 kg of CO2 in to the atmosphere per day, but due to the installation of decentralized biogas plants at
waste generation source, CO2 is captured along with CH4 and utilized as fuel. Reduced carbon foot print and
pollution due to land filling is mitigated.

Additional Details/Links:
https://www.youtube.com/watch?v=IYNg5FXiX3c
https://www.sciencedirect.com/science/article/pii/S096085241631656X
https://www.sciencedirect.com/science/article/pii/S0960148117306584
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31. Jawaharlal Nehru Technological University,
Hyderabad
Enzymes development in bioethanol production
Contact details:
Dr. A. Uma
Vedavathi1@gmail.com
Affiliation (Industry/Academia/Venture Capitalist): Academic
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Biofuels Innovation Challenge

Technology Overview: A total of 11 fungal stains were isolated and screened for cellulolytic activity
and of all the strains, 2 strains namelyAspergillusniger(JUC-2)and Tricodermaviridae Showed comparable
cellulolytic activity with Trichodermareesei (ATCC 56765) in terms of CMCase and B-glucosidase. Both solid
state and submerged fermentation was carried out for enzyme production with Aspergillus on rice straw
as carbon source. Solid state fermentation was optimised for high titres of enzyme in Aspergillus train
(FPU 15-20 /g, 190-230 of IU/g CMCase, 19-30 IU of B-glucosidase and xylanase 500-600 IU/g) at 10kg
scale. Bench scale enzyme production was carried out to produce (0.74 -1.1 FPU/ml, 37-50 IU of CMCase,
4-11 IU/ml of B-glucosidaseand 120 IU of xylanase) enzyme on rice straw as substrate. Process was scaled
to a 14 L fermenter with the reproducible titres of enzymes in a batch fermentation. Process scale up in
continuous mode of fermentation is underway. The produced enzyme in SSF was extracted and subjected
to membrane enrichment to 20 fold. Stability of enzyme was tested at 40C for three months with retained
activity of 90-96% which needs to further enhanced for an extended shelf life.
Rice straw pretreated by the method developed at JNTU was used to assess the efficacy of developed
enzyme for saccharification at a bench scale in a batch mode with 12% of slurry and 56-65% conversation
was achieved.

Clean Energy issues tackled: For biofuel production, biochemical conversion of biomass is still preferred
over chemical routes due to inherent advantages associated with the process. Hydrolysis of preatreated
biomass requires enzymes and commercial level production of enzyme is still challenge. The presented work
deals with the indigenous development of cost effective enzymes which can be scaled up to a commercial
scale.
Some of the indigenously developed technologies require high doses of enzymes for saccharification during
hydrolysis and there is much impetus on the production and development of enzyme formulations for effective
hydrolysis of biomass. If the dosage of enzymes have to be reduced then enzymes which exhibit stability at the
temperatures of hydrolysis are required which can be reused.

122
INDIA Country Report_inside_May'18_FNL.indd 122

India - Country Report and Progress Update – May 2018

18-05-2018 18:52:11

The enzymes under our study exhibited reasonably good thermal stability at 60 0C with t1/2 at 6h.

Innovation Breakthrough: Promising wild microbial strains are an advantageous factor for enzyme
production. The strains are able to survive on low cost carbon sources and able to feed on them to produce
good titres. The enzymes are in good homogenous state with the biomass used.

Next Steps: For commercial feasibility of Ethanol, the enzyme cost is playing a major role. The inherent
problem with the wild type strains is the low titre of FPase, feed back inhibition and hydrolysis ability on
crystalline cellulose. The prerequisite would be to analyse the structure-activity relationship of enzymes of
the promising strains and the metabolome of the strain(s).Enzyme development and dosage based on feed
stock and the physicochemical characters of the pretreated materials is also an important aspect which
needs attention. The kinetics of hydrolysis needs to be standardised with respect to reactor design, mode of
hydrolysis and enzyme dosage.

Fig.1. Aspergillus in
SSF

Fig.2. Mass scale
production
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Fig.3. Submerged
fermentation

Fig.4. Concentration
of enzymes of spores
for SSF
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32. Tamil Nadu Agriculture University
Sustainable Biodiesel production from sago wastewater (SWW) using oleaginous fungi
Contact details:
Dr. U. Sivakumar
usivakumartnau@gmail.com
Affiliation (Industry/Academia/Venture Capitalist): Academia
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Biofuels Innovation Challenge

Technology Overview: Existing primary energy sources such as coal, oil and natural gas are depleting at a
faster rate besides continuous utilization of such fossil resources results in green house emission (GHG) in the
environment. According to the Environmental Protection Agency, the burning of fossil fuels was responsible
for 77 percent of global greenhouse gas emissions. Considering economic and geopolitical factors (high oil
prices, environmental concern and supply instability), the policy makers and public are pushed to give more
emphasis on renewable energy sources. Biodiesel is one of the promising renewable alternatives to the fossil
diesel fuel which can replace totally or partially the fossil fuel in transport sector. Biodiesel is a blend of fatty
acid alkyl esters produced by transesterification reaction. More than 90% of global biodiesel is derived from
vegetable oils and its production outcompetes with food industry and cultivable land.
Recently, microbial oils are considered as a potential feedstock for second generation biodiesel production
because of their similar fatty acid composition as that of vegetable oil. To become an economic venture,
microbial oil production technology has to overcome its bottleneck on high cost on raw materials by replacing
low-cost or zero-cost materials. Several such cheap low cost materials are being explored for microbial lipid
production including lignocellulosics, bio-wastes and wastewaters.
India is one of the extensive tapioca cultivating countries and in Tamil Nadu more than 800 sago processing
units are in operation. During processing of sago, 20,000 -30,000 litre of wastewater is generated and is
not utilized for its potential. Although many technologies are available to treat wastewater, owing to its
starchy nature, it is not treated/ utilized for production of high value products such as microbial lipids. Our
projects aimed to utilize sago processing wastewater for microbial lipid production by oleaginous fungi while
simultaneously removing contaminating nutrients from wastewater.
Our success story started with isolation of potential oleaginous microbes which utilizes the starch (0.8%)
present in the sago wastewater as a major carbon. Few potential fungal isolates with starch utilizing capability
are identified as Aspergillus terrus KPR12 and A. caespitosus ASEF14, Curwularia sp KPW1 and Westerdykella sp
KPS26 yielding more than one gram of lipid per litre of sago wastewater. The growth kinetic behaviour of these
isolates in sago wastewater showed a strong correlation between amylase secretion and starch consumption.
Among them, A. caespitosus ASEF14 was further selected for its higher lipid yield, lipid content (29%) and
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amylase activity. Optimization of nutritional and cultural parameters for increasing the lipid accumulation
capability of fungal isolates showed that adding simple carbon sources to the wastewater enhanced the initial
growth and lipid yield of fungal isolates by 2 folds. The optimum pH for biolipid production process was 6.5 and
temperature was 30°C. Further the fatty acid profiling (FTIR and GC-FID) of lipid extracted from the above
isolates satisfied the international standards composition of biodiesel which majorly includes palmitic, oleic,
stearic and linolenic acid and arachidic acid. In addition, the isolated oleaginous fungi effectively removed the
dissolved oxygen DO (91%), chemical oxygen demand COD (46%), biological oxygen demand BOD (74%) and
nitrogen content (89%) and cyanide content (21%) of starch wastewater. In addition, a bioreactor for feasible
biodiesel production technology will be developed and demonstrated to the beneficiaries of Sago plants and
in situ biodiesel production cum treatment system will be established.
The proposed biodiesel production technology converts wastewater into microbial oils, and serve as major
feedstock for biodiesel production. The produced microbial oils replace fossil oil, providing green fuels with
nearly zero net carbon emissions. The nutrients, toxicant removed wastewater can be effectively recycled for
irrigation purpose.

Figure 1. Flow diagram of microbial lipid production process using sago wastewater

Clean Energy issues tackled: At present, fossil energy is our main energy source and has been used
for time memorial. India is one of the world’s fastest-growing economies and is now the world’s third-largest
energy consumer and GHG emitter, even though per capita and historical emissions are low. Under the Paris
Agreement, India has committed to curtail its greenhouse gas (GHG) emissions intensity by 33 to 35 percent
by 2030, and to achieve 40 percent of its electricity generation from non-fossil sources by the same year and
to create an additional (cumulative) carbon sink of 2.5–3 GtCO2e through additional forest and tree cover.
India - Country Report and Progress Update – May 2018

INDIA Country Report_inside_May'18_FNL.indd 125

125
18-05-2018 18:52:11

India’s economic plan gives priority to clean energy fuels from renewable sources to promote its economic
development. In view of the perspective, it is the need of the hour to search for alternative renewable clean
energy source for a clean environment.

Innovation in Clean Energy: Clean energy production process is vital for combating climate change. The
microbial biomass based biodiesel derived from the present project are clean, inexhaustible and increasingly
competitive renewable energy. They differ from fossil fuels principally in their diversity, abundance and
potential for use anywhere, but above all they produce neither greenhouse gases nor particulate matters.
The costs of biodiesel are also falling and at a sustainable rate, whereas the general cost trend for fossil
fuels is in the opposite direction in spite of their present volatility. In addition, the project utilized the zerocost wastewater emanated from the leading agro-industries of the country for the biodiesel production and
developed an effective treatment system for removing the nutrients and toxicants from the wastewater. The
biodiesel produced can be blended with various proportions with fossil fuels for a clean and safe environment.

Innovation Breakthrough: Microbial lipid production using wastewaters as low cost material is relatively
new area of research. In the present project, wastewater from the sago industries, one of prominent
wastewaters of southern India which is hitherto not studied for microbial lipid production are directly used
for cultivation of oleaginous fungi for microbial lipid production without any additional cofactor or nutritional
inputs that are normally employed in other wastes such as food waste, municipal waste and potato processing
water. The starchy nature of sago wastewater served as an excellent source for microbial lipid production by
fungi. In the current project, the in situ biodiesel production cum treatment system will be developed using
very cheap low cost material which might be a viable cost economic approach to abate pollution caused by
SWW.

Next Steps:
• The intermediate secretion of other valuable metabolites (high value compounds) along with microbial
lipids will be studied to improve the economy of the process.
• Scale up of microbial lipids in a pilot-scale reactor and testing their properties which are under
progress.
• The socio- economic and ecological aspect of the present biodiesel production process will be
evaluated.
• Development of policy for commercialization of project will help to get its maximum impact.

Additional Details/Links: www.usivakumar.com
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33. Shell India Markets Pvt. Limited
Successful Demonstration of IH2® technology to convert Biomass residue to high quality
drop-in biofuels meeting Bharat stage VI
Contact details:
Sukanya Ghosh
Sukanya.ghosh@shell.com
Affiliation (Industry/Academia/Venture Capitalist): Industry
Other organizations involved (if any): CRI, USA & GTI, USA
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Biofuels Innovation Challenge
Biobased fuels and energy

Technology Overview: IH2® technology is a game-changing process which can convert agricultural, forestry
and sorted municipal wastes into ready to use “drop in” hydrocarbon transportation fuels. The process requires
only minutes toproduce cost competitive BS VI grade quality petrol and diesel in an efficient, sustainable and
self-sufficient manner. The process can also handle select plastics up to 20%. The IH2® technology is scalable
to large capacities which means it can process city level wastes that are currently dumped or incinerated,
creating value from waste while helping address the imminent issue of air pollution.
To demonstrate the proof of this concept, Shell powered two vehicles from petrol and diesel produced using
IH2® technology and carried out a short yet successful drive within their newly inaugurated technology centre
campus in Bangalore last year. A 5 TPD demo plant has been operating at the centre and the quality and
quantity of the output from plant matches the expected performance. Our 50 kg per day pilot plant has
completed more than 9000 hours of continuous operation in Chicago.
IH2® technology enjoys a few other advantages. IH2® technology uses hydrodeoxygenation which does not
produce toxic air pollutants commonly observed in early generation incineration. Life Cycle Analysis studies
show that this technology reduce carbon emissions from 72% - 92%while retaining 70% of the energy from
biomass (2-3 x higher than other technologies). The production economics are competitive with current Petrol
and Diesel produced from fossil crude but also playing a role in tackling the waste-management problem in
cities contributing to the PM’s Swacch Bharat Mission.
Over 10 licenses have already been awarded and licensees are evaluating the IH2® technology for commercial
deployment.

Clean Energy issues tackled: The technology converts various agri- and forestry residues, as well as
sorted municipal residues containing plastics into drop in hydrocarbon fuels. Many of these residues are
currently burnt. India is estimated to have over 700 MMTPA of agri-residue and 60 MMTPA of suitable
municipal residues. Assuming 50% of this was available, the technology can produce 28 billion gallons of petrol
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and diesel for India. Thereby helping tackle the issue of crop burning, waste management while producing
clean fuel from the growing economy that India is.
We are examining whether the Biochar produced can be employed for soil amendment which can have its own
benign effect on the agricultural sector. The IH2® technology can reduce foreign exchange outgo on importing
crude while adding energy security, reduce issues associated with burning agricultural and municipal waste.
For India, The IH2® process brings large opportunity and aligns with several of the government’s missions and
objectives including Swachh Bharat, Skill India, Make in India, enhancing rural incomes, Energy Security and
savings in Foreign Exchange, etc.

Innovation in Clean Energy: The technology has a significantly lower carbon footprint (72%-92%
lower) than traditional fossil analogues. Since this technology converts biomass residues into direct drop
in hydrocarbons in less than 2-3 mins and is scalable, it can play an important role to help decarbonise
transport fuels.

Innovation Breakthrough: This technology is commercially unique. Renewable hydrocarbon transportation
fuel of suitable quality can be produced from 3-4 mm biomass particles with only physical pre-treatment and
very low water via catalytic Hydropyrolysis. The exothermic nature of the hydrodeoxygenation process provides
the capability to co-process plastics, biosludge and similar other waste material into drop in hydrocarbons.
The development process was done with an open innovation culture – a collaboration between Shell
Technology Centre, Bangalore, CRI USA and GTI USA. Key differentiators are 70% energy recovery, up to
92% GHG reduction, capability to use neat, mixed and/or switch feed.

Next Steps: The technology is now available for licensing. We would need to encourage public-private
partnership models to collect and process feedstocks and ensure sustainable supply to the plants at a
reasonable cost. We identify various locations in the world to engineer, build and operate first commercial
plants with various feedstocks such as MSW, agricultural residues, forestry and a combination of any or all
depending upon sustainability. Shell as an oil company will be willing to off take the products. We can develop
circular economy with respect to biochar and even fuel needed for farming etc. In the next 5 years having
tens of plants in the world and over a few hundreds of plants in next 10-15 years could be a good aspirational
targets. Investors need to be engaged and encouraged which is a partnership work for the technology provider,
feedstock owner, engineering and operating firms and retailers. In India this would mean building both micro
and macro-economic structures to facilitate the deployment.

Additional Details/Links:
Video links. I have also enclosed some videos about technology pilot plant running in Chicago 50 kg/day
and demo plant at Bangalore.
https://www.youtube.com/watch?v=Ea4RjMXPbR4 — Overview
https://www.youtube.com/watch?v=2ZBluxJelbw — India Demonstration Plant
You can also find more information about this technology at the link below.
http://www.cricatalyst.com/cricatalyst/catalysts/renewables/integrated-hydropyrolisis-andhydroconversion.html
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34. Punjab Renewable Energy Systems Pvt Ltd.
Biomass fuel Management
Contact details:
Lt Col Monish Ahuja (Retd)
monishahuja@prespl.com
Affiliation (Industry/Academia/Venture Capitalist): Industry
Innovation Challenge(s) or technology sectors (Clean energy):
IC#4 - Sustainable Bio-fuel Innovation Challenge
Bio based Fuels and Clean energy.

Technology Overview: PRESPL’s Success Story in Biomass fuel Management:
Punjab Renewable Energy Systems Pvt Ltd. (PRESPL), being one of the major biomass aggregation and
supply chain management company in India, is engaged in the business of providing Consulting, Marketing and
Advisory services in various sectors/fields such as, Biomass Power, Renewable Energy, Carrying out Biomass
Assessment Study, Waste Management Systems, Biomass Ethanol Projects, SCM Studies, Socio-economic
studies, Environmental Studies, Sewage Water Treatment Systems, Energy Plantations etc
PRESPL has observed in its project areas that the rural youth is found to be much disoriented, oscillating
between the poverty in homeland and glamour of urban areas. Besides, women, being the weaker section
from rural community are found to be very vulnerable because of the poverty.
PRESPL has demonstrated a strong economic, social and environmental impact of their operations in the
areas where they are active. While the economic impact is evident on the farmers, village level entrepreneurs
(VLEs) and the laborers, the environmental impact too is obvious as the crop residue replaces fossil fuel like
coal, thus cutting down on the carbon emissions from the subscribing IPPs and other process industries that
need to generate captive power for running their factories

Biomass
Supply Chain
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Clean Energy issues tackled: PRESPL has identifies Major barriers impending accelerated deployment
1.

Inadequate site specific information on availability of biomass.
PRESPL undertakes biomass assessment and biomass validation studies for identification and
quantification of available biomass in the command area of plant.

2. Existence of non-formal biomass market and trading.
PRESPL is ready source of biomass supply chain management solution with assurance of quality and
quantity.
3. Problems associated with management of collection, transportation, processing and storage of
biomass.
Identification of innovative methods for handling of various types of biomass is the strength of PRESPL.
Variety of biomass requires variable equipments for its aggregation, processing and, transportation.
4. Non - versatility of boilers to simultaneously take a variety of biomass and cost effective sub MW
systems.
PRESPL with its technical expertise advice plant promoters for the kind of technology and boilers to
set up or modify the projects based on the availability of biomass fuel in the catchment area of plant.
5. Availability of finances.
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PRESPL manages for working capital to fund biomass projects through innovative financial arrangements
to facilitate cost effective financial structures.
6. Existence of conducive policy and regulatory framework.
PRESPL works along with project promoters to liaise and facilitate with regulatory bodies and
government agencies to create a conducive environment for bio economy business.

Innovation in Clean Energy: Impact Grid
PRESPL is focused to work on empowerment of on rural youth and women making them employable for
rural development on sustainable basis. The following grid informs about the broad impact of the program in
different areas:
Sensitization of rural
population

This initiative generated awareness among rural population about healthy
environment, hazards of burning crop-residues in open fields, biomass utility,
entrepreneurship and cleanliness.

Generation of Job
opportunities

Biomass supply chain management is intensely manpower based.
Implementation of it in rural areas generated employment for the population,
including women thus elevating their standard of living.

Opportunity to
generate extra income
out of crop residues

Farming communities are generating extra income from crop-residues, which
they were otherwise treating as waste

Environmental Benefits

Implementation of this project leaves the environment healthy as farmers
would not burn the crop-residues in open fields reducing the GHG emissions
and planting of trees across the area will only increase the health of
environment

Financial Inclusions

About 150 rural youth and women were identified and developed into VLE
(Village Level Entrepreneurs), who are taking ownership and earn revenue from
supplying Biomass surplus

Swach Bharat Mission

Implementations of Swach Bharat Mission in the project area, which include
cleanliness drive involving the participation of rural community at large. This
results in healthy surroundings and environment for coming generations

Gender Equality

The impact of this program by way of empowering through Skill development
has applied equally to men and women. While identifying people for
developing VLEs, care were taken to lay equal focus on both the genders

India - Country Report and Progress Update – May 2018

INDIA Country Report_inside_May'18_FNL.indd 131

131
18-05-2018 18:52:12

35. Pandit Deendayal Petroleum University, Gujarat
Hydrogen generation from water using inexpensive nano-CuO photocatalyst and sunlight
Contact details:
Dr. Abhijit Ray
abhijit.ray@sse.pdpu.ac.in
Affiliation (Industry/Academia/Venture Capitalist): Academia
Innovation Challenge(s) or technology sectors (Clean energy):
IC#5 - Converting Sunlight Innovation Challenge

Technology Overview: The present project relates to the development of inexpensive photocatalytic
electrode using nanostructured copper oxide (CuO) developed by inexpensive spray-pyrolysis process for
splitting water under sunlight irradiation to produce hydrogen fuel. The electrode has exhibited a remarkably
high photocurrent (density of 24 mA cm−2 at barely small applied potential of 0.25 V vs. RHE) under AM1.5G
solar irradiation in alkaline environment. The electrodes were chemically highly stable showing photocurrent
retention of more than 40% of initial value for more than 20 minutes of continuous illumination. The use of
electron scavenging agent (ESA) has shown to protect the electrodes from photo-corrosion. The processed
photocathode showed a solar to chemical conversion efficiency of 7.85% and 21.5% with and without using the
ESA, respectively. Simple heat treatment in air can drastically improve its electrical properties. The natural
abundance of the constituent elements will make this photoelectrode truly inexpensive. Due to low running
cost of spray deposition the process carries high commercial prospect as well. Below we represent the
highly crystalline microstructure (A) and photocurrent characteristics (B) of the electrode which are highly
reproducible at minimal efforts.
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Clean Energy issues tackled: Hydrogen fuel is an essential requirement in the near future, where majority
of the vehicles will be running by exclusively using fuel cells and in hybrid mode of fuel-cells and batteries.
Therefore, generation of hydrogen utilizing natural resources is one of the essential challenges in the current
scenario. Conventionally, hydrogen is generated from natural gas through steam methane reforming but it
has a large carbon footprint. On the other hand, electrolytic water splitting can be adopted using DC power
from conventional grid or renewable resources (solar/wind etc), which are on the other hand less efficient
options. On the other hand, photocatalyst are semiconductors which at low energy gap can efficiently absorb
solar light to produce reactive electrons for reducing water into hydrogen. Provided, these catalysts be made
inexpensive, stable, with energetically favorable band alignment and processed by inexpensive techniques,
they can be the future solution in renewable hydrogen generation.
Innovation in Clean Energy: The problem described has the potential to substitute presently adopted
technology of hydrogen generation which are steam methane reformation (thermochemical) and water
electrolysis techniques which are non-green and less efficient options. It is anticipated that, various inexpensive
materials of semiconducting properties can be developed using low cost non-vacuum technique, such as spray
deposition which will be a technological breakthrough. Such technique has also a great impact over scaling up
and meeting the demand of hydrogen from renewable resource of direct sunlight.

Innovation Breakthrough: Conventionally hydrogen is being produced centrally (Central Production),
stored in a compound framework or pressurized form and transported further. However, the present problem
gives the liberty to generate hydrogen in distributed manner (Distributed Production), which saves a large
cost of transportation. Given proper engineering design and management for generation and storage of the
distributed mode, true hydrogen economy can be brought in.
Next Steps: As the basic development is in place, the next challenge to the project is the development of
efficient photocatalytic reactor and supporting gas storage system. As chemical environment is involved, the
next challenge is to develop the system sustainable and durable, immune to corrosion and requiring least
maintenance.

Additional Details/links:
http://jes.ecsdl.org/content/163/14/H1195.short
https://www.sciencedirect.com/science/article/pii/S0925838816338580
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36. The Energy and Resources Institute (TERI),
New Delhi
Development of an outdoor algal growth system of improved productivity for biofuel production
Contact details:
Dheeban Chakravarthi Kannan
dheeban.kannan@teri.res.in
Affiliation (Industry/Academia/Venture Capitalist):
Academia – Research Institute
The Energy and Resources Institute (TERI), New Delhi, India
Innovation Challenge(s) or technology sectors (Clean energy):
IC#5 - Converting Sunlight Innovation Challenge
IC#4 - Sustainable Biofuels Innovation Challenge

Technology Overview: An outdoor algal growth system that improves the productivity by 1.5-2.0 timeshas
been developed. This is aimed at addressing the key challenge of translating the high lab yields of microalgae
to outdoor productivity for large-scale biofuel production. The design is based on systematic distribution
of the abundant outdoor sunlight that is 4-5 times in excess of what algae need (the excess light negatively
affects algal growth). The open outdoor system has been tested at 10,000 L (20 m2) scale and the productivity
improvement was compared to a raceway pond (the present standard for open outdoor algal production).The
system has the potential to realize consistent high outdoor productivities in the range of 30-40 g/m2/day, the
sort of productivities reported to be needed for viable algal biofuel production (the current standards are 1825 g/m2 day from raceway pond systems).
Clean Energy issues tackled: Continued carbon emissions have posed a serious climate change threat.
This has placed an emphasis on the development of renewable forms of energy. Transport fuels account for
25-30% of the total global energy usage. Storable and portable form, renewable fuels are needed for this. This
assumes even more importance given the economic implications placed by crude oil imports. Algal biofuels is
among the most promising options given the fast growth rate and high lipid yields of microalgae (10-50 times
higher than conventional oil crops). Even though high yields have been obtained in the laboratory conditions, it
has not been translated to consistent high outdoor productivities. The project aims to bring about this crucial
advancement in outdoor algal yields for viable algal biofuel production.
Innovation in Clean Energy: The outdoor algal growth system has the potential to realize the sort of
high outdoor yields needed for viable algal biofuel production. A representative 35 g/m2/day productivity
relates to about 25 tons/ha/year of fuel yield. This means 50 Mha and 2 Mha of marginal land could cater to
50% of transport fuel needs of the world and India. Preliminary cost analysis indicates that the developed
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growth system alone could reduce the algal fuel production cost by 25%. This intervention in combination with
the progress being made in other algal fuel production steps and by-product value additions is expected to
reduce the time needed to attain the overall economic viability of the process significantly.

Innovation Breakthrough: The abundant outdoor sunlight has been distributed in a novel systematic way
for a significant improvement in outdoor algal productivity. Improving light conversion efficiency has been
reported as an important step needed for outdoor algal cultivation for biofuel production. The reported
intervention achieves precisely that. The light distribution design improves the illuminated surface area and
light distribution profile by about two times.The resulting 1.5-2.0 times productivity improvement over the
existing algal system standards is a substantial one pushing the algal productivity immediately to a range
reported to be needed for viable fuel production.

Next Step: The improved productivity algal growth system must be tested on integration with other fuel
production step developments and by-product value additions at 100,000 L (200 m2) and 10 ha scales next to
evaluate and make progress towards an overall economically viable production process. Related infrastructure
must be set up, researchers must be hired, inter-disciplinary networks must be established, labour manpower
must be trained and market research and expansion must be undertaken for the integrated portfolio of fuel
and biocommodity products. Facilitating global networking of various industries, academia and investors could
accelerate the realization of a vastly extensive production process such as that of algal biofuels.
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37. Dayalbagh Educational Institute,
Dayalbagh, Agra
Efficient hydrogen generation via photoelectrochemical splitting of water.
Contact details:
Prof. Sahab Dass
Department of Chemistry
drsahabdas@gmail.com
Prof. Rohit Shrivastav
Department of Chemistry
rohitshrivastav_dei@yahoo.co.in
Prof. Vibha R. Satsangi
Department of Physics & Computer Science
vibhasatsangi@gmail.com
Affiliation (Industry/Academia/Venture Capitalist): Academia
Other organizations involved (if any):
Indian Oil Corporation Ltd., R & D Division, Faridabad
JNCASR, Bangalore
Arizona State University, Arizona, USA
Innovation Challenge(s) or technology sectors (Clean energy):
IC#5 - Converting Sunlight Innovation Challenge

Technology Overview: Hydrogen is envisioned as the ‘Fuel of Future’ on account of it being a carbonfree superior fuel that can easily replace the conventional fossil fuels in almost all areas of energy usage
in the society. While there are many ways to produce hydrogen, photoelectrochemical (PEC) splitting
of water using sunlight is the most promising one. The heart of a PEC cell is the photosensitive working
electrode made of some suitable semiconductor material. In the past four decades, many semiconductor
materials have been investigated by different workers for their use in PEC splitting of water. However,
the quest for an ideal semiconductor material for PEC application is far from over. For the most ideal
photoelectrode several criteria must be met simultaneously, which is the big research challenge to be met.
This success story deals with investigators’ ongoing research effort in developing novel semiconductor
material systems that can be used for efficient PEC splitting of water. Investigators are working on this
project in collaboration with researchers from JNCASR, Bangalore, IOCL, R & D Centre, Faridabad, and
Arizona State University, USA. Systematic experimental and theoretical studies on various prospective
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materials for above application have led to the identification of few systems that have shown remarkable
gain in PEC photocurrent generation:
(i) Nanostructured Ti-Fe2O3/Cu2O heterojunction photoelectrode
The heterojunction of Ti-Fe2O3/Cu2O, prepared by spray pyrolysis yielded maximum photocurrent
density of 2.6 mA/cm2 at 0.95 V bias (versus saturated calomel electrode) and applied bias
photon-to-current efficiency of 1.21%.
(ii) Gradient doped Ti-Fe2O3photoelectrode
In Ti-doped Fe2O3 films gradient doping of Ti was attempted.Films obtained through deposition
of dopant layers with a low to high concentration (0.5–8%) towards substrate yielded maximum
photocurrent density of 2.10 mA/cm2 at 0.9V bias (versus saturated calomel electrode). A
reduced charge transfer resistance in such samples was also evident from Nyquist plots.
(iii) Fe2O3photoelectrode sensitized with highly dispersed bioinspired catalyst
Coupling of a robust cobalt based catalyst, via photoelectrodeposition, in Ti doped Fe2O3 led to
significant gain in the efficiency of photoelectrode towards PEC splitting of water. Maximum
photocurrent density recorded was 1.19 mA/cm2 at 0.85 V bias (versus saturated calomel
electrode).
(iv) Multi-walled carbon nanotube and Cu2O sensitized Ti-Fe2O3
Deposition of multi walled carbon nanotubes alone and also in combination with Cu2O in
Ti-doped Fe2O3 yielded films, offering photocurrent density as high as 5.17 mA/cm2 at 1V
bias (versus saturated calomel electrode). High applied bias photon to current conversion
efficiency (4.6%) in this case was attributed to enhanced charge transfer and separation,
reduced recombination and decrease in charge transfer resistance.
Further to take this research forward by up-scaling the laboratory systems to the demonstrative pilot
reactor for hydrogen generation, investigators are working with scientists of Indian Oil Corporation Ltd.,
R & D Division, Faridabad and to this effect an MOU has also been signed between the two organisations.

Clean Energy issues tackled: The conversion of solar energy into solar fuels viz. Hydrogen by
photosplitting of water, provides long-term storage of the world’s most abundant but intermittent source
of energy. Significant material challenges exist in the production, storage and use of hydrogen. Amongst
all renewable sources of hydrogen, its generation by PEC splitting of water is the most promising.
Important material considerations in the design of an efficient PEC electrode are band structure,
quantum efficiency, and stability in electrolyte environment. In this context, the use of nanostructured
materials in PEC cells has offered increased efficiencies, resulting from their unique electrical and
optical properties. Further lot of interest has been generated on layered structure of low and high
band gap materials where synergistic effect on light absorption is largely envisioned. There are many
approaches to synthesize photoactive nanomaterials and architectures for PEC splitting of water. By
integrating theory with experiment, investigators’ were able to explore a much wider range of property
variations to yield few efficient PEC cell electrodes. While research on development of materials
modified by newer and recent technologies with better and efficient system for this process is still
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continued, investigators have also embarked upon the up-scaling of small-scale laboratory systems to
design and fabricate a demonstrative pilot reactor for hydrogen generation.

Innovation in Clean Energy: Towards the development of efficient PEC reactor for hydrogen
generation from solar energy via photosplitting of water, under this project several prospective modified/
unmodified materials/material systems have been extensively investigated. Based on this research,
few material systems showing significantly high PEC performance have been identified. Moving a step
further towards the realization of commercial systems for hydrogen generation, above information
would prove beneficial in near future in fabricating a demonstrative pilot PEC reactor for hydrogen
production. Investigators have already embarked upon this task and to this effect they are now working
in collaboration with scientists of Indian Oil Corporation Ltd., R & D Centre, Faridabad.
Innovation Breakthrough: Under this project, investigators have worked on different prospective
material systems. Several new and innovative material-property modification techniques viz.,
nanostructuring, doping and gradient doping, swift heavy ion irradiation, surface modification, quantum
dot sensitization etc. have been investigated in an attempt to develop materials with greater PEC cell
efficiency. To support and substantiate experimental observations, theoretical computations (DFT
based) were also attempted. Thus, by employing the latest tools and techniques available for material
synthesis and characterization, under this project efforts are on to develop/identify the most suited
material for PEC hydrogen generation.

Next Step: The ultimate test and the real success of any laboratory based PEC system for hydrogen
generation via solar-splitting of water, lies in their commercial viability. To reach that stage, the next step
would be to evolve a demonstrative pilot PEC reactor for hydrogen generation. Investigators are already
working on these lines. Additional financial support is also being mobilised to maximise the impact of
this research in the shortest possible time and carry it forward towards the realization of a viable pilot
scale PEC hydrogen generation reactor.
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38. Tata Institute of Fundamental Research
(TIFR), Mumbai
Dendritic Fibrous Nanosilica based Nanocatalysts and CO2 Sorbents: Morphology Makes the
Difference
Contact details:
Prof. Vivek Polshettiwar
polshettiwar@gmail.com
Affiliation (Industry/Academia/Venture Capitalist):
Academia
Tata Institute of Fundamental Research (TIFR), Mumbai INDIA
https://www.nanocat.co.in
http://www.tifr.res.in/~dcs/
Other organizations involved (if any): none
Innovation Challenge(s) or technology sectors (Clean energy):
IC#6-Clean Energy Materials Innovation Challenge
IC#3-Carbon Capture Innovation Challenge

Technology Overview: Climate change hits a giant weak spot in human history. We are generally very bad
at weighing immediate benefits and try to disregard long term repercussions. And when these repercussions
are not directly affecting the individual, it bother us even less. This is how we end up with climate change era.
Disproportionate use (or misuse) of natural resources including fossil fuels, created extreme imbalance on
planet earth and first priority of all of us to take on this challenge.
Polshettiwar’s nanocatalysis group at TIFR, Mumbai developed next-generation nanocatalysts via the
morphological control of nanomaterials, particularly dendritic fibrous nanosilica (DFNS), also known as
KCC-1. They discovered that dendritic fibrous nanosilica, which has a high surface area and excellent
physical and textural properties, possesses a unique fibrous morphology. The uniqueness of DFNS is its
high surface area, which is produced by its fibrous structure instead of the formation of pores (unlike MCM41 and SBA-15 silicas), making the large surface area easily accessible. They have shown the successful
utilization of DFNS in a range of important applications, including photo-catalysis and CO2capture.After
his discovery and developmental work on DFNS, large number of reputable groups worldwide have
started using DFNS for various applications, such as catalysis, photocatalysis, CO2 capture-conversion,
sensing, detection and extraction of ions, supercapacitors, drug delivery and other biomedical applications
(ChemSusChem 2017, 10, 3866).
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Clean Energy issues tackled: To take on issue of clean energy, they have synthesized high surface area
photocatalysts by coating TiO2 on the DFNS using atomic layer deposition (ALD). Their developed catalyst
showed enhanced photo-catalytic activity, better than well-known MCM-41 and SBA-15 supported TiO2
catalysts. This work showed how one can tune the photocatalytic activity of supported TiO2 catalysts by
simply tuning the morphology of the support. Comprehensive mechanistic insight for ALD TiO2 coating on
DFNS fibers was gained using solid state-NMR and UV-DRS. They believed that the combination of unique
textural properties and morphology of DFNS, TiO2 nano-particle formation and their size quantization
is the reason behind enhanced photo-catalytic activity of KCC-1/TiO2 catalysts (ACS Catalysis 2016, 6,
2770). Then, sunstainable solution phase TiO2 deposition on silica protocol was developed over complex
and expensive ALD technique. Notably, in the case of DFNS as a support, because of its open fibrous
morphology, even at the highest TiO2 loading, a relatively large amount of surface area remained intact.
This improved the accessibility of active sites, which increased the catalytic performance of DFNS/TiO2
photocatalyst (ChemSusChem, 2017, 10, 2182).
We then further developed perfect crystallization of active sites in supported TiO2 photocatalysts, by unique
combination of nanomaterial morphology and active site crystallization protocol. This yielded nano-TiO2 based
photo-catalysts with one of the highest reported photocatalytic hydrogen yield. Hydrothermal crystallization
of amorphous TiO2 sites was found to be key step to generate highly active TiO2 sites, which in turn improved
their catalytic activities significantly. These catalysts were then sensitized by CdSe quantum dots to achieve
visible light active photocatalytic hydrogen generation.(unpublished work).
To take on issue of clean environment, Polshettiwar’s group them designed CO2 Sorbents using functionalized
DFNS and gained insights into the effect of silica morphology on its efficiency. Functionalization was
achieved by simple physisorption and covalent attachment of various amine molecules. DFNS-TEPAads
was compared with its MCM-41 counterpart (MCM-41/TEPAads) and was found far better in terms of CO2
capture capacity, rate of adsorption and stability. Better performance of DFNS based sorbents was due to
the unique fibrous morphology, accessible surface area and pore volume, which was retained even after
functionalization. These results clearly showed the critical role of silica morphology to design efficient CO2
sorbents. (Ref. J. Mat. Chem. A. 2016, 4, 7005 “Emerging Investigator Issue”).

Innovation in Clean Energy: Although there are large challenges to overcome and much work to be done,
this work will help in large vision of preventing climate change by developing active, stable, economical and
sustainable nanocatalysts. This will deliver industry-ready sustainable protocol for clean energy and clean
environment, which will have a meaningful impact on climate change.

Innovation Breakthrough: This work provided a new direction for photocatalyst and CO2 sorbent
development in which the morphology of the support is the key parameter. Developed DFNS and DFNS
based catalysts and sorbents are having unique fibrous morphology, which was not seen before. It is tuning of
morphology of nanomaterials (rather than usual size tuning) which allowed this development.

Next Step: Pilot plant to demonstrate this discovery, i.e. synthesis, catalysis and CO2 Capture, at industry
ready scale, followed by spinoff company.
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Additional Details/links:
https://www.eurekalert.org/pub_releases/2017-11/tiof-dfn110217.php
https://onlinelibrary.wiley.com/doi/full/10.1002/cssc.201701076
http://pubs.acs.org/doi/abs/10.1021/acscatal.6b00418
http://onlinelibrary.wiley.com/doi/10.1002/cssc.201700135/full
http://pubs.rsc.org/is/content/articlehtml/2016/ta/c6ta01348a
https://www.eurekalert.org/pub_releases/2016-05/tiof-nfn050916.php
http://www.tifr.res.in/~TSN/Polshettiwar-KCC1.html
https://www.sciencedaily.com/releases/2016/05/160509105607.htm
https://phys.org/news/2016-05-functionalized-nanomaterials-co2-capture.html
https://www.hindustantimes.com/mumbai/scientists-find-a-way-to-capture-co2-emitted-by-industries/
story-sYWz9XcT2krcgtZw40SrLP.html
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39. Anna University, Chennai
Biomass energy to power India: Tale of a Weed to Value Added Product from Tamil Nadu
Contact details:
Dr. Sujin Jose
sujamystica@yahoo.com
Affiliation (Industry/Academia/Venture Capitalist): Academia
Other organizations involved (if any): Active Char Products Pvt. Ltd
Innovation Challenge(s) or technology sectors (Clean energy):
IC#6-Clean Energy Materials Innovation Challenge

Technology Overview: The impending evolution of the energy sources from traditional resources towards
modern energy harvesting has propelled the need for developing compact, integrated and highly-efficient
energy storage devices with an eco-friendly, reduced carbon emission approach. The ‘Karuvelam’ trees (Prosopis
juliflora) have greatly affected the groundwater levels of Tamil Nadu especially in Madurai and nearby districts
like Ramnadu, Theni, Dindigul and Tirunelveli. Karuvelam trees are hazard to farmers as it uses most of the
available underground water. Considering these issues what our society is facing, the problem was identified
to experiment with this weed as our biological source for energy materials. In the present study, attempts
were made to produce a high-grade activated carbon from the leaves and wood portion of the plant material
Prosopis juliflora, and further utilize this engineered porous carbon to prepare the energy storage devices.
Utilization of lignocelluloses as a large-scale waste material to prepare an ecologically, resource-saving and
economically friendly energy storage device with high storage capabilities in which the waste management
is also well taken care of. Our results will establish shaping the chemical characteristics of energy material
by engineering the porosity and surface area of carbon-based materials manufactured from Prosopisjuliflora.
This method will in turn solve the problem of waste management when it is upscaled to industrial relevance
and helps to turn the resulting industrial products to maximum in renewability and resource efficiency in
the sense of process energy consumption, water usage and allows reduction process waste to an absolute
minimum. The advantage is that researchers will utilize the unsurpassed efficiency of biological systems to
produce sophisticated structures and unique chemistries to deal with the biomass derived porous carbon
from nature and the resulting biomass will be converted via a high temperature pyrolysis process to produce
energy materials with no post-modification showing how the natural products can provide a useful chemical
feedstock for industry.
This novel method solves the problem of waste management but it also adds weight to the industrial biochemical movement. The novelty of our method tunes the manufacturing process for the high-performance
energy storage devices and the researchers will be able to control the design of the materials from the
beginning. Moving forward, the researchers will support this energy material, to facilitate an introduction into
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the commercial market with the support from the already collaborating industrial partner Active Char Products
Pvt Ltd with a focus on starting a larger pilot program for this technology. Therefore, no additional resources
are needed to manufacturing as in South India (Madurai and nearby districts), with extensive reserves of the
PJ plant, there exist an excellent scope for producing high-grade activated carbon.
The pathways adopted are design and development of waste-to-wealth technology derived activated carbon,
engineered for porosity and high surface area and the fabrication of the final prototype involving contribution
from industry collaboration. The methodology will involve development of cost effective activated carbon
derived from waste-to-wealth technology, evaluate the suitability of the energy storage materials.

Clean Energy issues tackled: Our story involves the development of highly porous activated carbon
from biomass which is identified as species of environmental threats/ waste materials. The Karuvelam trees
(Prosopis juliflora) are highly adaptive and the ‘proline’ content in Prosopis is high under stress conditions,
which helps the plant to thrive under extreme drought. With deep penetrating roots, it can draw water from
deeper layers and survive in adverse conditions where other species are unable to. These trees are a problem
for farmers, since they use most of the underground water displacing natural vegetation including medicinal
plants. They can also absorb the atmospheric moisture. and threats to both ecology and economy of Tamil
Nadu especially in Madurai and nearby districts like Ramnadu and Tirunelveli. Considering these issues
facing our society, and the recent newspaper reports(“SeemaiKaruvelam has turned into monster species that
every loves to hate”, Seemaikaruvelam, a saviour-turned-villain whose tentacles spread far and wide, Judges
ire prompts officials to remove Seemaikaruvelam trees, Students for removal of seemaikaruvelam, HC orders
removal of karuvelam trees) on karuvelam trees, the problem was identified and decided to use this weed as
a valuable biomass source to produce a high-grade activated carbon from the leaves and wood portion of the
PJ plant material.

Innovation in Clean Energy: The conversion of an environmentally threatening plant into a high
performance energy material certainly provides new avenues to eradicate such plants from the soil in a useful
manner. This work stands out as one of the best options to obtain and recover energy with a large interest
in the development of environmentally friendly energy storage solutions as they reduce the precursor cost,
because of their availability and the fact that they are renewable. In this work, the woods of Karuvelam will
be used as bio-waste, as they are abundant in local rural areas of Tamil Nadu. Here, the versatility of the
engineered porous carbon will be best implemented, with possible applications ranging over energy storage,
water treatment, air purification, petroleum and gas purification etc. This eco-friendly production ensures
zero carbon foot print, will pave way for possible alternative routes for exploitation of energy sources. The
research will create a direct pathway to technological and economic growth in India and globally. With the
permanent view on starting a larger pilot plant program for this waste-to-wealth technology to make to a
winning economic formula, the large potential for upscaling will be tapped.

Innovation Breakthrough: This transformation tale of Prosopis juliflora (PJ) from weed to wealth technology,
makes over the lives and livelihoods of the farmers of the villagers of Tamil Nadu. An added dimension attained
through deployment of this environment threatening plant to activated carbon will pave way for the substantial
reduction of the threats facing by the farmers and inhabitants and supports the ecology and economy of the
inhabitants. We feel, this is the most appropriate time to bring out this robust green energy technology and
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facilitating access to total energy for the entire world by 2030 and can be part of BERI (Biomass Energy for
Rural India) to highlight and emphasize upon the importance of the conceptualized, that is developing and
implementing a bioenergy technology package to reduce GHG (greenhouse gas) emissions and to promote
sustainable and participatory approach in meeting rural energy needs.

Next Step: The conversion of an environmentally threatening plant Karuvelam will be used as bio-waste, as
they are abundant in local rural areas of Tamil Nadu and represent a low-cost precursor for the production
of porous carbon into a high performance energy storage materials certainly provides the new avenues to
eradicate such plant from the soil in a useful manner. Here, the versatility of the engineered porous carbon will
be best implemented, with possible applications ranging over energy storage, water treatment, air purification,
petroleum and gas purification etc. This eco-friendly production ensures zero carbon foot print, will pave way
for possible alternative routes for exploitation of energy sources. The research will create a direct pathway
to technological and economic growth in India and globally. The investigators have an active relationship
with some of the companies like Active Char Products Pvt Ltd to avail the technology generated by us to be
available and useful for tomorrow. With the permanent view on starting a larger pilot plant program for this
waste-to-wealth technology to make to a winning economic formula, the large potential for upscaling will be
tapped.
Additional Details/links:
www.youtube.com/watch?v=O6MFBM4M6fc
www.youtube.com/watch?v=pSGwk0wdMVk
www.youtube.com/watch?v=wc3_Cx3TMJU
www.youtube.com/watch?v=icC7_-olpW8

News Paper coverage:
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40. Pluss Advanced Technologies Private Ltd.
AagunTM – 24 x 7 Dryer for consistent drying – using advanced materials to store solar heat
Contact details:
Nidhi Agrawal
nidhi.agrawal@pluss.co.in
Affiliation (Industry/Academia/Venture Capitalist): Industry
Other organizations involved (if any): NONE
Innovation Challenge(s) or technology sectors (Clean energy):
IC#6-Clean Energy Materials Innovation Challenge
Under broader category: Energy storage

Technology Overview: Aagun, a drying technology, is based on conversion of solar energy to heat
energy which is used during off sunshine hours for 24x7 drying. Solar energy is absorbed using evacuated
tubes. During sunshine hours, tubes absorb the solar energy and transfer heat to advanced phase change
materials (PCM). Indigenous design of the equipment allows efficient conversion of solar energy to latent
heat. PCM containing tank then transfers heat to the drying chamber through its unique design. Forced
convective heat transfer removes the moisture from the food, while a part of the unused energy is used
for charging the PCM. These PCM’s are designed to completely charge during the day and liberate the
heat during night to ensure continuous operation. PCM used in Aagun can effectively run for over 10 years
without any performance changes.
Aagun has reduced the drying time by more than 70% for high moisture food items in extreme temperature
areas. The data below gives the drying efficiency achieved with Aagun for the major exported goods from
India. These trials are performed under ambient temperature of 40 C under relative humidity of 60-70%.
The choice of goods dried include mango, walnuts, grapes, bananas and pomegranates which account for
largest portion of the fruits exported from the country and onion, okra, bitter-gourd, mushroom and potatoes
which are the major vegetables. India is also the leading producer, consumer and exporter of spices in the
world, some of them being turmeric, fenugreek, red chilli and coriander among others.
Table 1. Drying efficiency of various foods dried using Aagun
Product

Drying temp (oC)

Drying time (hr)

Moisture loss (%)

Tomato Cuts

55

20

97.0

Onion Slices

40

12

94.0

Bitter Gourd

45

16

93.0

Mushroom

40

6

90.0
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Product

Drying temp (oC)

Drying time (hr)

Moisture loss (%)

Coriander Leaves

45

10

89.0

Fenugreek Leaves

45

10

93.0

Green Chilly

45

18

90.0

45 – 50

24

73.0

Pineapple Slice

45

20

88.0

Apple Slice

45

20

86.0

Banana

50

36

78.0

45 – 50

24

78.0

Turmeric

Mango Pulp

The Central Institute of Post- Harvest Engineering and technology estimates that 15.88% of fruits, 12.44%
vegetables, 9.96% oil seeds, 8.41% Pulses and 6% cereals go waste. India being the leading agricultural country,
it’s a pity that 70% of the produced fruits and vegetables end up in bins whose net worth is whopping $440
billion. This is due to the country’s lack of adequate cold storage or alternate processing facilities..
This waste also makes them priced twice higher than what they should be. These wastes could have been
saved by drying. Drying is proven to prolong the life of the stored food by preventing bacterial and microbial
action. Adequately sealed, dried food can last as long as a year. Aagun will enable prevent distress sale while
doubling farmers income.

Clean Energy issues tackled: This alarming increase in food wastage is generating nearly 3.3 billion
tonnes of greenhouse gas emissions which is caused by open burning of food in landfills, wastage of manpower,
electricity and freshwater used for various agricultural needs. In India, 91% of the waste is dumped in open
lands out of which 10-20% is burned thereby releasing harmful emissions. 15% of the greenhouse gas emissions
is the result of deforestation, the second largest reason after fossil fuel burning. It is surprising to note that
45% land is deforested in India for agricultural needs only to realize that the produced ends up in bins while
65 million people are still sleeping hungry on streets. This is what Aagun is designed for.
Aagun enables prevention of food wastage therefore saving all the indirect costs on the environment ultimately
preventing greenhouse gas emissions. Aagun also works on stored heat of the sun – thereby shifting from the
use of fossil fuels and electricity to continue drying at night in the absence of the sun.

Innovation in Clean Energy: Drying is a reliable solution to food wastage. Not only does it prevent the
waste in transportation for long distances, dried food can be stored for several months and even up to a year
depending on the ambient conditions. Drying options for farmers will double his income while preventing
distress sale.
We therefore designed Aagun, based on a PCM with more than 40 times the heat storage capacity of water.
Heat available in the day is stored in these materials to be used later in the night for 24x7 drying. This serves
two ways. The free solar energy that is untapped is being captured. It is also saving on the electricity cost that
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would have otherwise gone into drying food during off sunshine hours. With Aagun, the farmer pays a onetime
cost of the system with a payback period of less than 200 days. It is an innovative thermal storage technology
based dryer easy to use and affordable.

Innovation Breakthrough: Conventional methods of drying include gas dryers, freezers and open
sun drying. These methods are high cost and complicated to implement. Open sun drying is inefficient in
temperature control and causes loss in nutritional value of the food. Products dried using the conventional
means taste bad, look bad and hygiene is not guaranteed. Aagun uses filtered air for drying, maintaining
the food within a constant temperature range of 40-55oC, and reduces the drying time by as much as 70%
therefore minimizing the nutrient loss from food.
Several dryer exist in market from conductive low cost dryers to dryers based on solar panels. While the
former is very cheap Rs.3500-4000, it cannot work during off sun hours. Later, while being effective is priced
at $3000-3500. Aagun is a compact direct contact heat transfer based device developed with biodegradable,
environmental friendly heat storage materials. Its cost effective, sleek design combined with 24x7 operations
makes it distinct in the current market of solar dryers.

Next Step: We aim to scale up the design to drying capacities of few hundred kilos per loading cycle for
industrial applications. At this stage, our Aagun has a drying capacity of 15kg and caters to farmers with small
landholdings. Next steps include, scaling up the design for larger capacities and providing capabilities for green
storage (40-50oC) which is proven to thaw bacterial action thereby increasing the life of the perishable goods.
This will ultimately be reflected as an increase in the net income of the farmer. We then plan to customize the
design for industrial usage, community drying purposes and individual food producers or farmer’s needs. We
aim to provide affordable energy efficient drying solution to the agricultural community thereby contributing
a share in food preservation.
Additional Details/links: http://pluss.co.in/aagun-a-solar-dryer.php

Figure 1: AagunTM: Solar dryer for 24x7 consistent drying
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Figure 2: Dried food produced from Aagun
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41. Indian Institute of Technology-Bombay
A Novel Design of Encapsulated Phase Change Material based Heat Exchanger for Thermal
Management of Building
Contact details:
Dr. Sandip Kumar Saha
sandip.saha@iitb.ac.in
Affiliation (Industry/Academia/Venture Capitalist): Academia
Other organizations involved (if any): NIL
Innovation Challenge(s) or technology sectors (Clean energy):
IC#7 - Affordable Heating and Cooling of Buildings Innovation Challenge

Technology Overview: A novel design of encapsulated phase change material (PCM) based heat
exchanger in thermal management of building for Indian conditions is developed. Thermal performance of
the encapsulated PCM based heat exchanger is compared with the pre-existing thermally activated roof
and radiant panel systems connected with HVAC systems for a scale down version of a room (dimensions:
71 × 71 × 71 cm3) in this work. High-density polyethylene (HDPE) containers are used to store the PCM and
the copper tubes are embedded in the containers to flow cooling fluid to extract heat from the PCM.
Containers used are of 41 × 20.5 × 2.6 cm3 with the wall thickness of 2 mm. Six internal grooves of each length
37 cm, height 2.5 cm and thickness 3 mm, are at equidistance of 2.5 cm from each other in the container.
The groves in the container are provided to enhance the strength and structural rigidity of the container.
The encapsulated PCM based heat exchanger is able to reduce the heat gain of the test chamber by
approximately 50% as well as attenuate mean air temperature by more than 6°C. The encapsulated PCM
based heat exchanger is more beneficial in flattening the peak for longer duration and reducing the
fluctuation in mean air temperature of the test chamber. The overall decrease in mean air temperature of
the radiant cooling panel and encapsulated PCM based heat exchanger is found to be more compared to
that of the thermally activated ceiling system for almost the same amount of heat rejection from the test
chamber. However, the proposed PCM system has an added advantage of maintaining the temperature
at the comfort level without continuous water flow through it for longer duration, thereby saving the
electrical energy. Integration of slinky ground heat exchanger with the proposed encapsulated PCM
based heat exchanger is a cost effective solution and the slinky ground heat exchanger is an effective way
to solidify the PCM for its repeatable use in maintaining the air temperature in the test chamber at the
comfort level for a long duration. In the present experimental study, the total expenditure in installing and
fabricating the proposed PCM based encapsulated heat exchanger for the used test chamber incurred
was Rs. 10,000/-. A chiller was connected to the heat exchanger to exchange energy with the PCM.
Operational energy for this system is only the electricity consumed by the chiller. The proposed system
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is more efficient than the existing air based system because of the high heat capacity of water, and hence
the pumping power requirement for water is much less compared to the air based HVAC systems. The
average per day cooling energy consumption of the proposed system is 0.56 kWh compared to that
of the traditional existing air based system, which consumes cooling energy of 0.93 kWh. Therefore,
considering an average of Rs. 3.5 per kWh tariff, the per day savings is Rs. 1.2/- for the scale down test
chamber used in this study. However, the chiller will be replaced by the ground heat exchanger in the
future applications, and the feasibility of using the ground heat exchanger is comprehensively tested
numerically. It is estimated that the per day savings will be approximately Rs. 3.25/-, if the encapsulated
PCM is connected with ground heat exchanger.

(a)

(b)

(c)
Figure: (a) Photograph of the actual chamber with a window on the north face on which testing was
performed, (b) Schematic diav gram of the scaled down room fitted with the encapsulated PCM heat
exchanger, (c) Design of the encapsulated PCM heat exchanger
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(a)

(b)

(c)
Figure: (a) Performance of traditional radiant panel, (b) Mean air temperatures with intermittent water flow for
without and with encapsulated PCM heat exchanger, (c) Performance of encapsulated PCM heat exchanger
integrated ground heat exchanger

Clean Energy issues tackled: In recent past, energy demand is proliferated and expected to rise in the
unprecedented way in coming years globally as well as country wise. Specifically, in India, the aggregated primary
energy demand is expected to rise due to sustained economic growth in industrial, housing and transportation
sectors that will lead to energy consumption by 40EJ. Commercial and residential sectors currently use 30%
of the total electricity consumption, of which22% in the residential sector and 8% in the commercial sector. This
electricity demand in India is growing by 8% annually. It is expected that the floor space in India will be doubled
by 2030 due to population growth, emerging service industries and urban migration. Increasing urbanisation,
demand for luxury life and growing demand of air conditioners result in the increase of energy intensity per floor
area and combined with the growing floor area, the energy demand in the building sector in India will be even
higher. The developed system has the advantage of thermal energy storage which helps in shifting the cooling
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load of building during off peak hours with an added advantage of its radiative cooling methodology, which is
low energy intensive and economical way to maintain thermal comfort in indoor environment of buildings.

Innovation in Clean Energy: The use of thermal energy storage can help in solving the problem of time
mismatch between the energy demand and its supply, and its application in active and passive HVAC systems,
allows the use of waste energy, peak load shifting strategies and rational use of thermal energy. Integration
of ground heat exchanger with the proposed encapsulated PCM based heat exchanger is a cost-effective
solution compared to the traditional HVAC system and the ground heat exchanger along with encapsulated
PCM is an effective way in maintaining the air temperature in the test chamber at the comfort level for a
long duration. This technology will be best suited to thermal management of low cost buildings, factory, cold
storage and offices.

Innovation Breakthrough: Most of the existing studies incorporated phase change material in the building
construction material or inside the floors and walls of buildings, which deteoriates the strength of the building.
Also, theexisting technology greatlyrelies on the natural convection cooling during night for the solidification
of PCM, to make it ready for the next day and this methodology is not effective in the most part of India,
where the temperature difference between day and night is small. Hence, a better system which can ensure
complete solidification of the PCM for repetitive daily use is developed in this work. The present innovation is
low energy intensive and cost effective to maintain thermal comfort in indoor environment of buildings.

Next Step: The present encapsulated PCM based building thermal management system is developed and
tested on a scale down model of a room. Hence, an extensive study and optimization of encapsulated PCM
heat exchanger with ground heat exchanger are needed in the life-size buildings to estimate the total cost
saving. Thereafter, the product can be commercialized.

Additional Details/links: https://doi.org/10.1016/j.enbuild.2018.03.058
Inventors: Himanshu Garg, Brijesh Pandey, Sandip K. Saha, IIT Bombay, India
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42. Alliance for an Energy Efficient Economy
Demand Analysis for Cooling by Sector in India in 2027
Contact details:
Dr. Satish Kumar
satish@aeee.in
Affiliation (Industry/Academia/Venture Capitalist): Not-for-profit, think tank and policy advisor
Other organizations involved (if any): Indo-German Energy Forum (IGEF)
Innovation Challenge(s) or technology sectors (Clean energy):
IC#7 - Affordable Heating and Cooling of Buildings Innovation Challenge

Technology Overview: Various growth indicators anticipate a rapid increase in India’s cooling sectors
- in this milieu, Alliance for an Energy Efficient Economy (AEEE), with support from Indo-German Energy
Forum, set out to develop a comprehensive view into India’s overall cooling needs, covering five cooling
sectors: space cooling in buildings, mobile air-conditioning, refrigeration, cold chain, and industrial process
cooling. The overarching objective of the project was to carry out a demand analysis, by sector, in a 10-year
time-frame (from 2017 to 2027), and to identify key areas of interventions to optimize this demand in order
to reduce the energy as well as emissions impact. Energy consumption and carbon emissions (both direct
and indirect) were estimated for two scenarios: ‘business-as-usual’ and ‘improved.’ The ‘business-as-usual’
scenario includes the projection of all the adopted and/or approved policies and measures; the ‘improved’
scenario was founded on:
• Advancements in energy efficiency and ratcheting-up minimum energy performance standards
• Alternate technologies and refrigerants
• Improvements in equipment and refrigerant-related servicing
• Consumer awareness
In this intense 3-month-long project, the five major cooling sectors were closely investigated to bring to the fore
their energy and carbon footprints and suggest improvements to circumvent the societal and environmental
implications of the upcoming cooling demand.
Enclosed below are some of the key findings of the study:
• The aggregated nationwide cooling energy demand is expected to grow 2.2 to 3 times in the next
decade. However, the Improved Scenario suggests that, even with conventional approach (i.e., not
factoring in game-changers), there is potential to reduce this aggregated growth, and the resulting
emissions by 25-30%.
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• The dominance of building sector cooling – at approximately 50% of the overall cooling demand - will
continue in the next decade. This sector also shows the maximum improvement potential in year 2027,
at roughly 30% reduction in energy consumption and carbon emissions.
• Given the dominant share of the building sector, it is worth highlighting that the 2017 sectoral analysis
brings out the significant presence of non-refrigerant based cooling from ceiling/wall/pedestal fans,
at 35% of the total building sector energy consumption versus 44% for room air conditioners (RACs).
This makes a strong case for realigning focus to include a greater emphasis on energy efficiency of
fans that will continue to be very pervasive, particularly in the residential sector in India.
• Improvements in operations, maintenance and servicing practices (including the refrigerant service
sector) - an aspect that tends to get less attention in the discussions about cooling – will bring
marked savings in the future energy consumption and carbon emissions, across multiple sectors.
The findings of this study have become foundational to the National Cooling Action Plan, being developed
by the Ministry of Environment, Forest and Climate Change (MoEFCC), Government of India (GoI).

Clean Energy issues tackled: With rapid urbanization, rising temperatures and growing aspirations,
India’s cooling needs are growing at an exponential pace. Both the air-conditioning and the refrigeration
segments are projected to at least double in the next decade. This will cause adverse environmental impacts
and bring about major societal transformation: significant additional power generation capacity, peak load
impacts, and an enormous carbon footprint, both direct and indirect.
The criticality of addressing India’s cooling challenge cannot be overstated, particularly against the backdrop
of two recent international climate change agreements. First is the Paris Agreement (2015) within the United
Nations Framework Convention on Climate Change (UNFCCC), wherein India, through its Nationally
Determined Contribution (NDC), has committed to significantly reduce its emissions intensity. Second is
the Kigali Amendment to the Montreal Protocol (2016) wherein India has committed to stop production and
freeze the consumption of HFCs by 2028. This will have to be achieved within the overarching framework
of national initiatives like Power for All, Hosing for All and Smart Cities Mission, and India’s right to grow
and develop in a sustainable way considering that it is the largest country that will undergo rapid economic
growth and urbanisation in the coming decade.

Innovation in Clean Energy: As mentioned, the ‘improved scenario’ considers an increased level of
effort in technological, operational and market interventions and shows a very feasible picture of what might
be possible in the next decade. Our analysis underscores the impact of simple and feasible interventions in
the next decade, which could reduce the aggregated growth in energy consumption, and the resulting carbon
emissions, from the cooling sectors, by around 30%. This translates into energy savings of around 10 mtoe in
year 2027 – of this over 90% will be electricity savings and 10% will be fuel savings. This will mean, capacity
avoidance of around 50 power plants of 500 MW capacity each; the avoided capital can be utilized for wider
energy access and clean energy innovations. Potential emissions reduction of ~140 mtCO2e translate to a
meaningful 5% contribution towards India’s Nationally Determined Contribution (NDC).
It is envisioned that the study outcomes will galvanize the relevant stakeholders into action in order to
leverage the highly achievable benefits of ‘responsible cooling with reduced environmental and societal
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impacts. The nationwide capital savings can be applied towards developing promising cooling alternatives,
that the study identifies such as: Geothermal cooling, radiant cooling, dual-path technologies, and nextgeneration refrigerants.

Innovative breakthrough: Being a multi-sectoral project, a flexible methodology was adopted to adapt
to the unique aspects and data availability in each cooling sector. Multiple input sources, namely, primary &
secondary research, existing databases & industry reports, expert interviews and sales reports, were used
to generate a large data pool to work with. The project was not intended as a modelling exercise, but rather
as an analytical study that builds on a thorough understanding of the best available industry knowledge.
A lot of effort was expended in terms of doing a ‘bottom up’ analysis that requires significant technical
expertise and a sound understanding and knowledge of the on-ground realities. The ‘bottom-up’ analysis
was validated using a ‘top-down’ approach to the extent possible. The project report exhibits key inputs and
their sources and important assumptions vetted by industry experts, in clearly laid-out tables and charts,
which lends the report a significant level of transparency that has not been seen in contemporary reports
on similar subjects. We feel that this approach will add significant value to any ‘top-down’ econometric
analysis or modelling exercise that may be carried out in future.

Next steps: We propose the following actions, in the near future, to proactively address India’s cooling
energy demand:
• Technology interventions
- Encourage and enforce more stringent Minimum Energy Performance Standard for RACs.
- Create the right balance of policy actions and market forcers, to decouple equipment efficiency and
price points.
- Make energy star labelling of high market volume cooling equipment like ceiling fans mandatory.
• Robust R&D
- Facilitate R&D for low-energy cooling technologies, low GWP and natural refrigerants.
- Leverage ongoing government initiatives such as Housing for All and Smart Cities Mission to piloting low
energy cooling solutions.
• Market transformation
- Establish policy frameworks and incentives to enable DISCOMS to implement a Demand Response (DR)
and variable Time of Use (ToU) programmes targeted at cooling load reduction.
- Establish policy to create state-level financial instruments for low-cost/preferential line of credit to real
estate projects with a demonstrably high cooling efficiency.
• Operational interventions
- Create more emphasis on capacity building and training Operation & Maintenance (O&M) personnel.
- Ensure better refrigerant management during servicing and at end of life by designing and implementing
guidelines, training service personnel and incentivizing greater uptake of proper service equipment.

Additional Details/links:
http://www.aeee.in/demand-analysis-of-cooling-by-sector-in-india-in-2017-and-2027-2/
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43. National Thermal Power Corporation Limited
Solar Thermal Cooking System at NTPC Dadri
Contact details:
Sh. Shaswattam
Shaswattam@ntpc.co.in
Ravi Shankar
Ravishankar04@ntpc.co.in
Neeraj Goswami
Neerajgoswami@ntpc.co.in
Affiliation (Industry/Academia/Venture Capitalist): Industry
Innovation Challenge(s) or technology sectors (Clean energy): Solar Thermal

Technology Overview:
➤

Solar Thermal cooking system (STCS) comprises of two distinct blocks: Solar Block and Cooking Block.

➤

Solar Block: 2 nos of high optical efficiency, point focus, two axis tracking solar parabolic concentrators,
Inverted U-Loop, 2x100% Thermic Fluid Pumps, 1x100% Over Flow Pump, Expansion Tank, Storage Tank,
Over Flow Tank and associated pipe work.

➤

Cooking Block: 2 nos each of Boiling, Frying and Baking Vessel and 1x100% LPG fired Thermic Fluid
Heater (only for back up).

➤

STCS is controlled thru a PLC and operates automatically.

Clean Energy issues tackled: Cooking was being done using LPG in NTPC Dadri plant canteen which
had considerable cost. Cooking through LPG was replaced by renewable energy i.e. Solar Thermal. LPG is
being used only for back up when solar radiations are not available.

Innovation in Clean Energy: Using Solar Thermal cooking system; efficiency of system enhance form 40
to 70%. LPG consumption reduce drastically (30% reduction in LPG consumption)
Innovation breakthrough: System use solar energy during day time and LPG back up when radiation is
not available/ during night: it can operate in following manner:
➤

Solar Mode: When the Solar energy is equal to or more than the energy required for cooking.

➤

Thermic Fluid Heater (TFH) Mode: During no solar period, ‘Solar Loop’ is cut off and STCS operates only
on TFH.

➤

Dual Mode: During lean solar period, when the cumulative of direct and stored solar energy is less than
the energy required for cooking, TFH shall ‘cut in’ automatically.
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Next Steps:
➤

System may be installed at remote place where solar radiation is high and LPG availability is very less.

➤

System may be very effective where mass cooking is being done e.g. schools, religious places etc.

➤

If Solar Thermal capital cost comes down, it can become very viable & feasible option throughout country.

Additional Details/ Links: NTPC-NETRA Journal
Pictures of Plant:
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44. National Thermal Power Corporation Limited
Use of thermal storage to improve unit flexibility–Condensate throttling system
Contact details:
Subrata Sarkar
subratasarkar@ntpc.co.in
Shish pal singh pundir
spspundir@ntpc.co.in
Affiliation (Industry/Academia/Venture Capitalist): Industry
Innovation Challenge(s) or technology sectors (Clean energy):
Renewable challenge mitigation-Grid Perspective

Technology Overview: Due the non-deterministic nature of wind and sun light and their grid
integration leads to challenging environment for conventional generator to maintain grid parameters &
stablity and therefore requires very high flexibility to improve primary/secondary frequency response
and faster load ramps.
In this pilot project thermal storage (deaerator) is used to improve unit primary frequency response by
40% from earlier capability of 5% to 7% through integration of condensate throttling system. The project
involves deployment of an extra control loop without any mechanical modification and unit disturbance.

Clean Energy issues tackled: The project tackles the issue of primary frequency reserve very much
required to maintain grid stability which would be more pronounced with more & more renewable Energy
into the system. This innovative method can limit the need of battery storage/peaking capacity plant,
otherwise would be in the system to accommodate more Renewable energy.

Innovation in Clean Energy: This breakthrough essentially increases unit flexibility to respond faster
to the grid requirement and hence support the must buy status presently adopted by regulators to the
renewable. This in turns allow regulator to go more aggressive to the renewable; a clean and environment
friendly energy source.
Innovation breakthrough: Dearator is an integral component of Rankine cycle based power plant to
remove dissolve oxygen from water system and as well act as feed water heater to improve cycle efficiency
and essentially has huge amount of thermal storage. This thermal storage can be used intermittently to provide
quick/immediate enhance generator output i.e. primary frequency response without disturbing/compromising
the process parameter, cycle efficiency and usual function by integrating condensate throttling system.

Next Steps: The impact of this breakthrough would be visible and beneficial to society at large only with
mass deployment in existing and upcoming thermal power plant.
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Additional Details/Links: indianpowerstations.org/
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45. Power Grid Corporation of India Limited
Development of 1200kV Ultra High Voltage (UHV) AC technology through establishment of
1200kV National Test Station at Bina
Contact details:
Sh. Anil Jain (ED, Corporate Planning.)
aniljain@powergridindia.com
Sh. B N De Bhowmick (GM, Tech Dev.)
barin@powergridindia.com
Affiliation (Industry/Academia/Venture Capitalist): Industry
Other organizations involved (if any):
35 Indian equipment manufacturers - BHEL, CGL, VIJAI, ABB, SIEMENS, T&R, LAMCO, OBLUM,
ALSTOM, ABIL, SUPREME, etc.
Contractors were also employed by POWERGRID for project execution
Innovation Challenge(s) or technology sectors (Clean energy):
Introduction of new technology, Indigenous development of equipment

Technology Overview: POWERGRID has developed 1200kV Ultra High Voltage AC technology, the
highest voltage level for power transmission in the World.
Extensive simulation studies and laboratory studies were carried out by POWERGRID and subsequently
carried out design and engineering for the 1200kV substation and transmission line. POWERGRID has
established test platform at Bina, Madhya Pradesh in the form of 1200/420 kV switchyard and 1200kV test
lines wherein 1200kV equipment developed by 35 Indian equipment manufacturers were installed and
commissioned progressively form 2012 to 2016. The test station was connected to grid in 2016 and power flow
was commenced. The long term field operation and performance evaluation of 1200kV equipment at test
station is ongoing.

Clean Energy issues tackled: Reduction in losses in power transmission, reduced Right of Way
requirement, indigenous availability of equipment

Innovation in Clean Energy: Development of 1200kVUHVAC technology and 1200kV equipment fully
indigenously, Public Private Partnership model for nation development, Make-in-India

Innovation Breakthrough: POWERGRID has adopted 400kV and 765kV AC voltage levels over the last
decades for bulk power transmission. Development of 1200kVUHVAC technology was required in future
considering the growth of power sector and huge requirement of RoW in existing 765kV AC system.
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Next steps: To meet the bulk power transfer requirement of the nation in years ahead, need for development
of an overlaying grid with a higher voltage level is required wherein comes the need for 1200kVUHVAC
system. The 1200kV voltage level will help in pushing more power through the corridor at lower losses, there
by reducing the environmental impact.

Additional Details/links: Few published papers titles are given below:
“Operational Experience in 1200kV National Test Station (UHVAC), India”, CIGRE 2016, Paris
“Glimpses of Indigenous Development of 1200kV Ultra High Voltage AC Technology”, SWITCH-2016 Summit,
6-10 Oct 2016, Vadodara
“Establishment of 1200kV National Test Station in India”, CIGRE Journal, Feb 2016
“The situation of UHV AC transmission system & its standardization”, CIGREIEC Symposium, Cape Town,
South Africa 2015

India - Country Report and Progress Update – May 2018

INDIA Country Report_inside_May'18_FNL.indd 161

161
18-05-2018 18:52:15

46. Power Grid Corporation of India Limited
Introduction of Process Bus technology in Substation Automation System through pilot project
at 400/220kVBhiwadi Substation
Contact details:
Sh. Anil Jain (ED, Corporate Planning.)
aniljain@powergridindia.com
Sh. B N De Bhowmick (GM, Tech Dev.)
barin@powergridindia.com
Affiliation (Industry/Academia/Venture Capitalist): Industry
Other organizations involved (if any):
Nil, other than the contractor employed by POWERGRID for project execution
Innovation Challenge(s) or technology sectors (Clean energy):
Introduction of new technology

Technology Overview: POWERGRID implemented a Pilot Project on Process Bus at 400/220 kV Bhiwadi
substation in the state of Haryana. The system was implemented with an Optical CT and Switchgear Controllers
which were installed in the switchyard by digitizing all the equipment in one of the Line feeders of 400/220
kV Bhiwadi substation
Reduction in copper wire requirement, reduction in downtime of power system

Clean Energy issues tackled: Faster commissioning of projects, Better diagnostics of equipment in
power system, Ease of maintenance and trouble shooting in future, Extremely low restoration time required
in case of any eventuality

Innovation in Clean Energy: POWERGRID has been implementing Substation Automation Systems
(SAS) at its substations over the last decade. However, to overcome the deficiencies of point-to-point copper
connections between process level equipment and Intelligent Electronic Devices (IEDs), and to harness the
digitization of data at process level for advanced diagnosis and eased maintenance, the adoption of Process
Bus Technology was thought to be a suitable option. Keeping this in view, POWERGRID has started its journey
into the world of completely digitized substations.

Next Steps: Future years will see complete digitization of the substation automation system. State utilities
need to come forward to adopt this technology for wider impact.
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Figure 4: SLD /block diagram of the system, along with Data Flow indications

Figure 5: Optical Current Transformers

Additional Details/links: Few published papers titles are given below:
“Process Bus Technology - The Final Leap towards Fully Digitized Substations”, GRIDTECH, 08–10 April,
2015, New Delhi
“An Initiative towards Digital Substations”, Conference on R&D for Energy Sustainability, Noida, 31st
Mar 2016
“Operational Experience of IEC 61850 Process Bus Systems Deployed in POWERGRID, India”, Accepted
for upcoming CIGRE Paris Session 2018
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47.	Power Grid Corporation of India Limited
 stablishment of pilot project on Grid scale Battery Energy Storage Systems (BESS) of
E
different technologies
Contact details:
Sh. Anil Jain (ED, Corporate Planning.)
aniljain@powergridindia.com
Sh. B N De Bhowmick (GM, Tech Dev.)
barin@powergridindia.com
Affiliation (Industry/Academia/Venture Capitalist): Industry
Other organizations involved (if any):
Nil, other than the contractor employed by POWERGRID for project execution
Innovation Challenge(s) or technology sectors (Clean energy):
Use of new technologies of Battery Energy Storage Systems for grid applications

Technology Overview: POWERGRID has established a pilot project on different technologies (Advanced
Lead Acid & Lithium Iron Phosphate) of Battery Energy Storage Systems at Puducherry. The systems are
inclusive of battery management system, power management system and control & monitoring system.
Each of the BESS is having size of 250 kWh, 500 kW.

Clean Energy issues tackled: In view of increasing penetration of renewables with inherent characteristics
of intermittency and variability, various types of balancing technologies needed to be integrated with grid.
Established BESS have been designed for running on frequency regulation and energy time shift applications,
which would help in balancing the grid. Experience gained from pilot project would be useful for scaling up
such installations for maintaining grid stability.

Innovation in Clean Energy: BESS of two different technologies i.e. advanced lead acid and lithium
iron phosphate have same useful capacity. Both are installed at same location connected with same feeder
thus experiencing identical grid conditions. We are able to not only measure performances of two different
technologies but also able to compare them on various parameters like overall sizing, efficiency, auxiliary
power consumption, operational difficulties, maintenance requirements etc.
Innovation Breakthrough: Indian Power System in witnessing increasing share of renewables especially
in last few years. It has been studied by various agencies worldwide that higher renewable penetration results
into higher volatility in terms of grid stability. Grid operator has to balance load variations as well as renewable
generation variations to operate grid safely.
Battery Energy Storage Systems are considered viable option for such balancing owing to quick response time
(usually in milliseconds) and higher ramp rate. Pilot project was intended to be used for such applications and
results are very encouraging.
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Next Steps: In future larger installations are likely to be set up which would facilitate higher renewables in
the grid without affecting grid stability.

Figure 1: Architecture of the pilot project

Figure 2: Landscape view of BESS

Additional Details/links:
Few published papers titles are given below:
1.

“Sizing and Performance Analysis of Grid Connected Battery Energy Storage Systems in Frequency
Regulation Application”, International R&D Conclave by CEA, 1-2 Feb 2018

2. “Dispatch Control Strategy for Frequency Regulation & Energy Time Shift using Battery Energy Storage
System”, Gridtech, 8-10 Apr 2015
3. “Control Strategy for Frequency Regulation using Battery Energy Storage with Optimal Utilization”,
Power Electronics (IICPE), 2014 IEEE 6th India International Conference, 8-10 Dec 2014
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Annexure I
New Delhi Declaration
Innovation Challenge IC # 1 SMART GRIDS

W

e, fraternity of Mission Innovation IC#1 on Smart Grids, having participated in the second Mission
Innovation Technical Meetings during 16-17 November, 2017 followed by a public workshop on 18th
November 2017 at the Indian Institute of Technology Delhi, New Delhi, reaffirm our commitment
to intensify our collaboration to enable future grids that are powered by affordable, reliable, decentralized
renewable electricity systems. We will strive towards the development of smart grids clean technologies
including demonstrating the robust, efficient, and reliable operation of regional, distribution grids and micro
grids in diverse geographic conditions. We will nurture cross-innovations with the objective of developing
technological solutions that can accommodate up to 100% renewable based power in large scale across
the globe by 2030. We resolve to continue and push further the actions affirmed in the Beijing Consensus
including the development of a service platform for information sharing, a data repository, a working
space for IC#1 experts, the collaboration networking activity among members and with key stakeholders,
and the dissemination of acquired knowledge. IC#1 is committed to share among member countries and
globally the achievements that will be obtained in the frame of this collaboration. As an important step
in this direction and foreseen in the IC#1 approved Description of work (DOW), we developed the IC#1
General Country Report on Smart Grids Research with contribution from 14 IC#1 countries and under the
responsibility of the co-Lead from India, China and Italy. This report was released by Hon’ble Minister
of Science, Technology and Earth Sciences of India Shri Y.S. Chowdary to the larger Mission Innovation
community. We also resolve to explore and tap avenues for a greater and sustained public funding support
for national, bilateral and multilateral cooperation including engagement with international agencies to
foster the objectives of this challenge. In the spirit of Mission Innovation Strategic Dialogue on PublicPrivate-Partnership initiated in Mexico in early September 2017, we resolve to identify opportunities for
greater private sector engagement in this innovation challenge. Together, we resolve to contribute to the
larger Mission Innovation Goal of accelerating affordable clean energy innovation through the activities of
this Innovation Challenge.
Signed by All IC#1 country representatives
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Annexure II

New Delhi Declaration
Innovation Challenge IC#4 - Sustainable Biofuels

W

e, the representatives of the member countries of the Mission Innovation – Sustainable Biofuels
Innovation Challenge (IC#4), and of the Biofuture Platform, having participated in the International
Conference on Sustainable Biofuel - 2018 during 26-27thFebruary, 2018, at India Habitat Centre,
New Delhi, reaffirm our commitment to intensify our collaborations on research, development, demonstration
and deployment of sustainable biofuels in order to mitigate climate change, enhance energy security, and
promote economic development.
We resolve to further the actions affirmed in the Vision Declaration issued by the Biofuture Platform on
November 16, 2017, in Bonn, Germany, regarding the urgent need to scale up the low carbon bioeconomy. We also
reaffirm our commitment under Mission Innovation to promote information and data sharing on research and
development of sustainable biofuels and encourage collaboration, networking and dissemination of acquired
knowledge and experience. We affirm the importance of these goals and actions to the implementation of the
2030 Agenda for Sustainable Development.
We will strive for production of sustainable biomass and to develop clean technologies for affordable and
sustainable biofuels, to ensure unequivocal carbon savings on a life cycle basis. We resolve to continue
working on the development and commercialization of novel sustainable bio-based fuels and products by
encouraging early stage technologies and nurturing cross-innovations, with the objective of ensuring speedy
commercialisation.
The International Conference on Sustainable Biofuel - 2018 resolves to seek international collaborations for:
• Rapidly accelerating research and development, with the goal of achieving performance breakthroughs
and cost reductions for large scale production of advanced biofuels with enhanced private sector
investments.
• Research into new bio-based resources, processes, products and conversion systems optimized for
commercialisation of sustainable biofuels.
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• Development of cutting edge technologies in areas of ethanol production, algal biofuels, drop-in biofuels
and integrated bio-refineries leading to lower GHG emissions.
• Transformative biofuel utilization technologies and systems for transport and stationary applications and
ways to increase the share of sustainable biofuels in the energy mix.
In keeping with our Mission Innovation and Biofuture Platform commitments, we shall also continue to:
• Identify and, where possible, create opportunities for greater private sector engagement in Sustainable
Biofuel innovation challenge, in the spirit of Mission Innovation Strategic Dialogue on Public-PrivatePartnership initiated in Mexico in early September 2017.
• Exchange technical and policy advice for supporting government initiatives and policies for the
advancement of bioeconomy, including under the Biofuture Platform.
• Work closely with FAO, GBEP, IEA, IEA Bioenergy Technology Collaboration Programme, IRENA and
other international organisations to build on existing knowledge and expertise.
• Explore the avenues for a greater and sustained public funding support for national, bilateral and
multilateral cooperation including engagement with international agencies to foster the objectives of
this declaration.
• Build capacity, including international exchange of researchers, students and innovators amongst the
IC#4 and Biofuture Platform member countries.
• Contribute to the larger Mission Innovation goals aimed at accelerating affordable clean energy
innovation.
Members of Mission Innovation IC#4 and Biofuture Platform
Brazil, Canada, China, India
Finland, Mexico, Netherlands, Paraguay
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