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The package also includes as separate files:

1. Engineering the Wind Pupil Worksheets
2. Engineering the Wind Windfarm Mapping Activity
3. Engineering the Wind Windfarm site advantages and disadvantages grid
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Introduction
The materials in this pack form one of a series of units which promote the teaching and learning of engineering in the secondary school curriculum.

The module was developed by a school-university partnership involving Carnoustie High School (Andrew Bailey) and the Engineering the Future team (Elsa Ekevall).  
This school-university partnership was one of a number of collaborative networks of school and university staff in Electrical and Electronic Engineering (EEE) created by the Engineering the Future project.  These enabled staff and students from schools and universities to work together to create exciting and innovative programmes for school pupils, supported by world leading engineering research groups. These materials have already been trialled successfully in secondary schools across Scotland. 

In the words of pupils involved, using engineering as a context for physics is more fun – so you want to know more about physics. It involves a lot of work – challenging but you’ve accomplished something, it ‘clicks’ and you remember it.  It makes you feel really smart once you’d done it.  You can enjoy and learn at the same time.
Engineering the Future is a 3-year project funded by a major grant from the UK Engineering and Physical Sciences Research Council (EPSRC) which is running from October 2006 to early 2010.  It involves staff from the Department of Electronic and Electrical Engineering in the University of Strathclyde and from the Departments of Electronics and Electrical Engineering and of Educational Studies in the University of Glasgow and science teachers in some 20 secondary schools in 9 education authorities in Scotland and in 2 independent schools.  The financial support afforded to the project by EPSRC is gratefully acknowledged as are the advice and encouragement provided by EPSRC and by the Universities of Strathclyde and of Glasgow.

Engineering the Future was planned in response to the general recognition that engineering in this country, in particular electrical/electronic engineering, faces serious challenges. The number of young people taking up university engineering courses is low and becoming lower.  Many young people – including ambitious high achievers – have very limited or distorted ideas about what engineering involves. In particular, they do not associate a creative, inventive, problem-solving and entrepreneurial approach to life and work with their science and mathematics work – an approach essential for equipping individuals with the skills necessary to meet the needs of today and the demands of tomorrow.  
This is not a matter of academic interest.  Engineers use science and mathematics, in conjunction with the tools of technology, to create new systems, infrastructures, devices, products and commodities for the overall benefit of society.
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There is an urgent economic need to embed and highlight engineering in the school curriculum. Engineering, the application of scientific and mathematical knowledge to practical issues, needs and problems, is fundamental to the creation of new technologies and sustainable industries. Engineering requires and supports the development of high levels of scientific and mathematical competence in the service of useful design, creativity, innovative thinking and problem-solving.  It requires and fosters the confidence, drive, determination to succeed, teamwork and business acumen necessary to promote economic enterprise.  There is an economic need for a larger number of engineers, high level engineering graduates and very capable technician engineers, with such skills to build a strong indigenous high-tech economic base.

We hope that you find these materials useful. 
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Engineering the Wind
Teacher Guide

Outline of engineering activity
The Engineering the Wind activity is designed for either S1 or S2 pupils to introduce them to engineering in the context of wind turbines.  The activity will support pupils in developing their understanding of the process of engineering and optimising a wind turbine to produce the maximum power/energy.  Pupils will also consider the benefits and problems associated with wind turbines, including issues of planning and location within the local environment.  The activity involves interdisciplinary work between science and social studies teachers and provides opportunities for pupils to link their learning across the curriculum in the context of engineering.  
Engineering is the practical application of science and mathematics to finding solutions to problems.  Engineers have to consider the advantages and disadvantages of different design options to develop a solution that best matches the requirements.  In this activity pupils consider aspects of mechanical, electrical and civil engineering as they seek to optimise the design of a wind turbine.  They then have to locate a turbine considering the effects on the local environment and on local people.  

There are four phases to this unit.  

1. Developing science knowledge of energy, power and turbines (Science)

2. Engineering the optimum turbine (Science)

3. Locating the turbines (Social studies)
4. Presenting findings.
Engineering and learning principles

In this activity the pupils take on the role of engineers working collaboratively in small groups to use their knowledge and skills to optimise simple wind turbines.  Engineering is used as a link between the sciences, mathematics and geography.  The characteristics of engineering involved are:

· application of scientific knowledge

· problem solving 

· modelling

· evaluating and adapting the model
· optimising the solutions

· exploring how things work together

· teamwork.

The activity is designed to enable pupils to:

· develop skills of scientific inquiry and investigation using practical techniques 

· recognise the impact the sciences make on their lives, on the lives of others, on the environment and on society 

· develop an understanding of the Earth’s resources and the need for responsible use of them 

· express opinions and make decisions on social, moral, ethical, economic and environmental issues based upon sound understanding.
Learning outcomes
To optimise and engineer the best solution for the wind turbine pupils need to have an understanding of energy and the project includes lessons covering these aspects.  
1. I know that energy is measured in joules.  

2. I can use a hand generator to produce electrical energy.  

3. I am able to use energy-meters to measure the amount of energy/power produced.  

4. I understand that the faster the generator turns the greater the rate of amount of energy produced.  

5. I know that power is the rate of energy transfer.  

6. I have compared the amounts of energy in food and the energy used by household appliances with the energy I can generate using the hand generator.  

7. Through experimentation, I understand that wind can be harnessed to generate energy by turning a turbine.  

8. I can plan and carry out an investigation into the factors involved in engineering the optimum solution for a simple wind turbine.  

9. I have carried out practical work to understand that the design of a wind turbine affects the amount of energy produced by the turbine.  

10. I can discuss the advantages and disadvantages of renewable and non-renewable resources.  

11. I have studied local examples of wind turbines. 

12. I can discuss and present the benefits and potential problems of wind turbines including issues regarding the location of wind turbines in the local environment.  

13. I have learnt about Scotland as a leader of wind power engineering.

14. I can use my mapping skills to justify my choice of wind turbine location taking into consideration the advantages and disadvantages of the site.  

Curricular links
Sciences
SCN 3-04b 
By investigating renewable energy sources and taking part in practical activities to harness them, I can discuss their potential benefits and problems.  

Technologies

TCH 2-02b
I can investigate the use and development of renewable and sustainable energy to gain an awareness of their growing importance in Scotland or beyond.  

Social Studies

SOC 3-08a
I can identify the possible consequences of an environmental issue and make informed suggestions about ways to manage the impact.  

SOC 3-12a
I can investigate the relationship between climate and weather and be able to understand the causes of weather patterns within a selected climate zone.  

SOC 3-14a
I can use a range of maps and geographical information systems to gather, interpret and present conclusions and can locate a range of features within Scotland, UK, Europe and the wider world.  

Literacy
LIT 3-02a
When I engage with others, I can make a relevant contribution, encourage others to contribute and acknowledge that they have the right to hold a different opinion.  I can respond in ways appropriate to my role and use contributions to reflect on, clarify or adapt thinking.  

LIT 3-08a
To help me develop an informed view, I am learning about the techniques used to influence opinion and how to assess the value of my sources, and I can recognise persuasion.  
LIT 3-09a
When listening and talking with others for different purposes, I can:

· communication information, ideas or opinions

· explain processes, concepts or ideas

· identify issues raised, summarise findings or draw conclusions.  

Structure and timing
1. Energy & Power and Energy Usage





3 lessons

2. How a turbine works






1 lesson

3. Investigation


a. Planning (identification of variables, predicting)


1 lesson
b. Investigation of selected variable




1 lesson
c. Sharing of findings with other groups



½ lesson

d. Optimising of design  





1½ lessons

4. Locating turbines

a. Discussion of renewable and non-renewable energy resource
1 lesson

b. Study of a local wind farm/use of wind turbines


1 lesson

c. Discussion of the conflicts surrounding turbines


1 lesson

d. Scotland as a leader of wind power




1 lesson

e. Mapping Activity - Location of turbine.
  


2 lessons

f. Presentation and write up of investigation



2 lessons

Key resources
· Hand generators

· 3V Motor

· Energy meters (Voltmeter could be used as an alternative)

· Voltmeters

· SEP mini wind turbine ( see http://www.sep.org.uk/samples/wind/wnd_booklet_p3_4.pdf )

(available from www.mutr.co.uk/product_info.php?products_id=1440 )
· SEP wind turbine (see www.sep.org.uk/samples/wind/wnd_booklet_pr1.pdf )

· Desk fans

· Mains energy unit

· Maps of proposed location

· Photographs of wind turbines in local area
· Details of the wind turbines
· Ordnance Survey Mapzone GIS Zone Wind Power Location mission
http://mapzone.ordnancesurvey.co.uk/mapzone/giszone.html 

· Text book such as Geography for Scotland, Gallagher, Parish & Mayhew, Oxford University Press ISBN 978-0-19-913476-2

Phase 1
Energy & Power and Energy Usage
Part 1: the joule

Learning Outcomes

1. I know that energy is measured in joules.  

2. I can use a hand generator to produce electrical energy.  

3. I am able to use energy-meters to measure the amount of energy/power produced.  

4. I understand that the faster the generator turns the greater the rate of amount of energy produced.
Activity
Working collaboratively pupils use a hand generator to generate electrical energy and get a feel of the size of a joule.   Pupils then compare rates of transfer by changing the speed they turn the generator.  This data can then be used to plot a graph.  
Time Required

1 period

Resources required

· Hand generators
· Energy meters
· Motors
· Connecting leads
Part 2: Power

Learning Outcomes

1. I know that power is the rate of energy transfer.  

2. I have compared the amounts of energy in food and the energy used by household appliances with the energy I can generate using the hand generator.  

Activity
Working collaboratively pupils measure the energy used by a range of mains appliances using a mains power meter.  

Time Required

2 periods

Resources required

· Mains power meter
· Kettle
· Desk fan
· Desk lamps with energy saving and filament light bulbs
· Laptop or computer and monitor
· Energy-meter for measuring power

· 1.5V batteries

· Bulbs of different wattages
· Wrappers from food/snacks.    

Phase 2

How does a turbine work?
Learning Outcomes

1. Through experimentation I understand that wind can be harnessed to generated energy by turning a turbine.  

Activity
Working collaboratively, pupils use simple turbines with propellers to explore how wind turbines work.  The wind is produced by a desk fan.  

Time Required

1 period

Resources required

· Mini turbine

· Propellers

· Desk fan

· Voltmeter

· Ruler
Phase3

Engineering the Optimum Turbine Investigation
Learning Outcomes

1. I can plan and then carry out an investigation into the factors involved in engineering the optimum solution for a simple wind turbine.  

2. I have carried out practical work to understand that the design of a wind turbine affects the amount of energy produced by the turbine.  

Activity
Working collaboratively, pupils are asked to consider the variables that could be changed.  These include:

· Distance from the fan

· Speed of the fan
· Angle between fan direction and turbine direction

· Number of blades on the turbine 
· Mass of blades
· Angle of the turbine blades

· Area of blade

· Shape of blade

· Location of blade from turbine hub
One possible approach is to use placemats (A3 paper) for pupils to write down ideas and rotate the paper around the class until all possible ideas have been generated.  

Pupils can personalise their learning by choosing the variable they wish to consider.  If pupils are sharing findings to produce an optimum design then it may be preferable to have a number of variables considered across the class.  Teachers may also wish to consider the composition of groups and could direct groups to investigate particular variables that are easier to consider, such as the number of blades rather than the angle of the blades.  

Pupils are then asked to make a detailed plan in small groups of two or three of how they will carry out their investigation to ensure that they make it a fair test.  They should be asked to consider how much data they need to collect to make their investigation thorough.  

Pupils then carry out their investigation (1 to 2 lessons) in their groups, to find the optimum value of their variable.  If pupils complete their investigation they can be asked to investigate another variable or write up information their findings.  After groups have completed their work they can feed back the information to the whole class and this information can then be used to help engineer the turbine that produces the most voltage.  
An activity that the pupils enjoy is to ask them to use the results of the whole class to come up with the best engineered solution that can produce the most voltage.  Pupils can then optimise their windmill to try to get the maximum output voltage.  
Time Required

1 period 
Planning

2 periods
Investigating

1 period
Optimising

Resources required

· SEP Wind Turbine
· Desk fan 

· Voltmeter
· Ruler
· Template to measure angle

· Mass balance

Phase 4 
Locating the Turbines
Learning Outcomes

1. I can discuss the advantages and disadvantages of renewable and non-renewable resources.  

2. I have studied local examples of wind turbines. 
3. I can discuss and present the benefits and potential problems of wind turbines including issues regarding the location of wind turbines in the local environment.  

4. I have learnt about Scotland as a leader of wind power engineering.
5. I can use my mapping skills to justify my choice of wind turbine location taking into consideration the advantages and disadvantages of the site.  

Activity
Pupils use resources and their experiences to discuss the advantages and disadvantages of renewable and non-renewable resources.   (1 lesson)
Pupils are shown information about local wind turbines. This can include photographs of the site, of the construction and of the final structure.  Sources can include local authority, company and interest group sites.  Pupils then discuss in small groups the conflicts surrounding the turbines and the effects of wind turbines on local communities.  (1 lesson)
Pupils use the resources to discuss Scotland as a leader of wind power engineering using the Isle of Lewis as an example.  (1 lesson)
Using mapping skills pupils analyse a number of selected locations (possibly four) for their suitability for wind farms. An initial activity is carried out using the GIS Zone Wind Power Location Mission on the OS Mapzone website.  This allows pupils to become familiar with the ways of scoring each site for its suitability.  (1 lesson)
Pupils then working in small groups are given a mapping activity and asked to analyse each location and explain the advantages and disadvantages for each.  Group members are given roles (recorder, reporter, timekeeper, ‘air traffic controller’) and for each site the group have to complete advantages and disadvantages with one of their group recording the answers and another of the group feeding back the groups ideas to the whole class.  Extension work includes looking at height of turbines and span of propellers in order to select exact location on hillsides for maximum output.  (1 lesson)
Time Required

1 period
Renewable and non-renewable energy resources

1 period
Local example and discussion of conflicts surrounding turbines

1 period
Scotland as a leader of wind power

2 periods
Locating the wind turbines.  
Resources required

· Text book such as Geography for Scotland, Gallagher, Parish & Mayhew, Oxford University Press ISBN 978-0-19-913476-2 Pages 66 to 69.  

· OS map of locations

· Photographs of local wind turbines
· Details of local  wind turbines

· Ordnance Survey Mapzone GIS Zone Wind Power Location mission
http://mapzone.ordnancesurvey.co.uk/mapzone/giszone.html 
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