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day lives. indefinitely within
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The ones that concern us most with respect to
sustainability are as follows:

Slow geological cycles
(sedimentation and
mineralization)

Slow geological cycles
(volcano eruptions
and weathering)

Photosynthesis Pays the Bills

Net increases in material quality on Earth are

generated almost entirely by the sun-driven

process of photosynthesis. Chloroplasts in plant cells capture energy from sunlight and form bonds that provide energy for other
forms of life, such as animals.

According to the Second Law of Thermodynamics, disorder increases in all isolated systems. The Earth is a closed system with
respect to matter, but it is an open system with respect to energy because it receives light from the sun. It is this flow of sunlight
that continues to create structure and order from the disorder.

There is Value in Structure

We determine the value, or use to us, of a material by the concentration and structure of the matter that makes up that material.
For example, food and petrol are valuable because they have a high concentration and structure. We never actually

‘consume' energy or matter because they are neither created nor destroyed by any of our actions. What we consume are

the qualities of matter and energy - the concentration, purity, and structure of matter, and the ability of energy to perform

work. If you drop a teacup and it breaks on the floor, each of the original atoms is still present, but most of the value (to us) from
its former structure is lost.

Nothing Disappears

All mass and energy in the universe is conserved in one way or another. Energy and mass may be converted into different forms,
but the total amount of energy and mass in an isolated system remains constant.

This principle of matter conservation and the First Law of Thermodynamics are helpful in understanding the earth as a system. For
example, apart from the occasional meteorite arriving or spaceship leaving, the amount of matter on earth has stayed the same
for billions of years. Another example: when matter is burned it is not destroyed, but transformed into waste, predominantly in
the form of visible and invisible gases.
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Everything Spreads

Energy and matter tend to spread; everything has a tendency to disperse (the Second Law of Thermodynamics, also known as the
Law of Entropy).

Although the total amount of energy in a closed system remains constant, the quantity of energy that is available in a useful form
decreases with each transformation and tends to dissipate throughout that system. Entropy is a measure of the amount of
disorder or randomness there is in a system, and in every isolated system - such as the universe - entropy always increases.
Examples of this include food decaying, coloured dye dispersing in water, a car rusting and human-made PCBs found in ice
samples taken in the Arctic Circle, far away from the site of their manufactue.

Thus, materials generated by, or introduced into, human society will eventually disperse throughout nature.

Summary

These basic scientific laws are what allowed The { WS
Natural Step, in collaboration with a large N U
community of scientists from across many

disciplines, to distil the 4 Sustainability Principles Physically inhibit
(http://www.naturalstep.org/the-system-conditions) Which nature’s ability to

run cycles

form the bedrock of our definition of sustainability,
and our approach to empowering people and

organisations to move towards sustainability in a G\ﬂ
strategic manner.

Introduce persistent

compounds foreign

. o to nature

Sustainability Menu Relatively large flows
of materials from the
Earth’s crust
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