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Chapter

Introductory Chapter: Hydrogen 
Energy
Ahmed Albahnasawi and Murat Eyvaz

1. Introduction

The purpose of this book is to provide abundant and substantial information about 
recent development in the production, storage, and application of hydrogen in the 
energy sector. Since hydrogen energy has benefits in use cases and, unlike synthetic 
carbon-based fuels, can be truly carbon neutral or even negative throughout its life 
cycle, hydrogen is emerging as a new energy vector outside of its traditional role and 
garnering more recognition globally as a viable fuel pathway. This book aims to cover 
the recent development in the use of hydrogen, storage, transportation, distribution, 
and the main difficulties and opportunities in the commercial deployment of such 
systems. It also discusses various methods for producing hydrogen using conventional 
and renewable energy sources.

2. An overview on energy demand

Because of the ongoing difficulties caused by diminishing fossil fuel supply and 
deteriorating environmental circumstances, the international community views 
sustainable development as a long-term issue. Rising energy demands, erratic fossil 
fuel prices, and significant greenhouse gas (GHG) emissions from fossil fuel-powered 
vehicles and businesses are the primary causes of this fundamental transition [1–3].

By 2030, the population of the world is expected to reach eight billion, and an 
increase in energy demand is predicted. In recent decades, renewable energy sources 
including wind, solar, hydro, and geothermal have drawn a lot of interest. These 
forms of energy do not produce liquid or gaseous fuels for transportation. Their 
applicability is constrained by their unpredictable and sporadic existence [4]. Invasive 
plants and food waste (especially tree trimmings and agricultural crop waste) are 
additionally low-cost and accessible resources for conversion to clean energy produc-
tion [5]. Food scraps [6], municipal waste residue, agrochemicals, pharmaceuticals, 
animal waste, mixed polymers, and lignocellulosic feedstocks are all readily available 
and inexpensive [7].

Human life, social culture, and economic development all depend on energy. 
Conventional fossil fuels have been exploited for over two decades, including coal, 
gasoline, and natural gas, lead to unsustainable oil use, unrestrained exploitation, and 
major pollution [8]. These non-renewable resources are therefore rapidly approach-
ing degradation and exhaustion [9]. Particularly, the rapid economic transformation 
and escalating worldwide population increase are driving up energy demand and 
escalating the energy issue [10]. Furthermore, there is enormous environmental 
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contamination because of the overuse and consumption of fossil fuels. The majority 
of nations are therefore eager to create a different source of renewable energy [11].

3. Hydrogen energy

Hydrogen is an excellent choice as an energy source for heat and power, among 
many other uses, due to its many positive qualities, including its overall storage capac-
ity, efficiency, renewability, cleanliness, massive distribution, high conversion, zero 
emissions, sources, versatility, and quick recovery [12]. It is, therefore, recognized as 
the most promising and environmentally beneficial energy source of the twenty-first 
century. It is essential to industrial processes like the generation of ammonia, oil 
refinement, and water-gas switch reactions [13].

The demand for hydrogen has recently increased dramatically in industrialization’s 
classic oil upgrading industries, including hydro-desulfurization, hydrogenation, and 
ammonia processing. Due to its affordability and easy access to hydrogen, the majority 
of the liquid-compressed hydrogen gas used in industrial processing is created com-
mercially using the compression method [14]. Solar power can also be used to produce 
hydrogen from renewable sources like lignocellulosic biomass or water purification.

3.1 Hydrogen production

Numerous methods exist for obtaining hydrogen from various sources, includ-
ing electrolysis of water, biofuels, petroleum-based liquids, microbes, and biofuels 
[14]. Hydrogen production methods and classifications are briefly schematized in 
Figure 1. As seen in the Figure, classification of hydrogen according to the production 

Figure 1. 
Hydrogen production methods and hydrogen classification.
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method is made with color codes. Greenhouse gas emissions that may occur during 
the production process are also considered in color coding. For example, hydrogen 
produced through the electrolysis of water using electricity from renewable sources 
is coded green and produces near-zero greenhouse gas emissions. Hydrogen, coded in 
blue, is produced through carbon capture and storage and steam methane reforming. 
Greenhouse gas emissions from the production of blue hydrogen are characterized as 
low. Greenhouse gas emissions are high in the gray hydrogen production, produced 
through steam methane reforming using natural gas [15].

3.2 Hydrogen storage and transportation

There are various methods for storing and transporting hydrogen after its produc-
tion. The transportation process is done by compressing the hydrogen in gas form or 
converting it into liquid form in a pressurized environment and then loading it into 
tankers. However, due to the increasing need for hydrogen in the coming years, it is 
possible to transport hydrogen through existing natural gas pipelines. For storage, the 
priority is concentrated on methods that allow transportation. Methods that priori-
tize transportation for the storage of hydrogen, liquid hydrogen, gaseous hydrogen, 
metal hydride, and chemical storage. The storage methods of hydrogen are presented 
in Figure 2.

3.3 Hydrogen applications

Hydrogen is an energy storage medium, as well as an energy carrier. It has multiple 
fuels uses—hydrogen vehicles, stationary power sources, building heating, industrial 
feedstock, and industrial energy [17] (Figure 3). Thus, hydrogen is attracting the 

Figure 2. 
Hydrogen storage methods (adopted from [16]).
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keen interest of several groups from governments to companies as it offers ways to 
decarbonize a lot of sectors, especially those that have been proven to be difficult 
to reduce emissions meaningfully. Moreover, in the industry, hydrogen has had an 
increasingly important role along the production chain in the last few years [19].

4. Conclusions

Hydrogen energy technologies cannot be used in the industry due to the high 
production cost, storage difficulties, and transportation costs in today’s conditions. 
However, the fact that hydrogen can be used directly without air pollutants or green-
house gas emissions and can be produced from low-carbon energy sources are the 
main reasons for the widespread preference for hydrogen. Clean energy is used to 
limit air pollution and global warming, especially where the climate crisis has come 
to the fore in global markets. Various countries and companies see hydrogen as an 
important clean energy resource that is likely to play a role in the future of the  
energy sector.

Hydrogen: is a resource that proposes methods that can provide decarbonization 
in sectors where it is difficult to reduce emissions such as transportation, petro-
chemistry, and iron and steel. In addition, hydrogen can help improve air quality and 

Figure 3. 
Production and applications of hydrogen [18].
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increase energy security. Thanks to hydrogen, some technologies can produce, store, 
transport, and use energy in different routines. Hydrogen, which can be transported 
in liquid form by pipelines, tankers, and ships, can be converted into electricity and 
methane, used as energy for households or manufacturing sectors, or as fuel for cars, 
trucks, ships, and airplanes.

Hydrogen is increasingly forming the basis of mainstream energy debates all over 
the world. In recent years, many experts have been investigating the potential of using 
this source to produce, transport, and store hydrogen from various sources and to 
provide an emission-free final energy supply.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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