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Targeted Energy Independence by 2047 &

Net Zero by 2070

 Rapidly growing renewable energy sector

 Rapid expansion of nuclear power*

 24 Operating Plants with installed capacity of 8180 MWe

 8 Under Construction -6800 MWe

 10 Approved- 7000 Mwe

 Total installed capacity is envisaged to reach 21980 MWe by 

2031-32

 In-principle approval; 31,948 MWe

 Development of hydrogen production technologies- National Green 
Hydrogen Mission

*https://npcil.nic.in/content/925_1_Overview.aspx, https://pib.gov.in/newsite/PrintRelease.aspx?relid=187135



Hydrogen – The energy carrier

Enhanced efficiency by using thermochemical processes at high temperatures

✓ Alkaline Water Electrolysis

✓ Polymer Electrolyte 

Membrane (PEM) Electrolysis

✓ High Temperature Steam 

Electrolysis (HTSE)

✓ Iodine-Sulfur (I-S) Process

✓ Copper-Chlorine (Cu-Cl) 
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50 kW stack integrated with electrolyser plant

➢Hydrogen generation rate: 10 Nm3/hr (50 kW)
➢Oxygen generation rate:    5 Nm3/hr
➢Hydrogen gas purity (dry basis)     > 99.9 % (at stack exit)
      > 99.99 % (at BOP exit)
➢Operating temperature:    30 to 50 deg C
➢Operating pressure:    1.5 bar (abs.)
➢Energy Consumption:    ~50 kWh/kg H2

➢Energy efficiency at par with commercial international 
electrolysers
➢Turn down ratio 25-100 % production capacity
➢Automated robust control philosophy ensures trouble 
free, safe & reliable operation
➢High availability factor
➢Complete indigenous technology with sustained 
operational experience

BARC’s Indigenously Developed AWE Plant (10 Nm3/hr)
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1 MW prototype stack integrated for  testing (Tested for >200 hrs successfully, installation of  full system is expected in mid 2025 

Alkaline Water Electrolyser Technology: Scaleup Strategy



Development of PEM  Water Electrolyser



Objective: Large scale and sustainable clean hydrogen production with attractive techno-commercial aspects

Highly prospective for near-term integration with High Temperature Nuclear, Solar and Industrial heat source

Low carbon footprint and zero GHG emissions

Typical thermal to hydrogen efficiency ~ 45 %

Moderate temperature requirement ~ 500-530°C in 
comparison to other thermal based methods 

✓ Water Splitting through series of closed loop chemical reactions

✓ Net Input are Water, Heat (major) & Electricity (minor) 

Schematic of Copper-Chlorine Cycle

• BARC Cu-Cl technology has been developed and demonstrated at :

• Bench scale (5 NL/h) 

• Pilot-scale (150 NL/h)

• Activities for demonstration of Prototype facility at 3000 Nlph is in 

progress

BARC Copper-Chlorine Thermochemical cycle for Nuclear Hydrogen Production



Scalable and industrially deployable

Attractive Techno-Commercial aspects 

with projected LCOH ~1-2 $/kg. 

Large scale centralized H2 production 

using nuclear, Industrial and solar heat

Value addition - transforming 

industrial waste heat to hydrogen

Novel cycle integration scheme

Highly compact plant footprint

Efficient  reactors & auxiliary steps for 

sustained closed loop operations
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State of the art Indigenous technology04

High efficiency and scalable design05

Salient FeaturesAdvantages

Advantages & Salient Features of BARC Copper-Chlorine cycle



Fully Integrated Metallic Closed Loop Facility at BARC 

TRL-5: First of its kind bench scale integrated facility demonstrated at BARC in metallic systems. 
Highest continuous operation of 170 hours recorded for thermochemical cycle 

Technology Development : Bench-scale Demonstration : June 2023

9

Pilot Scale @ 150 Nlph (TRL-6) – 

                                     225 hours demonstrated 

Demonstration of Nuclear coupled 

H2 (TRL- 9/10)

  

Bench Scale closed loop @ 5 Nlph (TRL-5)

                                         170 hours demonstrated  

2027

2024

2023

Prototype @ 3 Nm3/h (TRL-7/8)

2025

Coupling with Na Loop of FBR  



Standard Iodine Sulfur process 

Sn System Capacity

1 Closed loop demonstration at 

laboratory scale in Glass 

system

30 Nlph 

Hydrogen 

2 Bunsen reaction in Metallic 

components (high pressure)

Equivalent to 60 

Nlph Hydrogen

3 Hydroiodic acid 

decomposition in Metallic 

components 

15 Nlph 

Hydrogen

4 Sulfuric acid decomposition 

in   Engineering Material

Equivalent to 50 

Nlph Hydrogen

5 Metallic closed loop with 

electrical heating

150 Nlph 

Hydrogen

Sequential progress & major achievements 
of IS process



❖ Conventional UO2 fuel

❖ Austenitic steel (D9 or 20Cr-25Ni) fuel clad

❖ Graphite core with high thermal inertia

❑ Salient design features (5 MWt demonstration reactor)

❖ CO2 coolant – Outlet temp ≈ 650 °C, Pressure= 20 bar

❑ Advanced (Gen-IV) Safety features

❖ Diverse Secondary & Tertiary shut down systems

❖ Passive removal of decay heat (prolonged SBO)

❖ N2 plant at site for core cooling under LOCA

❖ Passive (Air) containment cooling

❖ Provision for full core replacement

❑ Present Status & On-going developments

❖ Physics design and Criticality calculations 

❖ Design of fuel cluster and safety evaluations

❖ Initial design of RPV & Heat removal systems

❖ Thermal-hydraulic studies

HOT 
BOX

INNER DUCT
(HOT)

OUTER DUCT
(COLD)

RPV

INTERMEDIATE 
HEAT EXCHANGER

CORE

GRID PLATEGAS CIRCULATOR

AIR HEAT 
EXCHANGER

FUEL 
CHANNEL

Indian Gas Cooled Reactor (GCR-5)
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Overview of Indian Gas Cooled Reactor (GCR-5) for H2 generation
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