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towards Building Sustainable Hydro

. Generation Storage Utilization

o Bio-Mass Gasification o Storage Materials o PEMFC stacks (HT, LT & Open Cathode)
o Coal-bed Methane Gasification o Type IV Storage Tank o DMFC stacks

o Underground Coal Gasification o Safety Valves o SOFC stacks (MT & LT)

o PEM/AEM Electrolysers o Sensors & Detectors o FC components (MEA, Electrode,

o High Temperature Steam Electrolyzer Catalyst, GDL, Membrane, Bipolar Plate,
o Photochemical Fixtures, Humidifier/Dehumidifer etc.)

o Electrochemical o Solar H, to Chemical

o Photo-Electrochemical o Solar Hydrogen Chullah

o Photo-catalytic
o CO-PROX Converter
o Open Loop Thermochemical S-I Cycle
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Demonstration of 3 kWe LT-PEMFC System for
telecom tower applications

(Industry Partner: RIL)

Key PEMFC Demonstrations by Team-CSIR

Demonstration of Fuel Cell Electric Vehicle
(FCEV) on 07 Oct 2020

(Industry Partner: KPIT)

Demonstration of High Temperature PEMFC
based Combined Cooling & Power System

(Industry Partner: Thermax Ltd)

* Development of the 3 kWe PEMFC system

for the immediate requirement of clean
energy based back-up power supply for
telecom towers.

RIL to take lead in test bed development at
an appropriate site where fuel grade H, is
available

CSIR to take lead in stack development
based on its knowledge base.

* FC stack has been indigenously developed

based on CSIR’s knowhow in crucial
membrane electrode assembly (MEA) and
catalyst technology.

* The FCEV has an onboard Type Ill H,

storage tank storing about 1.75 Kgs of H,
gas at a pressure of 350 bar giving the
FCEV a range of about 250 km at typical
Indian road conditions at moderate speed
of 60-65 Kmph.

* Country’s first indigenous HT-PEMFC

system was unveiled by Honourable
President of India on the occasion of CSIR
Foundation Day at Vigyan Bhawan, New
Delhi, on 26 September 2019.

As per project deliverable, suitable Vapor
Absorption Machine (VAM) system was
designed, developed and also operated
utilizing reject heat from the stack.
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Power: 10 kWe PEMFC
Mode: Battery-Fuel Cell
Tank: Type Ill Hydrogen
Tank Capacity: 1.75 kg H,
Pressure: 350 Bar
Approximate Range: 250 km
Optimum Speed: 60-65 km/h
Vehicle Used: Mahindra e-Verito
retro fitted with CSIR-KPIT Stack

India’s first hydrogen fuel cell electric
hybrid car completes test run in Pune

ANJALIMARAR
PUNE,OCTOBERT

INDIA'S FIRST Hydrogen Fuel Cell
(HFC) electric hybrid car success-
fully completed its maiden test run
last weekin Pune.

This indigenously developed
technology wasacollaborative ef-
fort between scientists from two

Council of Scentificand Industrial

- Resed .(CSIR‘ labs - National

AL

Technology was developed
over four years. Express

number of the HFC assembly
stacks can be varied, said
Santoshkumar Bhat from CECRL
“Another advantage is that this
HFC is at least five to six times
lighter than the traditional HFCs
presently available in India,” said
Bhat, the CECRI project lead.
According toexperts, thistech-
nology is better suited for heavy
commercial vehicles like trucksor
buses, rather than passenger cars,
ind KPI g Noas
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India’s first hydrogen fuel cell bus: What is
hydrogen fuel cell technology, how will
work?

By: Tech Desk
4 " @ NewsGuard
Thalassery | Updated: August 25, 2022 5:52:07 pm
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Union minister Jitendrz gh unveiling a hydrogen fuel cell bus in Pune. (Image credit: PIB

A hydrogen fuel cell bus developed by KPIT-CSIR in Pune was unveiled by Jitendra
Singh, Union minister of state for Science and Technology, yesterday. The hydrogen
fuel cell uses hydrogen and air to generate electricity, producing only heat and

wrater in tha nrarece




Structure of a PEMFC Stack Anode \ / Cathode

N A Single—Cell Structure
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LT-PEMFC

Nafion based; humidification needed; low reject heat (<80°C)

HT-PEMFC

PBI based; no humidification; high reject heat (150-170°C)
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Current Density (A/cm?) L €ell No (From Cathede Side)
Single Cell study made Short Stack assembly 2.5 kW Stacks 5 kW HT-PEMFC System . .
using imported components and testing under testing Prototype Continuous casting of
PA-doped PBlI Membrane
1.0 w—|H41 406mAjcm2

| 0.406 Alcm2x 0.60 v x 163 cm2 —or. TmAin A 5 kW HT-PEMFC based CCP demonstration prototype was
= 39.7 W/in-house MEA IHe2,  312mAlcm? successfully developed.

e==|H43, 312 mAlcm2

s s | = This system comprising of a mix of indigenous and imported
i e components reached a TRL of 7 implying the readiness of the system
0s prototype in an operational environment.
| o0.287 A/cm? 0.406 A/cm? US Patent Number: 10361446 US Patent Number: 9490488
’ 0 4'0—0 Current De::ic(,y (mAlcm2) . 0 0
Comparison of the stack-sized (163 cm2) MEAs made from CSIR’s US Patent Number: 9663624 US Patent Number: 10501317

PBl membrane with the MEA made from commercial membrane
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THE TIMES OF INDIA
President Ram Nath Kovind unveils green tech fuel
system which can replace air polluting DG sets

TN | Sep 26, 2019, 10.232 PM IST

NEW DELHIL President Ram MNath Kovind on Thursday unwveiled India’s first
indigenous high temperature fuel cell system which will meet the
requirement of efficient, clean and reliable backup power generator for
telecom towers, remote locations and strategic applications.

This 5.0 kW fuel cell system, generating power in a green manner using
methanol/bio-methane, has the potential to replace diesel generating (DGS)
sets and help in reducing air pollution.

It is developed by council of scientific and industrial research (CSIR) in
partnership with Indian industries under the country’'s flagship program

named ‘MNMew Millennium Indian Technology Leadership Initiative (MMITLI).

The President unveiled this system on the occasion of the CSIR foundation day at Wigyvan Bhawan. The ministry of science and
technology, on the occasion, also announced the Shanti Swarup Bhatnagar award for science and technology for the year
2019, selecting 12 scientists from different institutions for this most coveted award in multidisciplinary science in India.

“The development of the High Temperature Fuel Cell system is most suitable for distributed stationary power applications at
places such as small offices, commercial units and data centers where highly reliable power is essential with simultaneous

requirement for air-conditioning,” said a CSIR scientist.
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A single cell structure

Anode side reaction:
2H, —» 4H' + 4e~

Cathode side reaction:

o 0, + 4H* + 4e~ — 2H,0
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: Innovatio
Electrocatalysts,

ugh Deep S
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Cost

Pt-Based Electrocatalysts Low-Pt Electrocatalysts Pt-Free Electrocatalysts

Adv. Sustain. Syst.., 5(1), 2021, 2000125. ACS Catal,, 5 (3), 2015, 1445 —1452. ACS Catal,, 7 (10),2017, 6700 — 6710.
J. Mater. Chem. A, 1, 2013, 4265 - 4276. J. Phys. Chem. C,, 114, 2012, 14754 - 14763. Adv. Funct. Mater, 13, 2016, 2150 — 2162.
J. Phys. Chem. C,, 113, 2010, 11572. J. Phys. Chem. C,, 116, 2012, 7318. Energy Environ. Sci. 7(3), 2014, 1059 - 1067.

Indigenous Technologies Scalability Performance Durability




EMFC: Innovations through Deep Scienc
Flectrocatalysts, Electrodes and MEAS

= [ndigenous technology = |P-protected processes » For LT and HT PEMFCs
= Continuous casting ) = High corrosion resistance N High performance & durability
= |P-protected processes ] = High temperature operability = High level of indigenization



Catalysts to Electrodes — Need of Complimentary Process Protocols

Active fancy catalyst morphologies; still fail to perform as electrodes

o There are fascinating catalyst morphologies which can bring revolutionary CNH

changes in the design and performance aspects of many energy
generation/ storage systems.

Holey
Graphene

o Creation of multifunctional requirements for specific purposes involves sequential
processes and tedious post-synthesis treatments.

o Such processes significantly spoil the structural and property advantages of many o
nanomaterial morphologies.

PtNis Polyhedra

PtCu, core-shell nanoparticles

PiNi Intermediates PtsNi Nanoframes

CNW

Science, 2014, 343, 1339
J. Phys. Chem. Lett. 2013, 4, 3273

Vertically
Grown CNTs

PUCNT

Science, 2016, 354, 1410

Nat. Commun., 2016, 7, 11850

International Conference on Green Hydrogen 2023, 5-7 July 2023, Vigyan Bhawan, New Delhi, Sreekumar Kurungot, CSIR-NCL
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Nanoporous graphene by quantum dots removal
from graphene and its conversion to a potential

fosa  frerimien 52057 gxygen reduction electrocatalyst via nitrogen
dopingt
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Nanoporous Graphene Enriched with Fe/Co-N Active Sites
as a Promising Oxygen Reduction Electrocatalyst for Anion
Exchange Membrane Fuel Cells

Thangavelu Palaniselvam, Varchaswal Kashyap, Siddeswar N. Bhange, Jong-Beom Baek,*
and Sreekumar Kurungot*

S d Research Article
< a a SIS pubs.acs.org/acscatalysis

Efficient and Durable Oxygen Reduction Electrocatalyst Based on
CoMn Alloy Oxide Nanoparticles Supported Over N-Doped Porous
Graphene

Santosh K. Singh,T'i® Varchaswal Kashyap,}"i Narugopal Manna,iji Siddheshwar N. Bhange,}"i
Roby Su:mi,T';t Rabah Bo:)ul(hern:ml:r,§‘3 Sabine Szunerits,§® and Sreekumar Kurungot*’f'i‘-’=>
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endly Electrodes: Need of Bottom-Up D
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P « Catalyst aggregation ST S « -
o + Under-utilzation To solve the existing issues, designing of a “process-friendly

--------------------- 780, 2 + Poor accessibility electrodes” with 3D textural architecture derived through a

» Poor mass-transfer  suitable “bottom-up approach” would be promising.

* Internal flooding
- Oxygen starvation ACS Appl. Mater. Interfaces 2021, 13, 8147-8158.

« Cell reversal Sustainable Energy & Fuels, 2021, 5 (18), 4758 - 4770.
« Local hot-spots Advanced Sustainable Systems., 2021, 5(1), 2000125.
« Catalyst corrosion ACS Appl. Energy Mater., 2020, 3(2), 1908 - 1921.
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It is important for the electrode to have
more available primary pores since they
serve as reactant (oxygen and hydrogen)
reservoirs and thus play a critical role in
deciding the catalyst utilization.
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es based on 3D-Structured Catalyst (P

J Framework « Open Pores « Exposed Activ

Pt/3DPDC has well-extended 3D framework structure maintained through the stable backbone of CNx tetrapods.

The porous architecture has interconnected carbon walls formed from the polymer-derived carbon layers.

The Pt nanoparticles are well-dispersed with size in the range of 2-5 nm.

The Pt particles are well-exposed and the open channels provide seamless pathways for reactant distribution.

The unique texture of the catalyst helps for better dissipation of product water and thus improved water-management.
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= The MEA based on Pt/3DPDC gives much better performance compared to that based on Pt/C (50.8 vs. 43.1 A cm™2).




Conventional MEA Conventional MEA
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Fast activation; nearly 3.5 h
High current output; ~70 A

Less spikes due to water flooding
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Advantages of the 3DPDC MEA:

= Fast activation is possible due
to the porous texture of the

catalyst.
= High current output due to
the better reactant

distribution and exposure of
the active sites.

= Better water-management
since the porous texture
assists water dissipation.

= Altogether, Pt/3DPDC
provides more  process-
friendly electrodes.
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ACS Appl. Mater. Interfaces, 2019, 11 (29), 25917 - 6%5927
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CSIR HAS SET AN AMBITOUS ROADMAP TO MAKE THE ORGANIZATION AS THE
TECHNOLOGY ENABLER FOR BUILDING AND MAINTAINING HYDROGEN ECONOMY FOR THE
COUNTRY.

THE TRANSLATION OF THE INTRINSIC ACTIVITY OF THE CATALYST IN TERMS OF THE
PERFORMANCE OF THE ELECTRODE DERIVED FROM THIS CATALYST REQUIRES
COMPLEMENTARY AND WELL-MANGED FABRICATION PROTOCOLS.

THE IDEALLY BEST CHOICE IS TO DESIGN THE CATALYST THROUGH A ‘BOTTOM-UP’
APPROACH BY CAREFULLY INTEGRATING THE REQUIRED STRUCTURAL AND FUNCTIONAL
ATTIBUTES WHILE BUILDING THE CATALYST ITSELF.
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 Research scholars and project assistants in my
group
* Fuel cell teams of the participating CSIR labs

* Industry partners
« CSIR and DST for project funding

» Director CSIR-NCL & Project Monitoring
Committee Members

» Research collaborators in India and abroad
Funding & Collaboration
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