
Energy, power and climate 
change

Energy degradation and power generation

• Thermal energy may be completely converted to work in a single process, but continuous conversion of 
this energy into work requires a cyclical process and the transfer of some energy from the system intoå 
the surroundings 

• The aforementioned energy is known as degraded energy, and is lost to the surroundings as thermal 
energy. It is no longer able to perform useful work.  

• Energy flow diagrams (Sankey diagrams) are diagrams that show the transfer of energy, including 
degraded energy. 

This diagram represents the energy transfers in a light bulb. 
The degraded energy is the heat 

The width of the arrow is proportional to the magnitude of 
energy.  

• In general, electrical energy is produced by rotating coils of conductive wire in a magnetic field. 
Different energy sources have different means of doing this.  

• Power is defined as the rate at which energy is transferred, the SI unit is the watt (W). 
• Efficiency is defined as the ratio of useful energy to the total energy transferred.  

World energy sources

• Renewable energy is energy that can be produced at the same rate that it is consumed. It is in unlimited 
supply. 

• Renewable energy sources include: photovoltaics, solar, wind, hydroelectric, tidal, geothermal. 
• Nonrenewable energy sources: coal, oil, natural gas, nuclear power.  
• If combustion is involved, CO2 is a product.  
• In most instances, the sun is the prime energy source.  
• Energy density is defined as the energy liberated per kilogram of fuel consumed, measured in J/kg 
• Fuel choice can be influenced by energy density, as greater mass of fuel means greater transport costs. 

Hence highest energy density is favourable. 
• Relative proportions of worldwide energy consumption: oil 38%, coal 26%, gas 23%, nuclear 6%, hydro 

6%, other renewables 1%. 



Fossil fuel power production

• During the Industrial Revolution, industrialisation led to a higher rate of energy usage, leading to 
industry being developed near to large deposits of fossil fuels.  

• There was a snowball effect, meaning that ever more energy was needed.  
• Power stations that rely on fossil fuels consume them in large quantities 

• Efficiencies of power stations: coal 35%, natural gas 45%, oil 38% 
• Advantages: 

- relatively easy to transport. 
- they can be stored relatively easily and can hence be combusted when needed. 
- little infrastructure required to get energy – i.e they can be used at home. 

• Disadvantages: 
- produces greenhouse gases (CO2 and SO2), which may lead to acid rain. 
- extraction of fossil fuels can damage environment. 
- transportation of the fuel can damage the environment, e.g in oil spills. 

Renewable energy

Solar power 

1. Photovoltaic cells: 
- converts some light energy directly into a direct p.d, using a semiconductor. 
- each cell produces small power, so many cells must be connected together in series to generate voltage 

or in parallel to provide current.  
- they can run devices that do not use much energy. 
2.   Solar heating panels captures as much thermal energy as possible, which is used to heat up water. The 
hot water can then be used domestically.  

• There are seasonal and regional variations in solar power incident per unit area of the earth. 
- weather conditions may mean that there is different absorption or reflection. 
- different latitudes mean that some areas have solar energy that is less concentrated (same energy for 

greater area) and solar energy that has travelled through more atmosphere (e.g closer to poles).  
• Advantages of solar energy: 
- clean, meaning that no harmful by products or greenhouse gases are produced . 
- renewable, so once the solar panels are installed energy is produced for free. 
• Disadvantages of solar energy: 
- unreliable (i.e can only be used when it is sunny). 
- not very powerful, very large area needed for significant energy.  
- expensive relative to fossil fuels. 

Rate of consumption = desired output
efficiency× energy density



Hydroelectric power 

• When water falls as rain it is stored in lakes (and it has potential energy). Building a dam with 
turbines in it can allow us to generate electricity when the water falls.  

• Tidal power schemes trap water at high tides and release it through turbines at low tide. 
• In order to store energy, we can pump water up from low ground to high ground. To release this energy, 

the water can be pumped through a turbine.  
• Most hydroelectricity works by the same energy transfer: GPE of water -> KE of water ->  KE of 

turbines -> electricity 
• Advantages: 

- clean 
- renewable 
- free 

• Disadvantages: 
- situational – it can only be utilised in particular areas.  
- construction of dam may damage the environment.  

Wave power 

• Although there are many ways of extracting wave power e.g pelarmis buoys or turbines, the OWC 
(oscillating water column) is a more common method.  

- wave power forces water into a chamber, where there is some air.  
- air is alternately compressed and decompressed as the water rises and falls. 
- the rush of air drives a Wells turbine, which generates electricity regardless the direction of the 

air flow.  
• We can model the wave as a square wave. 
• Let A be the amplitude of the wave, and L be 

the length of the wavefront.  
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Wind power 

• A wind turbine consists of a turbine with blades perpendicular to the wind. When the wind blows, the 
blades make the turbine spin. 

• We can model this as a cylinder of air whose kinetic energy is completely transferred to the turbine. 
 

• In reality, not all of the wind’s KE is lost to the turbine (the air is still moving after it leaves). There is 
also air resistance and friction within the turbine.  

• Advantages of wind power: 
- clean 
- renewable 
- free 

• Disadvantages of wind power: 
- unreliable (needs a windy day). 
- not visually attractive, may ‘ruin the landscape’ and noisy. 
- they must therefore be situated far from population centres, meaning that there are greater I2R losses.  

The greenhouse effect
 
• For a point source of light (such as the Sun), the light radiates 

spherically. 
• Intensity therefore follows an inverse square law. 

• Albedo (α) is the fraction of radiation received by a planet that is reflected back into space 
- the Earth’s albedo varies daily and is dependent on season (cloud formations) and latitude.  
- oceans have a low value but snow a high value (depends on the darkness of a surface). 
- the global annual mean albedo is 0.3 (30%) on Earth. 

• The sun warms the earth by short wavelength radiation, which then radiates back into space as long 
wavelength infrared radiation 

• Some of this long wave radiation is absorbed by certain gases in the atmosphere (greenhouse gases) and 
re-radiated in all directions, causing extra warming up. 

• Most of these greenhouse gases have both natural and man made origins: 
- methane is produced by digestion and decay of livestock and plants. 
- water vapour is everywhere. 
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- carbon dioxide, product of respiration and combustion. 
- nitrous oxide, livestock and industries. 

• These gases absorbs IR because of resonance: 
- the natural frequency of oscillation of the bonds in greenhouse gas molecules is in the infrared region 
- since the driving frequency (i.e the radiation emitted by the earth) is equal to the natural frequency, 

resonance occurs. 
- the amplitude of vibration of the molecules increases, hence their temperature increases.  
- absorption and resonance will take place at specific frequencies depending on the molecular bonds 
 
• Black body radiation is the radiation emitted by a 

‘perfect’ emitter – a black body is one that absorbs 
all wavelengths of EMR. Black body radiation 
depends on the temperature of the surface 

• The y-axis is actually the intensity function, such 
that the area under the curve gives the power 
radiated.  

• Wien’s displacement law relates the wavelength 
at which intensity is maximum to the 
temperature: 

• The Stefan-Boltzmann Law links the total power radiated by a black body to the temperature of the 
body: 

• Hotter surfaces therefore emit much more power (and emit EMR of a higher frequency).  

• Most objects are not perfect black bodies. Emissivity (ε) is defined as the ratio of power radiated per 
unit area by an object to that of a black body.  

- ε = power radiated by object per unit area / power radiated by black body per unit area 
- this can be applied to Stefan-Boltzmann law:   

• If there is no temperature change, we can equate power absorbed with power emitted 

• The surface heat capacity (Cs) is defined as the energy required to raise the temperature of unit area of a 
planet’s surface by one degree, and is measured in J m–2 K–1. 

• The energy balance model is therefore: 

• This energy balance model ignores interactions within system (e.g atmosphere and water systems), and 
also ignores any feedback (e.g temperature increase may cause ice to melt and decrease albedo, meaning 
that more radiation is absorbed).  

P(1−α )πr2 = εσ 4πr2T 4

λmaxT = 2.90×10−3m ⋅K

Total power radiated by a black body =σ AT 4

Total power radiated = εσ AT 4

Change in planet temperature = (incoming radiation internsity −  outgoing radiation intensity)× time
Cs



Global Warming

• The planet may be warming up due to imbalance in absorption and emission. There are a number of 
different factors that could account for this.  

• Solar flares/sunspots: 
- the Sun is fluid, different parts rotate at different rates. 
- this may cause sunspots and solar flares. Sunspots have been observed to vary on 11 year cycles. 

• Milankovitch cycles 
- the Earth's orbit is elliptical, eccentricity changes in 100,000 year cycles. This affects variation 

between summer and winter. When circular variation is 6%, when elliptical it can be 30%. 
- axial tilt changes, 42,000 years. Changes between 21.8˚ and 24.4˚. Tilt determines which latitude 

gets the most radiation 
• The enhanced greenhouse effect, which is an increase in the greenhouse effect caused by human 

activities (such as emissions). Human activities, mainly related to burning fossil fuels, have released 
extra CO2 into the atmosphere. 

• Looking at ice cores, atmospheric CO2 concentration seems to be very closely correlated to the 
temperature variation –  which may suggest (although not confirm) causation.  

• Global warming is very complex, and is affected by many feedbacks: 
- global warming reduces snow cover, decreasing the albedo and increasing rate of heat absorption. 
- increasing temperatures reduce the solubility of gases in the sea, increasing atmospheric 

concentrations of greenhouse gases. 
- deforestation reduces carbon fixation. 
- warming increases evaporation of water and the atmosphere’s ability to hold water vapour.  

• One possible effect of the enhanced greenhouse effect is climate change. 
• Another effect could be a rise in mean sea-level. Global warming may cause temperatures to rise, 

causing oceans to expand and the sea levels to rise.  
• Also, landlocked glaciers may melt. Melting sea ice will not affect sea levels because ice is less dense 

than water and floats due to buoyancy.  
• The coefficient of volume expansion (𝛽) is the fractional change in volume per degree change in 

temperature.  
• Despite this, precise predictions are difficult to make because of the: 

- anomalous expansion of water (most dense at 4˚C) 
- different effects of ice melting on sea water compared to landlocked ice melting 

• Possible solutions to reduce the greenhouse effect: 
- greater efficiency of power production (industrial techniques). 
- replacing coal and oil with natural gas (burns cleaner). 
- use of Combined Heating and Power systems (CHP), which produce electricity as well as utilising 

the residual heat.  
- increased use of renewable energy and nuclear power 
- carbon dioxide capture and storage 
- use of hybrid vehicles 

∆V = βV0∆θ



International efforts to reduce climate change: 
• The IPCC (Intergovernmental panel on climate change): 

- government representatives assess evidence from research into global warming and human 
induced climate change 

• The Kyoto protocol  
- signatories agree to reduce greenhouse gas emissions.  
- the US and Australia have not signed.  

• APPCDC (Asia-Pacific partnership on clean development and climate): 
- 6 countries that represent 50% of the world’s energy have agreed to work together with private 

sector to reduce emissions while maintaining economic growth.  


