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Part 2. Hydrogen and Related Topics

1. Introduction and hydrogen economy

2. Production of hydrogen from water

3. Hydrogen storage

4. Usage of hydrogen

5. Safety aspects

The objective of these lectures is to provide the required 
knowledge of using hydrogen as a medium of energy. 

Our focus here is energy storage and fuel for transportation in a 
distributed energy scenario. 
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Solar and wind energy sources are intermittent and regional. 

They will become major sources of power if we find efficient ways to 
store and transport their energy. 

Renewable Energy  Storage

Ragone plot

Source: J.W.Tester, Sustainable Energy, MIT, 2005
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Hydrogen, the simplest molecule, can be used for storing energy and 
make it available where and when it is needed. 

When used as a chemical fuel, it does not pollute

Hydrogen is not an energy source , but it is an energy carrier that 
has to be manufactured like electricity. 

Hydrogen can be manufactured from many primary sources ( from 
clean water and solar energy) - reduces the chances of creating a 
cartel. 

Renewable Energy  Storage 
and Fuel for Transportation

Hydrogen Cycle: electrolysis         storage              power conversion
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Hydrogen has several important chemical properties that affect its use as a fuel: 

* It readily combines with oxygen to form water, which is absolutely necessary for life on this 
planet.

* It has a high energy content per weight (nearly 3 times as much as gasoline), but the energy 
density per volume is quite low at standard temperature and pressure. Volumetric energy 
density can be increased by storing the hydrogen under increased pressure or storing it at 
extremely low temperatures as a liquid. Hydrogen can also be adsorbed into metal hydrides.

* Hydrogen is highly flammable; it only takes a small amount of energy to ignite it and make it 
burn. It also has a wide flammability range, meaning it can burn when it makes up 4 to 74 
percent of the air by volume.

* Hydrogen burns with a pale-blue, almost-invisible flame, making hydrogen fires difficult to see.

* The combustion of hydrogen does not produce carbon dioxide (CO2), particulate, or sulfur 
emissions. It can produce nitrous oxide (NOX) emissions under some conditions.

* Hydrogen can be produced from renewable resources, such as by reforming ethanol (this 
process emits some carbon dioxide) and by the electrolysis of water (electrolysis is very 
expensive now).

Hydrogen Properties

Source: www.eere.energy.gov
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Energy Content for 1 kg (2.2 lb) of Hydrogen = 424 Standard Cubic Feet
(Reacting with oxygen to form water)

Higher Heating Value Lower Heating Value

134,200 Btu 113,400 Btu
39.3 kWh 33.2 kWh
141,600 kJ 119,600 kJ
33,800 kCal 28,560 kCal

Hydrogen Properties
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Fuel Properties
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Renewable Hydrogen Cost

Duane B. Myers et al., 2003, Hydrogen from Renewable sources, Direct Technologies, inc, Arlington, VA 22201

Electricity
Electrolysis

Compression and 
storage

Wind 
Class 4

Wind 
Class 5

Wind 
Class 6

PV  
Solar

Geo 
Thermal

H
2

 C
os

t,
 $

/k
g

1

Wind 
Class 4

2

4

5

6

7

3

Solar 
Thermal

$3.98 /kg

Energy 
Crops

SESEC

One Kg of hydrogen has roughly the same amount of energy as in one gallon of gasoline



Sustainable Energy Science and Engineering Center

SESEC Project - $1000/ kW

5 kW Solar-electricity & hydrogen generation System

1970 1980 1990 2000 2010
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Hydrogen Economy

Production: sustainable energy like wind, solar or biomass would 
produce electricity to be used to split water into hydrogen as fuel and 
oxygen as a valuable by-product. “Renewable Hydrogen”

Storage: Hydrogen would be used as an energy-storage medium - as a 
gas under pressure, as a cryogenic liquid, in hydrogen absorbing alloys 
(hydrides) or in carbon nanostructures. 

Distribution: As a gas, hydrogen can transport energy in pipelines over 
long distances. 

Fuel: As a chemical fuel, hydrogen can be used in a much wider range
of energy applications - internal combustion engines, gas turbines and 
fuel cells etc. When used properly produces no nitrogen oxides and no 
hydrocarbons. 
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Hydrogen Economy
Why did not hydrogen make significant inroads into existing energy 
systems years ago?

Fossil fuels were cheap and hydrogen was several times more 
expensive.

Environment degradation  was a concern of a tiny minority and 
environmental health is not high on the list of priorities. 

Inadequate technology for routine production, handling and storage of 
hydrogen.

Societal issues such as replacing an entire technologically advanced 
energy system of immense infrastructure with something else is huge 
undertaking.  

Society does not yet place value on sustainability. 
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Hydrogen in our Energy Future

Source: David G. Victor
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Evolution of Primary Energy Systems

Source: David G. Victor
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Source: David G. Victor

Infrastructure Evolution
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Source: David G. Victor

US Hydrogen Output and Price
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Source: David G. Victor

US Oil Output and Price

*
2004
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Source: David G. Victor

US Electricity Output and Cost

*
2002
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Source: David G. Victor

Electrification
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Source: David G. Victor

Crude Oil Prices

*
2005
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Source: David G. Victor

World Oil Production
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Investment Price per kW

$1000/kW in 2005
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Hydrogen Implementation in Iceland



Sustainable Energy Science and Engineering Center

Hydrogen Implementation in Iceland



Sustainable Energy Science and Engineering Center

Fueling Infrastructure

Hydrogen Implementation in Iceland
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Hydrogen Implementation in Iceland



Sustainable Energy Science and Engineering Center

Hydrogen Implementation in Iceland
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Hydrogen Implementation in Iceland
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DOE Hydrogen Roadmap
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DOE Hydrogen Roadmap
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DOE Hydrogen Roadmap


