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Licence agreement
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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 approximately one lesson
8 worksheets
8 homework sheets
8 lesson plans
1 final assessment test
Summary
This unit explores sections 1.3 - 1.7 of the new Edexcel 1DT0 Design and Technology GCSE. Energy generation from finite and non-finite sources is argued in the initial lesson before looking at energy storage and powering systems in the second lesson. Developments in modern and smart materials, and their properties are covered in the third lesson and composite materials and technical textiles are investigated in the following two lessons. Mechanical devices is the topic of lesson six followed by two closely linked lessons covering electronic systems and programmable components to finish the unit.

Learning Outcomes for the unit 
At the end of this Unit all students should be able to:
Explain how power is generated from fossil fuels including oil, gas and coal 
Explain how renewable energy is generated from a variety of sources
Name and define a range of modern, smart and composite materials
Identify the properties for a range of technical textiles
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

Most students will be able to:
Argue for and against the selection of fossil fuels or renewable energy
Explain the use of batteries to power portable systems
Justify where the use of a technical textile might be suitable
Suggest a suitable input or output device for a given scenario
Know how to turn one form of motion into another
Understand how the action of forces, levers and gears transmit and transform the effects of forces
Understand the unique properties and uses of technical textiles

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
Justify how renewable energy can be stored and used to balance demand at peak times
Suggest specific technical textiles for a given task


Previous Learning
Students may have had some exposure to simple concepts during KS3 Science or Design and Technology lessons but no prior knowledge is necessary.

Suggested Resources
Handling collections of leads and connectors, smart and modern materials, technical textiles and electronic components would be beneficial but not essential.
A specification map outlining the units is available to download here: https://www.pgonline.co.uk/library/edexcel_gcse_1dt0_specification_map.pdf 

Vocabulary   
Vocabulary associated with this Unit, such as:
Power, coal, gas, oil, fossil fuel, wind, solar, tidal, hydroelectric, biofuel, renewable energy, batteries, cells, mains electricity, National Grid, kWh, LCD, nanomaterials, modern material, smart material, shape memory alloy, reactive glass, piezoelectric material, heat responsive polymers, conductive ink, composite material, robotic materials, CRP, GRP, reinforced polymers, reinforced concrete, technical textiles, agro-textiles, geo-textiles, microfibres, sensors, input, output, sensors, analogue, digital, microcontroller, movement, lever, linkage, rotary system, cam and follower, gear train, pulley and belt, mechanical advantage, velocity ratio, efficiency, systems diagram, flowchart, time delay, counting.

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 plan

	Topic 2
	Powering systems
	

	Preparation and resources:
Optional handling collection of leads and connectors
Objectives:
Be able to identify alternative ways to power systems
Understand the use and limitations of mains power, batteries, solar cells and wind power
Be aware of the financial cost and environmental impact of powering systems
Understand how systems are connected and power can be portable


	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. Elicit the different forms of energy shown.
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 slide. 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.

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.
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.
Ask students how compression can 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 
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].
Cells and batteries 
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).
You may like to show the BBC links to articles on surplus electricity storage and how these can help balance demand at peak times.
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.
Ask students to complete Task 1 of Worksheet 2.
Mains electricity
In the UK and across Europe the domestic mains electricity supply is 230 Volts. The National Grid is the network of power sources and cables that delivers the supply to our homes. In the UK the three-pin plug is used to connect to the mains however in mainland Europe it is a two-pin round plug.
Balancing supply and demand
Due to the increase in renewable energy sources, some of which are quite unpredictable, there is a greater need to balance demand for energy by storing it when it is surplus and using it when demand is high. The battery is the most obvious way to store electricity, but many methods exist including the use of kinetic energy storage such as in flywheels or pumped HEP. 
Power output and cost of energy
A kilowatt is 1000 watts of power. A kilowatt-hour is 1000 watts over 1 hour. This is the measure that electricity companies use to monitor and bill our electricity consumption. One unit of electricity is 1 kWh and (as of September 2018) costs around 12-13 pence but when added to the standing charge it is likely to be around 20 pence. 
Smart meters give a live reading of a household’s power consumption which allows the homeowner to work out which devices are efficient, and which are not. They can then monitor the amount being used and change appliances and habits to reduce costs.
Energy efficiency
The cost of energy continues to rise and both designers and consumers are looking for increasingly efficient ways to power their lives and businesses. Bring students attention to smart meters and ask if any have noticed them at home and whether they know if it has had an effect on reducing consumption or improving habits in the home such as turning off lights. Ask what other energy efficient measures have taken place in their homes. Answers may include swapping to LED bulbs, using smart heating systems, buying A+++ rated appliances, buying only rechargeable batteries and so on. Ask whether any students have solar cells on their home and whether this has had an effect on reducing bills. You may have PV cells at school and can present some stats regarding savings.
Circuit and system connections
There is a plethora of different connectors for connecting devices and products to power, data, audio and video systems. There is a move to making connectors more generic and the varieties of USB ports are perhaps leading the way here. Many companies use their own versions and thus make all other connectors redundant. Some students may be aware of the three different Apple connectors that have been used so far. The latest one doing away with the traditional 3.5mm headphone jack. There has been much criticism of this move as it has meant expensive convertors are needed to continue to use headphones or you have to buy new pair. 
Wind power, solar cells and portable power packs
By combining rechargeable batteries with PV cells and/or wind turbines, a reliable and relatively portable supply of energy can be created. An increasing number of people are living off grid and small solar and wind devices are making this more possible.
There are many benefits of working without wires, but the amount of time saved is perhaps the most important benefit. People can work whist travelling, catch-up with emails, take video call and process all types of data whilst on the go. This saves companies money and make employees much more efficient.
Show link videos of solar powered vehicles and WaterLily. 
Environmental impact of power
All energy production has some environmental impact, however renewables tend to produce CO2 and other disruption in the set-up and then go on to provide clean energy. Fossil fuels still produce CO2 in the set-up stage, but this continues throughout the whole life of the power station. The slide show slag heaps produced by a coal fired power station.
Plenary
Ask students to complete Task 2 of the worksheet.

Hand out Homework 2 with consolidation questions.
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Link Video Energy conversion [2m35s]













Link article UK Battery farms


Link article Cryogenic energy storage
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Worksheet 2 Answers

























Optional resource: Handling collection of leads with connectors 









Link video Solar powered boat [3m15s]
Link video Ford solar powered car [3m49s]

Link video WaterLily [0m59s]
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