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	Lesson 1: Basic electricity and magnetism
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand concepts of power systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1 

Background of power systems
	Range: Fields, materials and devices; electrostatics and materials; current flow in materials; magnetic fields and their applications; applications.
Introduction to electricity: Discuss electron theory and movement of electrons.
Discuss valence electrons and their relevance to current flow.
Outline the link between magnetism and electricity.

Outline applications of electromagnetism, such as the motor and generator.
Opportunity for applied learning
Discussion: The group should discuss which materials make good conductors and which make good insulators.
Practical activity: Provide a selection of conductors and insulators with a simple test to see which will cause a bulb or LED to light, ie complete a circuit.
Carry out a practical magnetic experiment to show lines of flux using iron filings. Also demonstrate the effect of like poles and opposite poles.

	Books

Bird J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566
Websites
http://goo.gl/NMxfyu


	Lesson 2: Power systems introduction
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand concepts of power systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2 
Main components of the power system
	Range: Basic power systems (generation, transmission, electric motors and other loads); basic semiconductor devices; DC and AC circuits; power electronics.
Discuss generators in more detail, including voltage level generated. Briefly outline the advantages of three-phase systems.
Introduce the transmission system, ie the grid. Why do we step up to very high voltage, and what are the implications for efficiency?  
Describe types of load, such as motors and lighting, and their effect on power factor.
Demonstrate semiconductor construction and production.

Explain how we use semiconductors to convert AC to DC, ie rectification.  
Compare and contrast AC and DC systems with regard to generation, transmission and efficiency.
Opportunity for applied learning
Individual task: Calculations are to be carried out with regard to the efficiency of three-phase systems.
Practical task: Learners are to build and test rectification circuits, and discuss the results.
Group presentation: Small groups should research and present information on the cost savings of implementing extra hardware to facilitate different voltage levels at various stages of generation, distribution and transmission.

	Books

Bird J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566
Websites
http://www2.nationalgrid.com/uk/



	Lesson 3: Renewable technology
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand concepts of power systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3 
New generation of renewable energies 
	Range: Renewable power, solar, wind, fuel cells.
Compare and contrast renewable and non-renewable technologies, especially with regard to years left, environmental impact and cost of implementation.
Describe solar power, photovoltaic and novel solar towers.
Describe wind power construction and implementation.
Describe fuel cell construction and implementation.
Opportunity for applied learning
Discussion: Start a discussion: are renewables the future? 
Research and presentation: How will the nation be powered in the future? Small groups are to research the question and present their findings to the class. 

Practical task: Solar and / or wind power kits are to be used to extend knowledge. The results should be discussed by the whole group.

	Books

Kitcher, C. – A Practical Guide to Renewable Energy: Power Systems and their Installation (Routledge, 2012)
ASIN B00JUQZQSQ
Websites
http://goo.gl/oBKyml
http://goo.gl/LGTxjE
http://goo.gl/LCGDx9


	Lesson 4: Renewable technology
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand concepts of power systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3 
New generation of renewable energies
	Range: Nuclear, biofuel, geothermal.
Describe how nuclear power is used to generate electricity. Describe the perceived danger versus the real danger of nuclear power.
Describe how local geography can have an impact on nuclear safety. Use real examples such as Hartlepool, 1.5 miles from a population centre, and the 2011 disaster at Fukushima in Japan.
Describe biofuel advantages and disadvantages. Describe the potential issues with turning over food farming land for the production of biofuel products.
Describe geothermal power and the geographical limitations to harnessing its energy.
Opportunity for applied learning
Case study, research and presentation: Learners should research the three energy sources described and produce a short presentation on which would be most suitable for powering three different countries. Provide information on countries, with learners to research the impact of technologies.

	Books

Kitcher, C. – A Practical Guide to Renewable Energy: Power Systems and their Installation (Routledge, 2012)
ASIN B00JUQZQSQ

Websites
http://goo.gl/KyAAS3
http://goo.gl/8TUF1D


	Lesson 5: The purpose of the grid
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand concepts of power systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.4 

Purpose of the power grid
	Range: Power grid principles; buying and selling power; voltage, phase, frequency, load; power regulation.
Describe the advantages to a nation of having a power grid. Why is it more efficient to transform voltage levels at a cost than it is to have a lot of local power-producing facilities? What was the positive effect of standardisation of electricity supplies?
Emphasise the current strain on the national grid as power demand rises. Can the grid cope with current demands?

Explain how pumped storage systems are used to benefit from cheap off-peak electricity.

Explain what the advantages are of trading with Europe to balance off-peak and peak demand.
How stable is the system – voltage, phase, etc?
Opportunity for applied learning
Presentation: What effect can excessive demand have on the electricity supply? What is the effect on a local scale and on a large scale? Give examples to stimulate research, which could include the effect of a large number of induction motors, for instance in a petrochemical works, and the effect in some US states as large numbers of air-conditioners are turned on in summer.

	Books

Bird J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566
Kitcher, C. – A Practical Guide to Renewable Energy: Power Systems and their Installation (Routledge, 2012)
ASIN B00JUQZQSQ




	Lesson 6: Mechanical principles
	Suggested Teaching Time: 3 hours

	Learning Outcome: Recognise the importance of science, mathematics and engineering in power systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1 

Purpose of mechanical engineering in power system and energy generation
	Range: Solids and forces; statics, mechanics, dynamics; aerodynamics; mechanical design; models of synchronous, induction, and DC machinery.
Describe the application of basic mechanical principles to generation, ie force on a conductor.
Describe turbine aerodynamics with relation to efficiency. Emphasise how a small increase in turbine efficiency could have a massive effect on generation on the whole, owing to the large number of generators across the grid.
Describe how we can mathematically model generators.
Opportunity for applied learning
Practical task: Demonstrate wind turbine kit modification of fan blades to achieve optimum power out. What angle generated maximum power? Can alternative materials be used? This would involve providing other materials such as paper, card and thin or corrugated plastic to be used to replace the fan blades.
Research: Learners are to research how small a percentage of efficiency increase would allow for old coal-powered stations to be closed.

	Books

McDonagh, I. – Mechanical Science for Technicians, vol. 2 (Edward Arnold, 1993) 
ISBN 0713134453
Websites

http://goo.gl/e2W7WK


	Lesson 7: Engineering maths
	Suggested Teaching Time: 3 hours

	Learning Outcome: Recognise the importance of science, mathematics and engineering in power systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.2 

Types of maths in power systems
	Range: Algebra, series, vectors.
Describe transposition of equations, changing the subject of an equation.
Describe how algebra can be used to mathematically model systems and variables.
Describe the use of mathematical series in engineering.
Describe the basic principle of vector maths and its application to mechanical and electrical systems.
Opportunity for applied learning
Modelling: Carry out mathematical modelling of mechanical and electrical systems. Use Ohm’s Law and Newton’s Laws of Motion to solve problems.  
Use transposition to change the subject of an equation, ie calculate an unknown voltage from a current and resistance, then calculate the change in resistance if the same voltage is applied but the current drawn changes.

	Books
Stroud, K.A. – Engineering Mathematics (Macmillan, 2007)

ISBN 1403942463
Websites
http://www.mathcentre.ac.uk/



	Lesson 8: Advanced engineering maths
	Suggested Teaching Time: 3 hours

	Learning Outcome: Recognise the importance of science, mathematics and engineering in power systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.2 

Types of maths in power systems
	Range: Complex numbers, differential equations, calculus, differentiation, integration.
Describe and define complex numbers for modelling of electrical systems.

Demonstrate how complex numbers are derived from the square root of minus one.
Use a simple RC or RL circuit to demonstrate the ease of use of complex numbers.
Describe how calculus can be used to model more complex systems.
Opportunity for applied learning
Discussion: Where can we apply calculus in the real world?
Practical task: Obtain rate of change by plotting a graph and measuring gradient. Obtain the same value using calculus. Compare the answers and their relative accuracy. Many examples are available, for instance bacterial growth or cannon-ball trajectory.

	Books

Stroud, K.A. – Engineering Mathematics (Macmillan, 2007)

ISBN 1403942463
Websites
http://www.mathcentre.ac.uk/



	Lesson 9: Electrical principles
	Suggested Teaching Time: 3 hours

	Learning Outcome: Recognise the importance of science, mathematics and engineering in power systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.3 

Use of electrical knowledge in power systems and energy generation
	Range: Short history of electricity and electronics and proceeds into the characteristics of matter, energy; introduction to linear circuits components of resistors (R), capacitors (c), inductors (L); transistors, amplifiers and power sources; examples of the use of electrical and electronic components in the real world.
Demonstrate an electrical timeline, key discoveries and inventions.
Describe how we quantify electrical energy and use mathematical models to design and test.

Outline circuits containing resistors, capacitors and inductors in series and parallel.

Describe the use of transistors as switches and amplifiers.
Describe the logical progression from transistors to op-amps and the creation of the integrated circuit.
Describe different power supplies and their application. 
Opportunity for applied learning
Individual task: Build a timeline of important electrical and electronic discoveries. 
Discussion: How dependent are we on electricity in our day-to-day lives? 
Practical task: Simulate a circuit, or build and test RC and RL circuits. Compare and contrast results.

	Books

Bird J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566



	Lesson 10: Electromagnetism
	Suggested Teaching Time: 3 hours

	Learning Outcome: Recognise the importance of science, mathematics and engineering in power systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.3 

Use of electrical knowledge in power systems and energy generation
	Range: Fundamentals of electromagnetism, properties of magnetism.
Compare and contrast permanent and electromagnetism with particular regard to field shape and the effects of the hysteresis of a material.
Describe the interaction of magnetic fields and the application of this concept to motors.
Describe how we can generate an electromagnetic field.
Opportunity for applied learning
Practical task: Investigate the shape of a field around a permanent magnet and an electromagnet. Iron filings can be used to investigate the shape of the field; learners can sketch the shape of the field visible. A further task is to use a compass to show the direction of the field at fixed points around a bar magnet. Learners can then join the lines and compare this line of flux with the previous sketch.
A simple task involving attraction and repulsion of like and opposite poles can then be carried out. Learners can then be given a short task on explaining how a motor makes use of an electromagnetic field to convert electricity into motion.

	Books

Bird J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566
Websites
http://goo.gl/D4AWKD
http://goo.gl/bkYlvo


	Lesson 11: Result presentation
	Suggested Teaching Time: 3 hours

	Learning Outcome: Recognise the importance of science, mathematics and engineering in power systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.4 

Engineering communication and materials
	Range: Introduction to MATLAB, signal generation, simple signal manipulations, graphical presentation of results.
Describe MATLAB software and its value as a modelling tool.
Describe how to generate a signal in MATLAB.
Describe how to perform mathematical operations using MATLAB.
Describe how the graphical representation of results eases the interpretation of data.
Opportunity for applied learning
Practical task: Design this session to make maximum possible use of MATLAB software.  Learners should be tasked with creating a MATLAB file, generating a signal in MATLAB, performing a mathematical operation on a signal in MATLAB and obtaining a graphical representation of the results. The results are then to be used to form a conclusion on the system.
MATLAB does offer a free trial, or a student version at a reduced price.

	Books
Palm, W.J. – Introduction to MATLAB for Engineers (McGraw-Hill, 2010)

ISBN 0073534870
Websites
http://www.mathworks.co.uk/
http://goo.gl/ARuvLn
http://goo.gl/E1ZOQS



	Lesson 12: Thermo-fluids
	Suggested Teaching Time: 3 hours

	Learning Outcome: Be able to understand and implement the use of thermo-fluids, materials and electrical power and machines in power systems


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1 

Purpose of thermo-fluids in power systems
	Range: Thermo-fluid properties, thermodynamic processes and simple cycles, fluid mechanics, heat and mass transfer 
Emphasise the importance of removing heat from power systems.
Describe methods of heat removal from a system, and their classification – air cooled, forced air, etc.

Describe methods of containment of thermo-fluids, such as bunding.
Describe the mathematical modelling of thermo-fluids; how much to use and how quickly to move it away from the source to maintain an operating environment.
Opportunity for applied learning
Research and presentation: What systems are commonly cooled and what fluids are used to cool them? Include an emphasis on additives to cooling to improve performance.  Common examples that could be suggested are car engines, high-voltage transformers and large electric motors. 

	Books
Sherwin, K. and Horsley, M. – Thermofluids (CRC Press, 1996)

ISBN 0412598000 



	Lesson 13: Electrical machines
	Suggested Teaching Time: 3 hours

	Learning Outcome: Be able to understand and implement the use of thermo-fluids, materials and electrical power and machines in power systems


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2 

Purpose of electrical power and machines
	Range: Introduction to electrical machines, electrical power transfer, practical applications.
Define electrical generators and motors, and describe their key differences and similarities.
Describe how large quantities of power are moved from one place to another.

Outline some common large-scale applications of electrical technology, eg a petrochemical site with large numbers of induction motors driving pumps, or a brewery with high heating and cooling needs and pumping and grain transportation.
Opportunity for applied learning
Discussion: How is power moved from one place to another? What are the means of transmission?
What are the common applications of electrical machines in industry?
Practical task: Learners are to generate power with a simple magnet and coil, similar to a shake-to-charge torch.

	Books

Bird J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566



	Lesson 14: Wind turbines
	Suggested Teaching Time: 3 hours

	Learning Outcome: Be able to understand and implement the use of thermo-fluids, materials and electrical power and machines in power systems


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2 

Purpose of electrical power and machines
	Range: Wind turbine electrical issues, practical analysis.
Describe why we cannot become reliant on wind technology only – turbines only generate when it’s windy.

Describe how novel storage techniques could be implemented to store energy generated at peak generation times, ie pumped storage, mechanical storage such as lifting a mass, and enhanced battery technology.
Opportunity for applied learning
Discussion: What issues still face wind turbines? What prevents the mass adoption of wind turbines as a source of energy for the nation?
Describe why wind turbines have been adopted at a fairly high rate when there are still inherent problems, ie because of government subsidy.
Practical task: Use a wind turbine kit to simulate wind turbine generation. This could be coupled with some form of mechanical storage such as coiling a spring or charging a battery to demonstrate the inefficiency of such a system.

	Books

Bird J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566



	Lesson 15: Power systems manufacturing
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand power systems manufacturing and the process measurements of its quality and efficiency

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1 

Route to power system manufacturing
	Range: Overall power system, manufacturing process, novel approach, effective power system design, support structure design, engineering design and project.
Describe the power system design process, and outline those involved.
Describe the manufacturing process for small-scale and large-scale energy generation, transmission and distribution.
Define the novel approaches being applied to the design process.
Describe what support needs to be in place to support power generation.
Explain how large-scale projects are managed.
Opportunity for applied learning
Discussion: What novel approaches are being applied to the design process? What support needs to be in place to support power generation?
Research: Learners are to look at novel approaches to power system design and production, and present conclusions.

	Books

Dorf, R.C. and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102




	Lesson 16: Control systems
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand power systems manufacturing and the process measurements of its quality and efficiency

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.2 

Principles of the process measurements and control of any power system
	Range: Controls, techniques and measurements.
Explain the underlying principles of open- and closed-loop control systems. How can an open-loop system be modified with sensor feedback to be implemented as a closed-loop system?
Explain PID systems and their proliferation through industry. How have control systems developed from on–off control to PID control via proportional and proportional–integral systems?
Compare and contrast distributed control systems with the earlier digital control systems. Pay particular attention to the advantages of localised intelligence in system design.
Opportunity for applied learning
Discussion: Discuss open- and closed-loop systems such as air-conditioning and climate control, or a toaster and an electric oven.  Allow groups time to come up with their own examples by research or from experience.
Individual task: An Excel sheet is available that allows simulation of proportional, proportional–integral and proportional–integral derivative to be investigated. The website in ‘Suggested Resources’ has a great deal of information on this topic

	Books

Dorf, R.C. and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102
Websites
http://goo.gl/v0OXiQ


	Lesson 17: Energy management
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand power systems manufacturing and the process measurements of its quality and efficiency

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.2 

Principles of the process measurements and control of any power system
	Range: System integration, industrial energy management.
Describe the implementation of control systems in the power generation sector.
Recap and extend on the advantages of distributed control systems.
Describe real-time control systems and the response to and prediction of changing demand.
Opportunity for applied learning
Discussion: What are the advantages of distributed control systems? What causes peak demand?
Research and present: Learners are to research the implementation of distributed control systems and how they can improve usability, response and security. How can DCS be used to provide different levels of information depending on seniority in an organisation?

	Books

Dorf, R.C. and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102




	Lesson 18: Emerging technologies
	Suggested Teaching Time: 3 hours

	Learning Outcome: Recognise the impact of emerging technologies

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.1 

Emerging technologies
	Range: Electrical vehicles, biofuels from waste.
Present a timeline on the history of electrical vehicles.
Describe a range of electrical vehicles.
Compare and contrast remote operation versus having a driver on a system such as the Docklands Light Railway.

Describe the process of production of biofuel from waste.
Describe generation of electrical power using biofuel as the prime mover.
Opportunity for applied learning
Discussion: What are the applications of electrical vehicles in industry and domestic / commercial systems, eg fork lifts, electric cars and hybrids, remote-operated submarines? 
Research and presentation: What are the environmental implications of the current trend towards electric vehicles? Electric vehicles are very clean in operation, but how dirty are the methods used to generate the electricity to charge the vehicle? What is the hidden carbon footprint of an electric vehicle?

	Books

Larminie, J. – Electric Vehicle Technology Explained (Wiley-Blackwell, 2003) 
ISBN 0470851635



	Lesson 19: LED lighting
	Suggested Teaching Time: 3 hours

	Learning Outcome: Recognise the impact of emerging technologies

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.1 

Emerging technologies
	Range: LED lighting.
Describe the construction of the LED.
Define the LED spectrum of emitted light, ie one colour only.
Describe how white LEDS are constructed.
Outline the suitability of LED technology to replace common lighting types.
Explain the falling costs of LED technology as demand increases.
Opportunity for applied learning
Discussion: How long before LED is the main source of all electric lighting? 
Practical task: Investigate the control of the colour of light emitted by an RGB LED. Conclude on the ease of use of this technology, and why colour changing is more than a gimmick in a domestic setting.

	Books

Cangeloso, S., LED Lighting: A Primer to Lighting the Future (Maker Media, 2012)

ISBN 1449334768
Websites
http://goo.gl/txAPoI


	Lesson 20: Environmental and economic impact of emerging technologies
	Suggested Teaching Time: 3 hours

	Learning Outcome: Recognise the impact of emerging technologies

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.1 Emerging technologies
	Range: Environmental issues, economic considerations.
Outline the environmental impacts of various emerging technologies:
· How clean is LED and semiconductor fabrication?
· Solar panel production and its environmental impact.
· Is biofuel production sustainable?
Describe the potentially unseen economic impact of different technologies. How much of the global economy is currently in petrochemicals, and what effect would a shift towards renewables have on this?
Opportunity for applied learning
Discussion: How clean is LED and semiconductor fabrication? Discuss solar panel production and its environmental impact as a class, and whether or not biofuel production is sustainable.
Research and presentation: Learners are to research the carbon footprint of competing renewable technologies and present a report comparing and contrasting at least three technologies from a range of renewables.

	Books

Hester, R. M. and Harrison, R. E. – Sustainability and Environmental Impact of Renewable Energy Sources (Royal Society of Chemistry, 2000)

ISBN 0854042903
Websites
http://goo.gl/isQSQv




