How Electricity is Made

This is an introduction to how our electricity is made and what you can do to have less impact on the environment in your use of electricity. We will look at what power stations do and where energy gets lost – to illustrate, we'll build a working miniature steam power station. We'll also look at how to support renewable energy and generate 'negawatts' in your own home.

A Quick History

Different forms of energy: Heat, Light, Mechanical Energy (movement), Electrical Energy. 

Our bodies generate heat and movement from the food we eat. Most animals have access to only that. Humans have learnt to use other sources of energy:

· Heat – from fire [350 to 400 thousand years ago].

· Mechanical energy from draught animals (Oxen, Horses) [about 6000 years ago].

· Mechanical energy from wind (sails on boats) [about 6000 years ago].

· Mechanical energy from rivers (water wheels) [ 2400 years ago, Greek].

· Mechanical energy from wind (wind mills) [ 1000 years ago].

· Mechanical energy from heat (steam engines) [from  300 years ago].

· Electrical energy from mechanical energy (generators) [from  180 years ago].

Electricity is a very popular form of energy as it is easy to transmit, control and convert  to other forms of energy.

The Grid

Power stations make electricity from other forms of energy and transmit it to us through the national grid. The grid joins all the power stations and users in the country (except for a few isolated islands). Electricity cannot be stored, so the number of stations operating and how hard they are working has to be continuously adjusted to how much electricity is being demanded. (like several people pushing a bus: all move at the same speed but some are stronger and push harder than others; to keep the speed of the bus constant they have to vary how hard they push when passengers jump on or off).

For renewables one of the benefits of the grid is the ability to average out the fluctuations of wind and sun over a wide area and benefit. In Europe long distance interconnections (using a new form of low-loss transmission: 'High Voltage DC') will soon make it possible to benefit from solar in N Africa, Geothermal in Iceland, Hydro in Norway, etc. 

Types of Power Station

Thermal Plants

Most power stations in the the UK burn coal or gas (the fossil fuels we need to avoid) to produce heat. The heat is converted into mechanical rotation by a 'heat engine' – usually a boiler and steam turbine – and this turns an electrical generator.

Other sources of heat can be used instead of fossil fuels, the rest of the power station remaining much the same (boiler, steam turbine, generator), e.g. burning biomass or biogas, geothermal energy (used extensively in Iceland), heat from the sun (used in Spain, USA, N. Africa), heat from nuclear fission.

Wind and Water

If you can find something that moves naturally in the environment, you can build a machine to convert the movement into rotation and drive a generator directly: Wind turbines, hydroelectric plants, tidal and wave energy.

Photovoltaic

Solar photovoltaic (pv) cells are the only major power source that does not involve a rotating generator. The cells convert light directly into electricity and electronics feeds it into the grid. There are no moving parts! 

Efficiency and 'Capacity Factor'

The efficiency of a power station is how much of the input energy is converted into electrical energy. Electrical generators are highly efficient, converting about 98% of the mechanical energy used to turn them into electricity. 

There is a theoretical maximum for heat engines that turn heat energy into mechanical energy – it depends on how high a temperature can be used in the engine. Usually less than half the heat is converted to electricity: Coal plants achieve 36-40%, nuclear achieve 30-32% (as they cannot run so hot as coal). The remaining heat is discarded at most UK power stations, though for coal and gas, could in principle be used for district heating if the station is near a town (nuclear stations are not located near towns because of the risks).

The efficiency of a wind turbine is how much of the kinetic energy in the moving wind that passes through the wind turbine is converted into electricity. There is a theoretical upper limit and modern turbines approach it with efficiencies that can be over 60%.

Capacity factor is quite different. It relates how much energy a power station actually produces in a year to how much it would produce if it ran flat out for the whole year. Since wind speed is variable a wind turbine naturally has a modest capacity factor - in fact 28-30% is very good. Since conventional power stations (coal, gas, nuclear) work from stored fuel, they can be run flat out continuously if the electricity is needed; accordingly much higher capacity factors are to be expected. What this means is that over a year you would require three 10MW wind turbines to get the same amount of energy as you could get from one 10MW coal fired plant running at full power. This doesn't matter provided that the costs are reasonable and intermittency is addressed.

An analogy may be useful here: Suppose that you decided to collect water by putting out a bucket each week to catch the rain. The maximum annual 'capacity' of your system would be a full bucket every week, i.e. 52 bucketfuls. The "capacity factor" of your system is how much water you actually get in a year as a percentage of that maximum. It is easy to see that if your bucket is shallow, there will be weeks when it overflows and you lose water. On the other hand if you use a bucket so deep that it almost never overflows, then in most weeks much of the capacity of the bucket is unused: so a deep bucket catches more water but its 'capacity factor' is lower. Turbine designers have a similar choice when deciding how big a generator to fit.

Costs and How They Are Changing

Costs are coming down for wind & solar, and going up for nuclear power. Why?

· The main renewable energy technologies described (solar CSP, wind, solar PV and marine) are all eminently suited to mass production because they require production of many thousands of identical units and no unusual hazards are involved. Solar costs have been falling at 7% annually for years and continue to dos so.

· Nuclear plants however are huge civil engineering undertakings that cannot be mass produced, employ the most hazardous materials known to mankind and several years to build. Safety systems have become increasingly complex in the hope of preventing further accidents. The high cost of decommissioning and waste management is becoming clearer as some plants are closed.

The cost of solar, in the average location in the U.S., will cross the current average retail electricity price of 12 cents per kilowatt hour in around 2020, or 9 years from now. In fact, given that retail electricity prices are currently rising by a few percent per year, prices will probably cross earlier, around 2018 for the country as a whole, and as early as 2015 for the sunniest parts of America.

10 years later, in 2030, solar electricity is likely to cost half what coal electricity does today. Solar capacity is being built out at an exponential pace already. When the prices become so much more favourable than those of alternate energy sources, that pace will only accelerate.

http://blogs.scientificamerican.com/guest-blog/2011/03/16/smaller-cheaper-faster-does-moores-law-apply-to-solar-cells/
Coal is cheap (if you ignore its cost to the environment): it will be to our good fortune if renewables succeed in undercutting it. But we cannot assume that they will and need to be prepared to pay more more energy (and/or use less) in order to safeguard the environment. 

Lifecycle and Energy Payback

Renewables can be manufactured in weeks or months rather than years. At the other extreme, nuclear takes ~10 years to build, operates ~50 years unless a problem or all get shut down because of public opinion (Japan, Germany, Italy, Spain), and is then mothballed & decommissioned over 150 years.

Germany is now generating as much annually from solar photovoltaics (pv) as the Severn barrage would have produced (18.6 billion kWh in 2011, about 3% of Germany's electricity) – most of it installed in just the last 2 years. On sunny days Germany's solar generation has already reached peaks of 25% and once this year (2012) almost 50%.

Energy payback is how much energy is produced by a system over its lifetime, compared with the energy required to build, maintain and fuel it. A high ratio indicates good environmental

performance. If a system has a payback ratio between 1 and 1.5, it consumes nearly as much

energy as it generates, so it is not worth building. The figure for some  Biofuels is very poor because of the energy used to cultivate them – biofuels made from crop and food wastes are therefore a better bet. Examples: Hydroelectric ~100, Coal ~80, wind ~18, nuclear ~10, solar PV~ 7; Ref: http://en.wikipedia.org/wiki/Energy_returned_on_energy_invested; Note: These figures are subject to debate because of the variety of ways the calculation can be made. 

A Renewable World

By linking up a range of renewables across Europe there is every possibility of supplying our electricity needs.

Cope with Intermittency (fluctuations of wind, sun, etc.) by:

· Averaging over a large area and using a variety of sources (wind, solar, geothermal, etc.).

· By storage: Pumped hydroelectric storage, heat storage in Desertec solar thermal plants, stored biofuels.

· By managing demand – industries and intelligent appliances that reduce their usage when required.

The very worst that can happen is a power cut that needs only a jersey and torch to survive!

Energy for heating and for transport is mostly not electric at present. There is however scope for big reductions in demand – insulation, efficient public transport vehicles and minimising need for travel.  Gas from waste could heat almost half the homes in the UK, according to a new report from National Grid. It says obtaining more gas from waste will help cut carbon emissions, improve energy security and compensate for the shortage of landfill sites. Renewable gas from landfill sites and sewage works provide 1% of the UK's gas at present. Today's report says an extra £10 billion investment could increase that to between 5 and 18%.  http://news.bbc.co.uk/1/hi/sci/tech/7862696.stm
What You Can Do

Generate Negawatts

We are using much more energy than people did before:

· Only 1 in 5 British homes had electricity in 1929; by 1944, 2 thirds had it.

· Only 8 thousand cars in Britain in 1900. By 1930, over 1 million cars in UK. By year 2000: 21 million. It's now (2011) about 27 million.

· In Britain the average distance a person travels every year (excluding air travel) has gone up from 1000 miles fifty years ago to 6800 miles today.

Reduce the electricity consumption in your own home (negative Watts or 'negaWatts'):

· Find out what your electrical devices are really consuming – see the Plug In and Switch Off leaflet.

· Buy only the most efficient devices (LED light bulbs coming soon, fridges are especially important).

Switch Supplier

Switch to a small electricity supplier that really supports renewables. The two most popular among environmentalists seem to be 'Ecotricity' and 'Good Energy'. They have different philosophies:

· Good Energy uses your money to buy from only renewable generators.

· Ecotricity generates from its own growing fleet of wind turbines, what it can't supply itself it buys at the market price from other suppliers (not necessarily renewable ones) and invests the difference in building more renewables.

	Supplier 
	Coal % 
	Natural Gas % 
	Nuclear % 
	Renewable % 
	Other % 
	CO2 emissions per kg/kWh 
	Radioactive Waste per g/kWh



	Ecotricity 
	17.5 
	24 
	2.6 
	54.1 
	1.8 
	0.2666 
	0.00026



	Good Energy 
	0 
	0 
	0 
	100 
	0 
	0 
	0



	UK Average 
	32.9 
	43.3 
	15.3 
	5.9 
	2.6 
	0.463 
	0.00153


Average annual expenditure building new renewables 2004 to 2011 (pence spent out of every £1 taken from customers electricity bills): Ecotricity 75.0p, Good Energy 6.1p, Scottish Power 6.0p, SSE 3.8p, npower 2.9p, E.On 2.5p, Centrica 1.7p, EDF Energy 1.4p, Ovo 0.0, Green Energy UK 0.0, Co-Op Energy 0.0. [ Note: this data has been calculated for Ecotricity, see  http://www.whichgreen.org/the-whichgreen-method  ].

Invest in Renewables

If you have some cash to spare, you may like to invest in renewable energy. A number of community wind farms invite small investors. Ecotricity offered a bond last year paying 6.5% to customers. [NOTE: such investments are not usually secure should the business fail.]

Generate Your Own Electricity

Solar PV is currently the only sensible option for London homes. A company called Sunny Britain which bulk buys from installers seems to get very good discounts: www.sunnybritain.co.uk. 

Finally …

· This leaflet is about electricity but don't forget Heating and Transport!

· More info and this leaflet 'How Is Electricity Made' and the 'Plug In Switch Off' leaflet are available on my website here: www.openengineering.talktalk.net/OeUni_Saving_en.html#Links
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Coal Power Station
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Gas Power Station
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Nuclear Power Station

Demos:

· Electrical Generator

· Steam power plant & waste heat

· Nuclear reactor model

· Solar plant

