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Introduction 



Most abundant element in the universe. 

Present in common substances (water, sugar, methane). 

Very high energy by weight (3x more than gasoline). 

Can be used to make fertilizer, steel, as a fuel in trucks, trains, ships. 

Can be used to store energy and make electricity, with only water as byproduct. 

Can be produced from multiple abundant fuel sources. 

 

Key Hydrogen Facts 
 



Reduced greenhouse gas emissions. 

Reduced oil consumption.. 

Reduced air pollution. 

Ability to use for industry and transportation. 

Ability to store renewable power.  

 

Key Hydrogen Benefits 
 



High cost 

Needs energy (like solar, wind, nuclear) or fuel to produce 

Difficult to store and transport 

Limited infrastructure to move and use hydrogen 

 

Key Hydrogen Challenges 
 



 

Hydrogen Energy Content 
 

 

Source: https://energy.gov/eere/fuelcells/fuel-cell-technologies-educational 



 

Hydrogen Pathway 
 

 

Source: https://energy.gov/eere/fuelcells/fuel-cell-technologies-educational 



 

 

 

 

 

 
 

 

 

 

 

 

 

 

• Global demand of Hydrogen by different sectors by the year of 2050 and 2070. 

•  Source: IEA report,2020  
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Future Hydrogen Demand 
 



Methods of Hydrogen Production 
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Grey Hydrogen Method 

Blue Hydrogen Method 

Green Hydrogen Method 



Grey Hydrogen 

• Most hydrogen today is produced from fossil fuels and emits CO2 
(grey hydrogen).  

• The most common process to produce hydrogen from natural gas is 
called steam methane reforming (SMR).  

• The process is powered using electricity from the grid, which 
generally from non-renewable fuel source such as diesel and coal. 

•  During this process, a large amount of CO2 is emitted into 
atmosphere. 

• Hence, this type of hydrogen production is known as grey hydrogen 
because the process fuel leaves a carbon footprint.  
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Blue Hydrogen 

• Blue hydrogen is produced mainly from natural gas, using a process called 

Steam Reforming (SMR), which brings together natural gas and heated 

water in the form of steam. The output is hydrogen, but also CO2 as a by-

product.  

• Regarded as clean although it relies on the same basic process as grey 

hydrogen but CO2 is captured and stored through process called the Carbon 

Capture and Storage (CCS). But CCS isn’t yet widely commercial.  
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Green Hydrogen 

• Green hydrogen is the one produced with no harmful greenhouse gas 
emissions.  

• It is made by using clean electricity from surplus renewable energy 
sources, such as solar or wind power, to electrolyze water.  

• Electrolysis use an electrochemical reaction to split water into its 
components of hydrogen and oxygen, emitting zero- CO2 in the process. 

• It currently makes up a small percentage of the overall hydrogen, 
because production is expensive.  

• Just as energy from wind power has reduced in price, green hydrogen 
will come down in price as it becomes more common. 
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NUCLEAR 

Power in 

Hydrogen 

Production  



The Role of Nuclear Power in Hydrogen Production  
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• Nuclear power could be advantageous in decreasing our dependence 

on fossil fuels. 

• Nuclear power plants can produce hydrogen in a variety of methods 

that would greatly reduce air emissions while taking advantage of the 

constant thermal energy and electricity it reliably provides. 

• Existing nuclear plants could produce high quality steam at lower 

costs than natural gas boilers and could be used in many industrial 

processes, including steam-methane reforming. 

• However, the case for nuclear becomes even more compelling when 

this high-quality steam is electrolyzed and split into pure hydrogen and 

oxygen. 
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• A single 1,000 megawatt nuclear reactor could produce more than 
150,000 tons of hydrogen each year. 

• High temperature reactors could even be used to significantly reduce 
the emissions produced by conventional steam-methane reforming 
processes by replacing the natural gas that is burned to produce steam 
and to provide the essential heat to reform the natural gas/steam 
mixtures. 

• New electrochemical processes are also being developed to directly 
convert natural gas into hydrogen and plastics using nuclear energy, 
which would completely avoid air emissions and achieve significantly 
higher efficiencies. 
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● The evolution of nuclear energy's role in hydrogen production over perhaps two decades is seen to 

be:  

 Cold electrolysis of water, using off-peak capacity. 

 Low-temperature steam electrolysis, using heat and electricity from nuclear reactors. 

 High-temperature steam electrolysis, using heat and electricity from nuclear reactors.  

 High-temperature thermochemical production using nuclear heat. 

 In addition, nuclear heat can assist the process which provides most of the world's hydrogen today 
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• A nuclear heat source would reduce natural gas consumption by about 
30% (i.e. that portion of feed which would simply be for heat), and 
eliminate CO2 emissions. 

• A dozen projects that are intended to use electricity from nuclear 
power plants to produce hydrogen using electrolysis (IEA’s Review 2021 ). 

•  Most of these projects are based in Canada, China, Russia, USA and 
UK. 

•  The IAEA has developed the Hydrogen Economic Evaluation 
Program (HEEP) to assess the economics of large-scale hydrogen 
production using nuclear energy.  
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• A conventional combustion-based power plant typically generates 

electricity at efficiencies of 33 to 35%, while fuel cell systems can 

generate electricity at efficiencies up to 60%. 
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CONCLUSION 



Conclusions 
 • Nuclear energy can be used to make hydrogen electrolytically, and in the 

future high-temperature reactors are likely to be used to make it 
thermochemically.  

• The energy demand for hydrogen production could exceed that for 
electricity production today.  

• In the medium term, new innovations are expected that will also allow 
hydrogen to be produced in different and more efficient ways, including 
from fossil fuels coupled with carbon capture, and advanced nuclear 
technologies. 

•  These advanced nuclear technologies such as next generation small 
modular reactors (SMRs) will use significantly higher temperatures to 
produce hydrogen. 
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