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The contents of this unit are protected by copyright. 
This unit and all the worksheets, PowerPoint presentations, teaching guides and other associated files distributed with it are supplied to you by PG Online Limited under licence and may be used and copied by you only in accordance with the terms of the licence agreement between you and PG Online Limited. Except as expressly permitted by the licence, no part of the materials distributed with this unit may be used, reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic or otherwise, without the prior written permission of PG Online Limited.
Licence agreement
This is a legal agreement between you, the teaching institution, and PG Online Limited. PG Online Limited grants to you a non-exclusive, non-transferable, revocable licence to use this unit and all the worksheets, PowerPoint presentations, teaching guides and other associated files distributed with it in the course of teaching by your teachers and/or employees.
The materials distributed with this unit may be copied and used by your teachers and/or employees on a single site only in the course of their teaching. You warrant that you shall not, and shall procure that each of your teachers and/or employees shall not, share in any way any of the materials or part of the materials with any third party, including users on another site or individuals who are teachers and/or employees of a separate institution. You acknowledge and agree that the materials must remain with you, the teaching institution, and no part of the materials may be transferred to another institution. You also warrant that you shall not, and shall procure that each of your teachers and/or employees shall not, procure, authorise, encourage, facilitate or enable any third party to reproduce these materials in whole or in part without the prior permission of PG Online Limited.
In consideration of the licence granted to you, you shall indemnify PG Online Limited against all liabilities, costs, expenses, damages and losses (including but not limited to any direct, indirect or consequential losses, loss of profit, loss of reputation and all interest, penalties and legal costs and all other professional costs and expenses) suffered or incurred by PG Online Limited arising out of or in connection with the exercise by you of your rights granted under this licence. 

Teacher’s Guide
Introduction
This teacher’s guide contains a detailed lesson plan to accompany the set of PowerPoint slides and worksheets for each lesson.
The lessons are designed to form a basis for ideas for the teacher and should be adapted to suit the teaching style and preferences of the individual teacher, and the resources and nature of the individual school or Design & Technology department.
The material supplied for this unit includes:
8 PowerPoint presentations, each designed to cover one lesson
8 worksheets
8 homework sheets
1 final assessment test
Summary
This core unit explores sections 3.1.2 – 3.1.5 of the new AQA 8552 Design and Technology GCSE. Energy generation from finite and non-finite sources is argued in the initial lesson before looking at energy storage in the second lesson. Developments in modern and smart materials, and their properties are covered in the following two lessons. The unit progresses to cover composite materials and technical textiles including GRP, CRP and Kevlar. Electronic systems and mechanical devices are covered in the final lessons. 
In the final lesson students sit an assessment test comprising questions similar to those found on the GCSE exam paper.   

Learning Outcomes for the unit
At the end of this Unit all students should be able to:
Explain how power is generated from oil, gas, coal and nuclear sources
Explain how renewable energy is generated from a variety of sources
Describe kinetic pumped storage systems
Name and define a range of modern, smart and composite materials
Understand the unique properties of technical textiles
Describe the benefits of microencapsulation
Recognise and describe a range of input and output components, physically and symbolically
Understand that all systems comprise of one or more inputs, processes and outputs
Recognise different types of mechanical movement
State examples of first, second and third order levers
Understand how linkages change the direction of movement
Recognise different types of cams and followers
Understand that pulleys can change the magnitude of force required to lift mass

Most students will be able to:
Argue for and against the selection of fossil fuels or nuclear power
Argue for and against the selection of renewable energy
Explain the difference between alkaline and rechargeable batteries
Justify where the use of a technical textile might be suitable
Suggest a suitable input or output device for a given scenario
Suggest a suitable linkage for a given scenario
Understand how the action of forces and how levers and gears transmit and transform the effects of forces

Some students will be able to:
Justify the use of a range of modern, smart and composite materials for given situations
Suggest an appropriate movement and mechanism to use in a given scenario to perform a specific task
Demonstrate an understanding of how microcontrollers are programmed to control processes in simple systems

Previous Learning
Students may have had some exposure to related concepts during KS3 but no prior knowledge is necessary.


Suggested Resources
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The approved AQA GCSE (9-1) Design and Technology textbook by MJ Ross, published May 2017 (304pp) provides comprehensive yet concise coverage of all the topics in the AQA GCSE Design and Technology specification. Each of the 12 sections in the book corresponds to one of the teaching units in this series and can be used as a course textbook and also as a revision guide. A comprehensive set of exam-style questions are included at the end of each section. Answers to all these are available to teachers only, in a free Teachers’ Supplement, which can be ordered from our website.
The book is published by PG Online in printed and electronic editions. Please refer to www.pgonline.co.uk for ordering and pricing details and to order a free inspection copy.
A specification map outlining the units and textbook sections is available to download here: https://www.pgonline.co.uk/library/documents/aqa_gcse_8552_specification_map_online.pdf 

Vocabulary   
Vocabulary associated with this Unit, such as:
Power, coal, gas, oil, fossil fuel, nuclear, wind, solar, tidal, hydroelectric, biomass, renewable energy, kinetic pumped storage, batteries, graphene, metal foam, titanium, coated metals, LCD, nanomaterials, modern material, smart material, shape memory alloy, composite material, CRP, GRP, Kevlar, microfibres, microencapsulation, sensors, input, output, microcontroller, movement, lever, linkage, rotary system, cam, gear, pulley.
Assessment
Students will sit a short test using exam-type questions relevant to the objectives in the unit at the end of the lesson sequence. The test can be completed in one lesson. 

Lesson plans

	Topic 2
	Energy storage
	

	Learning Objectives:
Be able to identify mechanical power and understand how it is stored
Understand pneumatics and hydraulics as examples of kinetic pumped storage systems
Understand the functional properties of alkaline and rechargeable batteries

	Content
	Resources

	Starter
Start the lesson by encouraging students to define what is meant by ‘work’ in terms of energy. Each of the images shows a different way in which energy can be stored.
Main activity
Potential energy is stored in objects that are not in motion. Examples include objects under compression and tension, or with gravity acting as a force against them. Energy as fuel is also potential; this applies to food as well as petrol etc.
Kinetic energy involves motion. Discuss examples of kinetic energy found when using powered tools. Electric motors use electricity to create movement, which in turn generates heat and sound as inefficiencies. Some spark, creating small amounts of light as well. 
Show the forms of energy. Ask students to think of one example of each form of energy.
Note that gravity provides gravitational potential energy to a static object, which becomes kinetic energy in the object once it is released. 
A microwave oven provides energy through the radiation and absorption of radio waves by water molecules within food. Induction hobs are an interesting example of electromagnetic energy. An electromagnetic eddy current is created turning ferrous pans into their own heating element as the magnetic particles inside them absorb and dissipate the electromagnetic energy.
Encourage students to work out what type of energy an apple (or food, generally) has, which form(s) of energy it is converted into and how.
Show Link Video Energy conversion [2m35s].
Ask students to complete Task 1 of Worksheet 2.
How is energy stored?
Explore mechanical and chemical energy storage. Batteries and gases can store chemical energy; however chemical energy can also be stored as solid fuel such as coal, wood and even food. Containers under pressure, liquids, batteries in metal housings, liquids and gels are all further examples of chemical energy storage.
A match is a potential, chemical energy store. The energy is created from heat from the friction of striking the match. This causes the chemicals in the match head to combust. The energy is transformed into heat and light energy as the matchwood burns.
Pneumatics and hydraulics
Ask students how a compressor works. A pump is a geared down system that can create a very high pressure. Compare this to a bicycle pump. Ask why there is a need for a storage tank. As the pump creates pressure by the piston compressing the gas in a pneumatic system, a one-way valve allows the compressed air to leave the pump cylinder and be stored in a tank. The pump is then able to keep repeating the process and the pressure continues to build until a pre-set pressure is reached. If no such setting is in place or a regulator is not fitted to the tank, it would simply explode. A regulator will make sure the pressure is maintained as pressure is used / released / harnessed.
Kinetic pumped storage
Hydroelectric Power (HEP) uses kinetic pumped storage. Water from a reservoir at the foot of a dam is pumped back to another reservoir at the top during periods of low demand using surplus energy from the National Grid. At peak periods, the water (stored energy) in the upper reservoir can be released, generating kinetic energy as it passes through the turbines and turns them. Although not expressly required by the specification, the following equation may well be of interest and be a link to students’ Physics lessons.
PE = mgh describes that of potential energy where:
· [bookmark: _GoBack]PE = Energy (in Joules) 
· m = mass (in kilograms) 
· g = gravitational acceleration of the earth (9.8 m/sec2) 
· h = fall height (in meters)
Flywheels
A flywheel is a heavy wheel that stores energy as it continually rotates until it is engaged with a drive gear or pulley, when the energy can be reused. A gyroscope also uses a flywheel.
Flywheel storage facilities are on the increase, where large numbers of very heavy flywheels are kept in almost frictionless environments. They use surplus energy from the National Grid when demand is low to speed up the wheels to many thousand RPM. The momentum is then used at peak times to generate power which is returned to the grid.
Chemical energy storage, cells and batteries
Ask students how can compression reduce the size of a gas bottle? The higher the compression, the smaller the volume needed to store the same gas or liquid. A good example of this is the double compressed deodorant explained well via this link: http://www.compresseddeodorants.com 
Disposable battery cells are usually 1.5V. Rechargeable cells are 1.2V. A 9 Volt disposable PP3 battery would therefore have 6 cells, however a rechargeable PP3 tends to have 8 cells giving 9.6V.
There are many different types of battery cell available including:
· Lead acid
· Alkaline
· Silver oxide (mainly seen as coin cells) 
· Lithium polymer (Li-Po)
Rechargeable lithium-polymer batteries are generally safer and less damaging to the environment in manufacture. However, if used, stored or charged incorrectly, they can ignite. Samsung recently had severe problems with short circuiting of Li-Po batteries in their mobile phones. Other common rechargeable battery types include NiCad (Nickel Cadmium) and NiMh (Nickel-metal Hydride).
Tell students to complete Task 2 of the worksheet.
Emerging battery technology
Flow batteries are vast units used to store electricity at times of low-demand and redeliver it back to the grid at peak time.
Glass and sodium batteries (Still in research phase as of Summer 2017) have the potential to recharge very quickly. Sir James Dyson was awarded a £16 million grant from the British government in 2016, to research long lasting battery technology. Tesla are making huge developments in both these areas to support its network of electric cars, charging points and solar panels.
Disposal of batteries
Batteries must be safely disposed of. There are often recycling bags provided by councils and special bins in supermarkets. New EU rules from 2010 stated that shops that sell more that 32kg of batteries (around 345 packets of 4xAA batteries) must offer a recycling point for spent batteries.
Plenary
Discuss the questions at the end of the presentation and hand out Homework 2 with consolidation questions.
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Link Video Energy conversion [2m35s]
Worksheet 2 Energy storage
Worksheet 2 Answers



































































Link UK Battery farms
Link Cryogenic energy storage







Homework 2 Energy storage
Homework 2 Answers




	Assessment
	

	Learning Outcomes:
Students will
apply their knowledge in answers to a range of questions
be able to highlight areas of strength and any gaps in their understanding of this unit


	Content
	Resources

	Students should complete the Assessment Test. Answers are available in the Assessment Answers sheet.
These tests have been designed to be printed and answered by hand.  Alternatively, they could be uploaded and incorporated into an automated test as part of many modern VLEs.

	Assessment Test.docx

Assessment Test Answers.docx
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