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Teachers’ notes - What is energy efficiency? 

You will find that some of the information asked for is not on the displays at CAT. Your teacher should have this information.

In scientific terms the efficiency of a system is the amount of available energy that it turns into useful energy. This is a valuable concept when looking at an energy system which consumes a fuel, particularly a fossil fuel.

When looking at renewable sources of energy such as wind, water and solar power, the issues relating to efficiency are different because a fuel is not being consumed.

In general terms what are the issues with regard to these renewable sources?

Space occupied – a low percentage efficiency system would need a large installation to provide large amounts of power, but does that matter?


Energy payback


cost
What are the percentage levels of efficiency (in physics terms) for :


A large windfarm on a good site – 

40%, but it can only take 59.4% of the energy out of the wind


A large hydroelectric scheme – 

85%


Solar cells (photovoltaics) – 

16% (monocrystalline), 10% (polycrystalline), 6% or less (amorphous)

A different measure of efficiency is the amount of energy produced by a generating system in its lifetime, compared with the amount used in the whole process of building, maintaining and disposing of it, including energy used to deal with waste and pollution produced.

Think about different ways of generating power and list all the areas of activity which would consume energy for the following generating sources:

Amounts of energy consumed for the various sources varies greatly, of course. For example gas produces far less pollution than coal or oil.


Coal - Extracting raw materials, transporting materials, building installation, maintaining, getting fuel, processing and transporting fuel, decommissioning, dealing with waste products, dealing with pollution (of air, water, land) 

Wind- Extracting raw materials, transporting materials, building installation, maintaining, decommissioning, 


Hydro - Extracting raw materials, transporting materials, building installation, maintaining, decommissioning, 


Nuclear - Extracting raw materials, transporting materials, building installation, maintaining, getting fuel, processing and transporting fuel, decommissioning, dealing with waste products, dealing with pollution  


Gas - Extracting raw materials, transporting materials, building installation, maintaining, getting fuel, transporting fuel, decommissioning, dealing with waste products, dealing with pollution 


Oil - Extracting raw materials, transporting materials, building installation, maintaining, getting fuel, processing and transporting fuel, decommissioning, dealing with waste products, dealing with pollution (of air, water, land) 

Make a note of the lifetime of each system

Coal about 30 years

Wind 20-25 years


Hydro design life of 50 years, but they last for 100+ years


Nuclear 25 years

The amount of energy produced by most renewable energy systems (apart from tidal or biofuels) varies according to the weather but it also varies according to where you put it. A large efficient modern windmill will produce over the year the equivalent of about a third of its rated output when it is put in a good site. A good site means one where the wind speeds are strong enough for a lot of the time. If you put the same windmill in a place with lower windspeeds then it will produce less power and be less efficient. 

(Each type of wind turbine is designed to operate at a particular range of windspeeds).

The efficiency can also vary according to the size of the system. 

Why would the size of a windfarm affect the overall efficency? 


Less energy used to build infrastructure, including cabling

Large windfarms supply electricity to the national grid. Small stand-alone systems usually store electricity in lead acid batteries. What factors would affect the efficiency of such a system?


Conversion losses in storage in batteries, wouldn’t normally be able to take advantage of very high wind speeds,  proportionately greater energy use in building infrastructure

What advantages could there be to relatively small scale systems?

They might be appropriate to the specific energy requirement

They are more able to be under the control of a community 

Look at the large solar electric roof at CAT. If you look at what a solar electric system produces over the course of the year, in Britain,  it is about 10% of what it would, if it was producing its maximum constantly.

How much electricity could this roof be expected to produce over the course of a year?

What other ways could you look at efficiency?

Land use

