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Chapter 1 ®)
Introduction—The Hydrogen Economy oo
Today

This book is focussed on the future. How can humanity ensure prosperity and mobility
in the decades to come without irreversibly damaging our planet? One key imper-
ative will be to reduce drastically the emission of harmful greenhouse gases, and
most especially carbon dioxide. Today’s mobility, based upon the combustion of
petroleum, is a key component of concern going forward. Another climate challenge
comes from the use of natural gas in domestic heating. Many voices argue that the
future lies in electrification, the logic being that ways are known to generate electric-
ity with very low harmful emissions, such as via renewable sources including wind
and solar. Furthermore, the growing numbers of battery electric vehicles can allow
one to imagine that the end of oil is in sight. Such a future may indeed occur, but we
suggest that the end of fossil fuels is not inevitable and perhaps not even desirable if
the risks to the climate can be avoided. The electrification path is not necessarily the
only path associated with a low-carbon future and in this book we explore another—
one that makes use of hydrogen as a future energy carrier and that seeks to minimise
greenhouse gas emission via carbon capture, utilisation and storage. We use the term
energy catrier, as opposed to “fuel” to make clear that hydrogen must be produced,
using some other energy resource, as molecular hydrogen does not exist in sufficient
accessible abundance on Earth.

Much attention has been given to the possibility of producing hydrogen from
renewable energy sources, but in this book we deliberately give emphasis to an alter-
native: the continued production of hydrogen from fossil fuels, such as natural gas,
but in ways that can be developed so as to minimise greenhouse gas emissions.
Such a path of investigation will lead us to assess the merits of a widely held per-
ception, especially prevalent among academic hydrogen economy researchers, that
fossil-fuel-based hydrogen production methods are inevitably “low tech, polluting
and without significant potential for innovation”. In this book, we shed light on the
realities of such methods in hydrogen production; we assess their future prospects
and, where appropriate, we challenge false perceptions.

Figures from Ref. [1] reprinted under licence (number 4338730347221) from the International
Journal of Hydrogen Energy.
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Fig. 1.1 Average supply and demand of global hydrogen supply, in million metric tons. Data
assembled from multiple sources (2004—-2013) [1]. The oil refining terms “hydrocracking” and
“hydrotreating” are defined in the text

In this book, we take a whole systems approach and we consider current options
and scenarios for the development of the hydrogen industry. We consider various
strategic choices faced by both hydrogen producers and consumers. In so doing, we
hope to reveal useful opportunities for the development of a robust well-functioning
and growing hydrogen economy consistent with minimising harmful environmental
impacts. Additionally, we seek to inform policy-makers on future trends for hydrogen
commercialisation especially those emerging from today’s industrial reality.

While the initial motivations for renewable energy came from early 1970s con-
cerns surrounding oil supply security, more recently the driving motivation has been
a desire to decrease the greenhouse gas emissions associated with transport and
mobility. In this book, we shall describe renewables-based approaches to hydrogen
production as the “Green Hydrogen” paradigm. Today “Green Hydrogen” represents
a vision usually associated with renewable electricity generation, hydrogen produc-
tion by electrolysis, new hydrogen supply chains, on-vehicle hydrogen storage and
advanced fuel-cell-based electromechanical power trains for road vehicles.

Hydrogen is a well-established product of the industrial gas industry, and while
its scale currently falls short of that associated with some scenarios for the much-
vaunted “hydrogen economy”, it is already a significant and important industrial
activity. In this book, we shall sometimes refer to these well-established industrial
activities as “Mature Hydrogen”. In so doing, we avoid the terms “Brown Hydrogen”
and “Blue Hydrogen” that are sometimes used so as to contrast with renewables-
based “Green Hydrogen”. We find the terms “Brown”, for hydrogen from coal, and
“Blue” for hydrogen from natural gas to be rather too simplistic, and perhaps even
pejorative, for our purposes. The vast majority of today’s hydrogen is sourced via
Mature Hydrogen processes (see Fig. 1.1). Of this, a large fraction is associated with
transport and mobility, as it is consumed by the petrochemical industry for removing
sulphur from sour crude oil, and for producing less viscous petroleum-based vehicle
fuels; this will be discussed further later in the chapter. The other major use for
Mature Hydrogen is in fertiliser (ammonia) production.
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Fig. 1.3 Annual global hydrogen production (total is approximately 50 million metric tons). From:
Bakenne and Nuttall, primary sources described therein [1]. Note the Rest of the World segment is
the largest (36%), and the sequence in the key and diagram runs clockwise from there

Figure 1.1 reveals the scale of the Mature Hydrogen production industry today
and further illustrates how this industry swamps the “Green Hydrogen” (renewable
electricity to fuel cell) value chain. Such green flows represent only a tiny proportion
of total hydrogen (by mass). In Fig. 1.1, the proportion from renewable electrolysis
is shown as being 2%, and Fig. 1.2 shows the total coming from all electrolysis
(using renewable and non-renewable electricity) to be 4%. Clearly, the proportion of
hydrogen coming as Green Hydrogen from electrolysis using renewable electricity
is currently very small.

As things stand today, Mature Hydrogen dominates hydrogen production, and
hence, any process improvement within that industry, such as measures aiming to
reduce greenhouse gas emissions, will have far more absolute beneficial impact than
an equivalent proportionate improvement in the contribution from renewables-based
Green Hydrogen, i.e. any 1% incremental improvement in the Mature Hydrogen
sector would have an impact, in the short-term at least, equivalent to a 25% improve-
ment to Green Hydrogen methods. These realities will persist for some time to come
even in scenarios of significant growth in Green Hydrogen production. As such,
Mature Hydrogen will clearly be dominant in all short-to-medium-term hydrogen
futures (Fig. 1.3). This near-term reality in part motivates this book, but the question



