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Is fracking a sustainable solution to the UK’s energy security challenge?


Purpose

The purpose of this enquiry is to investigate the issues surrounding energy security and the sustainability of current approaches to securing energy supplies in the United Kingdom. Whilst developing a detailed knowledge and understanding of the issues surrounding fracking for gas and oil is central to the enquiry, the pupils are also given opportunities to consider a range of alternatives to reliance on fossil fuels – conventional or unconventional – through the use of a geographical decision-making exercise. The enquiry has a UK focus but the approach taken in this enquiry could easily be applied to different countries and contexts, as all nations currently have an energy mix, which will need to change over time.

The enquiry begins by examining the population boom in Williston, North Dakota, USA. The pupils are initially asked to examine the short-term change in land use identifiable in two aerial images from 2009 and 2013, taken from Google Earth. This farmland is outside of Williston, which is at the centre of a remarkable shift in the USA’s energy supply. Once the changes have been described, the pupils are challenged to examine the evidence in order to ‘tell the story’ and suggest reasons for the extraordinary increase in population. Printed copies of the images are a useful way of allowing the pupils to sort the evidence. Williston is located in the middle of the Bakken Formation, a vast shale ‘play’ that extends across the Canadian border, and fracking of the rocks here is releasing the locked-in hydrocarbons. The discovery and subsequent exploitation of this ‘unconventional’ energy source has meant that the USA is now no longer reliant on foreign oil imports. The images will allow the pupils to build up their understanding of the energy boom that is driving the population increase, with some real associated challenges for the town of Williston.

The shale gas and oil boom in the USA sets the scene for the rest of this enquiry. In Question 3.2, the pupils are asked to consider and then classify all of the different energy sources in the UK ‘energy landscape’. They are also introduced to the underpinning concepts of renewable and non-renewable energy resources and to the term ‘energy security’. The UK faces real short- and long-term energy security challenges as fossil fuel reserves from the North Sea decline, at the same time as older nuclear power stations have to be decommissioned and more of the older polluting coal- and gas-fired power stations are closed as a contribution to meeting the UK’s carbon emission reduction targets. This combination of factors means that the UK is now a net importer of fossil fuels and needs to invest in new methods of generating electricity in order to meet any future ‘energy gap’. 
The recent shale energy boom in the USA has had British geologists reconsidering the importance of the abundant shale rocks under many parts of the UK and the government is encouraging the development of a fracking industry to investigate the viability of these reserves. In Question 3.4, the pupils investigate the fracking of shale and the implications this might have for the sustainability of the UK energy mix. The pupils are asked to undertake their own research and to use the resources provided in the Student Book to complete their own fracking enquiry using a suggested ‘route to enquiry’. This is a complex and controversial issue so expect a full range of responses. It is important to encourage the pupils to come to a conclusion based on their research. Some time spent discussing the concept of sustainability would be valuable and would also allow the students to delve deeper into the subject and to consider the issue from different perspectives.

Having produced a completed enquiry on fracking in the UK, pupils are led into a final question on possible alternative energy sources to fracking that could contribute to the UK energy mix. It is important that the pupils are given time to explore the details and range of advantages and disadvantages of each energy source discussed. These are provided in the Teacher Book and are intended to provide background information to assist in the Decision-Making Exercise (DME). The DME asks pupils to consider a wide range of energy options for an area of South Devon, with costed proposals attached to the map. The pupils are guided through the decision-making process with further instructions from the Teacher Book. They are encouraged to try to balance costs and benefits, drawing on all elements of this enquiry, in order to reach valid and justifiable conclusions that are supported by sound geographical reasoning and an understanding of a range of energy sources, the concept of an energy mix and the need for sustainable solutions.

Aims

Through this enquiry, pupils will be challenged and supported to:

· Develop knowledge and understanding of the concept of sustainability in relation to energy supplies and security by examining the current and projected situation in the UK.

· Explore a contemporary issue from a geographical perspective.

· Understand the physical processes that give rise to energy sources, how the availability of these impacts humans, and how they bring about spatial variation and change over time.
· Interpret a range of sources of geographical information about physical and human processes to reach justifiable geographical decisions with substantiated conclusions and judgements consistent with the evidence. Pupils will learn to communicate these in a variety of ways including through maps, numerical and quantitative skills and writing at length.
· Reflect on their own worldview of current geographical issues and challenges and communicate their feelings and ideas appropriately.
Links to Key Stage 3 subject content

Pupils should be taught to:

Locational knowledge

· Extend their locational knowledge and deepen their spatial awareness of the world’s countries including the key physical and human characteristics.

Place knowledge

· Understand geographical similarities, differences and links between places.

Human and physical geography

· Understand through the use of detailed place-based exemplars at a variety of scales the key processes in:

· Physical geography relating to geological timescales, rocks weathering and soils. 

· Human geography relating to economic activity and the use of natural resources.
· Understand how human and physical processes interact to influence and change landscapes and environments.

Geographical skills and fieldwork

· Build on their knowledge of globes, maps and atlases and apply and develop this knowledge routinely in the classroom.
· Interpret Ordnance Survey maps in the classroom and the field, including using grid references and scale, topographical and other thematic mapping, and aerial and satellite photographs.
· Use Geographical Information Systems (GIS) to view, analyse and interpret places and data.

Possible assessable outcomes

· A piece of work that follows a route to geographical enquiry which shows understanding of the issue of fracking in the UK and reaches a reasoned judgement on the role that fracking should play in the future energy mix of the UK, and whether this is a sustainable approach. There are other assessment opportunities in the DME, which could be used to assess knowledge and understanding of a range of energy sources, and the role they could play in meeting the energy needs of small areas, as well as the pupils’ ability to make and communicate geographical decisions. 

Are our energy sources renewable or non-renewable?

	Energy source
	Advantages include:
	Disadvantages include:

	Coal: fossil fuel
	· Cheap and plentiful supplies
	· Highly polluting

· Will eventually run out

	Shale oil and gas: fossil fuel
	· Shale rocks are very common

· Cheaper to extract than oil and gas in deep water
	· The shale needs to be fractured by lots of wells

· A fossil fuel that contributes to carbon emissions

	Onshore wind
	· ‘Clean’ energy source

· Wind can be used again and again
	· Local opposition can stop planning permission being granted

· Wind isn’t always reliable

	Oil: fossil fuel
	· One barrel of oil produces a huge amount of energy
	· Difficult to drill and transport safely
· Highly polluting
· Is running out

	Nuclear
	· Highly efficient
· Can produce huge amounts of electricity from relatively little uranium
	· Very expensive to build and run
· Risk from nuclear accidents
· Nuclear waste will be radioactive for thousands of years

	Hydro electric power (HEP)
	· ’Clean’ energy source
· HEP dams have other uses, e.g. domestic water supply

· Uses the continuous movement of water in the hydrological cycle
	· Can damage downstream ecosystems

· Dams are expensive to build


	Energy source
	Advantages include:
	Disadvantages include:

	Biomass
	· Uses plants/trees which can be regrown quickly and locally
	· Adds to greenhouse gas emissions

	Tidal power
	· Tidal stream generators have little ecosystem impact
· The tide is reliable and predictable
	· Challenging to build and maintain

	Wave energy
	· ‘Clean’ and plentiful energy source
	· Complicated to build

	Solar power
	· ‘Clean’ energy source

· The sun is a very reliable energy source
	· Expensive to build

	Natural gas: fossil fuel
	· Cleaner than coal and oil
	· Burning emits CO2
· Will run out

	Geothermal
	· ‘Clean’ energy source

· Heat source is reliable
	· Can only be built in certain tectonically active places

	Offshore wind
	· Can take advantage of more reliable wind speed
· Away from population centres
	· Harder to build and maintain


	Name
	Nuclear power

	Key information
	Generating electricity in a nuclear power station uses uranium or plutonium to create controlled nuclear fission reactions. These generate heat, which is used to create steam, which is used to turn giant turbines. These spin and generate electricity. The UK has plans to build seven new nuclear plants by 2030.

	Example location
	Hinkley Point A, B and C (under construction)

	Benefits
	· Nuclear power doesn’t depend on fossil fuels

· CO2 emissions are limited

· Will help guarantee energy supplies

· The UK can close older coal-fired power stations

· They provide jobs for people in their design, construction and operation

· Local economies benefit from the investment

· Each new reactor will generate up to 1.6 gigawatts – enough to power a city the size of Manchester – and should last for sixty years

	Costs
	· Most of the UK’s CO2 emissions come from transport and industry so nuclear power won’t have a huge effect on this

· Every pound spent on nuclear is a pound less spent on renewable technology

· Uranium and plutonium are finite resources, so will run out eventually
· Mining, refining and transporting uranium and plutonium causes environmental impacts

· There is no current satisfactory long-term solution to where we put toxic radioactive waste, which lasts for thousands of years
· A by-product of power generation is material used to create nuclear weapons

· A nuclear accident (like at Chernobyl or Fukushima) could be devastating for the UK
· They are built at coastal locations, possibly vulnerable to sea level rise


	Name
	Wind energy

	Key information
	The UK is the windiest country in Europe. One modern 2.5 megawatt turbine is capable of generating enough electricity to power 1400 homes. Groups of turbines are called wind farms and these can be located either on or offshore. The UK currently has 632 separate wind projects containing 5492 turbines. Combined, these generate over 11,000 megawatts of power – enough to power 6.2 million homes. These wind farms reduce the UK carbon footprint by over eleven million tonnes per year.

	Example location
	The Thannet offshore wind farm in Kent

	Benefits
	· Uses clean, renewable energy source

· Cheap to operate once built

· Zero emissions so benefits health and UK carbon footprint

· Reduces reliance on fossil fuel imports, more energy security in the future

	Costs
	· No wind = no power

· Some people oppose them if they live nearby

· Electricity from wind currently costs more per unit than from fossil fuels
· The windiest places are more remote (hill tops or offshore) so maintenance can be challenging


	Name
	Wave and tidal power

	Key information
	As an island nation, the UK have some of the largest tidal ranges in the world and waves from the west and southwest have often travelled thousands of miles across the Atlantic Ocean. It is possible to generate electricity from the ocean by harnessing the movement of the waves and the incoming and outgoing tide. There are four methods:

· Nearshore wave power – harnessing wave energy as they break

· Offshore wave power – harnessing wave movement in deeper water

· Tidal stream power – turbines harnessing the tide as it moves past
· Tidal range power – trapping the high tide behind a barrage and releasing it to generate electricity

	Example location
	The Islay Limpet, Scotland
The Cornish Wave Hub
Tidal stream project in Orkney, Scotland
Tidal Lagoon, Swansea

	Benefits
	· All generate clean, renewable electricity and help decarbonise the UK

· There are multiple suitable locations around the UK for wave power

· The UK is the global leader in developing this technology, so more green jobs will be created
· Wave and tidal power will generate over 120 MW by 2020, making a meaningful contribution to the UK’s energy mix
· Combined wave and tidal power has the potential to provide 20% of the UK’s electricity

	Costs
	· There are high upfront costs involved with tidal power and there are less suitable locations than for wave power
· Tidal and wave energy could disrupt marine life

· Tidal energy is difficult to transport and is intermittent although predictable
· Wave energy can be very intermittent

· Offshore wave farms could disrupt marine navigation
· Nearshore wave farms have a visual impact on the coast


	Name
	Geothermal

	Key information
	Geothermal power harnesses the heat of the earth’s crust to generate electricity. This is quite straightforward in some places – Iceland for example, which sits on a constructive plate boundary and a hot spot.

Almost everywhere, the upper 3 m of the earth’s surface is between 10–16 °C, heated by the sun. This can be harnessed by ground source heat pumps. The further down we go, the hotter it gets, even away from tectonic activity – up to 30 °C per km in areas of granite. This heat can be harnessed to generate electricity by drilling boreholes and pumping high-pressure heated water up to the surface and converting it to steam to drive the generator turbines. These flash steam plants then cool the steam which condenses to water. It is then injected back into the ground to be used again.

	Example location
	Iceland is the world leader in geothermal energy

The UK has a geothermal heat plant in Southampton

The Eden Project has plans to build a hot rock system in Cornwall

	Benefits
	· A renewable energy source that reduces reliance on fossil fuels and energy imports
· It is low carbon, so helps to reduce CO2 emission from electricity generation

· Very low running costs, so cheaper electricity

	Costs
	· Drilling operations can be disruptive
· Limited large scale potential in the UK, not everywhere is suitable

· High installation costs
· Drilling and operations may release harmful gases


	Name
	Solar energy

	Key information
	The earth receives an astonishing amount of energy from the sun. In 1838, physicist Sir John Herschel conducted a simple experiment to calculate how much energy is radiated from the sun. He calculated it radiates enough energy to power ten 100 watt light bulbs for every square meter of the surface. He went further to calculate the total energy radiated from the sun into space: an astonishing 400 million million million million watts. This is the equivalent of a million times the annual power consumption of the USA being radiated every second. Solar energy can be harnessed by:

· Photo Voltaic Cells or solar panels

· Concentrated solar power using mirrors to focus solar energy at the top of a tower

	Example location
	Shams CSP Plant, Abu Dhabi

Senftenberg Solarpark, Germany

	Benefits
	· A renewable, clean energy source with no air pollution
· Reduces reliance on foreign energy imports
· Easy to maintain
· Silent in operation and can be small scale

	Costs
	· The initial setup cost is high
· The UK has less solar potential as you move further north
· It is intermittent and can be hard to store the energy
· Solar energy cannot produce energy as quickly or as cheaply as fossil fuels


	Name
	Hydro electric power (HEP)

	Key information
	HEP uses the power of moving water to turn turbines which generate electricity. Schemes can be small or large scale. Humans have used HEP for centuries to run mills. There are two distinct ways of generating HEP from rivers:

· Building dams

· Building run-of-the-river systems that use the change in height of a river as it moves downstream

	Example location
	The Three Gorges Dam, China

The Hoover Dam, Arizona–Nevada border, USA

	Benefits
	· A renewable source of energy
· No pollution and/or greenhouse gases emitted from electricity generation

· A dam is often a multipurpose scheme. It helps flood control, water supplies and irrigation, and creates leisure, recreation and tourism opportunities
· Water can be stored and used to generate power when demand is high
· HEP schemes are long lasting so can be relied upon for decades

	Costs
	· Dams are very expensive to build and maintain and will disrupt river ecosystems
· Dams flood large areas behind them after completion, causing social impacts

· Dams can also cause conflict between countries where rivers cross international borders
· Run-of-the-river systems can disrupt river environments and natural processes


In this task you are going to be making decisions about the energy future of an area of Devon in the 
United Kingdom. 

The Department of Energy and Climate Change has asked all local councils to identify ways that they can contribute to increasing the security of the UK energy mix. A team of energy advisors have drawn up a set of proposals for Teignbridge District Council to demonstrate how electricity could be generated in the area. Each option has a range of costs and benefits. 

To make a decision as to which proposal or proposals they will recommend to the government, they need you to consider:

· The environmental impact of each proposal, positive and negative.
· How far the schemes will go toward providing electricity for Teignmouth (6365 households), 
Newton Abbot (9751 households) or the whole of Teignbridge (51,417 households).
· How sustainable each option is. Does it meet the needs of the area now and in the future?

· The total cost of their recommendations.

Tasks:

1
Create a table to identify the advantages and disadvantages of each proposal. How sustainable is each option?

2
Rank each site from 1–10 in terms of cost: 10 most expensive – 1 least expensive.
3
Rank each site from 1–10 in terms of power output: 1 highest – 10 lowest.
4
Divide the cost by the potential power output to calculate the cost per home.
5
Make a decision on which proposals you will recommend to the government.
6
You need to consider the costs, benefits and level of sustainability of each one.
7
Write a report to the government in which you must outline:

· Why there is a need to change the current UK energy mix. Think about local, national and global issues.
· Which proposals you are recommending and why.
· The total cost and power output of your recommendations.
· Which proposals you rejected and why.
· A concluding statement, which summarises the issues briefly and makes clear the decision you 
are recommending.
Are there alternatives?

Throughout this enquiry you have been investigating a range of issues surrounding our consumption of energy. Finding solutions to these issues is vital to the future energy security of the UK. The UK energy mix currently relies heavily upon using finite fossil fuels to provide us with power in our homes. There are many issues related to this reliance on fossil fuels such as air pollution, climate change and a reliance on energy sources from other nations, so we need a new generation of people to make decisions about our energy future. 

The UK has three different approaches for you to consider:

· Business as usual – maintain use of fossil fuels and seek stable and secure supplies from other countries when our supplies are exhausted.
· A multi-energy solution – diversify our energy sources to make best use of what we have in the UK.
· Energy conservation – reduce the amount of energy consumed.
Making decisions on the most sustainable and effective way forward forms the basis of this task. Read the instructions very carefully. They will tell you what to do and they will tell you how your work will be assessed.

Figure A: Suggested sites for energy generation in South Devon

	Site
	Proposal
	Useful information
	Cost
	Potential power output

	1
	Onshore wind farm
	· Build five 2.5 MW turbines

· Very windy location

· Inaccessible

· In Dartmoor National Park – very strict planning guidelines 
	US$16 million
	Will power 7700 homes

	2
	Hydro electric plants
	· Build one 2 MW river-based power plant using water flow and height change to generate power
· No dam required

· Variable power output

· Could build more than one on River Teign
	US$8.3 million
	Will power 1800 homes

	3
	Small onshore wind farm
	· Build five 0.1 MW turbines on Teignmouth seafront

· Accessible and flat site

· Faces east so wind likely to be variable
	US$2.9 million
	Will power 245 homes

	4
	Tidal stream generator
	· Build seven 1.5 MW Sea Gen tidal stream generators underwater at mouth of River Teign
· Need to be small enough to allow shipping to pass at high tide

· May impact local fishermen as access to the area will become restricted
	US$116 million
	Will power 10,000 homes

	5
	Offshore wave generator
	· Twenty-six Pelamis wave generators installed and connected to electricity grid via an undersea cable

· Area could no longer be fished
	US$132 million
	Will power 13,000 homes

	6
	Offshore wind farm
	· Ten 3 MW wind turbines built five miles offshore

· Will be visible on a clear day from land

· Power comes to shore via undersea cable
	US$129 million
	Will power 20,000 homes

	7
	Micro nuclear plant
	· Small nuclear reactor buried in concrete under ground at Dawlish Warren

· Site is a SSSI (Site of Special Scientific Interest) and a nature reserve

· Reactor needs refuelling every 7–10 years

· Cost covers installation but not waste processing, which will be very expensive
	US$26.5 million
	Will power 20,000 homes

	8
	Biomass power station
	· Will burn wood from sustainably managed forests across the southwest

· Built on flat land adjoining the race course

· Higher CO2 emissions than other options
	US$55 million
	Will power 31,000 homes

	9
	Solar PV panels
	· Install solar panels on the roofs of 2000 properties

· Households can sell back unused energy to the grid for profit
	US$58 million
	Will power 2000+ homes

	10
	Engineered geothermal system
	· Develop geothermal power by drilling into the granite on Dartmoor. This could be done outside of the boundaries of the National Park.
	US$25 million
	Will power 4000 homes

	11
	Energy conservation scheme
	· The council can promote energy conservation through the education of children at local schools, free home insulation programmes, the distribution of energy saving light bulbs and smart meters. They will appoint ten energy advisors to carry out this work locally.
	US$3.3 million
	Will reduce electricity consumption in each household
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