Engineering L2
– Renewable Energy
1 of 20 – Welcome
Welcome to this session on renewable energy.
By the end of this session, you will be able to:
· Understand key facts about the main renewable energy sources
· Explain the advantages and disadvantages of various renewable energy sources
· Explain the process of power generation by wind, solar, hydro and geothermal sources
2 of 20 – Geothermal energy
Geothermal energy uses the heat from rocks in the earth’s inner core that turns water into steam. 
Engineers drill down into the hot regions and the purified steam rises to drive turbines that produce electricity. Where there is no natural groundwater, cold water can be pumped down to create steam.
As well as being used to produce electricity, the heat from below the ground can be used to directly heat homes and businesses, making it doubly useful.
Click here to watch this video to learn more about how geothermal energy is used in Iceland.
3 of 20 – Geothermal heat pumps
Where geothermal energy is available, it can be used to directly heat homes, greenhouses and businesses by using geothermal heat pumps. These pumps can be used to both warm and cool properties, which makes them very useful. In cold weather, the pump absorbs heat from the groundwater and sends the cooler water back into the Earth. In warm weather, the pump warms the water from underground.
4 of 20 – Types of geothermal power plants
There are many types of geothermal power plants, that each harness the power of the Earth’s heat in different ways. These include:
· Dry steam geothermal plant
· Flash steam geothermal plant
· Binary cycle geothermal plant
Although they vary in exactly how they work, all of them use the heat of the Earth to heat water. This hot water turns into steam, which is fed into a steam turbine that spins. This spins a generator, which in turn generates electricity. The water is then pumped back underground so that it can be heated up again, and the cycle begins again. 
Click here to watch this video to learn more about the different power plant types and how they work. 

5 of 20 – Advantages and disadvantages of geothermal energy
As with any energy source, there are both advantages and disadvantages to using geothermal energy. 
Advantages:
· Available all year round
· Does not involve any combustion of fuel
· Independent of weather
· Low environmental impact
· The fuel is free
Disadvantages:
· May release harmful gases 
· Can run out of steam
· Not available everywhere
· High installation costs
6 of 20 – Hydroelectric power
Water is another precious natural resource that can generate an unstoppable force. Hydroelectricity is the use of running water – this could be a small stream, a large river or ocean waves – to generate electricity. Streams and rivers flow downhill and as water flows it generates potential energy.  
Hydroelectric power systems convert this potential energy into kinetic energy using a turbine. As water passes through the turbine. It spins propeller blades much like a wind turbine. The turbine is connected to a generator which produces electricity. The faster the water flow, the more energy is produced.
Water is a renewable resource because hydroelectric plants do not consume or use up the water, they merely make use of the energy it has when it is moving. This means we will never run out of water to use in this way. This makes hydroelectric power very sustainable and environmentally friendly.
7 of 20 – Hydroelectric power plants
There are many ways to harness the power of water, from simple water wheels to complicated power plants. Some of the most common types of power plants generating electricity from water include:
· Impoundment – collecting water together such as in a reservoir or using a dam
· Diversion – using a canal or pipe to move the water directly into a turbine system
· Pumped storage – water is pumped into a reservoir to be released later
Although the scale and methods may vary, most hydroelectric plants function in a similar way. Water from upstream, often held in a reservoir, flows past a turbine. This spins to create electricity. 
Click here to watch this video to learn more about these different types of hydroelectric plants.

8 of 20 – Advantages and disadvantages of hydroelectric power
As with any energy source, there are both advantages and disadvantages to using hydroelectric energy. 
Advantages:
· Low or no cost once the equipment is built
· No waste or pollution created in the process
· Not dependent on weather or time of day
· Water can be stored to handle later demand
Disadvantages:
· Water quality and quantity downstream can be affected, impacting plants and animals
· Building large dams can cause flooding upstream
· Equipment, especially dams, are expensive to build
· Choosing a site for a dam can be difficult
9 of 20 – Solar energy
The sun gives off massive amounts of heat and light that can be used to generate electricity both directly and indirectly. 
Most solar energy is produced through a series of panels that contain photovoltaic cells. These cells convert the heat produced from the rays of the sun into electricity. 
Over recent years there has been an increase in the use of photovoltaic panels on the rooves of buildings. The electricity produced can be used to power a home, or even heat water directly. Solar panels initially cost thousands of pounds to install, but if you have a south-facing roof they can significantly reduce electricity bills. The building owner may be paid for any extra energy produced that is fed back into the National Grid. However, some people think that the panels look unsightly.  
Today, an ever-increasing range of products are powered by solar cells or panels, including torches, mobile phones and outdoor lighting.  
10 of 20 – Photovoltaic cells
Photovoltaic cells can be used to convert the sun’s light into electricity. 
One cell is not very big, so you will usually see them connected together into solar panels, or even large arrays of panels known as solar farms. These work together to generate electric current, which can be used immediately or stored in a battery to be used later. 
Solar panels are made up of four layers; a pair of silicon wafers wrapped in a contact, sandwiched between a backing underneath and a glass layer on top. 
The silicon reacts to the sunlight, moving spare electrons between the silicon layers and generating electricity.
The electricity produced by the solar panels is DC, direct current. This can be stored in a battery or converted to AC, alternating current, by an inverter. Click here to watch the video.
11 of 20 – Solar thermal power
The sun’s heat energy can also be used to generate power. This is known as solar thermal power. 
Solar thermal power works by using the sun’s heat to warm water so that it turns into steam. This steam turns turbines that generate electricity. 
Solar thermal plants are usually large collections of movable mirrors which all reflect the sun’s heat back into a single point. This concentrates the heat so that it can boil the water. 
Click here to watch this video to see a solar thermal plant in action.
12 of 20 – Advantages and disadvantages of solar power
As with any energy source, there are both advantages and disadvantages to using solar energy. 
Advantages:
· Low or no cost once the equipment is built
· No waste or pollution created in the process
· Can be used in remote areas wired electricity does not reach
Disadvantages:
· Equipment is expensive to build
· The correct location is vital to their operation and can be hard to find
· Produces no energy when the sun is not shining
13 of 20 – Wind power
Wind is a natural and clean source of renewable energy that produces no air or water pollution. Wind is one of the earliest energy resources, dating back to the 7th century. Early civilisations such as the ancient Egyptains, Chinese and Persians used the power of the wind to move boats, pump water and grind grain. 
Most wind energy used for electricity production is harnessed through the use of wind turbines. These are usually quite tall structures, sometimes as high as 100m. Wind turbines use less than an acre of land and spin for 70-80% of the time. They are popular in the UK as it is the windiest country in Europe. 
The largest wind turbines can generate enough electricity to power small towns and villages. Wind farms sometimes contain hundreds of turbines and are usually positioned in windy areas, such as mountain ridges or even offshore.





14 of 20 – Wind turbines
Wind turbines convert the kinetic energy of the wind into electrical energy. When the wind blows, the blades are pushed by it, and they turn. This motion is converted by a series of gears into a fast spin which turns a generator, creating electricity. 
The turbines can rotate so that they are always pointing into the direction of the wind. This allows them to always be making the most of the wind’s power, and to prevent the turbines from spinning if the wind speeds become too high. 
Learn more about how wind turbines work by watching this video. Click here to watch the video.
15 of 20 – Advantages and disadvantages of wind power
As with any energy source, there are both advantages and disadvantages to using wind energy. 
Advantages:
· Low or no cost once the equipment is built
· No waste or pollution created in the process
· Can be used in remote areas wired electricity does not reach
Disadvantages:
· Equipment is expensive to build
· The correct location is vital to their operation and can be hard to find
· Wind turbines cannot operate if it is too windy
· Some people do not like the look of a wind turbine
16 of 20 – Question 1
Which of the following are types of geothermal power plants?
Choose all that apply.
· Dry steam
· Flash steam
· Induced
· Binary cycle
· Stored
Answers:
Dry steam, flash steam and binary cycle are all types of geothermal power plant.




17 of 20 – Question 2
Match the terms to their definitions. 
1. Impoundment 
2. Diversion 
3. Pumped storage 
a) Water is pumped into a reservoir to be released later 
b) Using a canal or pipe to move the water directly into a turbine system
c) Collecting water together such as in a reservoir or using a dam
Answers:
· Impoundment – collecting water together such as in a reservoir or using a dam
· Diversion – using a canal or pipe to move the water directly into a turbine system
· Pumped storage – water is pumped into a reservoir to be released later
18 of 20 – Question 3
Indicate if the following statements about photovoltaic cells are true or false.
· Photovoltaic cells can be used to convert the sun’s light into electricity. 
· A photovoltaic cell is very large in size. 
· Photovoltaic cells are made up of four layers. 
· The electricity produced by the solar panels is alternating current. 
Answers:
· Photovoltaic cells can be used to convert the sun’s light into electricity - True
· A photovoltaic cell is very large in size - False
· Photovoltaic cells are made up of four layers - True
· The electricity produced by the solar panels is alternating current – False
19 of 20 – Question 4
Wind turbines cannot operate when… 
Choose all that apply. 
a) There is no wind
b) Wind speed is too high
c) It is night
d) They are facing in the wrong direction
e) It is summertime
Answers: Wind turbines cannot operate when:
· There is no wind
· Wind speed is too high
· They are facing in the wrong direction
20 of 20 – End
Well done. You have completed this session on renewable energy.
You should now be able to:
· Understand key facts about the main renewable energy sources
· Explain the advantages and disadvantages of various renewable energy sources
· [bookmark: _GoBack]Explain the process of power generation by wind, solar, hydro and geothermal sources
If you have any questions about anything covered in this session, speak to your tutor for more help.




















