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Throughout history, we have relied on many different energy /

sources. Initially, wood was used for heating and cooking; as
industry grew, we moved to fossil fuels; and the scientific advances
of the 20th century allowed us to harness sources such as nuclear,
solar and tidal energy. The transition from one fuel type to another
has led to the identification of some intriguing paradoxes. Professor
Nuno Luis Madureira from the University Institute of Lisbon studies
these transitions and is shedding light on this fascinating subject.

Paradoxical Progression

The forward march of technology is not
without its unexpected deviations and
unforeseen problems, and the story of
energy transitions is no different. The
journey from using branches to fuel
fires keeping early hunter-gatherers
warm on cold nights, to nuclear power
stations providing electricity to millions
of homes is one example of the many
technological advancements and
transitions undertaken in the course of
humanity.

The main factor allowing the efficient
harnessing of a new energy source

is advancing technology, with new
‘green’ options such as solar, wind and
tidal sources being the focal point of
much current research. However, the
transition from one energy source to
another may not be as smooth as one
might expect. Professor Nuno Luis
Madureira from the University Institute
of Lisbon in Portugal studies the
paradoxes and counterintuitive events
that can occur surrounding energy
technology. His research provides a set
of intriguing lessons from the past, and
illustrates some of the pitfalls that can
occur if we're not careful in the future.

Efficiency and Consumption

Professor Madureira’s first example

is the Jevons paradox. The English
economist William Stanley Jevons
noted in 1865 that as the production
of energy from coal got more efficient,

people made use of less coal but the

total demand continued to rise. Jevons
highlighted two potential mechanisms
underpinning this paradox. Firstly,

as the efficiency of energy extraction
increases, the cost of each unit of
energy decreases. This cheaper energy
is now affordable by more individuals
and industries, and the total demand
for fuel will increase. The second
potential mechanism is that as energy is
cheaper, less of people’s money has to
be spent on it, leaving them with more
disposable income that will then be
spent on goods and services, increasing
the demand on industries which will

require more energy to keep up.

The current definition of the Jevons
paradox is that ‘with fixed real energy
prices, energy-efficiency gains will
increase energy consumption above
what it would be without these
gains’. Professor Madureira explains
that the Jevons paradox is a useful
warning when adopting new energy




technologies, especially when the resources are non-
renewable, as the increased demand can lead to unexpected
problems such as shortages and resource exhaustion. The
impact of societal effects should therefore be considered before
the adoption of a new, seemingly better, technology.

Destruction and Conservation

Nuclear energy is one of the most controversial energy sources,
bringing with it a clear potential for disaster if not properly
utilised. However, the development of this energy source

from its beginnings as a weapon neatly highlights Professor
Madureira’s ‘destruction paradox’. Professor Madureira

reports that nuclear testing has had lasting benefits for our
understanding of the natural world and how ‘technologies
prone to destroy the planet also fostered its conservation’.

This paradoxical path began with the unexpected reach of
radioactive fallout from the Pacific island nuclear tests shocking
the public, who demanded better information on nuclear
weapons. As a result, the US Atomic Energy Commission was
ordered to carefully analyse the effects of nuclear weapons on
the environment.

In the 1950s, the Odum brothers were working with the AEC
on a study of Eniwetok atoll in Micronesia, studying the
path and concentrations of radioactive isotopes through
the environment. It was here that they first put forwards a
new theory about how energy and nutrients move through
ecosystems, explaining how flora and fauna transfer energy
through a food web, and laying the foundation for the modern
understanding of ecosystems. Finally, the technological
advances accompanying nuclear research gave scientists
new tools to track radiological isotopes through food webs
and track these energy transfers. Technologies prone to
destroy the planet also fostered its conservation. Professor
Madureira highlights that greater environmental awareness,
understanding, and technology would not have developed
without the initial destruction caused by nuclear weapons.

It’s Not Easy Being Green

Renewable sources of energy seem to be the answer to the
Jevons paradox - the increased demand for fuel is easy to
provide when the resource appears limitless. Additionally,
harvesting renewables such as wind and solar energy does
not produce hazardous waste, unlike nuclear or fossil fuels.

However, Professor Madureira warns that there is a paradox
that should be carefully considered before leaping headfirst i
into a full-scale transition to green energy.

Professor Madureira’s paradox is that limitless potential energy
can, in effect, run out. As many green energy technologies
require rare materials, such as indium and gallium in
photovoltaic cells, there are limits on the number of generators
we can build. Additionally, as these materials become rarer,
the economic and environmental cost of extracting them rises:
more energy is needed to produce energy. Finally, Professor
Madureira draws attention to the fact that renewable energies
are often only cost-effective in certain locations, and that these
will eventually all be utilised. The energy from wind, solar, and
tidal may be functionally limitless, but the materials to build
and the locations to place cost-effective generators certainly
are not.

However, Professor Madureira is keen to point out that these
paradoxes should not prevent the move to renewables; rather
it is vitally important to think carefully about the continued
growth in demand for energy and how that can be managed.
He explains that the energy paradoxes of efficiency increasing
consumption; destruction enabling conservation; and the
limitations on limitless energy, can all be learned from by
examining both the societal and technological driving forces.
By learning from the past, and planning before we leap, we can
avoid many of these potential traps in the years to come.
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