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Modiﬁed new gasiﬁer on campus
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The new gasiﬁer has better features which makes it far more eﬃcient
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National Award for `Hum
Chitra Banate Hain’
The animation ﬁlm `Hum Chitra Banate
Hain’ received the prestigious 64th
National Award – the Rajat Kamal Award
– for the best animation ﬁlm under non
feature ﬁlm category for the year 2016.
The Honourable President of India, Mr
Pranab Mukherjee, presented the award
to the ﬁlm director Prof Nina Sabnani,
who is also the PI of the project, Telling
it Together: Collaboration between
Designers and Craft Communities, the
animators of the ﬁlm – Piyush Verma
and Shyam Sunder Chatterjee, and to
the ﬁlm producer, Tata Centre. The
awards were given at a glittering ceremony in New Delhi, on May 3rd.

A new gasiﬁer has been designed by the research group at TCTD, IIT
Bombay, as a part of Gasiﬁer-based Cook Stoves to Manage Garden Waste
project, under postdoctoral fellow, Dr Sonal Thengane (Mentored by PI Prof. Sanjay Mahajani).
In the preliminary experimental runs on the TERI gasiﬁer, the technology of
pelletizing the garden waste and then using it in the gasiﬁer to generate
producer gas showed the potential to satisfy community level cooking
requirements to a large extent. However, the TERI gasiﬁer has been
designed primarily for good quality fuel such as wood with low ash content,
leading to a few technical and operational issues.
To eliminate these issues, the new modiﬁed gasiﬁer has now come in with
the following features:
- Vertically adjustable grate for changing the gasiﬁcation zone length
depending on the nature of the feed
- Automated grate movement instead of manual grate movement
- Clinker removal hole for easy removal, if formed
- Modiﬁed water seal tank design for easy ash removal
- Multiple air inlets at two diﬀerent longitudinal locations for uniform air
distribution
- Gas-solid separator to get rid of coarse particulates before the ﬁlter
- Separate ignition point unlike the TERI gasiﬁer in which the ignition point
and air inlet were the same
The fabrication task of this new gasiﬁer was given to New Multifab
Engineers Pvt. Ltd. The trial runs have been conducted and some more are
planned to be undertaken to evaluate its overall performance. Once tested
successful, the plan is to install a similar gasiﬁer in the hostel mess/canteen
for feedback from the kitchen staﬀ. The research team is applying for a
patent for the design of this gasiﬁer for high ash containing feedstock.
- Dr. Sonal Thengane
Postdoctoral Fellow
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The train to MIT & back

There were experiences and takeaways for the Tata Centre Fellows over the annual trip to MIT, USA

- Never stick to one ﬁeld for
over a decade: you don’t want
to keep inventing and
reinventing the wheel

It took about 19 hours and
12,250 km for the IITB Tata
Fellows to meet their
counterparts in Cambridge,
Massachusetts. The journey
started from Chhatrapati
Shivaji International Airport,
with 17 Tata Fellows, 1
postdoctoral fellow, 2 project
managers and 1 faculty
member. After a long and
tiring ﬂight, we ﬁnally
arrived at the Logan Airport
at Boston on March 18,
where Gail from MIT greeted
us and took us to our hotel.
Trying to cope with jet lag,
we roamed around the
streets of Cambridge,
wearing our warmest clothes
to save us from the cold. Did
I mention that it was -4°C
and the streets were covered
with snow?
The following day, a Sunday,
was spent as tourists doing
the famous “Freedom Trail”
and this particular Sunday
was also special because it
was St. Patrick’s Day Parade.
The streets of downtown
Boston were ﬂooded with
people wearing all sorts of
green costumes.
The welcome to Boston was
done, and we got to work.
The following ﬁve days were
a perfect blend of education
and fun. There were
presentations by
postdoctoral fellows on the

various technologies and tools that were being developed
under the Tata Fellowship Program at MIT. The plethora of
projects included rural electriﬁcation, biomass torrefaction,
use of ash in bricks, GIS-based tools for optimized waste
management, green water puriﬁcation technologies, and
waste to valuable products, to name a few. On three
occasions we had lectures over lunch, an interesting
concept where a professor delivers a lecture over lunch.

We had an opportunity to visit
the MIT Nuclear Reactor (6
MW), Greentown Labs Tour
(An incubator outside MIT),
Martin Trust Center (MIT
Entrepreneurship Center),
International Design Center,
MIT Museum, Wind
Technology Testing Center etc.
Tata Center at MIT had also
arranged for an NBA matchBoston Celtics vs Phoenix
Suns, a nerve racking 130-120
points playoﬀ, which the
Celtics managed to win. On
the very last day, the group
went for a Duck Tour, an
informative-cum-fun tour in a
bus around the streets of
Boston followed by cruising
along the Charles river. Fun
fact: The bus converts into a
boat.
The trip to MIT was an
extremely important one as it
helped the group understand
their work culture and
research methods. It also
provided a platform for
pitching, networking and
presenting our ideas to the
MIT community and also for
future collaborations.
Together, the Tata Centers at
IIT-B and MIT are developing
solutions to the prevailing
global issues of Healthcare,
Water, Waste, Energy and
Education.

Some of the key takeaways from these lectures were:
- It takes a technology about 30-40 years to become
scalable. Did you know the ﬁrst display of Light Emitting
Diode (LED) was done in 1960s, using a pickle… and the
smartphones, the biggest industry for LEDs, started using
them only in the late 2000s?!
- It is human friction in terms of debates and discussions
that has driven innovation
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- Pranav Bharadwaj
Tata Fellow

Highlights of the trip

Aakash Seerwani
All the departments gel in well with the
Center and there is good interaction
between them on various projects.

Yasodha Kannan
The highlight for me was a visit to
Langer’s lab. It was a mini- company,
running!

Suhail Shaikh
The interaction of Tata Fellows and
post-docs through the "speed date"
session and lab visits not only
strengthen the relationship of both
the centres and help in achieving the
common goal, but also help generating
new ideas.

Arif Mohammad
The innovative ideas helped modify
my thought process, and in a nutshell,
this trip has certainly been one of the
turning points of my academic and
professional life.

Ratika Agarwal
What I enjoyed the most on the trip to
MIT was the interaction with the
diﬀerent post docs, research scholars
and professors.

Parth Sudhir Joshi
Throughout the MIT tour, I observed
strict adherence to the schedule and
respect for time. Each speaker ﬁnished
the planned content of the presentation
without rushing through it – this is an
important learning. The students with
whom I interacted, had clarity in the
problems they were working on and
critically questioned some of the
assumptions in my own project.

Pranav Bharadwaj
The ﬂagship moment for me was
attending Dr Noam Chomsky’s lecture
on politics and climate change.

Soham Harshe
The great part about the trip was the
one to one interaction with the MIT
Tata fellows.

Swapnil Sisle
There are many things I got to
learn in this visit helpful both to my
personality and project. The approach
to some of the projects was from
the fundamentals. We received avid
exposure through presentations over
the ongoing research and laboratory
visits there. There was no obvious
boundary seen between the campus,
the start-ups, companies and the
city, making the aura of MIT so
approachable.

Sonal Thengane
I had an opportunity to look at their
laboratory facilities in chemical
and mechanical engineering, and
experience the research environment
in addition to eﬀectively presenting the
work done.
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Helping villages with better power

A low-cost standalone solar PV micro-inverter with battery backup has been outlined for rural applications
ENERGY

A two-stage micro inverter topology has
been proposed for a standalone
application with battery backup. This
micro inverter conﬁguration would be
of immense help for the rural Indian
villages, where the utility grid is not
available.
The salient features of the proposed
topology are: (a) it provides galvanic
isolation of the output load from the
solar PV and battery combination –
there is no direct electrical connectivity;
(b) high voltage gain can be achieved
through the high-frequency
transformer.
- The boost converter connected to the
PV source side extracts the maximum
available power from the PV module
under all operating conditions,
irrespective of the variation of the
received irradiation and module
temperature.

sinusoidal pulse width modulation, to follow a rectiﬁed sine shape with peak 325 V.
The interleaved ﬂyback converter based DC-DC converter stage is followed by an
unfolding circuit, which ﬂips the alternate cycle of the 100 Hz waveform generated in
the DC link and drives the unity power factor current to the load connected to the
output of the unfolding circuit.
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Experimental Setup

- The output of this boost converter
forms a DC link whose voltage is
regulated by a bidirectional converter,
which interfaces a battery with the
system.
- The interleaved ﬂyback converter
based microinverter regulates the AC
voltage across the load.
The bidirectional converter operates in
the buck mode to divert the excess
generation - a portion of the maximum
available power from the solar PV towards charging of the battery when
the load power requirement is low.
When the load power requirement is
higher compared to the generation
from solar PV, especially during the
night time, the bidirectional converter
operates in the boost mode to
discharge the battery and supply power
to the bulb load. This is specially used
for the lighting requirement of the rural
household. The load voltage regulation
is achieved through the interleaved
ﬂyback converter connected at the DC
link, which is operated in voltage
control mode. The ﬁltered output
voltage of the interleaved DC-DC
ﬂyback converter is regulated, using
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Experimental Results: (reduced voltage and power)

The left side ﬁgure shows the waveforms of the load voltage (Vo) and load current
(Io). The initial part of the waveform indicates that when the power extracted from
the solar PV is more than the load power requirement, in order to consume the excess
power generated, the battery then gets charged. Beyond the indictor, when the power
extracted is less than the load power requirement, the battery discharges to meet the
deﬁcit power requirement.
The objective in this experiment has been to prove that inspite of a change in the load
magnitude, the voltage across the load remains constant. The ﬁgure on the left shows
that the yellow wave – DC link (Vi) - remains constant at 48 V, while the green wave –
Output AC voltage (Vo) – stays at 100V peak, even with the change in load magnitude.
This has been taken care of by the bidirectional converter and interleaved ﬂyback
converter, respectively.
The ﬁgure on the right is a zoomed version of the waveform shown on the left, over
4 – 5 cycles of load voltage.

The ﬁgure on the left shows the
photovoltaic characteristics (which is set
by PV emulator in the laboratory), and the
operating point, which tracks the
maximum power available from the solar
PV – at 98% eﬃciency – corresponding to
600 W/m2 radiation and 250C.
The ﬁgure on the right is the THD (total
harmonic distortion) of the load current,
seen to be approximately around 5%,
which indicates that the quality of the
load voltage regulation is reasonably
good.
- Tirtha Lodh
Tata Fellow

Runners-up at a young engineers’ meet
Tata Fellow and PhD student, Pankaj
Verma, and project staﬀ, Vishwambhar
Patil, have won the Runner-up award at
the Outstanding Young Chemical
Engineers competition organised by the
Department of Chemical Engineering,
Institute of Chemical Technology, in
association with the Indian Institute of
Chemical Engineers Mumbai Regional
Centre. In an attempt to present
Innovation in Jaggery Making, the
two-member team from Tata Centre
proposed the concept of a fully
automated continuous jaggery making
plant in Kolhapur, and also won a
monetary reward for their eﬀort.
- Pankaj Verma
Tata Fellow
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Developing silver
paste to enhance
aﬀordability

Q.1. What was the motivation behind this project?

ENERGY

Improvements in silver paste can
potentially improve power output of solar
cells or contribute towards reduction in
the initial cost, eventually enhancing
aﬀordability

A. We have been carrying out research work on third generation solar photovoltaics
such as dye sensitized solar cells. There are many other new materials which have come
up recently that are being considered as potential future of photovoltaic, yet there are
many challenges that remain to be addressed before they can get commercialized. The
majority of the solar cells in use for power generation are silicon-based, and one of
the signiﬁcant cost components (approx. 8 – 10 %) of the silicon solar cells which also
aﬀects the power output is the front side metallization (silver) paste. Any developments
in these pastes have the potential of lowering costs and or improve the eﬃciency
of solar cells. These pastes are screen printed over silicon solar cells to establish the
electrical contact with the silicon wafer. Since we had been working on particulate
materials, formulation of pastes and screen printing in our laboratory, we felt that we
could make contributions in this area.

Q.2. What is the novelty of this approach?
A. The materials involved in these pastes are silver particles, glass powder, organics
additives and solvents. We are working towards examining the impact of addition of
silver nanoparticles for a possible reduction in the silver amount without
compromising on the performance. Also, the addition of silver nanoparticles to the
micron-sized particles could help in tailoring the rheology (ﬂow behavior) such that
they could be made screen-printable. We are also examining the possibility of the
use of organic additives which facilitate the printing of ﬁner lines and burn out
cleanly.
Q.3. What is the current status of your project?

Q&A with Prof. Parag Bhargava,
Metallurgical Engineering & Materials
Science Department, P.I – Developing
silver paste to enhance aﬀordability
Silver paste is the second most important
and costly raw material component in
solar cell manufacturing, after the silicon
wafer itself. India currently imports
several tons of silver paste annually,
worth tens of crores of rupees per year,
and this number will only grow in the
coming decade. Owing to the technical
complexity and heavy IP involved, silver
paste is not produced in India. It is evident
that this paste needs to be developed
indigenously which would then secure the
supply chain for solar cell manufacturing
in India.
The following is an excerpt from a
conversation with the PI of the project Development of Indigenous
Screen-printable Silver Paste for Solar PV
– Prof Parag Bhargava, Department of
Metallurgical Engineering and Materials
Science (MEMS).
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A. We have established diﬀerent silver powder synthesis methodologies, and the
glasses that help in etching the anti-reﬂection SiNx layer over the silicon wafer. We
have veriﬁed, as per industrial practices, that heat treatment of our paste results in
electrical contact with the wafer. Several screen printing trials have been done and
we are now in the process of perfecting the screen printability of the pastes. Once
the screen printability is established, we will revisit the formulation part to achieve
the desired solar photovoltaic performance. The pastes will be benchmarked
against the market leaders in the industry segment.
Cell printed in Lab

Cell with PM lab paste 1

Q.4. What challenges are you facing and how would you deal with that in future?
A. The immediate challenge is in the quick testing of our pastes in a set-up which
resembles the commercial production. We are in touch with the industrial level pilot
plant and are also planning to utilize the facilities available at NCPRE (IIT Bombay) to
test our pastes quickly for printability and the contact formation, so as to go through
the iterations of formulation rapidly and reduce the development time. Along with
measurement of electrical contact resistance, we also need to characterize the solar

cells after heat treatment through electron microscopy, to understand the impact of
our formulations on the nature of interface formed with the wafer, so as to improve
our paste further. These characterization experiments also are time-consuming,
lowering the pace of development. Once we are able to get screen printable pastes
with acceptable power output/PV eﬃciency, the next set of challenges will be in
terms of examining if the properties are retained as the batch size is scaled up.
Screen printer

Achieving zero
waste - a talk
Dr Sonal Thengane spoke at a waste
management conference in Mumbai
recently
WASTE MANAGEMENT

Silver paste for solar PV

Q.5. How would your project beneﬁt society?
A. The beneﬁts of solar energy as a clean, renewable source of energy both through
grid-connected generation and rooftop installations is well known. Also, while the
impact of solar energy will be seen in regions in our country which are either
remote or still do not have any electricity supply or have interrupted power supply,
and they all stand to beneﬁt from solar energy. Any improvements in the paste can
potentially improve power output of these solar cells or contribute towards
reduction in the initial cost, eventually enhancing aﬀordability.

Dr Sonal Thengane, a postdoctoral
fellow at Tata Centre, was invited as a
speaker at the Waste Management
Innovation Conference, sponsored by
the US Consulate General, Mumbai, and
organized by The Ohio State University,
in cooperation with IIT Bombay, in
mid-April. He elaborated on
`Technologies for Achieving Zero Waste
to Landﬁll’ – to represent the
collaborative eﬀort in waste
management from various faculty
members across the Institute.
The technologies discussed during his
talk included bio-methanation,
composting, pelletisation and
gasiﬁcation, bioreactor landﬁll, and
plastic pyrolysis. An integrated solid
waste management system was
proposed as a sustainable
approach-based solution to tackle the
waste management issue. Using the IIT
Bombay campus as a case study, the
idea was to establish the campus as a
zero waste campus and then implement
the same approach with ﬂexibility of
technology choices in other areas and
locations.
The presentation was well-attended by
the industry, social and other academic
institutions, who volunteered visits to
speciﬁc sites identifying collaborative
opportunities.
- Dr. Sonal Thengane
Postdoctoral Fellow
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Tata Fellows to present in Open House session
The Centre’s Open House session will exhibit detailed posters of the projects, complemented by workable prototypes.

with the faculty was exhibited.
A well-spaced out layout
enabled the audiences to
interact with the presenters
and peruse their ideas.
The fellows explained their
projects enthusiastically and
interacted with each other to
understand and learn from a
myriad of ideas.

In an attempt to encourage
the Tata Fellows to showcase
their work over the past two
years, Tata Centre is organising
an Open House session in
early June. As the Centre
has developed technologies
for the unaddressed needs
of the communities through
its projects, the Tata Fellows
are an essential part of these

Around the same time this
year again, the Open House
session is to be held on the
5th of June, at the VMCC
foyer, in the IIT Bombay
campus. Preparations are on
in full swing to present the
best of work done.

teams working under faculty supervision.
The Tata Fellows from the batch of 2015-2017 will showcase
their work through posters, prototypes and other visual
mediums. This presentation is expected to be a platform to
talk of the projects that the Fellows have been associated
with.

- Gayathri Thakoor,
Project Manager

Last year, the Centre had organised the ﬁrst such
presentation of its kind. A number of innovative projects
designed by the fellows, students and staﬀ in collaboration

Invitation
Open House Session
Poster and Prototype Presentation

Tata Centre for Technology and Design,IIT Bombay
The Tata Fellows from the batch of 2015-2017 will showcase their work through posters, prototypes or other visual mediums.

On: June 5th, Monday | From: 10.30 am to 5.30 pm | At: VMCC foyer, Ground Floor, IIT Bombay
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