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foreword

Integrating Nuclear with
National Hydrogen Mission

ydrogen is emerging as an important clean energy carrier for

reducing dependence on fossil fuels and decarbonising sectors such

as refining, fertilisers, and others in this league. In light of this

remarkable transformation, Bhabha Atomic Research Centre
(BARC) has undertaken a broad spectrum of research and technology
development work encompassing hydrogen production, nuclear integration and
storage. This issue of Newsletter is dedicated to showcasing the ongoing
developmental work in this domain.

A major focus is the development of indigenous water-splitting technologies. BARC has
advanced alkaline water electrolysers (AWEs) from laboratory-scale systems to industrial-scale
units, with technology for 10 Nm®/h hydrogen production already transferred to industry
partners. Work on advanced capillary and hybrid natural-circulation electrolysers, as well as
indigenous Proton Exchange Membrane (PEM) technology is underway, further strengthening
this capability. High-temperature steam electrolysis is another promising route, with BARC
developing tubular solid-oxide electrolysis cells and demonstrating stable operation at 800°C.

Thermochemical cycles provide another pathway for large-scale hydrogen production using
high temperature heat. The lodine-Sulfur (I-S) cycle is being developed through systematic
advances in its Bunsen, sulfuric-acid decomposition and hydrogen-iodide decomposition
sections, with the objective of achieving an integrated closed-loop process. The Copper-Chlorine
(Cu-Cl) cycle has progressed further, from sustained bench-scale operation to a 150 NL/h pilot
facility at Kalpakkam. Its planned integration with the proposed 5 MWth high-temperature gas-
cooled high temperature reactor at BARC, Visakhapatnam represents an important step
towards demonstrating nuclear-assisted hydrogen production.

The articles also address a critical part of the hydrogen value chain i.e., storage. Research on
2-D nanomaterials explores how doping and strain can enhance reversible hydrogen storage,
while work on solid-state materials probes metal hydrides, high-surface-area materials and
chemical hydrides as safer, high-density storage options.

Taken together, these activities reflect BARC’s contribution to National Hydrogen Mission
cutting across fundamental materials research and electrochemical technologies to
thermochemical processes, nuclear-heat integration, engineering demonstration and
technology transfer. This aligns with the DAE Amrit Kaal Vision 2047, which identifies clean
hydrogen, advanced reactors and indigenous technology development as important
constituents of India’s long-term energy transition and technological self-reliance
(Aatmanirbharta). The programme demonstrates a clear progression from laboratory research to
demonstration and, finally, large-scale deployment of nuclear-assisted hydrogen technologies.
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