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An Abbreviated 
History of Hydrogen 

1783 Antoine Lavoisier 
named hydrogen 
(Greek: hydro=water, 
genes=born of)  

1789 J. Deiman and A. van 
Troostwijk used an 
electrostatic 
machine and a 
Leyden jar for the 
electrolysis of water 

1800 W. Nicholson and A. 
Carlisle decomposed 
water into hydrogen 
and oxygen by 
electrolysis with a 
voltaic pile 

1800 Johann W. Ritter 
duplicated the 
experiment with a 
rearranged set of 
electrodes to collect 
the two gases 
separately 

1874 Jules Verne – The 
Mysterious Island, 
"water will one day 
be employed as fuel, 
that hydrogen and 
oxygen of which it is 
constituted will be 
used" 

 

This paper will review the historic role of hydrogen as an energy vector, 
discuss some of the emerging/re-emerging technologies, and highlight 
the hazards associated with hydrogen and other hydrogen carriers so 
they can be proactively addressed. 
 
Hydrogen, a Historic Perspective 
Since the term “hydrogen economy” was originally coined in 1970,i 
there have been periodic surges in interest around the ability of 
hydrogen to act as an “energy vector”, meaning hydrogen’s ability to 
store and/or transport energy. 
 
However, hydrogen is not new and is the most abundant element in 
the known universe. It has been heating our planet, as fuel for the Sun, 
for more than 4.6 billion years. Closer to home, hydrogen supports life 
as we know it in the form of water, carbohydrates, and hydrocarbons. 
Hydrocarbons have served as a key component to our modern 
economy for the last 250 years (i.e., coal, gas, and other liquid 
petroleum fuels). Sixty years ago, during the space race, hydrogen 
played a key role as both a rocket fuel and input for fuel cell generated 
electricity. 
 
Within the last 30 years, a global focus on increased use of renewable 
energy and the reduction of greenhouse gas emissions has brought 
renewed interest in a global hydrogen economy. 
 
Hydrogen as a Traditional Energy Vector 
Broadly speaking, photosynthesis was the primary mechanism for 
utilizing hydrogen as a means of storing and/or transporting energy 
(i.e., acting as an energy vector) for most of our planet’s history. Using 
energy from the Sun, plants and algae combined carbon dioxide and 
water to form carbohydrates, which served as an energy source for the 
plant as well as animals that may have consumed the plant. 
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1896 Jackson and Ellms, 
hydrogen production 
by microalgae 
(Anabaena) 

1923 Haldane envisioned 
in Daedalus; or, 
Science and the 
Future "great power 
stations where 
during windy 
weather the surplus 
power will be used 
for the electrolytic 
decomposition of 
water into oxygen 
and hydrogen." 

1938 The first 240 km 
hydrogen pipeline 
Rhine-Ruhr 

1941 The first mass 
application of 
hydrogen in internal 
combustion engines: 
Russian Lt. 
Shelishch in the 
besieged Leningrad 
converted some 
hundreds of cars 
"GAZ-AA" which 
served posts of 
barrage balloons for 
air defense 

1943 Liquid hydrogen is 
tested as rocket fuel 
at Ohio State Univ. 

1951 Underground 
hydrogen storage 
used in salt caverns, 
excavated caverns, 
aquifers and 
depleted fields (OSTI) 

 

Figure 1. Illustration of photosynthesisii 

 
With the discovery of fire, early hominids were able to unlock the 
energy stored in dung, wood, and other organic compounds that had 
been locked away for days, weeks, or (in the case of a large log) years. 
 
Over geological timescales some of the energy stored in organic matter 
was locked away below the surface of the earth. Where conditions 
were favorable, additional heat and pressure converted this organic 
material into the coal that facilitated the Industrial Revolution or the 
oil and gas we use to fuel the modern world. 
 
Our utilization of Mother Nature’s hydrocarbon energy reserve (fossil 
fuels) has facilitated unprecedented growth in our global wealth, 
knowledge, and population. It has also put us in a position where we 
have the knowledge and resources to recognize the impact of our 
modern lifestyle on the Earth’s atmosphere.  The current focus on “Net 
Zero” greenhouse gas emission has resulted in an attempt to shift our 
energy infrastructure to lower carbon alternatives, such as renewables 
and nuclear power, in order to “electrify everything”. 
 
One of the challenges with an all-electric energy system is that you 
“use it or lose it”.  As shown in Figure 2, even the most advanced 
battery systems are only capable of storing 10s of MW of electricity for 
a few days. 
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1960 Allis-Chalmers builds 
a fuel cell forklift 

1966 General Motors 
presents Electrovan, 
the world's first fuel 
cell automobile 

1970 Electrochemist John 
Bockris coined the 
term “hydrogen 
economy.” He later 
published Energy: 
The Solar-Hydrogen 
Alternative, 
describing his 
envisioned hydrogen 
economy where US 
cities could use solar 
energy 

2001 Demonstration of 
type IV compressed 
hydrogen tanks at 
700 bar (10,000 PSI) 

2013 The first commercial 
2 MW power to gas 
installation in 
Falkenhagen comes 
online for 360 
m3/hour of hydrogen 
storage into the 
natural gas grid 

2016 Toyota releases its 
first hydrogen fuel 
cell car, the Mirai 

2017 Hydrogen Council 
formed to expedite 
development and 
commercialization of 
hydrogen and fuel 
cell technologies  

  
 

Figure 2.Area of Applicability for Various Energy Storage 
Technologiesiii  

 
The reality of needing to store energy for weeks or months is the 
impetus for investing in lower cost, higher efficiency electrolyzers that 
are capable of converting electricity into hydrogen, which can then be 
stored for later use in a fuel cell or internal combustion engine. 
 
Hydrogen as a “Future” Energy Vector 
As demonstrated in countless grade school science labs, electricity can 
be used to produce hydrogen via the electrolysis of water. On an 
industrial scale electricity produced from renewable sources such as 
wind, solar, and tidal, or low carbon sources such as nuclear power, 
can be used to produce large quantities of hydrogen that can then be 
stored for later use. 
 
Unfortunately, as shown in Figure 3, hydrogen is not very 
volumetrically energy dense.  Once produced the hydrogen gas must 
then be compressed, liquified, or attached to other atoms in order to 
facilitate long term storage and transportation. 
 
Current options for the long term storage and transportation of 
hydrogen include: 
• Gaseous Hydrogen (GH2) 
• Liquid Hydrogen (LH2) 
• Ammonia 
• Methanol 
• Liquid Organic Hydrogen Carriers (LOHC) 
• Metal Hydrides 
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Each of the technologies present their own economic, logistic, regulatory, and safety challenges. In order 
to be utilized economically each of these options must be evaluated with respect to its energy density, 
transportation, storage, and energy conversion processes. Similarly, the safe use of these technologies 
requires evaluation of material compatibility, flammability, toxicity, and other hazards.  
 

 

Figure 3. Chart of Volumetric and Gravimetric Energy Densitiesiv 

 
Hazards Associated with Hydrogen Vectors 
NFPA 2 requires that hydrogen facilities be designed, constructed, maintained, and operated in a way that 
provides “reasonable” protection against fires, explosions, and other unsafe conditions (Sec. 4.2.4.2.4).   
 
Table 1 provides a summary of the globally harmonized systems (GHS) hazard classifications for the 
primary means of hydrogen storage and transportation.  Most people inherently focus on the threat of 
fire and explosions when dealing with hydrogen; however, as shown in Figure 4, the risk of a high-pressure 
release, without a subsequent ignition, should also be considered. 
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Table 1. Select GHS Hazard Classifications for Hydrogen and Alternative Hydrogen Carrier 
Technologies 

Hydrogen / 
Hydrogen Carrier 

Technology 
 

Flammable 
 

Toxic 
 

Pressurized Gas 
 

Corrosive 
Compressed 

Hydrogen Y N Y N 

Liquid Hydrogen Y N Y N 
Anhydrous 
Ammonia N Y Y Y 

Methanol Y Y N N 
Liquid Organic 

Hydrogen 
Carriers (LOHC) 

Y N N N 

Metal Hydrides Y N Y N 
 

 
Figure 4. Demonstration of Enclosure Failure due to High Pressure Gas Release at BakerRisk Wilfred E. 

Baker Test Facility 

 
High pressure gas releases, like the one demonstrated in Figure 4, can be the result of improper 
installation, poor material compatibility, or inadequate maintenance and inspection practices.  The 
hazards associated with the various hydrogen energy vector technologies can be evaluated using a process 
hazards analysis (PHA).  Best practices for performing a PHA for hydrogen facilities will be discussed in the 
next white paper developed for this series.  
 

 
i  National Hydrogen Association; United States Department of Energy. "The History of Hydrogen" (PDF). hydrogenassociation.org. National 

Hydrogen Association. p. 1. 
ii www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FPhotosynthesis&psig=AOvVaw249rtu04RfMUOl0Qf 

QlT78&ust=1671903482874000&source=images&cd=vfe&ved=0CA8QjRxqFwoTCICQufujkPwCFQAAAAAdAAAAABAD 
iii Figure 1.6 from Techno-Economic Challenges of Green Ammonia as an Energy Vector 
iv  https://www.mdpi.com/ChemEngineering/ChemEngineering-03-00087/article_deploy/html/images/ChemEngineering-03-00087-g001.png  
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