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Teachers’ Guide
The purpose of this guide is to provide scientific information on the different sectors of renewable 
energy in Scotland. This can be used as a starting point for activities and further discussion with 
pupils on how we use renewable energy in real life.
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Get Energised! Curriculum links

Topic Curriculum links

Hydroelectric Power
Nat 3 – Energy sources, Electricity
Nat 4 – Generation of electricity 
Nat 5 – Conservation of energy, Electrical power

Solar Power
Nat 3 – Electricity, Solar system
Nat 4 – Generation of electricity, Cosmology
Nat 5 – Conservation of energy, Electrical power

Wind Power
Nat 3 – Energy sources, Electricity, Solar System
Nat 4 – Generation of electricity 
Nat 5 – Conservation of energy, Electrical power

Marine Power
Nat 3 – Energy sources, Electricity, Solar System
Nat 4 – Generation of electricity 
Nat 5 – Conservation of energy, Electrical power

Renewable Energy in Scotland
The Scottish government has a target of generating 100% of Scotland’s electricity 
demand from renewable sources by the year 2020.

Renewable electricity is generated from sources such as wind, tides, waves and sunlight. 
Unlike fossil fuels, these are sources which will not be depleted if we use them to generate 
electricity. It is estimated that in 2014 over 20% of the world’s electricity consumption 
came from a renewable source.

In 2015 57% of electricity consumed in Scotland was from 
renewable sources, this has more than doubled in five years: in 
2010 it was around 24%. Scotland generates more electricity than 
it uses and just over a quarter of the energy produced was exported. 

There are a large number of jobs within the renewable energy sectors in Scotland. The 
latest figures show that over 20,000 people are employed across areas such as wind, solar 
and hydro power. The roles will be a mixture of research, development and engineering 
jobs. These will be supported by positions in marketing, human resources and accountancy.
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The National Grid

The electricity generated by these renewable sources is moved to where it is needed on the 
National Grid. It connects the places that generate electricity (e.g. hydroelectric power stations, 
wind farms) to homes and businesses. In recent years individuals and communities have been 
generating their own electricity from items such as solar panels or wind turbines. These are also 
connected to the Grid and people can earn money for the electricity they don’t use. 

In order to move electricity to where it is needed, the voltage is 
increased from around 1-30 kilo Volts to hundreds of kilo Volts. It is 
then stepped back down again for use when it reaches its destination. 
By increasing the voltage, the losses due to resistance are limited.

Measuring Output

The output of power stations and individual items such as solar panels and wind turbines can be 
measured in terms of energy or power:

• A measure of energy commonly used by companies to make a charge for electricity use is 
kilo Watt hours, kWh. One unit of energy is 1 kWh = 3.6 Megajoules = 3.6 x 106 Joules.

• The power for a wind farm or power station can be listed in terms of kiloWatts, kW (1000 
W), MegaWatts, MW (1,000 kW) or GigaWatts, GW (1000 MW). For example, Whitelee 
Wind Farm near Glasgow has a capacity of 539 MW and is one of the largest in Europe with 
over 200 turbines.

The capacity is the maximum potential power of the type of technology used for electricity 
generation. 

• When the capacity for a site is discussed it is important to remember that the actual power 
and energy produced could be lower than the capacity due to varying local conditions. 

• For example, wind turbines will not be operating at their maximum 24 hours a day. Their 
operation will depend on the wind speed each day. Average wind speeds can also vary from 
year to year.

Efficiency

When electricity is generated, the process is not 100% efficient. For example, not all of the kinetic 
energy in the wind is converted to electricity by the wind turbine. Energy is lost through friction, 
heat and noise as the mechanical components in the wind turbine move.

Efficiency (%) = 
P out ×100

        P in

An estimate of efficiencies for different types of electricity generation can be found below. The 
efficiency level can vary between sites using the same type of generation. For example, a newer 
wind farm will have better technology than an older site.
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Non-renewable source:

Item
Installed Capacity (2016) 
World-wide (WW)
Scotland (S)

Source of loss Type of loss Efficiency

Coal fired 
power station

20000 GW (WW)

0 GW (S)*

Waste heat is produced as part 
of the process and is released 
into a cooling tower or is used to 
heat nearby buildings

Heat 33%

Nuclear 
power station

3700 GW (WW)

26 GW (S)

Like a coal fired power station, 
not all heat can be used to 
produce electricity and some is 
released

Heat 40%

           
*The last coal power station in Scotland, Longannet, closed in 2016. When running its capacity was 24GW.

Renewable source:

Item
Installed Capacity (2016) 
World-wide (WW)
Scotland (S)

Source of loss Type of loss Efficiency

Wind Farm
290 GW (WW)

5.3 GW

Heat and noise of mechanical 
parts, wind is not constant so 
amount of electricity generated 
varies 

Heat

Noise
30%

Solar power
177GW (WW)

155 MW (S)

Due to their design and 
construction, panels cannot 
produce electricity from all 
wavelengths of light falling on it, 
e.g. ultraviolet or infrared

Type of 
material 
(size of 
band gap)

22%

Hydroelectric 
power

1055 GW (WW)

1.5 GW (S)

Heat and noise of mechanical 
parts. Efficiency is higher than 
wind, for example, due to the 
consistent source of water to 
turn the turbines

Heat

Noise
80-90%

Marine power
0.5 GW (WW)

7.4 MW (S)
Heat and noise of mechanical 
parts.

Heat

Noise
Depends on 
technology

  
The National Grid:

Item Source of loss Type of loss Efficiency

Electricity 
transmission 
line

The loss is due to the resistance of the 
cable. The resistance depends on the 
distance the electricity is transferred and 
the current

Heat 95%

The following sections explore four different sectors of renewable electricity generation.
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Hydroelectric Power
Hydroelectric power is in widespread use in Scotland because of the natural geography of the 
land. There is one large-scale site in Wales but none in England. 

• In order to generate electricity, water is dropped from a height to drive turbines.  
It has gravitational potential energy and gravity then pulls the water down when the 
flow is released. 

• The kinetic energy of the water is transferred into mechanical energy in the turbine. 

• The result is the generation of electricity as the turbine drives a generator. 

• It is a very efficient process, with 80-90% of the energy from the moving water being 
used to generate electricity.

Hydroelectric power station

Turbines

Hydroelectric power stations can be described based on the value of their height or “head”. 
This is a measure of the distance between where the water is stored and where it will end up 
once it has passed the turbines.

• To generate electricity, the water flow is controlled on its way to the turbines. 

• The choice of turbine does not depend on the water flow but on the head of the site. 

• There are more than 80 hydroelectric power stations in Scotland, all with different values 
for the head and in them are many generations of turbine technology. 

High-level reservoir

Low-level loch

Height

Water flow

Turbines and
electrical generators
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In general, there are two different kinds of turbines: impulse and reaction.

Impulse:

• The blades of an impulse turbine are driven by a water jet. 

• The water flow is concentrated through a nozzle, which is then fired at the blades and the 
pressure from the water is constant. Newton’s second law can be called on to describe the 
behaviour of this turbine. 

• This type of turbine is generally used when there is a high head of over 300 m.

Reaction:

• A reaction turbine has to be fully sealed as the water flows through the turbine, causing the 
blades to spin. 

• The operation of this turbine falls under Newton’s third law: for every action there is an 
equal and opposite reaction. 

• In cases where the head is classed as being low or medium (up to 300 m) the reaction 
turbine tends to be used.

An impulse turbine

A Reaction turbine
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Types of power stations

There are different kinds of hydroelectric power stations. Each of the following methods is used 
to generate electricity in Scotland: 

1. Pumped storage (Cruachan Dam at Loch Awe and Foyers at Loch Ness in the Highlands  
are the only two in Scotland)

• Water flows from a height and drives turbines. 

• These sites use special turbines that can operate in reverse to pump the water back up 
to a height. 

• This operation usually takes place at night time when there is much less demand for 
electricity use. 

• Pumped storage is thought of as a way to store energy in the National Grid. Electricity 
is needed to drive the pumps to put the water back at a height, but if it was not used 
for this purpose then it would most likely be unused. It then means that the next day 
when demand is at its highest, the water flow back down resumes and electricity is 
generated.

2. Run-of-river (as seen in the Bonnington and Stonebyres power stations near Lanark)

 In order to drive turbines, these power stations divert water from a river. Once the water has 
passed through the power station it is returned to the river. A small dam is used to regulate 
the water flow to ensure a minimum level is reached for the turbines to operate.

3. Dams (Glendoe Hydro scheme near Loch Ness) 

 A dam is used to collect water in a reservoir. There is then a pipe or channel from the dam 
that feeds the water through into the turbine.

Advantages and Disadvantages

Some advantages Some disadvantages

• No CO2 emissions once 
installed

• Reasonably low maintenance 
costs

• Hydropower stations can  
be brought online quickly  
in response to increased 
demand

• The electricity generation is not necessarily constant 
and is often dependent on the weather or season

• Most hydroelectric power stations have no way of 
storing their output for when it is needed most.

• Expensive to build

• Depending on the site, there can be an extensive 
impact to local wildlife if a new reservoir is required 
as this means flooding of a large area. Infrastructure 
(roads and buildings) will need to be installed to 
maintain the site and this too will have an effect on 
the local environment
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Solar Power
The Sun is our ultimate source of energy on Earth and as such we want to harness as much 
of its power as possible. The Sun can provide us with a huge amount of power to generate 
electricity with. We have developed ways to harness this power, but more progress needs to be 
made in reducing the cost for it to be more widely used as a method to generate electricity. 

The sunlight that reaches the surface of the Earth is measured in Watts/m2. The estimated 
split between the wavelengths is (when the Sun is at its highest point in  
the sky or zenith):

Total at the surface 1000 W/m2

Infrared 52%, 525 W/m2

Visible 45%, 445 W/m2

Ultraviolet 3%, 30 W/m2

The Earth is in constant motion around the Sun, but the Earth is tilted, meaning that our 
orientation to the Sun changes throughout our travels. Across the year this is reflected in the 
different seasons. The height of the Sun in the sky changes and the angle of the Sun’s rays 
vary too.

Paths of the sun

Summer

Autumn

Spring

Winter
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The figures below show the angle of the sun’s rays across the seasons.

Winter

Spring

Summer

Autumn
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Solar Panels

• Solar panels collect light from the Sun and use it to generate electricity. 

• The panels need to be placed to gather as much light as possible. You will often see solar 
panels on the south facing roof of houses. If they are not on buildings then they will usually 
be placed at an angle.

Solar panels

• Often made from silicon, a photovoltaic cell in a solar panel uses energy from the Sun to 
generate electricity through the photoelectric effect. 

• When the light hits the panel, the photons in the light are absorbed by the silicon. These 
photons cause electrons to be separated from their atoms and a current begins to flow. 

• Many factors can affect how a solar panel works:

– Some will be directly related to the way the panel is constructed, for example the 
material used. 

– The Sun emits across a range of wavelengths in the electromagnetic spectrum, but a 
solar panel cannot use 100% of energy emitted. 

– Other aspects will depend on local conditions once the panel is installed: for example 
the number of daylight hours and the weather.

SP Energy N
etw
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Solar in Scotland

• The use of solar panels is increasing in Scotland. Even though there are few large-scale 
solar schemes, many individual homes, businesses and public buildings have solar panels 
installed. The landscape in England is more suited to large-scale solar schemes and several 
have now been built.

• More and more panels will be installed in the coming years as the price of installation goes 
down. As the numbers of panels manufactured increases, the cost goes down. 

• A feed-in tariff is paid to those generating their own electricity. Unused electricity is sold to 
a supplier. 

• In 2010 the installed capacity of solar panels was 2MW but by 2016 this had increased to 
over 100MW. This increase is expected to continue.

Advantages and Disadvantages

Some advantages Some disadvantages

• Low maintenance costs

• No CO2 emissions once 
installed

• Low environmental impact 
if they are being installed on 
existing buildings

• Up-front installation costs

• Solar panels cannot generate electricity at all times of 
peak demand, night time being a particular problem. 
Batteries can be used to store electricity made during 
the day but it might not always be enough

• Large scale projects such as solar farms will use a large 
area and could have a significant impact on the local 
environment

• Rapid expansion of capacity from solar panels will 
impact on the National Grid. If the UK-wide capacity 
reaches 10GW, then significant work  
will need to be carried out to infrastructure

• Difficult to store excess electricity for longer  
term use
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Wind Power
• There are more than 80 wind farms (a site with more than 1 wind turbine) across Scotland, 

both onshore or offshore with a total capacity of 5GW. 

• The amount of electricity generated from these farms depends on the weather. 

• Individual wind turbines can also be found providing power to individual homes, businesses 
and communities.

Wind Turbines

History

• Wind turbines have a long history and have been used for centuries. Built in 1880, the 
Dickie wind pump (seen below at the National Museum of Rural Life in East Kilbride) was 
developed by William Dickie, an Agricultural Engineer, to provide water for domestic and 
agricultural use. 

• This was quickly followed by the world’s first electricity generating wind turbine. Built in 
Marykirk, Scotland in 1887 by electrical engineer James Blyth. 

• It wasn’t until the mid-20th century that wind turbines began to be used across the UK. 
Prior to this they were considered too expensive.

Design

• Engineers design wind turbines so that they 
work best for average conditions on the site. 

• They always have to take into account the 
worst possible weather conditions and plan 
for how the turbine is affected in extremely 
high winds. 

• When choosing a site for a wind farm or 
turbine, it is preferable that the area has 
medium to high wind speeds.

• The turbine blades spin when the wind is 
above a certain speed. This then drives an 
electrical generator. 

• The materials they are made from include 
steel and aluminium but will depend on  
the design.

Dickie wind pump
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Horizontal axis wind turbine

Types of Turbine

There are 2 types of turbines based on their axis of rotation: 

1. Horizontal axis

• Rotor blades and a generator are placed at the top of a tower (this can range in size  
up to 90-100m). They must be pointed into the wind and are controlled by computer.

• Size is important because wind speed increases with height. 

• To drive the generator, the speed of the rotating blades is controlled by a gearbox. 

• The blades must be far away from the tower so that they cannot damage it. 

• The speed at the tip of the rotor blades can reach over 300 km/h.

• Brakes are built into the turbine, to protect it in high winds. 

The largest offshore turbine in the world was installed in Fife in October 
2013, reaching 196m to its tip and sitting 50m out into the Firth of 
Forth. It has a capacity of 7MW, enough for nearly 5,000 homes. The 
height of this turbine is greater than the nearby Forth Road Bridge.
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Vertical axis wind turbine

2. Vertical axis 

• The generator and gears are placed at the bottom of the turbine. 

• Due to its design it doesn’t have to face the wind. 

• This type is most suited to sitting on a building where the wind direction will frequently 
change, rather than form part of a wind farm.

Turbulence

We often see wind turbines sitting by themselves at a business such as a farm or factory and 
planning for how these operate is slightly more straightforward than for a wind farm. The reason 
being is that as soon as you have more than one wind turbine, you increase the turbulence in 
the air. Wind farms with a large number of turbines will be spaced apart to minimise the effect 
of turbulence.
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Turbulence is an ongoing field of study and there are disagreements 
as to how far apart wind turbines should be placed, with some arguing 
6-10 times the length of the blades and others saying they should be 
placed much closer together.

Advantages and Disadvantages

Some advantages Some disadvantages

• Low maintenance costs

• No CO2 emissions once 
installed

• Can provide a source of 
electricity to a remote 
community

• Wind speed is variable

• Peak production not always at time of peak demand

• Expensive to install. Offshore wind farms are 20% 
more expensive than onshore

• Large turbines and wind farms can have a negative 
effect on the appearance of an area

• Turbines generate noise. This needs to be considered 
when choosing a site

• The installation of a wind farm can impact the local 
environment

SSE Pow
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Marine Power
There are two different aspects of the sea that we can try to harness for the purposes of 
generating electricity: tides and waves. Both are in the very early stages of development and 
are not yet being used commercially. Marine power does not have as long a history as wind 
or hydro but there are many universities and companies in Scotland researching methods 
of electricity generation. One key difference between tides and waves is that we have a very 
clear understanding of the behaviour of tides in the long term.

Wave Power

• Waves are produced when wind blows over the surface of the sea and can be predicted 
several days in advance. 

• The largest waves are generated when the wind has blown over long distances across  
an ocean allowing them time to grow in height. 

• Suitable sites around the UK for wave power can be found around off the north west 
coast of Scotland, Northern Ireland, south Wales and Cornwall. At these points the wind 
has been passing over great distances across the Atlantic Ocean. 

• Waves reduce in size as they approach the coast due to friction, as the depth decreases, 
so the best sites are found out at sea. 

Wave Characteristics

Waves produced in the sea are transverse waves. This means that the vibrations are at right 
angles to the direction of travel.

The speed of a wave can be found based on the frequency and wavelength:

Wave speed (metres per second)=Frequency (Hertz)×Wavelength (metre)

The following can also be considered for finding the speed of a wave:

Speed (metres per second) = 
Distance (metres)

                                                 Time (seconds)

Amplitude

Wavelength, y
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Wave Power Technology

There are many different types of wave technology under development. As yet wave power isn’t 
used commercially, but this is the goal being worked towards world-wide.

History

• Spurred on by high oil prices and problems with supply in the 1970s, funding was made 
available to research ways of generating electricity using the power of the waves.

• Salter’s Duck, designed by a group at the University of Edinburgh led by Professor Stephen 
Salter, uses the motion of the waves to drive gyroscopes inside the duck, where an electrical 
generator then uses the rotation from the gyroscopes to produce electricity. 

• A model of Salter’s Duck along with recent developments in wave technology can be viewed in 
Energise gallery at the National Museum of Scotland. 

• Unfortunately due to various factors, including a drop in oil prices in the 1980s and a cut in 
funding for renewable research, it was never developed beyond a prototype.

Pelamis Sea Snake

Examples of Technology

• Several large wave farm sites are in the planning stages around Scotland. 

• The Pelamis Sea Snake shown in the picture above is made up of several tubes that are 
connected but move up and down independently in the waves. This motion drives hydraulics 
inside the units which in turn produces electricity from a generator. The machine is then linked 
to shore via a cable.

• Different technologies need a variety of sea states and depths, so this will have an impact on 
how close to shore they will be situated. 

• The technologies can be grouped into offshore, near-shore or on-shore. 

• The machines used are found on the surface of the sea, submerged or a combination of the two. 

• The most common approach is on-surface: the Pelamis Sea Snake and Salter’s Duck are 
examples of on-surface generation.

Pelam
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Tidal Power

• The frequency and height of tides can be calculated well in advance. 

• They are produced because of gravitational interactions between the Earth, the Moon and 
the Sun. 

• Being able to predict tides to a high level of accuracy allows suitable sites for tidal power to 
be identified. 

• The exact height and speed of the tide is affected by local geography such as the width 
of the channel or shape of the coastline and depth of the sea bed. Faster tidal streams are 
found in inlets and between islands. For example, there are areas along the west coast of 
Scotland and between Wales and Ireland that have high potential for development.

There are many early examples of humans using the power of the tides, including in Roman 
times. However, as with wave power, the use of tidal power technology to generate electricity is 
at an early stage of development.

Tidal turbine

Examples of Technology

There are two main ways of using the tides to generate electricity:

1. Tidal stream generator: this makes use of the kinetic energy of the tide as it moves through 
a set position. This movement can power tidal turbines that look very similar to wind 
turbines.

2. Tidal barrage: this method exploits the height difference before and after tides and so 
potential energy comes into play. Dams are used to collect water at high tide and then as 
the tide goes out, the water then drives turbines to generate electricity.

Alstom
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Based over various sites across the Orkney Islands, the European Marine 
Energy Centre (EMEC) is a place where new technologies across tidal 
and wave power can be tested. Once tested, the technologies can be 
scaled up and installed at other sites. This is a world-leading site, more 
wave and tidal technologies are tested in Orkney than the rest of the 
world combined.

Advantages and Disadvantages

Some advantages Some disadvantages

• No CO2 emissions once 
installed

• Waves are built up by wind 
and travel long distances. 
Wave power can therefore 
compliment wind power as the 
peak waves will come a few 
days after peak winds

• Tidal patterns are easy to 
predict, so identifying suitable 
sites is straightforward 

• Sites are often out at sea and therefore far away from 
electricity consumers. Losses will be experienced in 
moving the generated electricity over any distance

• Wave size is variable and not constant

• Peak output does not necessarily meet peak demand 
from consumers

• As the technologies are still early in their development, 
there is more to learn about their impact on the 
environment, for example fishing, and how they 
perform longer term in challenging conditions

Compared with other types of renewable electricity generation, marine power uses many 
different technologies. This can have an impact on the advantages and disadvantages. For 
example, an on-shore technology is easier to access for maintenance than an off-shore one.
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Discussion Activity
There are many aspects of renewable energy that can be explored through discussion activities. 
Below we have suggested a scenario that the pupils can research and discuss before presenting 
their results and ideas. 

The residents of the Isle of Harris would like to generate their own 
electricity and not rely on power coming from the mainland. They 
have raised funds in order to build and install equipment to generate 
electricity for homes and businesses on the island. What would you 
recommend they use?

There are various approaches to answering this question which will depend on time available 
and the age group of the pupils. We have provided a suggested approach below.

1. Pupils split into groups to investigate the different types of electricity generation 
available, including: fossil fuels, wind power, solar power, hydro power and marine 
power. They can gather information on the advantages and disadvantages of each 
and report back to the class.

2. The local conditions on Harris will impact on the mix of electricity generation. Pupils 
can next research the geography of the island and its weather to identify if there are 
suitable sites and conditions for the different types of electricity generation.

3. Based on the information collected so far, pupils should put together a 
recommendation for the islanders on what they should use. Pupils could work in groups 
then present their ideas to see if there are different solutions proposed.

When pupils are either preparing or delivering their presentations you can challenge them with 
questions such as:

• How will your chosen solution impact the environment? For example, if you are building 
wind turbines will you need to put in roads to deliver equipment?

• What happens if there isn’t enough wind, sun or rain?

• How does the islanders’ electricity use change over the day?

• Will the amount of electricity the islanders use be the same in summer and winter?

• Given the location of Harris it is particularly suited to marine power. Have they 
considered this as an option? If so, is the technology at a point where it can be used 
reliably?

Once the pupils have presented you can tell them about how this has happened in practice on 
the Isle of Eigg:

• Over 90% of the electricity on the island comes from renewable sources.

• They have used a mixture of solar, wind, hydro and diesel generators provide 24 hour 
electricity provision and there is no connection to the mainland National Grid. 

• The diesel generators are required as a back up in case there is not enough wind, sun or rain.

• Another solution to this has meant they have batteries to store electricity and make it 
available when it is needed.
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• They have installed their own grid to deliver electricity around the island. 

• When they are generating more electricity than they need, then it is used to heat 
community buildings around the island.

• Throughout this they have tried to minimise the impact on the landscape of the island. 
For example, they have buried the cables that deliver electricity.

You can find out more at: http://islandsgoinggreen.org/ 

©
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Further Sources
If you would like to investigate more about these areas, you may find the following sites useful for 
background information.

Aquaret marine power: www.aquaret.com

The Crown Estate: www.thecrownestate.co.uk/estates-map/map 

Danish Wind Industry Association:  
www.windpower.org/en/knowledge/wind_with_miller.html

Energy statistics for Scotland:  
www.scotland.gov.uk/Topics/Statistics/Browse/Business/Energy 

European Marine Energy Centre: www.emec.org.uk 

Grid Watch, information on electricity usage in the UK: 
http://www.gridwatch.templar.co.uk/

Met Office Weather Data:  
www.metoffice.gov.uk/forms/education_weather_data_order.html 

Renewable UK:  www.renewableuk.com (includes Renewable UK database of energy generation 
sites)

Whitelee Wind Farm (largest in Europe):  
www.whiteleewindfarm.co.uk/visitor_centre/opening_hours 

Worldwide energy statistics from the Renewable Energy Network: 
http://www.ren21.net/

The following sites have further activities and resources on renewable energy suitable for school pupils:

National STEM Centre e-Library: www.stem.org.uk/resources

The Solar Spark: www.thesolarspark.co.uk

SSERC: www.sserc.org.uk

You can find out more about careers in the renewable energy sector in Scotland at the following links:

www.myworldofwork.co.uk/my-career-options/energy

This will give pupils an overview of the industry, the range of jobs available and video clips of 
people working in the industry.

Pupils can find out what jobs they can do with physics by going here:

https://www.myworldofwork.co.uk/my-career-options/choosing-my-subjects

More detailed information about jobs in the energy industry can be found at  
www.inside-industry.org.uk

Pupils can find out in-depth information about the range of jobs in the industry, the different 
entry routes, links to courses, case studies and company information. Advice is also given by 
employers on applications and interviews.




