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Future Energy Technology: Enabling New Science for a Sustainable
Future

Abstract

With the financial crisis hitting the world economy in 2008, the boom of gas shale and fracking in the US, and
the recent move toward outdated technologies in some parts of the world, tackling many of the challenges
facing humanity in the 21st century has been relegated to second place. The supply of clean energy is one of
those challenges. The test facing us is how to sustain economic growth while dealing with limited primary
resources and minimizing environmental pollution. Energy is a fundamental necessity for almost everything
needed to sustain us, from food production to drug design and safe drinking water. Our quality of life is
reflected by the human development index, which strongly correlates with the availability of energy
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Future Energy Technology: Enabling New Science for a

Sustainable Future

Francois Aguey-Zinsou,*™ Zaiping Guo,*™ Yun Hau Ng,** and Da-wei Wang*®

VVith the financial crisis hitting the world economy in 2008,
the boom of gas shale and fracking in the US, and the recent
move toward outdated technologies in some parts of the
world, tackling many of the challenges facing humanity in the
21st century has been relegated to second place. The supply
of clean energy is one of those challenges. The test facing us
is how to sustain economic growth while dealing with limited
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Figure 1. Since the early stages of human existence, access to energy has always
size increased as a result of access to a richer diet of meat and seafood, we devel
than possible through natural systems. This led to the industrial revolution. A par

primary resources and minimizing environmental pollution.
Energy is a fundamental necessity for almost everything
needed to sustain us, from food production to drug design
and safe drinking water. Our quality of life is reflected by the
human development index, which strongly correlates with the
availability of energy (Figure 1).1"
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By 2050, the world population is predicted to reach 10 billion
(7.6 billion in 2018) and energy consumption is due to double
to support the growing economies of China and India.” Opti-
mistic predictions would argue that our planet could easily
support 10 billion people, but it is difficult to see how estab-
lished societal and economic models that have powered eco-
nomic growth since the industrial revolution can possibly sus-
tain similar rates of development throughout the 21st century
unless a majority of the world’s population is deprived of rea-
sonable living standards. The consumption/depletion of many
resources would typically follow a logarithmic curve, akin to
Hubbert’s prediction of the oil peak in the US;® and it is likely
that our current energy-based system would follow a similar
trend because of no action. Many of us were born with energy
readily available in our homes, and the current ubiquity of
electronic goods does not help the general appreciation of the
level of scientific and technological difficulties in supplying
energy once fossil fuel resources are depleted. Ensuring energy
security for future generations will require sustained research
and scale-up efforts in materials science, biology and engineer-
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ing to solve the challenges associated with a shift to renewa-
ble energy sources.

The most obvious renewable energy source is the sun, and
nature has developed efficient ways to build stable ecosystems
based on solar outputs. This should serve as inspiration to fi-
nally complete our energy evolution. As people moved from
the consumption of wood to coal and oil, the increasing
energy content of these sources enabled us to extract more
power to do work. The ultimate replacement of these sources
would be to finally adopt hydrogen as an energy carrier and
its direct production from the sun through water splitting
would lead to sustainable energy systems. Hydrogen is a clean
fuel with high energy density (142 MJkg~', almost three times
that of liquid hydrocarbons, 47 MJkg™")." Its combustion,
either direct or in a fuel cell, leads to water as the sole product.
A major advantage of hydrogen over conventional fuels is the
possibility of building decentralised energy systems like natural
ecosystems that are self-supporting of life and maximising
overall efficiency figures. Through the use of locally available
renewable sources (e.g. biomass, wind or solar) hydrogen
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could, for example, be produced to store energy or supply
heat and power on demand for stationary or mobile applica-
tions.

Hydrogen is intrinsically safe due to its high volatility and
non-toxic nature. Its bad reputation, linked to the explosion of
the Hindenburg in 1937, is more related to its broad flammabil-
ity range in air (4-75%). To date, the use of hydrogen in the
energy sector has mainly focused on mobile applications be-
cause of the need for alternative fuels for our cars as oil prices
inevitably rise. However, hydrogen will play a broader role in
the future. Hydrogen forms the basis of many industrial pro-
cesses, including the production of synthetic hydrocarbons
such as methanol and the production of ammonia through the
Haber-Bosch process leading to fertilizers. The ambitious tar-
gets worldwide to increase the role of renewables in the
energy mix also call for advanced high-capacity energy storage
systems to mitigate the intermittency of renewables. In addi-
tion to hydrogen, better battery technologies are needed to
meet the wide range of our energy needs.

This special issue highlights the potential of a range of mate-
rials and novel approaches presented at the Energy Future
Conference (organized by UNSW in early 2018) for the produc-
tion and storage of hydrogen as an energy vector as well as
strategies to develop better batteries. The research groups of
Huijin Zhao and Roel van de Krol highlight the potential of
very exiting approaches for the harvesting of solar energy and
water splitting. Umit Demirci and co-workers present a Minire-
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view on the potential of boron nitride for hydrogen storage.
Meanwhile, a novel concept for light-driven hydrogen sorption
in material is reported by Yahui Sun and Francois Aguey-
Zinsou. The groups of Shujiang Ding and Zaiping Guo report
on the potential of novel nanostructures for the enhanced per-
formance of lithium ion batteries, and San Jiang and co-work-
ers pre-treated membranes to improve the performance of va-
nadium redox flow batteries. The potential of a novel method
for the fabrication of reduced graphene oxide is presented by
Yunhui Lin et al. Also, YuHua Ng and co-workers applied
pulsed electrodeposition for enhanced electrochemical water
oxidation. Place your cursor over any author name within this
Editorial to get direct access to that article.

We hope that you enjoy reading this special issue and that
it triggers new ideas to develop future technologies, thus ena-
bling our next transition to clean energy systems.
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