
 

Eco-energy without limits? Research may
find ways to make it happen
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Regardless whether energy conversions are taking place in the natural Earth
system or in the technosphere created by humans, all the energy is ultimately
radiated back into space. Credit: NASA

The Earth has its limits, as the climate crisis demonstrates. With the
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increasing extinction of species and the littering of the oceans (and even
space) as a result of human activity, governments and institutions the
world over are championing the concept of a circular economy. By
closing material cycles, the environmental impacts associated with the
extraction of raw materials are avoided and the waste problem solved.
This approach is, however, not sufficient to build a sustainable society in
and of itself, as it leaves the questions open of how much and how
quickly materials can be cycled and what energy is used to power these
cycles. After all, in a truly sustainable society, not only material flows
but also energy flows must remain within the limits set by our home
planet.

A key question is whether there is enough renewable energy available
globally to sustainably manage material flows without violating planetary
boundaries. This question is being investigated by a team led by Harald
Desing from Empa's Technology and Society lab.

As a system, the Earth only exchanges energy with space. By far the
largest part of the energy brought into the Earth system is solar radiation,
supplemented by minor contributions from planetary motion and 
geothermal energy. These energy fluxes had always been used entirely by
the Earth itself. They have powered its many subsystems, such as the
oceans, atmosphere and forests, but also reflective ice surfaces.

Most of these subsystems convert the incoming energy into further
renewable energy fluxes, for example, wind and water currents or
biomass production. In these conversions, free energy, called exergy, is
extracted from the incoming energy fluxes. Regardless of whether
energy conversions are taking place in the natural Earth system or in the
technosphere created by humans, all the energy is ultimately radiated
back into space.

Solar parks may also change the climate—it's a
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matter of scale

As humanity increasingly diverts renewable energy fluxes to its
activities, the parts available to the Earth system are reduced. The Earth
system can compensate for such disruptions to a certain extent.
However, if they are too large, the risk of exceeding so-called "tipping
points" increases. This would result in rapid and irreversible changes in
the Earth system, such as the melting of the polar ice caps, which in turn
would accelerate climate change. In order not to exceed these tipping
points, the size of the land area occupied must not exceed the planetary
boundary. Beyond the scale, the way in which the land is used is also
crucial: Solar plants instead of forests, for example, disrupt biodiversity,
evaporation and thus the water cycle, the radiation of heat back to space,
and much more.

The same upper limits for land occupation not only apply for direct solar
energy use, but also to the harvesting of so-called chemical energy—that
is, to agriculture and forestry, which produce food and fodder, heating
materials, fuels, and building materials. The production of technical
energy competes with food production on many surface areas.

Electricity as "universal currency"

In order to be able to compare or add up the various potentials for
renewable energy, the Empa researchers have converted them into
electrical energy equivalents. To do this conversion, efficiencies of
power plant technologies available today are used in the calculations. It
makes a difference whether electricity is generated from solar energy,
wood or hydropower. These conversion losses further reduce the
possible harvest of some potentials significantly.

The result of the study is surprising: 99.96 percent of the energy arriving
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on Earth from space is needed to power the Earth system and food
production, therefore only 0.04 percent can be used technically.
Nevertheless, this potential is still about ten times higher than today's
global energy demand.

A further result is, on the other hand, hardly surprising when looking at
conversion losses: It is preferable to harvest and use the available energy
through direct solar energy conversion. After all, almost all renewable
energy resources—including wind, hydro power and biomass
production—are ultimately powered by the sun. Direct use of solar
energy means fewer conversion steps and thus fewer losses.

Photovoltaics on all sealed surfaces

Much of the sun's energy could be harvested from a small portion of the
Earth's deserts, but this is technically and logistically challenging. The
research team of the Technology and Society Lab therefore considers
solar energy harvested on desert areas as a global energy reserve in case
all other harvesting possibilities are exhausted.

As a consequence, societies should start using already sealed surfaces
worldwide, e.g., building roofs and facades, roads, railroads and parking
lots. This area would be sufficient to power a global 2000-watt society.

However, to raise the global energy demand to the level of today's
demand per capita in Switzerland, desert areas would also have to be
used. All other energy sources (e.g., wind or biomass) are orders of
magnitude smaller than the direct use of solar energy—and some
resources are already overused. Nevertheless, they can play a significant
role locally, especially because they can reduce the need for storage
capacity—a problem that has not been considered in the study.

Does simply building solar plants en masse solve the energy problem?
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It's not quite that simple, of course. In their study, the Empa team only
looked at the first step—calculating the available energy potential. The
actual amount of energy available will be smaller: Limiting factors
include the availability of raw materials, but also financial and human
capital, environmental impacts during raw material extraction or
production, operation and disposal of the plants, and the need for
additional infrastructure for energy distribution and storage.

Currently, the research team is exploring how such a pathway from a
fossil to a solar society might look like. The solar energy system must
not only be large enough to meet global demand, but must also be able to
replace the fossil fuel system quickly enough to avert the climate
catastrophe in time.

  More information: Harald Desing et al. Powering a Sustainable and
Circular Economy—An Engineering Approach to Estimating Renewable
Energy Potentials within Earth System Boundaries, Energies (2019). 
DOI: 10.3390/en12244723
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