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As the dependence on the depleting fossils fuels continues and global 
warming increases, we need to fi nd an energy system that is renewable 
and sustainable, effi cient and cost-effective, convenient and safe. 
Hydrogen has been proposed as the perfect fuel to sustain the energy 
system. The availability of a reliable and cost-effective supply, safe and 
effi cient storage, and convenient end use of hydrogen will be essential 
for a transition to a hydrogen economy. Research is being conducted 
throughout the world for the development of safe, cost-effective hydrogen 
production, storage, and end-use technologies that support and foster 
this transition. 

Hydrogen Economy discusses the strategies and roadmaps of introducing 
hydrogen as the alternate source of fuel for sustainable development. 
The book examines the link between development and energy, prospects 
of sustainable development, signifi cance of hydrogen energy economy. It 
provides an authoritative and up-to-date scientifi c account of hydrogen 
generation, storage, transportation, and safety.

Key Features
• Explains the signifi cance of hydrogen economy 
• Examines the feasibility of transporting, distributing and utilizing 

hydrogen 
• Assesses the safety of using hydrogen and potential hazards
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Preface

Today air pollution and global warming are the two most important 
environmental hazards faced by humankind. Both have a direct link 
with our current over-dependence on fossil fuels. Pollutants produced 
from combustion of hydrocarbons now cause even more health problems. 
The net increase in environmental carbon dioxide from combustion is 
a susceptible cause for global warming, which is endangering earth—
the only known place to support human life. In addition, the import 
of expensive hydrocarbon fuel has become a heavy burden on many 
countries, causing political and economic unrest. If we look at the past 
2000 years’ history of fuels, usage has consistently moved in the direction 
of a cleaner fuel: wood Æ coal Æ petroleum Æ propane Æ methane. 
With time, the fuel molecule has become smaller, leaner in carbon, and 
richer in hydrogen. The last major move was to opt for methane as a 
fuel; it is a much cleaner burn than gasoline. 
 Our future move is expected to be hydrogen, which has the potential 
to solve both the environmental hazards faced by humankind. Hydrogen 
has been the most prevalent element in the universe since its early 
beginnings thirteen billion years ago, and there is a compelling logic that 
makes us all believe that surely this gas can provide an almost limitless 
source of energy for the world. The world is now at a pivotal point in 
planning its energy provision for the future, as the effects of climate 
change have to be addressed and, in the much longer term, fossil fuels 
will become scarcer. We cannot rely on the latter solving the former. It 
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is a fascinating journey that will inspire all of us who are looking for a 
clean, sustainable future.
 In hydrogen combustion, there is no emission of smoke, CO, CO2, 
NOx, SOx, or O3. In fact, the health costs for urban populations can 
be reduced by switching to hydrogen automobiles. Hydrogen can be 
produced from water using a variety of energy sources including solar, 
wind, nuclear, biomass, petroleum, natural gas, and coal. 
 Although abundant on earth, the chemical activity and physical 
properties of hydrogen make its isolation an energy-intensive process 
and its subsequent storage and transport a challenge. In an ideal world, 
hydrogen would be made available through the splitting of water into its 
constituent elements, drawing on renewable or long-term energy sources. 
Following recombination with oxygen in the air to liberate this energy — 
typically elsewhere — water would be returned to the atmosphere as part 
of the natural water cycle. Such a process would be both sustainable and 
carbon neutral. In reality, nearly all the hydrogen currently manufactured 
in the world is through the reforming of hydrocarbons, a process that 
has low-energy conversion efficiency and contributes to the 8.8 billion 
tonnes of carbon being emitted annually as a result of fuel usage. The 
small proportion of hydrogen produced by electrolysis uses electricity 
that includes burning of fossil fuels, although renewable sources such 
as hydroelectric power, wind, photovoltaics, and geothermal energy are 
being employed increasingly. There is the prospect of wind farms, wave, 
and tidal power facilities being linked to hydrogen generation, as well 
as to nuclear plants, which nevertheless pose other challenges related to 
security and radioactive waste disposal. In one form or other and with 
the right leadership and entrepreneurship, these could meet, potentially, 
all our heating, power, and transportation needs. Since renewable energy 
sources (solar, wind, and/or biomass) are available in all parts of the 
world, all countries will have access to hydrogen fuel and a greater 
democratization of energy resources will occur. Also the use of solar, 
wind, or biomass in producing hydrogen does not add to environmental 
CO2. Before wide-scale use of hydrogen fuel can be accomplished, key 
technological challenges need to be resolved, including cost-effective 
production and storage of hydrogen. During the early adoption of 
hydrogen fuel, government incentives will be needed, which may be 
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recovered from savings in the health care expenditures and carbon 
credits.
 The context of the present book explores the scientific, economic, 
fiscal, social, and regulatory framework of a world economy supported 
by hydrogen. This book is organized into six chapters. Chapter 1 
deals with the relation between energy and development. Chapter 2 
is dedicated to the rationale and perspective of hydrogen economy. In 
Chapter 3, a variety of methods useful for producing hydrogen from 
primary energies such as hydrocarbons, coal, nuclear, wind, biomass, and 
solar are covered. Wind, solar, and nuclear electrolyses can produce pure 
hydrogen ready for use in fuel cells or in internal combustion engines. 
However, hydrogen derived from the other energy sources will require 
separation and purification. A major technical challenge with hydrogen 
fuel is its transportation and storage. Chapter 4 specifies technical 
aspects for hydrogen storage. Hydrogen can be stored using compressed 
tanks, as liquefied hydrogen in vacuum jacketed containers, as metal 
hydrides, adsorbed on carbon nano structures, and as chemical hydrides. 
Chapter 5 deals with transportation, distribution, and utilization of 
hydrogen. Hydrogen can be transported using pipelines and tankers. 
Proper codes and standards need to be adopted for effective utilization of 
hydrogen fuel. Fuel and safety properties of hydrogen are different from 
conventional fuels. Hence, proper monitoring and safety designs need 
to be incorporated. Finally, Chapter 6 describes the hydrogen hazards 
assessment and safety methods.
 The selection of subject matter for the book was, of course, a most 
difficult task. While we have done our best within personal limitations, 
we hope this book will help the students and researchers.
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