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The first law of
thermodynamics is the
principle of conservation
of energy, which states
that energy in an isolated
system can be transformed
but cannot be created or
destroyed.
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Figure 1.3.2 The fate of the
Sun’s energy hitting the
Earth. About 30% is reflected
back into space (1), around
50%is converted to heat (2],
and most of the rest powers
the hydrological cycle: rain,
evaporation, wind, etc (3).
Less than 1% of incoming light

is used for photosynthesis (4).

The second law of
thermodynamics refers

to the fact that energy

is transformed through
energy transfers. Entropy
is a measure of the amount
of disorder in a system.

An increase in entropy
arising from energy
transformations reduces the
energy available to do work.

FOUNDATIONS OF ENVIRONMENTAL SYSTEMS AND SOCIETIES

Energy in all systems is subject to the laws of thermodynamics.

According to the first law of thermodynamics, energy is neither
created nor destroyed. What this really means is that the total energy in
any isolated system, such as the entire universe, is constant. All that can
happen is that the form the energy takes changes. This first law is often
called the principle of conservation of energy.
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Figure 1.3.1 A simple food chain
In a power station, one form of energy (from eg coal, oil, nuclear power,
moving water) is converted or transformed into electricity.

In your body, food provides chemical energy which you convert into
heat or kinetic energy.

If we look at the sunlight falling on Earth, not all of it is used for
photosynthesis.

The second law of thermodynamics states that the entropy of an
isolated system not in equilibrium will tend to increase over time.

e Entropy is a measure of disorder of a system and it refers to the
spreading out or dispersal of energy.

e More entropy = less order.

e Over time, all differences in energy in the universe will be evened
out until nothing can change.

e Energy conversions are never 100% efficient.

e When energy is used to do work, some energy is always dissipated
(lost to the environment) as waste heat.

This process can be summarized by a simple diagram showing the energy
input and outputs.
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Tidy room has order: low entropy

FOUNDATIONS OF ENVIRONMENTAL SYSTEMS AND SOCIETIES

The situation depicted in figure 1.3.6 obeys the second law of
thermodynamics, since the tidy room of low entropy becomes
untidy, a situation of high entropy. In the process, entropy
increases spontaneously.

Solar energy powers photosynthesis. Chemical energy, through
respiration, powers all activities of life. Electrical energy runs all home
appliances. The potential energy of a waterfall turns a turbine to produce
electricity. These are all high-quality forms of energy, because they
power useful processes. They are all ordered forms of energy. Solar
energy reaches us via photons in solar rays; chemical energy is stored in
the bonds of macromolecules like sugars; the potential energy of falling
water is due to the specific position of water, namely that it is high and

Does this happen naturally without falls. These ordered forms have low disorder, so low entropy.

the input of energy?

On the contrary, heat may not power any process; it is a low-quality
form of energy. Heat is simply dispersed in space, being capable only of
. warming it up. Heat dissipates to the environment without any order; it
is disordered. In other words, heat is a form of energy characterized by
high entropy.

T ’/' ']
J / ' Implications of the second law for environmental systems
< .&F <
e e We experience the second law in our everyday lives. All living creatures die and
Untidy room has disorder: high entropy in doing so:

Figure 1.3.6 Which is your room?
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entropy or disorder tends to increase
the creatures move from order to disorder

but organisms manage to ‘survive’ against the odds, that is against the
second law of thermodynamics

living creatures manage to maintain their order and defy entropy to stay
alive by continuous input of energy by continuously getting chemical
energy from organic compounds via respiration

energy is even required at rest — if they do not respire they die.

This is the same as the example of the room; the only way to keep the room
tidy is to continuously clean it, that is to expend energy.

In any process, some of the useful energy turns into heat:

Low-entropy (high-quality) energy degrades into high-entropy (low-quality)
heat.

So the entropy of the living system stays low, whilst the entropy of the
environment is increasing.

Photosynthesis and respiration are good examples.
Low-entropy solar energy turns into higher-entropy chemical energy.

Chemical energy turns into even higher-entropy mechanical energy and
is ‘lost’ as heat (low-quality, high-entropy].

This increases the entropy of the environment, in which heat dissipates.

As a consequence, no process can be 100% efficient.
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