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CSIR’s Efforts towards Building Sustainable Hydrogen Economy



Key CSIR Technologies on Hydrogen Generation & Storage
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Key PEMFC Demonstrations by Team-CSIR

International Conference on Green Hydrogen 2023, 5-7 July 2023, Vigyan Bhawan, New Delhi, Sreekumar Kurungot, CSIR-NCL



International Conference on Green Hydrogen 2023, 5-7 July 2023, Vigyan Bhawan, New Delhi, Sreekumar Kurungot, CSIR-NCL

PEMFC Car by CSIR-KPIT Joint Effort
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Launch of India’s 1st Indigenously Developed Hydrogen 
FC Bus (KPIT-CSIR Joint Effort)



ELECTRIC ENERGY

HEAT ENERGY

VAM SYSTEM

COOLING

IMPROVED EFFICIENCY

LT-PEMFC Nafion based; humidification needed; low reject heat (<80oC)

HT-PEMFC PBI based; no humidification; high reject heat (150-170oC)

HT-PEMFC – CSIR’s Ambitious Research Program
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HT-PEMFC Based Combined Cooling & Power
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HT-PEMFC:  Status of the Development
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Realization of CSIR’s HT-PEMFC
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PEMFC: A Technology Driven through Deep Science
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Oxygen Electrochemistry for Sustainable Energy Conversion

Sluggish Process – Requires Better Cost-Effective Catalysts
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Anode Reaction

Cathode Reaction

PEM Fuel Cell

Anode Reaction

Water Splitting
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Rechargeable MAB

Cathode Reaction



PEMFC: Innovations through Deep Science
Electrocatalysts, Electrodes and MEAs
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Cost
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Indigenous Technologies Scalability Performance Durability

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



PEMFC: Innovations through Deep Science
Electrocatalysts, Electrodes and MEAs
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▪ Indigenous technology

▪ Continuous casting

▪ IP-protected processes

Membrane Bipolar Plate MEA

▪ IP-protected processes

▪ High corrosion resistance

▪ High temperature operability

▪ For LT and HT PEMFCs

▪ High performance & durability

▪ High level of indigenization



Catalysts to Electrodes – Need of Complimentary Process Protocols
Active fancy catalyst morphologies; still fail to perform as electrodes
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Holey Graphene-based ORR Catalysts

Enhanced Mass Transfer Better Ionic Interface Formation Improved Surface Area Ease of Active Site Dispersion



Process-Friendly Electrodes: Need of Bottom-Up Design Strategies

Catalyst Designing Catalyst Ink Formulation Electrode Fabrication MEA Assembling

• Catalyst aggregation

• Under-utilization

• Poor accessibility

• Poor mass-transfer

• Internal flooding

• Oxygen starvation

• Cell reversal

• Local hot-spots

• Catalyst corrosion
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To solve the existing issues, designing of a “process-friendly

electrodes” with 3D textural architecture derived through a

suitable “bottom-up approach” would be promising.

ACS Appl. Mater. Interfaces 2021, 13, 8147−8158.

Sustainable Energy & Fuels, 2021, 5 (18), 4758 - 4770.

Advanced Sustainable Systems., 2021, 5(1), 2000125.

ACS Appl. Energy Mater., 2020, 3(2), 1908 - 1921.

Actual Scenario in a PEMFC Electrode



Process-Friendly Electrodes

Porosity Plays a Critical Role
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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.



Electrodes based on 3D-Structured Catalyst (Pt/3DPDC)
■ Rigid Framework   ■ Open Pores   ■ Exposed Active Sites
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▪ 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.



PEMFC based on the 3D-Structured Catalyst (Pt/3DPDC)
Single Cell Testing (45 cm2); Nafion Membrane
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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).



Advantages of the Cells based on the 3D-Structred Catalysts
■ Fast Activation   ■ High Performance   ■ Low Flooding
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Conventional MEA Conventional MEA

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.

▪
𝒅𝑰

𝒅𝒕
= 𝟓. 𝟕𝟕 𝑨𝒉−𝟏

▪ Slow activation; nearly 7 h
▪ Less current output; ~50 A
▪ More spikes due to water flooding

▪
𝒅𝑰

𝒅𝒕
= 𝟏𝟖. 𝟑𝟕 𝑨𝒉−𝟏

▪ Fast activation; nearly 3.5 h
▪ High current output; ~70 A
▪ Less spikes due to water flooding



3D Structured Bi-functional Electrocatalysts for Water-Splitting
Simultaneously OER & HER Active
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3D Structured OER/HER Bi-functional Catalyst

Chem. Eur. J, 2020. 26 (35), 7900 



ACS Appl. Mater. Interfaces, 2019, 11 (29), 25917 - 25927

3D Structured Bi-functional Electrocatalysts for Water-Splitting
Simultaneously OER & HER Active
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▪ Replacement of energy intensive water oxidation at the anode with more feasible urea oxidation.
▪ Designed robust bi-functional electrocatalyst for direct urine electrolysis with improved efficiency.
▪ This demonstrates how waste-urea can be utilized to minimize its adverse environmental impact.

Same Catalyst for 

OER & HER

One Process for

Electrode Fabrication

Same Electrode for the 

Anode & Cathode

Less Processing Cost & 

Better Efficiency
More Feasible Anode 

Reaction



Conclusions

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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