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SUMMARY
8.1 

Energy degradation and power generation 
Heat energy may be completely converted to work in a single process. 
Continuous conversion of heat energy into work requires a cyclical process and the transfer of some energy from the system. 

Degraded energy is less able to do useful work. 
When energy is degraded into heat that is transferred to the surroundings, it can not do useful work.

A Sankey diagram shows the energy input, the energy output and the work done during a process.

The production of electric power involves the rotation of a magnet near coils of wire or a rotating coil near magnets plus an energy source to cause the rotation.
8.2 

World energy sources 
World energy sources include coal, oil, gas, nuclear, hydro, wood, solar, geothermal , wind, wave and tidal.

Renewable energy sources can be used again e.g. wind and non-renewable energy sources cannot e.g. oil.
The energy density of a fuel is equal to the number of joules released when 1 kg is burnt.

Approximate percentage uses of different energy sources are oil 37, coal 25, gas 23, hydro 6, nuclear 6 

8.3 

Fossil fuel power production 

Industries and power stations are generally constructed next to large deposits of fossil fuels.
The lower the energy density of a fuel, the greater is the amount used by a power station.
Coal is transported to power stations in trains and trucks. Storage of coal is done in stacks that run a risk of fire.
Oil is transported in tankers, trucks and pipelines which run the risk of leakage and spills.

Natural gas is transported in pipelines that can leak.

Efficiencies of power stations fuelled by fossil fuels are gas 38% coal 38% and oil 37%.
Carbon dioxide and methane are two important Greenhouse gases that are emitted from power stations using fossil fuels.
8.4 

Non-fossil fuel power production 



Nuclear Power

If one neutron causes a U-235 nucleus to fission, about 3 neutrons are freed by the process. If all these are allowed to hit uranium nuclei, then 3, and then 9 and then 27 ...  fissions will occur and a chain reaction starts.
Neutrons leaving the lump of uranium through its surface will stop a chain reaction. There is a minimum sized lump called critical size needed for a chain reaction to occur i.e. about 50 kg.
Before a chain reaction will start
Controlled fission allows only one of the neutrons released during fission to go on and cause fission.
In a weapon as many of the neutrons released as possible go on to cause fission so the number occurring increases.
Fuel enrichment raises the percentage of the fissionable isotope of uranium U-235.
The energy transformations in a nuclear power station are nuclear energy to heat energy to kinetic energy of steam to kinetic energy of the generator to electrical energy.
The moderator in a reactor slows down the neutrons released during fission so they are more likely to cause fission.
Control rods absorb some of the neutrons released during fission so the number of fissions occurring each second remains the same.
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The heat exchanger transfers the heat energy from the coolant that circulates through the reactor core to the water that is converted to steam.
Some of the neutrons released by fission are absorbed by U-236 nuclei. These go through 2 - decays to become plutonium Pu-239 which can be made to fission.

Issues and risks associated with the production of nuclear power include the possibility of thermal meltdown and how it may arise, problems associated with nuclear waste, problems associated with the mining of uranium and the possibility that the nuclear power program may be used as a means of producing nuclear weapons.

Creation of a nuclear fusion reactor is difficult because it is very hard to keep a high density, high temperature plasma of hydrogen away from the walls of the container. If it touches the walls it cools and the temperature drops below the value needed for the fusion to occur.


Solar Power

When light is absorbed by the semiconductor material in a photovoltaic cell, a current is driven. Light energy is transferred to electrical energy.

When heat is absorbed by the black surface of a solar panel, its temperature rises and heat energy is conducted to water that circulates through the panel.

Photovoltaic cells can be used to charge batteries that power lighting in a house.
Solar panels can create hot water for household usage.

Seasonal and regional variations in the solar power incident per square metre of the earth’s surface occur do to changes in cloud cover and the varying angle of the sun during the year.
The closer the sun is to the horizon, the smaller the energy per square metre.



Hydroelectric Power

Hydroelectric schemes use water stored in dams/lakes, tidal water storage and water pumped to a higher level.
The energy transformations during the operation of a hydroelectric scheme are gravitational potential energy of the water to kinetic energy of the water to kinetic energy of the turbine and the generator to electrical energy in the wires.


Wind Power

A wind generator consists of a tall tower with a horizontal axis generator on the top. Connected to the generator is a large propeller with several blades that rotate when pushed by the wind.
If all the energy of the wind hitting the blades is converted to mechanical energy of the rotating blades the power equals a half times the density of the air times the area swept out by the blades times the cube of the air’s speed.
100% conversion of the winds energy is not possible because the air does not stop when it hits the blades.

The maximum efficiency of the wind to blades energy transfer is about 59% and the total efficiency of the wind generator is about 35%.



Wave Power

An oscillating wave column (OWC) ocean wave energy converter consists of a cavity built over the sea near the shore. 

As the waves come in and the water rises, air above the water is pushed out of a tube. Inside the tube is a fan that rotates and is connected to a generator.
When the water level drops below normal, air is forced back into the tube. A second fan in the tube rotates the generator in the same direction.

The power of a 1 metre length of a wave with rectangular cross section, height H and period T is a half times the height squared times the period. 
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8.5 

Greenhouse effect 



Solar radiation

The sun’s intensity in Watts per square metre on a planet equals the total power of the sun divided by the surface area of a sphere with a radius equal to the distance of the planet from the sun.
The Albedo of a surface is the amount the light that reflects from it divided by the amount reaching the surface.

Factors affecting a planets albedo include cloud cover, the colour, the smoothness of the surface, the angle of approach of the light, moisture content and chemical composition.

chemical composition.

The Earth’s albedo varies daily and depends on season (cloud formation) and latitude. Oceans have a low value but snow has a high value. 
The Earth’s global annual mean albedo is 0.3. 



The Greenhouse effect

The Greenhouse effect is the increase in temperature of an enclosed space due to shorter wavelength heat entering and less long wavelength heat leavings. 
The main Greenhouse gases are CH4, H2O, CO2 and N2O. 
Each Greenhouse gas has natural and human origins.

The closer the natural frequency of an oscillation within a molecule to the frequency of an electromagnetic wave, the greater the absorption and the re-emission of another wave with the same frequency by the molecule.
The natural frequency of oscillation of the molecules of Greenhouse gases is in the infrared or heat region of the spectrum.

A Black Body is something that absorbs all the radiation aimed at it. An enclosed cavity with a small hole is a good approximation to a Back Body.
If a Black Body absorbs all the radiation aimed at it, for it to maintain a temperature equal to its surroundings, it must also be a perfect emitter of radiation.

Black body radiation is the radiation emitted by a perfect emitter. At any temperature the radiation emitted has a range of frequencies.
The higher the temperature of a Black Body, the higher is the average frequency of the radiation it emits.

The amount of energy radiated away from a Black Body each second equals the Stefan-Boltzmann constant times the absolute temperature to the fourth power.

The emissivity measures how well surface emits radiation relative to a Black Body.
The emissivity of a Black body is 1 and all other objects between 0 and 1.

Surface heat capacity is the energy required to raise the temperature of 1 m2 of the planets surface by 1 K and is measured in J m-2 K-1.

The change of a planet’s temperature over a period of time equals (incoming radiation intensity minus outgoing radiation intensity) times time divided by surface heat capacity.
This calculation is based on a simple model that assumes the Earth has a uniform surface that doesn’t change daily or seasonally.  The model could be improved by allowing for the variations in the surface, variation in cloud cover and seasonal changes.

8.6 

Global warming 
Global warming and changes in the composition of greenhouse gases in the atmosphere may be due to increased solar flare activity, cyclical changes in the Earth’s orbit and volcanic activity.

The enhanced Greenhouse effect is the term applied to the increase in Greenhouse activity due to the Greenhouse gases humans have added to the atmosphere.
Although debatable, the generally accepted view of most scientists is that human activities, mainly related to burning fossil fuels have released extra carbon dioxide into the atmosphere.

Evidence that links global warming to increased levels of greenhouse gases includes ice core samples of atmospheric composition and mean global temperatures over thousands of years (ice cores up to 420,000 years have been drilled in the Russian Antarctic base, Vostok).
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Mechanisms that may increase the rate of global warming include reduction in ice/snow cover causing a change in albedo, less CO2 dissolving in the sea when warmer and cutting down forests reducing carbon fixation.

Co-efficient of volume expansion equals the change in volume divided by the original volume for a one degree rise in temperature..

One possible effect of the enhanced greenhouse effect is a rise in mean sea level.
A rise in the sea level can occur due to the expansion of the sea if its temperature increases and the melting of ice and snow that is on land and runs into the sea.

Melting of ice floating on water is not a problem since it has displaced water when solid.

An outcome of the enhanced greenhouse effect is climate change.
Possible solutions to reduce the enhanced greenhouse effect include greater efficiency of power production, replacing the use of coal and oil with natural gas, use of a combined heating and power systems (CHP), increased use of renewable energy sources and nuclear power, carbon dioxide capture and storage and use of hybrid vehicles.
