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The Colors of Hydrogen 

•There are many „colours‟ of hydrogen – each referring to how it is produced. 



Hydrogen from Nuclear Reactors 

The fundamental concept behind nuclear-hydrogen system is to use the heat of the reactors to generate 

hydrogen via thermochemical or electrochemical processes.  

Hydrogen production from nuclear reactors. In comparison with other hydrogen schemes, the nuclear reactor 

emits zero greenhouse gas, and is capable of supporting large-scale hydrogen production consistently. 



Hydrogen from Nuclear Reactors 

Proposed hydrogen production methods by nuclear energy 

 

The overall performance of the nuclear-hydrogen 

system will depend on the operating conditions, 

coolant choice, conversion efficiency, and reactor 

type as these variables will affect the economical 

and technological feasibility 

 

 



small modular nuclear reactors for producing hydrogen 

in the future hydrogen 

Small modular reactors are factory-built, contain fewer mechanical parts, and are 

designed to be installed underground with passive cooling systems that are 

“inherently safe,” the industry says. 

 

 



 The advantage of using SMRs is that the high-temperature heat produced by the module is 

directly used to produce hydrogen, thus reducing efficiency losses from only utilizing 

electricity alone for hydrogen production through electrolysis. 

 Energy from SMR in the form of superheated steam and electricity are directly routed to a 

HTSE (high-temperature steam electrolysis) system operating at 850°C. Only 2% of the 

electrical output (1.8 MWe) of the SMR is used to increase the process steam temperature 

from 300°C at the SMR outlet to 850°C for the electrolyzer. 

 hydrogen produced by a SMR HTSE system is forecasted to be cost competitive with high 

capacity factor renewable hydrogen cost estimates while also providing continuous, 

controlled hydrogen production. 

small modular nuclear reactors for producing hydrogen 

in the future hydrogen 

Is energy from small modular nuclear reactors a competitive way of producing hydrogen 

in the future hydrogen economy? 



 One 100 MWe SMR module can produce 2,666 kilograms of hydrogen per hour, or nearly 65  

tons per day. A single SMR could produce enough hydrogen to power 49,400 fuel cell 

vehicles. 

 Over 95% of the world's hydrogen is currently produced using fossil fuels, with the most 

common method being steam methane reforming from natural gas. Using a single 100 MWe 

SMR to produce 65 tons of hydrogen per day would avoid about 600 tons of CO2 emissions 

per day, or 220,000 tons of CO2 per year, as compared to producing hydrogen from natural 

gas. 

 

small modular nuclear reactors for producing hydrogen 

in the future hydrogen 

Is energy from small modular nuclear reactors a competitive way of producing hydrogen 

in the future hydrogen economy? (continued) 
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Study Approach 

 The 3S approach stands for service, system and source. this has been 

translated into demand, supply and energy source. 

 



Hydrogen Demand 

 33% of hydrogen produced globally is used in refineries, over 27% is used for synthesizing 

ammonia, methanol production is using 10%, and some 6% is used by other industries.  

 by 2030, 1 in 12 cars in prominent regions such as Germany, South Korea, and California will be 

powered by hydrogen. In 2050, they predict an increase to 25% globally or about 400 million 

passenger vehicles to be powered by hydrogen. 

 

H2 Demand 
When be 

Available 

Potential Size of 

Demand  

Mt H2/ year 

Price of Competitiveness 

$/kg H2 

Ammonia Production Now 37 (2030) 1- 1.50   

Methanol Production Now 19 (2030) 0.8 – 1.5 

Busses, Trucks &Trains 2025 
300 5 

Fuel Cell Electrical Vehicles  2030 

Aviation 2040 40 2.70 

Combustion of H2  

Balance of Power System 
2030 ---------- 

Related to Fossil Fuels& 

Renewable Prices 



Hydrogen Supply-Hydrogen Production 

1) Steam Reforming 

  the most widely used method for producing hydrogen, accounting for almost 50% of the 

total hydrogen production 

 the cheapest ways of producing hydrogen (cost between $0.9-3.2/kgH2) 

 it releases large quantities of carbon dioxide. Estimates suggest that the method releases 

about 10 tons of CO2 for every ton of hydrogen produced.  

 Production 

Cost 

(CCS) 

Operation 

Cost 

(CCS) 

Capital cost 

(CCS) 

Production 

Cost 

(LCOH) 

Operation 

Cost 
Capital cost NG cost Region 

1.50 0.40 0.60 1.00 0.40 0.40 0.5 USA 

2.35 0.40 0.60 1.75 0.40 0.30 1.35 EU 

1.45 0.40 0.60 0.95 0.40 0.30 0.45 ME 

Levelized cost of hydrogen based on steam methane reforming production $/kgH2 



Hydrogen Supply-Hydrogen Production 

2) Gasification (Gasification is similar to steam reforming except that it also uses oxygen in 

the process) 

 Around 19% of worldwide hydrogen production is done using coal gasification. 

 gasification has a low production cost, estimated at $1.2-2.2/kgH2 

 releases large quantities of GHG emissions 

3) Electrolysis (2H2O + Energy → 2H2 + O2) 

 Electrolysis of water only requires energy in the form of electricity and/or heat and the 

process does not release emissions.  

 Any low-carbon energy source, such as nuclear or renewables, can thereby potentially 

reduce the emissions of producing hydrogen. 

 The method still only takes up 4% of global production. 54% of all hydrogen should be 

produced using low-carbon electrolysis in 2030, by 2050, increased to 62% . 

 

 



Hydrogen Supply-Hydrogen Transport 

• sources estimate the cost for road transport of either gaseous or liquid hydrogen to be in 

$1-2/kgH2, over a 100-500 km distance, which include cost of processing (liquefaction or 

compression) 

• Pipelines are the most cost-effective method for transporting large amounts of hydrogen 

over long distances continuously. sources estimate these costs to be in $0.1-1/kgH2 over 

100-500 km. 



Energy Source-SMR 

 A SMR is loosely defined as a nuclear reactor having a power output capacity 

of less than 300 MWe, even though designs with higher output exist. 

 SMRs can be said to differ from conventional large designs in 5 areas: 

Safety, Scalability, Flexibility, Deployability, and Economics. 

 Economic benefits: is a factor of many elements that have been mentioned.  

possibility of shorter construction times, a higher level of modularization, and 

standardization are some.  
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The Synergies Between H2 Production& SMRs 

 Process Heat: reactors can supply primary heat at up to around 300°C. Heat at this 

temperature could increase the efficiency of the ammonia production, methanol 

production, and steel production processes.  

 Availability and Continuous Production: Nuclear power is known to have the 

highest capacity factor of any other energy source. This enables SMRs to supply 

energy continuously at the demanded rate. 

 Location: SMR can be located closer to other industries having a smaller size and 

capacity, requiring a smaller planning zone. Being able to locate the energy source 

closer to demand will decrease the need for transporting and storing hydrogen. 

 Modularity: Both electrolysers and SMRs are modular, meaning that a larger 

facility is built by many smaller units.  
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Cost Comparison of Hydrogen from Different Supply  

Alternative Production Methods: Steam reforming uses natural gas as an energy 

source while electrolysis can use any number of energy generation sources. In the case 

of electrolysis, the energy can be generated from either nuclear power or RES 

(mainly wind and solar). 

Nuclear and renewable electrolysis have each been divided into two scenarios.  

 SMRs with electrolysis, standard (SMR standard)  

 SMRs with electrolysis, best case (SMR best case) 

 Renewable Energy Source with electrolysis, standard (RES standard)  

 Renewable Energy Source with electrolysis, best case (RES best case) 

 Reforming Natural Gas with Carbon Capture and Storage (Reforming CCS) as baseline 



Cost Comparison of Hydrogen from Different Supply  

Assumptions:  

• In the best-case scenario, the cost is based on LCOE targets set by NuScale ($55/MWh) and the Chinese 

HTR-PM reactors ($50/MWh). 

• For the renewable alternative, the cost of electricity and the capacity factor has been based on wind energy. 

The numbers are based on numbers from "IEA: Net Zero by 2050". 

• The cost of electricity (Cel) and the capacity factor (Cf ), cost of thermal energy (Cth). 

 

 

 

 

 

 

 

 

 

 

SMR 
Best: 

SMR 
Standard: 

RES 
Best: 

RES 
Standard: 

Energy 
Source: 

0.5 0.7 0.3 0.4 
Cel 

($/kWh) 

0.9 0.9 0.4 0.3 Cf 

0.25 0.35 -----------
-- 

----------- 
Cth 

($/kWh) 

The cost of heat and electricity and capacity factor from 
different energy sources 

Reforming SMR RES Alternative 

0.2 0.2 0.48 (Std case) 
Transport (H2) 

($/kgH2) 

-------- -------- 1.61 (Both cases) 
Storage (H2) 

($/kgH2) 

0.5 -------- -------- 
Storage and 

Transport (CO2) 
($/kgH2) 

The cost of transporting and storing hydrogen and 
corbon dioxide 



Hydrogen Production Cost 

The production cost of hydrogen for different supply sources The production cost of hydrogen for different supply sources 

To receive the delivered cost, the cost of transport and 

storage of hydrogen is added to the cost of production.  



Market Opportunity 

 The Table illustrates the future hydrogen demand for a couple of applications. It 

also illustrates the amount of electricity it would take to produce these amounts of 

hydrogen, assuming 54% would be produced using electrolysis in 2030 and 62% in 

2050, as recommended by the IEA. Furthermore, electrolysers electricity 

consumption is assumed to be 5 kWh/m3. 

100 MWe 

SMRs (No.) 

Nuclear Electrolysis 

(TWh) 

Electricity 

(TWh) 

Amount 

(MtH2)/year 
Demand: 

309 244 1218 37 Ammonia (2030) 

159 125 626 19 Methanol (2030) 

67 53 263 8 Steel (2030) 

863 680 3402 90 Shipping/ Aviation (2050) 

Future demand in amount of hydrogen, electricity and finally number of SMRs 
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  Conclusion 

 the result illustrates that when only considering production cost, steam 

reforming is the cheapest option, followed by the best-case RES and then 

SMR utilizing high-temperature electrolysis. 

 However, when accounting for the delivered cost, nuclear electrolysis will be a 

competitive, and even the less costly electrolysis alternative. Looking at the 

SMR ‟best case‟, it can be seen that high-temperature electrolysis is not only 

competitive with the RES alternative but also with steam reforming with CCS.  
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