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Session Three: Teachers’ notes

Energy saving

This session looks at energy efficiency, and explains simple actions to save energy

1. Definitions

Efficiency: when someone or something uses time and energy well, without wasting any. 
Flourescent light bulbs: Fluorescent lights are very bright, tube-shaped electric lights, often used in offices. The compact version is smaller as the name implies although the tube is still visible. Modern versions often hide the tube within an outer glass casing to look more like the traditional domestic light bulb.  They use at least five times less electricity to produce the same amount of light as a tungsten bulb. 

Tungsten light bulb: This is the traditional light bulb where the wire filament that glows is made form tungsten steel wire. They produce heat as well as light and have a short life span.

Technology: the practical use of scientific discoveries
Insulation:  to cover and surround something with a material or substance in order to stop heat, sound or electricity from escaping or entering.
Immersion heater: a type of electric heater used for heating water, where the heating coil is immersed in the water.

Incandescent light bulb: another name for the tungsten light bulb used because the filament incandesces.
Smart meter: This is an intelligent electricity meter, rather than just recording the amount of electricity used it gives extra information and the remote display can be positioned anywhere in the home.

2. Energy efficiency

Energy efficiency can be measured as the relationship between energy input and energy output expressed as a %, for this programme the words are being used in more general terms.

Fluorescent V Incandescent

A "normal light bulb" is also known as an incandescent light bulb. These bulbs have a very thin tungsten filament that is housed inside a glass sphere. They typically come in sizes like "60 watt," "75 watt," "100 watt" and so on. The basic idea behind these bulbs is simple, electricity runs through the filament and as it is so thin, it offers a good bit of resistance to the electricity, and this resistance turns the electrical energy into heat. The heat is enough to make the filament white hot, and the "white" part is light. The filament glows because of the heat, it incandesces. The problem with incandescent light bulbs is that the heat wastes a lot of electricity. Heat is not light, and the purpose of the light bulb is light, so all of the energy spent creating heat is a waste. Incandescent bulbs are therefore very inefficient. They produce perhaps 15 lumens per watt of input power. 

A fluorescent bulb uses a completely different method to produce light. There are electrodes at both ends of a fluorescent tube, and a gas containing argon and mercury vapour is inside the tube. A stream of electrons flows through the gas from one electrode to the other (in a manner similar to the stream of electrons in a cathode ray tube). These electrons bump into the mercury atoms and excite them. As the mercury atoms move from the excited state back to the unexcited state, they give off ultraviolet photons. These photons hit the phosphor coating the inside of the fluorescent tube, and this phosphor creates visible light.   A fluorescent bulb produces less heat, so it is much more efficient. A fluorescent bulb can produce between 50 and 100 lumens per watt. This makes fluorescent bulbs four to six times more efficient than incandescent bulbs. That's why you can buy a 15-watt fluorescent bulb that produces the same amount of light as a 60-watt incandescent bulb. 

Why energy efficiency matters 

The average household could save around two tonnes of carbon dioxide (CO2) a year by making their home energy efficient. The sudden explosion of new technology in recent years has created an insatiable thirst for 24-hour information, communication and entertainment and, as a result, new demands on our energy supply. 

The UK loves consumer electronic equipment. Every year, we spend over £12 billion on kit like plasma TVs, games consoles and home entertainment equipment, making us the biggest spenders on gadgets in Europe. A massive £3bn worth of electricity is currently spent powering consumer electronic and computer products alone in the UK every year - that's 30% of the average household electricity bill. In fact, consumer electronics and information communication technology are expected to account for nearly half of all domestic energy usage by 2020. 
· Around 8% of total UK TV energy consumption is from standby alone - so turn it off when you have finished watching and save yourself money. 

· The new large flat screen TVs can cost up to three times as much to run as traditional TVs. This can add up to a surprising £85 to a typical household electricity bill every year. 

· The UK's DVDs and VCRs consume over £200 million worth of electricity each year and this is expected to nearly double by 2020. This is mainly because they are left on standby, so turn them off at the plug when you're not using them. 

· Every year set-top boxes in the UK use around £285 million worth of electricity. Energy Saving Recommended TVs have a built-in set top box, which saves enough electricity to make around 2,000 mugs of tea a year) - and reduces carbon dioxide emissions. 

· The latest generation of computer games consoles consume up to an astonishing 180W of electricity - the equivalent of leaving three 60W bulbs burning (and potentially adding £160 per year to the electricity bill). Switch off your games console at the wall when not in use to save money and energy. 

The EU energy label                                                                                The EU energy label rates products from A, (the most efficient) to G (the least efficient). For refrigeration the EU energy label goes up to A++. By law, the label must be shown on all refrigeration appliances, electric tumble dryers, washing machines, washer dryers, dishwashers, electric ovens, air conditioners, lamps and light bulb packaging. 
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Only the most efficient products also carry the Energy Saving Recommended logo. Under the Energy Saving Recommended scheme only products that meet strict criteria on energy efficiency can carry the logo.

For example, for fridges we endorse A+ which are more energy efficient than A rated products and the washing machines on our scheme must be AAA - that's A for energy, A for wash quality and A for spin. We also endorse products in categories where there isn't a statutory EU energy label for example glazing, televisions with integrated digital decoders (IDTVs) and boilers.                                                                          (Information from the Energy Saving Trust website)

3. Insulation

Heat is constantly on the move flowing from hotter area to colder areas, in a building heat escapes in two main ways; through fabric heat loss where any part of the structure is exposed and ventilation heat loss as a result of air flow into and out of the building.  Other areas to mention are through water loss, when hot water is poured down the drain i.e. during a shower and flue loss from central heating boilers and fires or stoves. The amount of heat lost through various parts of a typical home is shown in the table.  The figures represent percentages of the total amount of heat energy lost in the home.

	Heat lost through roof
	25%

	Heat lost through walls
	35%

	Heat lost through floor
	10%

	Heat lost through windows
	15%

	Heat lost because of draughts
	15%


(Information from Centre for Sustainable Energy)

Thermal insulation refers to materials used to reduce the rate of heat transfer.  Heat is transferred from one material to another by conduction, convection and/or radiation. Insulators minimize the transfer of heat energy. In home insulation, the R-value is an indication of how well a material insulates. The major types of insulation are associated with the major types of heat transfer:

Reflectors reduce radiative heat transfer. 

Foams, fibrous materials or spaces reduce conductive heat transfer by reducing physical contact between objects 

Foams, fibrous materials or evacuated spaces reduce convective heat transfer by stopping or retarding the movement of fluids (liquids or gases) around the insulated object. 

Combinations of some of these methods are often used, for example the combination of reflective surfaces and vacuum in a vacuum flask.

Understanding heat transfer is important when planning how to insulate an object or a person from heat or cold, for example with correct choice of insulated clothing, or laying insulating materials beneath in-floor heat cables or pipes in order to direct as much heat as possible upwards into the floor surface and reduce heat loss to the ground underneath.

Trapped air insulators
Most insulators in common use rely on the principle of trapping air to reduce convective and conductive heat transfer, but not radiative. These insulators can be fibrous (e.g. down feathers and asbestos), cellular (e.g. cork or plastic foam), or granular (e.g. sintered refractory materials).

The quality of such an insulator depends on:

· The degree to which air flow is eliminated (large cells of trapped air will have internal convection currents) 

· The amount of solid material surrounding the air (large percentages of air are better, as this reduces thermal bridging within the insulator) 

· The degree to which the properties of the insulator are appropriate to its use: 

· Stability at the temperatures encountered (e.g. refractory materials used in kilns) 

· Mechanical properties (e.g. softness and flexibility for clothes, hardness and toughness for steam pipe insulation) 
· Service lifetime (due to thermal breakdown, water resistance or resistance to microbial decomposition)                             
(Information from Wikipedia.org)

4. Energy saving behaviour

The choices that people make have an impact on the amount of energy that they consume.  The size and location of the house we choose to live in affects the amount of energy needed to heat and light it, the number of appliances that we require and the distances that we need to travel to go to work, the shops or to take children to school.

Energy efficiency savings in heating water, space and individual appliances means that energy consumption has not risen purely in line with demand.  Overall domestic energy consumption has been increasing at a steady 1.3% per year since 1990.  The cause of this increase can be attributed to:

· An increase in the number of households

· Increases in household wealth resulting in a higher ownership of a wide range of appliances

· An increase in people’s expectations

· An expectation of a wide range of choice

Behaviour is likely to be driven by issues of convenience and perception, people’s motivation to save energy usually result from the desire to save money whilst still achieving certain levels of comfort.

75% of the population are feeling a growing pressure to change the way they live to reduce climate change.

Four out of every five believe that it will affect them and their families and the same number believe climate change is having an effect on the UK right now. Over half of the UK population now recognizes a real link between the energy they use at home and climate change. The biggest concern is how children and grandchildren will be affected by climate change.  A strong message to government emerged with eight out of ten agreeing that if the government wishes us to do more it needs to let us know what we can do to save energy.
Along with an increasing recognition that climate change is now an issue that each of us is responsible for, comes a readiness to act. It seems that many of us do a few small things, but there are still 40% doing nothing at all.  For example, only a tiny number have deliberately chosen not to fly somewhere in order to reduce carbon emissions or travel by rail or sea instead. Slightly more, 14% buy food that’s locally produced.  Nearly one in five regularly compost household food and garden waste, with the same number washing clothes at 30 degrees Celsius.

Being seen to be green is popular among 70% of the UK population. It’s a socially acceptable thing. Reducing the amount of energy in the home is seen to be as virtuous as donating to charity.

Small changes like turning off the tap when brushing teeth (73%); walking instead of driving (56%) and cooking with local produce that doesn’t need packaging (52%) were most popular.  Bigger changes, such as cutting out one of two planned holidays involving air travel (22%), not buying a plasma TV (20%) and getting rid of their patio heater (8%) were less appealing.
Smart meters                                                                                                 The main advantages of smart meters are that they are capable of displaying consumption costs and being read remotely, Available evidence suggests smarter meters can reduce energy use by between 3% and 15% through changes in behavior. Moreover, smart meters capable of being read remotely would have a significant and positive impact upon consumers’ experience of the energy market by avoiding problems associated with estimated, inaccurate and late bills and the knock-on effect where consumers find themselves in debt, often put onto more expensive payment methods and unable to switch to a cheaper provider. 

What makes a meter ‘smart’?

The principle function of a meter is of course to measure consumption.

Currently this information can only be captured by a meter reader or by the customer providing the information to the suppliers themselves. The majority of gas and electricity meters in Great Britain may be relatively new (less than 20 years old) but are based on designs from the 1970s, and based on principles developed during the nineteenth century. Information is displayed in kWh by a series of dials or a mechanical display. More effective and efficient metering technology has existed for many years. Other countries have, or are midway through, updating their metering stock to take advantage of the benefits of more sophisticated meters.

Although there is no universal definition of a ‘smart’ meter the following functions are available: Display and record real time information on energy consumption that is available immediately or remotely to energy suppliers and consumers:

· Easy to understand, prominent display unit which includes:

· Costs in £/p

· Indicator of low/med/high use

· Comparison with historic/average consumption patterns

· Function to allow data to be accessed via PCs/mobile phones

· Two-way communication between energy suppliers and the meter to make it possible to switch tariffs, or pay as you go (pre-payment) provisions remotely

· An internal memory to store consumption information and patterns
Encouraging energy efficiency and responsible consumption

There is a significant body of evidence that demonstrates that consumers’ behavior can change when they are regularly made aware of the amount, and in particular the cost, of energy they consume. The concept typically involves a consumption display located away from the meter in clear view of the consumer, for example in the kitchen or next to the thermostat, that provides details of energy consumed, its costs and environmental impact.

(Information from Energy Saving Trust)
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