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Sheet 1:
Sustainable Energy – Teachers’ Notes

We suggest using this sheet first as an introduction to sustainable and renewable energy. You can place pupils into small groups or the pupils can choose their own groups to work in. These may be the groups they remain in throughout the Big Green Challenge process, but it is more likely that these groups will become dynamic as the competition progresses. 

Sustainable energy is the provision of energy which meets the needs of the present without compromising the ability of future generations to meet their needs. Sustainable energy comes from renewable sources such as solar power, wind power, tidal power, wave power, geothermal power and biomass from plant matter. 

More about this can be found at www.hi-energy.org.uk/.  

Answers for this sheet are as follows:

1
Wind power - sustainable - it is completely clean and will never run out.  Scotland is well placed to generate wind power as it has some of the windiest sites in Europe. Although wind is not constant the turbines generate electricity intermittently.
2
Tidal energy - sustainable - it is extremely predictable and reliable and will generate constant electricity compared to wind turbines.  Forces generated by the pull of the moon on the earth create tides; this motion is harnessed by tidal energy devices – creating a clean, sustainable energy source.

3
Solar power – sustainable – harnessing the energy from the sun, solar heat and sunlight can generate hot water and electricity.  Solar technology is quite advanced and produces no harmful emissions.

4 
Nuclear – unsustainable – whilst nuclear energy doesn’t depend on fossil fuels to generate energy, it uses uranium which is a radioactive heavy metal, mining and purifying it is not a clean process and once it is used, it is still radioactive and potentially dangerous.  Again like coal and peat, once uranium reserves have been used, they cannot be replaced.

5
Biomass – sustainable – generating energy from biological sources, biomass can come from wood, grasses, willow, seed crops, by-products from the food industry and even manure! As it can be grown easily and quickly, it is a sustainable form of fuel. There is an unfair disadvantage for wood manufacturers due to government incentives to make biomass viable which is increasing the price of wood and therefore increasing the price wood products.  
6
Wave power - sustainable – wave devices capture the up and down motion of the waves, 10% of Europe’s total wave resource flows in the seas surrounding the Highlands and Islands of Scotland.

7
Coal mining – unsustainable - coal is a form of fossil fuel and is made from organic remains of prehistoric plants and animals.  It is not a sustainable form of energy as these resources will run out eventually; although they will re-grow it will take a very long time.
8
Peat cutting – unsustainable – like coal, peat resources will run out eventually. Again they will re-grow but it will take a very long time.

Basic background fact sheets are included with this pack entitled:

· Wind power

· Solar energy

· Geothermal energy

· Bio-energy

· Hydro Power

· Marine Energy
A series of fact sheets (which were produced for primary schools in the Highlands and Islands as the ‘Renewables Toolkit’ and which your pupils may have used in primary 6 or 7) may be useful for your background information. These can be found at www.hi-energy.org.uk/Education/primary.html.  Also visit http://www.stemnorthofscotland.com/teachers_180.html for further information on the Big Green Challenge competition and how this fits with CfE.  

The Macaulay Land Use Research Institute provides a series of resources which are accessible at www.macaulay.ac.uk/landscapechange/CL_education.php. Within this section there is a Countryside Change Toolkit which shows the potential effects of the development of windfarms on the Scottish landscape.

Learning Outcomes 

Forming teams – HWB 3-13a/HWB 4-12a; HWB 3-23a; HWB 3-24a

Working within a group – LIT 3-09a/LIT 4-09a; LIT 3-02a; LIT 4-02a

Researching renewable energy – LIT 3-07a; LIT 3-15a/LIT 4-14a; TCH 3-02a/TCH 4-02A; SCN 4-04a; SOC 4-10a; SCO 4-18a; TCH 4-01a; 

Sheet 2:
Your image of Renewable Scotland – Teachers’ Notes
Answers as follows:

1 Solar plant in Andasol in Southern Spain, which is currently the biggest solar plant in the world.

2 Farr Wind Farm, Highlands

3 Ten homes in Kingussie - built by the Albyn Housing Association - are kept warm with a solar air heating system 

4 Dutch windmill in Holland

5 Nesjavellir geothermal power plant, Iceland
6 The 194 tonne Oyster hydro-electric wave energy converter being lowered into position at the EMEC test centre in Orkney 
A series of fact sheets (which were produced for primary schools in the Highlands and Islands as the ‘Renewables Toolkit’ and which your pupils may have used in primary 6 or 7) may be useful for your background information. These can be found at www.hi-energy.org.uk/Education/primary.html. Also visit http://www.stemnorthofscotland.com/teachers_180.html for further information on the Big Green Challenge competition and how this fits with CfE.    

Sheet 3:
Your Energy - Teachers’ Notes

An energy monitor is available on request from Tricker PR – email big.greenchallenge@yahoo.co.uk or contact Laura Anderson on 01224 646491.

More about everyday energy use can be found at www.hi-energy.org.uk/ and by visiting http://www.energysavingtrust.org.uk/scotland/Scotland-Welcome-page/At-Home. 
A series of fact sheets (which were produced for primary schools in the Highlands and Islands as the ‘Renewables Toolkit’ and which your pupils may have used in primary 6 or 7) may be useful for your background information. These can be found at www.hi-energy.org.uk/Education/primary.html. Also visit http://www.stemnorthofscotland.com/teachers_180.html for further information on the Big Green Challenge competition and how this fits with CfE.    
>NB – There are no supporting teachers notes for Sheet 4 the fact sheets included in the pack should be used in conjunction with this activity.
Learning Outcomes

Working within groups and researching renewables HWB 3-13a/HWB 4-12a; SOC 4-20a; TCH 3-02a/TCH 4-02a; SCN 4-04a; SCN 4-04b; SCN 3-05b; MNU 3029a; LIT 3-09a; SOC 2-08a/SOC 3-08a/SOC 4-08a; TCH 4-08a; SOC 4-05b

Sheet 5:
The Ultimate Design? - Teachers’ Notes

The pupils’ sheet shows a ‘standard’ wind turbine with three blades and mentions that these can have two or three rotor blades. Two blades are more efficient than three but are noisier and more dangerous for birds as two blades are less resistant and therefore go faster. These are therefore less popular for onshore projects where noise is more of an issue.

Potential answers which pupils may find from their research include:
Darrieus Wind Turbine 

[image: image1.jpg]



This is a type of vertical axis wind turbine (VAWT) consisting of a number of aerofoils which are usually (but not always) mounted on a rotating shaft or framework. It was patented by a French aeronautical engineer Georges Darrieus in 1931. The shape of the turbine counteracts the unpredicatable wind direction and will be operational in all wind directions.
This links shows how to make a model:

http://www.ehow.com/how_4681071_wind-turbine-out-paper-spaghetti.html 

Giromills
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A Giromill, which is sometimes known as an 'eggbeater windmill, uses the same principal as a Darrieus to capture wind energy, but uses 2 or 3 straight blades individually attached to a vertical axis. The design was included in Darriues’ original patent application.
Sheet 5:
The Ultimate Design? Teachers’ Notes
Helical Blade




The Helical Blade is similar to the Giromill but with helical (having the shape of a helix) blades which are wrapped around a vertical axis in a manner similar to that of a DNA-like structure. This turbine has three vertical airfoil blades with a helical twist of 120 degrees. The wind pushes each blade around on both the windward and leeward sides of the turbine.

Savonius
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The Savonius Wind Turbine is a drag type vertical axis wind turbine. It operates by cupping and dragging the wind, causing the rotor to turn and generate electricity. The Savonius Wind Turbine usually has about two or three scoops or cups to catch the wind. 

This links gives instructions on how to construct a cardboard Savonius turbine

http://www.instructables.com/id/Cardboard-Savonius-turbine/ 
Sheet 5:
The Ultimate Design? - Teachers’ Notes
A series of fact sheets (which were produced for primary schools in the Highlands and Islands as the ‘Renewables Toolkit’ and which your pupils may have used in primary 6 or 7) may be useful for your background information. These can be found at www.hi-energy.org.uk/Education/primary.html. Also visit http://www.stemnorthofscotland.com/teachers_180.html for further information on the Big Green Challenge competition and how this fits with CfE.    
Learning Outcomes

LIT 3-04a; LIT 3-07a; LIT 3-15a/LIT 4-15a; SCN 4-04a; MNU 3-20a; SOC 2-08a; SCN 3-201; TCH 4-01b
Sheet 6:
Solar Power for the Whole Family - Teachers’ Notes

A series of fact sheets (which were produced for primary schools in the Highlands and Islands as the ‘Renewables Toolkit’ and which your pupils may have used in primary 6 or 7) may be useful for your background information. These can be found at www.hi-energy.org.uk/Education/primary.html. Also visit http://www.stemnorthofscotland.com/teachers_180.html for further information on the Big Green Challenge competition and how this fits with CfE.    
Examples of some of the answers the pupils may find:

· A teenager who loves their iPod and mobile phone 

· Solar powered chargers

· A travelling businessperson who needs their laptop to keep in touch with the office as they travel internationally 

· Solar powered lap top

· Doctors trying to prevent the spread of disease in a natural disaster who need to keep inoculations cold


· Solar powered fridges which store solar power and operate at night time as well as day time

· The keen gardener who likes to keep their garden looking good 

· Solar powered garden lights, solar powered fountain

· Elderly people who are afraid to go out in the evening because their street lighting is poor

· Solar powered street lighting

· An Ethiopian family living without electricity or gas

· Solar powered kitchen appliances such as an oven or a fridge

· A toddler who doesn’t like to go to sleep in the dark

· Solar powered nightlight

· An injured hillwalker lost on the hills of the Highlands at night

· Solar powered torch

Learning Outcomes

LIT 3-18a; TCH 3-02a; SOC 2-08a; TCH 4-01a; TCH 4-08a; SCN 4-04a; SCN 3-021; SCN 3-20b

Sheet 7:
Wave Power - Teachers’ Notes
A series of fact sheets (which were produced for primary schools in the Highlands and Islands as the ‘Renewables Toolkit’ and which your pupils may have used in primary 6 or 7) may be useful for your background information. These can be found at www.hi-energy.org.uk/Education/primary.html.  Also visit http://www.stemnorthofscotland.com/teachers_180.html for further information on the Big Green Challenge competition and how this fits with CfE.    
Pupils have been given these useful websites for these tasks.

Voith Hydro Wavegen - www.wavegen.com 
Pelamis Wave Power - www.pelamiswave.com
Scottish Government – Forum for Renewable Energy - Marine Energy Group Route Map– http://www.scotland.gov.uk/publications/2009/08/14094700/12  

European Marine Energy Centre (EMEC) - www.emec.org.uk
RenewableUK - www.bwea.com/marine 

Greenpeace - http://www.greenpeace.org.uk/climate/islay-energy-vision-the-mission (The information on this section of the Greenpeace website should be used for reference purposes, as this project has progressed further since this was first posted but is worthwhile for background knowledge.) , thi, 
It may also be useful for you – or the pupils – to compile a file of press cuttings on Scottish developments in wave power.
Learning Outcomes

LIT 3-18a; LIT 3-04a; LIT 3-07a; LIT 3-09a; SOC 4-02a; SOC 2-08a; SOC 4-10a; SOC 4-18a; TCH 4-01a; TCH 3-02a; TCH 3-04a; SCN 4-04a; SCN 3-021; SCN 3-20b; MNU 3-20a
Sheet 8:

Tidal Power – Teachers’ Notes
· How fast does the tide have to flow in order to make a tidal turbine work effectively?
· This is dependant on the device type, but an average of 2.4 metres per second.
· Why is the Pentland Firth one of the most energetic tidal streams in the world?
· The physical geography of the Pentland Firth means there is a huge volume of water flowing between Caithness and the Orkney islands.  Water flows of up to 3 million tons per second are recorded here, generating average tidal speeds from 1.5 to 2.2m/s, the highest in the UK and possibly the world.
· Why is it that attractive to tidal energy project developers?
· The Pentland Firth is home to more than half of the top ten tidal development sites in the UK, its exploitable energy output is estimated to be between 1,000 megawatts (MW), bigger than many of Britain’s nuclear power stations, and up to 10,000 MW. The vast amount of energy which can be generated here makes projects more economically viable for developers.
· How many different types of turbine tidal design can you find?
· There are around 80 devices being developed and tested – visit www.emec.org.uk for a list of developers and the different devices.

· Can you come up with other ways to generate power out of tides?
· Tidal range, which includes barrage, lagoon and reef and osmosis.
· Tidal turbines are one alternative which is being tested in Scottish waters presently. This BBC article takes you to an article on the Atlantis Resources AK1000 device thought to be the largest tidal turbine of its type to be built in the world which arrived in Orkney for testing in August 2010 - http://www.bbc.co.uk/news/uk-scotland-highlands-islands-11040148 
· A tidal reef is proposed across the Severn - http://www.severntidal.com/ 
· The SeaGen tidal current turbines at Anglesey are being tested off Orkney-http://news.bbc.co.uk/1/hi/world/europe/guernsey/6449435.stm 

A series of fact sheets (which were produced for primary schools in the Highlands and Islands as the ‘Renewables Toolkit’ and which your pupils may have used in primary 6 or 7) may be useful for your background information. These can be found at www.hi-energy.org.uk/Education/primary.html. Also visit http://www.stemnorthofscotland.com/teachers_180.html for further information on the Big Green Challenge competition and how this fits with CfE.    
Learning Outcomes: SOC 4020a; TCH 3-02a; SCN 4-04a; MNU 3-20a; SCO 2-08a; SOC 4-10a; TCH 4-01a; SCN 3-021; SCN 3-20b; SOC 4-05b; HWB 3-20a/HWB 4-20a
Sheet 9:
Bananas Growing in Scotland – Geothermal - Teachers’ Notes
A series of fact sheets (which were produced for primary schools in the Highlands and Islands as the ‘Renewables Toolkit’ and which your pupils may have used in primary 6 or 7) may be useful for your background information. These can be found at www.hi-energy.org.uk/Education/primary.html.  Also visit http://www.stemnorthofscotland.com/teachers_180.html for further information on the Big Green Challenge competition and how this fits with CfE.      

Pupils may find on a variety of websites that Iceland is Europe’s largest producer of bananas – however this is an urban myth which was popularised when erroneously quoted on the television programme QI. 
Learning Outcomes

LIT 3-18a; LIT 3-09a; LIT 3-05a/LIT 4-05a; LIT 3-14a/LIT 4-14a; SOC 4-20a; SOC 4-10a; SOC 4-01a; SOC 3-15a; TCH 3-02a; TCH 4-08a; SCN 4-04a; SCN 3-021; SCN 3-20b

Sheet 10:
Street Scenes – Teachers’ Notes

A series of fact sheets (which were produced for primary schools in the Highlands and Islands as the ‘Renewables Toolkit’ and which your pupils may have used in primary 6 or 7) may be useful for your background information. These can be found at www.hi-energy.org.uk/Education/primary.html.  Also visit http://www.stemnorthofscotland.com/teachers_180.html for further information on the Big Green Challenge competition and how this fits with CfE.      

These websites may also be useful:

http://www.hi-energy.org.uk/News/energy-research.htm
http://www.britishsugar.co.uk/Bioethanol.aspx 

http://www.bbc.co.uk/news/uk-scotland-edinburgh-east-fife-10998281
World leading research is also being conducted in Argyll into 2nd generation biofuels from macro algae (seaweed) and marine micro algae (tiny organisms) the following website has further information on this: http://www.biomara.org/
This exercise is an opportunity for the pupils to discover more about biofuels and how these may power the cars of the future. They might also research the subsidies which the US Government gave to US farmers in 2005 to grow maize for bioethanol. 

They should also include solar powered cars in their research.

Pupils should also consider renewable ways to provide the lighting and heating in the scene. 
Learning Outcomes

TCH 3-02a; SCN 4-04a; SOC 2-08a; SCO 4-01a; SOC 4-10a; TCH 4-01a; SCN 3-021; SCN 3-20b
[image: image6.png]@)energy

HIGHLANDS AND ISLANDS OF SCOTLAND
HARNESSING NATURE'S POWER



      www.thebiggreenchallenge.co.uk    [image: image7.jpg]>

HIE

Highlands and Islands Enterprise
lomairt na Gaidhealtachd s nan Eilean





[image: image5.png][image: image6.png][image: image7.jpg]