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Hydrogen Energy 
History & Uses

Marshal Plan Needed  
H2 For NH3 For  
Fertilizer After WWII

Fuel Cells Fit Requirements 
Of Submarines & Spacecraft

Refining Petroleum, Alloying 
Metal, Glass, Food Oil,  
Semiconductors, Cooling 
Generators

Cavendish Discovers 
Hydrogen 1786 Grove & Schoenbein  

Invent Fuel Cells

Nuclear Hydrogen?



Hydrogen Safety  

• Not Explosive In Open Air 
• Not Decomposing 
• Not Self-Igniting 
• Not Oxidizing 
• Not Toxic 
• Not Corrosive 
• Not Polluting 
• Not Cancer Causing



Green Hydrogen 9

Zero-carbon energy to supplement 
wind and solar 

E N E R G Y 
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When hydrogen burns, the only by-product is 
water – which is why hydrogen has been an alluring 
zero-carbon energy source for decades. Yet the 
traditional process for producing hydrogen, in 
which fossil fuels are exposed to steam, is not even 
remotely zero-carbon. Hydrogen produced this way 
is called grey hydrogen; if the CO2 is captured and 
sequestered, it is called blue hydrogen. 

Green hydrogen is different. It is produced through 
electrolysis, in which machines split water into 
hydrogen and oxygen, with no other by-products. 
Historically, electrolysis required so much electricity 
that it made little sense to produce hydrogen that 
way. The situation is changing for two reasons. 
First, significant amounts of excess renewable 
electricity have become available at grid scale; 
rather than storing excess electricity in arrays of 
batteries, the extra electricity can be used to drive 
the electrolysis of water, “storing” the electricity in 
the form of hydrogen. Second, electrolysers are 
becoming more efficient. 

Companies are working to develop electrolysers 
that can produce green hydrogen as cheaply as 

grey or blue hydrogen, and analysts expect them 
to reach that goal in the next decade. Meanwhile, 
energy companies are starting to integrate 
electrolysers directly into renewable power 
projects. For example, a consortium of companies 
behind a project called Gigastack plans to equip 
Ørsted’s Hornsea Two offshore wind farm with 
100 megawatts of electrolysers to generate green 
hydrogen at an industrial scale.  

Current renewable technologies such as solar 
and wind can decarbonize the energy sector by 
as much as 85% by replacing gas and coal with 
clean electricity. Other parts of the economy, 
such as shipping and manufacturing, are harder 
to electrify because they often require fuel that is 
high in energy density or heat at high temperatures. 
Green hydrogen has potential in these sectors. The 
Energy Transitions Commission, an industry group, 
says green hydrogen is one of four technologies 
necessary for meeting the Paris Agreement goal of 
abating more than 10 gigatonnes of carbon dioxide 
a year from the most challenging industrial sectors, 
among them mining, construction and chemicals.

 The traditional 
process for 
producing 
hydrogen, in 
which fossil fuels 
are exposed to 
steam, is not 
even remotely 
zero-carbon.

Companies are working 
to develop electrolysers 
that can produce green 
hydrogen as cheaply as 
grey or blue hydrogen.
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Top 10 Emerging 
Technologies of 2020
S P E C I A L  R E P O R T

N O V E M B E R  2 0 2 0

A sustainable pathway for the global energy transition

Hydrogen   
scaling up

Hydrogen Council November 2017

The Future of 
Hydrogen

Report prepared by the IEA
for the G20, Japan

Seizing today’s opportunities

J u n e
2 0 1 9

Reducing emissions and driving 
growth across the nation

ROAD MAP TO A US 
HYDROGEN ECONOMY
Executive summary

Path to hydrogen 
competitiveness 
A cost perspective
20 January 2020



H2 Production At Bolton & AJB 
Using Automated Electrolyzers

Fuelcells Replace Batteries & 
Use H2 To Generate Power

Fuelcells Replace 
Batteries In Material 

Handling Vehicle Fleet

Fuelcell Power Installed 
Into AGVs In Bolton & AJB 
Will Achieve Significant Power 
Efficiency Improvement

CTC Produces Hydrogen Fuel From Water 

Portable

Stationary 

H2 Fueled Mobility

Power (Multiple Sources) Water Clean Fuel

Future Fuel Cell Applications

High Quality/ 
High Reliability



Transition Of Ground Transportation To 
Zero Emission Electric Vehicles/Trucks/Buses 
H2 Fuelcells Engines (No Combustion Emissions)

Terminal Tractors: Immediate Use 

H2 Fueled 
Class 8 Truck 

Replacements  
For Diesel Combustion =  

Carbon Burden Reduction

Providing H2 Fuel To A New   
Generation Of Ground Transportation

H2 Fueling Is 
Complementary To  

Electric Vehicle 
Charging  

Infrastructure



• Fuel leak simulation 
–Hydrogen on left 
–Gasoline on right 
–Equivalent energy 

release 

• Single-mode failure 
assessment

3 seconds

1 minute

Hydrogen Safety
Hydrogen Gasoline

Which car would you rather be in?



Today Hydrogen Will Be Used To 
Produce Green Ammonia For Fertilizer





1

Hydrogen Energy Agricultural Initiative

Oxygen
Accelerated
Decomposition &
Nutrient Recovery

Fertilizer



Carbon Cycle Does Not Pause & Does Not Negotiate



Cumulative Effects
Of Climate Change

Mercury (Hg) Release From Ice

Natural Gas (CH4) Release From Ice

Changing The Boundaries Of Ecosystems

Changing Lake & Ocean Chemistry

Loss Of Water Resources &  Desertification

Loss Of Land From Flooding 

Harm To Human Health & Death

Food Chain Impacts

Unimaginable Economic Losses



Sustainability Is The Necessary 
Checklist To Apply To Energy Decisions 

 

• Situational Awareness is understanding 
the “truth on the ground” and using 
reality as a basis for weighing 
alternatives to the status quo  

• Efficiency is measured both technically 
and economically using analytical 
methods that address the full scope of 
the application  

• Resource Stewardship is a set of 
objectives which place a future value on 
resources and the preservation of 
options for future use of those resources 
– thus an imperative of avoiding waste   

• Protection Of People & Environment is a 
requirement for any sustainable action 
and it depends upon a comprehensive 
risk analysis and the strict avoidance of 
the pretense of knowledge  

• Innovation & Contribution To Knowledge 
Base assigns a value to applying 
technical and process advances which 
realize improvements to the status quo 
and the documentation & sharing of 
lessons learned which is essential to the 
continuity and growth of sustainability 


