
Science Stage 5 (Year 9) – Energy
Teacher resource book 4 of 4 (TRB4)
How can we make better energy choices for the future?
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[bookmark: _Toc179465111]Overview
[bookmark: _Toc128649915][bookmark: _Toc141426380][bookmark: _Toc179465112]Introduction
Stage and learning area: Stage 5 Science
Description: this resource complements the Energy program of learning. It aims to serve as a teacher reference, offering practical strategies and ideas to enrich teaching practices and create engaging learning environments. The activities should be adapted to suit the needs of students.
Duration: while timing will vary based on the mode of delivery, differentiation strategies employed and class or school context, this series of activities should take approximately nine 60-minute lessons.
Risk management: Teachers are advised to undertake a risk assessment before conducting any investigation or experiment in their classrooms. For more information on developing risk assessments, see Risk Assessment – a pre-requisite for risk control.
This resource book contains elaborations on many of the activities in the Energy program. Some activities also reference the Energy PowerPoint (identified as EGY PPT throughout this document).


[bookmark: _Toc179465113]4.1 Past and future energy use
Students use published data to describe our past and current energy use. Information is presented using infographics and Slow-reveal graphs. Students use this information to identify key issues around energy use in Australia.
Table 1 – learning intentions and success criteria for 4.1 ‘Past and future energy use’
	Learning intentions
	Success criteria

	We are learning:
how to make informed decisions about the best energy sources to use
to represent and organise data and information to find patterns and calculate useful values.
	I can:
identify Australia’s largest energy sources and uses
describe a relevant issue or development affecting Australia’s energy use
explain why we need to develop alternative sources of energy.


[bookmark: _Toc179465114]Instructions
[bookmark: _Toc179465115]Australia’s current energy use
Present the infographic on slide 4.1 Australian energy statistics in 2021–2022 (EGY PPT), which is also shown in Figure 1 as a stimulus for class discussion.
[bookmark: _Ref171055755]Figure 1 – Australian Energy Statistics summary infographic 2022–2023 highlighting key figures from the Australian Energy Update 2024
[image: The infographic contains 12 notable facts from the report:
For example,
Energy consumption up 2.0% (first time in 4 years).
$409 m GDP for every PJ consumed, up $88m over 10 years.
Energy productivity improvement 28% over the decade.
35% electricity generation from renewables in 2023, a record.
Oil share of energy consumption 39%.
Net exports 68% of production of energy.
Most coal and gas produced is exported – 89% and 73%..
20% growth in solar generation in 2023.
Residential energy consumption down 3% and commercial use up 4%.]
’Key figures from the Australian Energy Update 2024’ by Australian Government Department of Climate Change, Energy, the Environment and Water (2024) is licensed under CC BY 4.0.
Use the See-Think-Wonder thinking routine to engage students in thinking about the energy challenges we are experiencing in Australia. Prompts for facilitating this activity are included in Table 2.
For further information about facilitating the See-Think-Wonder thinking routine, select See-Think-Wonder in the resource links at the bottom of the landing page.
[bookmark: _Ref177901665][bookmark: _Ref177901661]Table 2 – discussion prompts for See-Think-Wonder
	Thinking routine
	Prompt

	See – What do you see?
	What do you notice about the energy consumption and production data?
Which areas show an increase in energy efficiency or production?
Encourage students to observe specific details like percentages, trends, or changes over time.

	Think – What do you think about that?
	What else is going on here?
What do you see that makes you say that?

	Wonder – What does it make you wonder?
	What questions remain for you?
Encourage students to think forward about innovation and its potential impact on energy trends or consider how these figures might have differed in the past or in another country. 


Summarise important issues and trends that surfaced in the class discussions and record them for future reference – categorise them into good, bad and interesting. Examples may include renewable and non-renewable energy sources, electricity generation or efficiency.
[bookmark: _Toc179465116]Understanding past trends in energy use
Use the slow-reveal graph process, which is explained fully in the Appendix, to interrogate Figure 17, Australian electricity generation fuel mix from the Australian Energy Update Report 2023 (page 30), showing the changes in the fuel used to generate electricity in Australia over the past 25 years. The slow-reveal graph process is modelled in 4.1 Slow-reveal graphs EGY PPT and includes question prompts in the speaker notes for each slide.
Slow-reveal graphs are an instructional tool that teachers can use to help students make sense of data. They involve stripping a graph of most of its content, such as headings, axis labels, numbers and keys. As more components are added, students can refine their interpretation of the data representation. Slow Reveal Graphs provides more information on this instructional tool.
[bookmark: _Toc179465117]Why do we need to develop alternative energy sources?
Watch Black Balloons – Greenhouse Gas (0:45) and use the Pose, Pause, Bounce, Pounce (PDF 557 KB) questioning technique to run a class discussion around the following questions on promoting energy awareness and the importance of alternative energy. 
Research shows that increasing wait time after questioning improves the number and quality of responses. Pausing after asking the question and before selecting a student to respond ensures that all students think about the answer. Pausing after a student responds can also lead to the student providing additional elaboration.
Promoting energy awareness
How does the use of black balloons in the video act as an analogy to represent CO₂ emissions?
	The black balloons act as an analogy to show how much CO2 is produced when we use electricity in our homes. Every balloon represents a certain amount of CO2, making it easier to understand the invisible gas.


Why do you think the Victorian Government chose this method to communicate energy consumption and pollution?
	The Victorian Government probably chose this method because it's simple and easy to visualise the amounts of invisible CO2 produced. Seeing balloons fill a room helps people realise how much pollution they create, even if they do not notice it in everyday life.


What everyday household uses of energy contribute to creating these ‘black balloons’ of CO2? 
	Our household energy use for heating, air conditioning, cooking, or leaving lights on all contribute to producing CO2.


Can you think of alternative actions or habits that could reduce the number of balloons created?
	We could reduce these ‘balloons’ by switching off appliances when not needed, using energy-efficient appliances, or even installing solar panels to use renewable energy instead of coal-generated electricity.


The importance of alternative energy
Reflecting on the video, why do you think developing and switching to alternative energy sources is urgent? 
	It is urgent to switch to alternative energy because the amount of CO2 we’re putting into the atmosphere contributes to climate change. If we don’t reduce our emissions, it will lead to more global warming, which has negative effects like rising sea levels and extreme weather.


What are some alternative energy sources you know of, and how could they reduce the impact shown by the black balloons?
	Alternative energy sources like solar, wind, and hydroelectric power* produce relatively very little CO2, which can help reduce the number of ‘black balloons’ created when we use electricity.
Note: * Hydroelectric power stations produce significant CO2 during construction due to the large amount of concrete required to build a dam. However, they produce very little CO2 after construction compared to most non-renewable power stations. 


The video’s intent is to motivate households to take action. Is it effective in inspiring changes in energy usage?
	Yes, the video is effective because it makes the problem of CO2 visible and easy to understand. People might not realise how much CO2 they produce, but seeing the black balloons filling the room shows the impact. However, it only describes the problem and doesn’t suggest clear solutions. The message could be even more powerful if it showed how easy it is to make small changes.


Dig deeper: What additional information would you need to make this message more powerful and for households to take further action? Construct a KWL chart to guide your research and response. 
Table 3 – KWL sample response
	What do I know?
	What do I want to know?
	What have I learnt?

	I know that using electricity creates CO₂, and we must reduce it to help the environment.
	What specific actions can I take to reduce my energy use, like switching to renewable energy or using more energy-efficient appliances? I'd also like to know how much CO₂ I can save by making these changes.
	I learned that switching to renewable energy, like solar panels, can reduce a household’s CO₂ emissions by up to 80%. I also discovered that using energy-efficient appliances, like LED lights, can reduce electricity use by about 75%. Simple actions like turning off lights and using less heating or cooling can save hundreds of kilograms of CO₂ each year. This helps both the environment and saves money on energy bills.


[bookmark: _Toc179465118]Where does our energy go?
Use the slow-reveal graph method to unpack the Sankey diagram in the EGY PPT to introduce students to Australian energy production and use. The Sankey diagram in Figure 2 (also used in the EGY PPT) is a simplified version of the Australian Energy Update 2023 (energy.gov.au). Discussion prompts are provided in the speaker notes for each slide 4.1 Slow reveal graph – a Sankey diagram EGY PPT. 
[bookmark: _Ref177907499]Figure 2 – a simplified version of the Australian Energy Flows 2021-2022 diagram. All units are in Petajoules (PJ). 
[image: Sankey diagram showing the energy flows from production to consumption in Australia. The dominant energy flows are from coal and gas production to exports. ]
This work has been generated using SankeyMATIC. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2024. 
Note: view this diagram online to interact and customise.
Provide students with a copy of Student resource – Where does our energy go?. Students complete the activity by using the final Sankey diagram on the board. 
Sample response: 
1. Divide and label the bar below to demonstrate the percentage of the energy generated or extracted in Australia that is:
exported to other countries
consumed as electricity or other means
wasted or lost during production (own use and losses)
Total energy = 14,833 + 104 + 998 + 875 + 1,581 = 18,391 PJ
% exported = 14,833 / 18,391 ⨯ 100 = 80.7%
% consumed as electricity or other means = (104 + 998 + 875) / 18,391 ⨯ 100 = 10.7%
% wasted or lost during production = 1,581 / 18,391 ⨯ 100 = 8.6%
10.7%
8.6%
Wasted or lost during production 
Consumed 
80.7%
Exported 

Note: the Australian Energy Update 2023 uses the petajoule (PJ) as the unit of energy for describing energy used nationally. This unit will likely be unfamiliar to students. The Australian Energy Update 2023 includes an infographic to introduce readers to this unfamiliar unit of energy. 
Figure 3 – infographic explaining the petajoule from the Australian Energy Update 2023
[image: Infographic explaining what one petajoule  (PJ) is by connecting it to common energy usage. For example, it is the equivelent  to 483 million km driving in a car (29 million litres of petrol).]
‘Australian Energy Update 2023’ by the Department of Climate Change, Energy, the Environment and Water is licensed under CC-BY 4.0.
Figure 4 could be used as an alternative information source for the above activity to reduce complexity. It highlights Australia’s role as an energy exporter but does not explore the relationship between energy generation and use.
[bookmark: _Ref172019795]Figure 4 – Australian energy trade 2021-2022 from the Australian Energy Update 2023.
[image: A map of Australia showing the energy trade with inputs and exports mainly of fossil fuel products. ]
‘Australian Energy Update 2023’ by the Department of Climate Change, Energy, the Environment and Water is licensed under CC-BY 4.0.
[bookmark: _Ref177908061]Student resource – Where does our energy go?
1. Divide and label the bar below to demonstrate the percentage of the energy generated or extracted in Australia that is:
exported to other countries
consumed as electricity or other means
wasted or lost during production (own use and losses).
	
	
	
	
	
	
	
	
	
	


[bookmark: _Toc176852804]

[bookmark: _Toc179465119]4.2 Sustainable energy use
Students investigate how to improve the sustainability of transport used in their community by conducting a survey of transport used by class members and exploring vehicle efficiency and energy consumption by transport both nationally and internationally.
	Learning intentions
	Success criteria

	We are learning:
how we can use energy more efficiently
how to make informed decisions about the best energy sources to use
to systematically collect and record data, information, evidence and findings.
	I can:
conduct a survey of transport options used by their class
extract information about vehicle emission standards from reliable sources
describe the impact of vehicle choice on CO2 emissions and running costs.


[bookmark: _Toc179465120]Background information
[bookmark: _Toc179465121]Sustainable transport
When recognising the importance of transport in meeting its Sustainable Development Goals, the UN broadly defined sustainable transport as:
“the provision of services and infrastructure for the mobility of people and goods—advancing economic and social development to benefit today’s and future generations—in a manner that is safe, affordable, accessible, efficient, and resilient, while minimising carbon and other emissions and environmental impacts.”
Mobilizing Sustainable Transport for Development (PDF 5017 KB)
More generally, sustainable transport refers to the services and systems that help people and goods move around safely, easily and affordably. These services and systems should benefit the economy, the community and the environment. In terms of energy use, this means designing energy-efficient systems and relying more on cleaner energy sources. 
[bookmark: _Toc179465122]Instruction
[bookmark: _Toc179465123]Exploring sustainable transport
Display stimulus images showing examples of sustainable transport options (see 4.2 Sustainable transport – EGY PPT)
Discuss the following questions
What is transport, and why is it important for me and my community?
What are the types of transport used in our local community? 
What do I know about making transport use more sustainable?
Watch Daniel O’Doherty in Catalyst: Impact of coming to school on carbon emissions (3:14) (ABC 2009) as he determines his hypothesis and then designs and conducts a study about carbon emissions. Daniel was the 2008 ‘Action Against Climate Change’ Eureka Schools Prize winner. Use Think-Pair-Share to respond to the ‘Things to think about’ questions on the Catalyst website.
The Sleek Geeks Science Eureka Prize is awarded each year by the Australian Museum. It encourages students to communicate a scientific concept in a way that is accessible and entertaining to the public while painlessly increasing their science knowledge.
Design and conduct a class survey of transport used to get to school.
Summarise the survey results by:
constructing an appropriate table or graph
making 2 observations and proposing an inference based on each. 
Observations only report what is perceived through the senses, without assumptions or explanations, while inferences are interpretations or conclusions drawn from those observations.
[bookmark: _Toc179465124]Vehicle standards
Use the data in Table 4 or search for specific vehicle data on the Green Vehicle Guide to complete questions 1–4, comparing the CO2 emissions, fuel consumption and annual fuel cost for a range of vehicles.
[bookmark: _Ref171964976]Table 4 – vehicle standards (Green Vehicle Guide)
	Vehicle
	Release year
	Fuel type
	Fuel consumed (L/100km)
	CO2 emissions per km (g/km)

	Large family sedan 1
	2004
	Petrol
	11.1
	266

	Large family sedan 2
	2018
	Petrol
	7.6
	193

	Large family sedan 3
	2022
	Electric
	0*
	N/A**

	Small car
	2018
	Electric/petrol hybrid
	3.4
	80


* electric vehicle does not consume fuel but uses 134 Wh/km of electrical energy from battery.
**The CO2 emissions will vary depending on the source of electricity used to charge the battery.
Note: comparison data from the Green Vehicle Guide can be exported as a CSV file for more detailed analysis. 
Summarise the data collected by answering these questions:
1. Which vehicles were the most and least fuel efficient?
	The 2022 electric vehicle is the most fuel-efficient because it uses no fuel. The 2018 hybrid car is also very efficient, using 3.4 L/100 km. The least fuel-efficient vehicle is the 2004 petrol sedan, which consumes 11.1 L/100 km.


What patterns were observed in the efficiency and carbon dioxide emissions of vehicles analysed?
	There is a clear pattern that newer vehicles, especially those using electric or hybrid technology, are more fuel-efficient. Older petrol vehicles tend to consume more fuel, which likely results in higher CO2 emissions. Electric vehicles, which don’t use petrol, would have significantly lower CO2 emissions unless the electricity used comes from non-renewable sources.


What assumptions allow cars to be compared in this way? Hint: think about controlled variables.
	One assumption is that all vehicles are being driven under similar conditions, such as driving in major cities or highways, with similar driving habits and over similar terrain.


Explain the importance of improving the efficiency of the vehicles we drive.
	Improving vehicle efficiency is important because it reduces fuel consumption and lowers CO2 emissions, helping to combat climate change. More efficient vehicles also reduce fuel costs for drivers, making transportation more affordable. As electric and hybrid technologies become more common, we can reduce our dependence on fossil fuels and make transportation more sustainable.




Student resource – vehicle standards
Vehicle standards include standard measurements such as fuel consumed and CO2 emissions. Vehicle standards are used to provide a fair comparison of vehicles. Fuel efficiency is an important factor to consider when choosing a car, as it directly affects running costs and environmental impact. In this activity, you will compare the fuel efficiency of different vehicles by analysing their fuel consumption and emissions data. By understanding how much fuel a car uses and how far it can travel on a given amount of fuel, you can make informed decisions about which cars are more economical and environmentally friendly.
Table 1 – vehicle efficiency and carbon emissions
	Vehicle
	Release year
	Fuel type
	Fuel consumed (L/100km)
	CO2 emissions per km (g/km)

	Large family sedan 1
	2004
	Petrol
	11.1
	266

	Large family sedan 2
	2018
	Petrol
	7.6
	193

	Large family sedan 3
	2022
	Electric
	0*
	N/A**

	Small car
	2018
	Electric/petrol hybrid
	3.4
	80


*This electric vehicle does not consume fuel but uses 134 Wh/km of electrical energy from battery.
**The CO2 emissions will vary depending on the source of electricity used to charge the battery.
1. Which type of vehicle is the most and least fuel-efficient?
	


1. What patterns were observed in the efficiency and carbon dioxide emissions?
	


[bookmark: _Hlk177919398]What assumptions allow cars to be compared in this way? Hint: think about controlled variables.
	


Explain the importance of improving the efficiency of the vehicles we drive.
	




[bookmark: _Toc179465125]Australia’s energy consumption (EGY PPT)
Display graphs of the Energy consumption by sector for selected sectors by energy source (in the EGY PPT).
Use Think-Pair-Share to discuss what this data tells us about:
where we use the most energy
what changes in behaviour and/or improvements in efficiency could make a positive impact on reducing our energy use
how these changes can contribute to meeting our energy demands sustainably.
Optional activities
Students could explore the UN Energy dashboard (spreadsheet) to identify what data is available. Useful data includes CO2 production, along with energy production and use by sector in world regions over time. The TES_CO2, Energy time series and Energy balance sheets are the most relevant.
Students could use this data to create an energy story that highlights one trend in energy demand and support it with a figure or quantitative information.

[bookmark: _Toc179465126]4.3 Evaluating nuclear energy in Australia
Table 5 – learning intentions and success criteria for 4.3 ‘Evaluating nuclear energy in Australia’
	Learning intentions
	Success criteria

	We are learning:
how to make informed decisions about the best energy sources to use
to select strategies to solve scientific problems and to evaluate our solutions.
	I can:
evaluate the development of an alternative energy source to meet our energy needs
support my evaluation with evidence
reflect on which types of information have the most impact on my energy decisions.


Students evaluate nuclear energy as an alternative energy source. A human continuum activity explores their current thinking and how evidence informs their position. 
[bookmark: _Toc179465127]Preparation
Create a set of position cards with the statements ‘strongly agree’, ‘agree’, ‘disagree’ and ‘strongly disagree’ around the room or on the floor in the correct order.
Confirm that you have access to the resource 'Does nuclear power have a future in Australia?' (ABC Story lab), which will be used as the stimulus for this activity. It provides a quick snapshot of key facts and figures that could inform learning activities about nuclear energy.
[bookmark: _Toc179465128]Instructions
Display the statement ‘Australia should be using nuclear power for all our electricity needs’ on the board and ask students to position themselves on a continuum from ‘strongly agree’ to ‘strongly disagree’.
Note: it is important to explain to students that this activity has no right or wrong answer and that they can change their minds at any time. After each statement is read out and participants have positioned themselves, invite participants to share their thoughts about the statement. Try to ensure a range of views are discussed.
Learn more about human continuum activities.
Invite participants to express their thoughts using the following prompts.
What was your thinking when you moved to the position of ‘strongly agree’, ’agree’, ‘disagree’ or ’strongly disagree’? What influenced your thoughts and decisions?
You may find it appropriate to invite someone from the opposition position to provide feedback and share their thought processes. 
To avoid having all participants standing at one position, invite a small number of participants to volunteer to play the following role, reflect on the question that those perspectives and then position themselves on the scale:
a university student who pays for the electricity at their rental property
the owner of a mine that extracts uranium ore
an environmental activist.
Show students the first set of data in Does nuclear power have a future in Australia? and ask them to reposition themselves on the continuum. Survey one or 2 students (one who moved and one who stayed put).
Note: each data tile has a Tell me more button to explore the data further. Review one or 2 examples if students express interest in or surprise about a specific statement.
Repeat the repositioning activity for each piece of data.
Ask students to write a reflection on their position and response to the presented data. Which types of data affected them the most? Which were the 3 strongest points that helped to inform your final position?
Students could be asked to keep track of their position – maintaining a recording sheet of their position over time. Students could sketch on a personal continuum or collect counters to represent the number of changes. 
Figure 5 – sample tracking of human continuum placement with annotations for the reason for shifting positions. The number 1 is the location that the student started on the continuum. The additional numbers are annotated to record why the student moved.
[image: Sample response for student annotating a continuum in response to the question: ‘Australia should be using nuclear power for all our electricity needs’.]


[bookmark: _Toc179465129]4.4 Transitioning to net zero
Table 6 – learning intentions and success criteria for 4.4 ‘Transitioning to net zero’
	Learning intentions
	Success criteria

	We are learning:
how to make informed decisions about the best energy sources to use
to select strategies to solve scientific problems and to evaluate our solutions
to represent and organise data and information to find patterns and to calculate useful values.
	I can:
extract relevant information from tables and graphs
convert between units and calculate values to compare alternative energy options
explain how selecting sources of energy contributes to meeting Australia’s commitment to net zero.


Students explore Australia’s plans to meet our future energy needs and use current data and calculations to describe what this will require in practical terms.
[bookmark: _Toc179465130]Background information
The Government has committed through legislation to reduce Australia’s greenhouse gas emissions by 43% below 2005 levels by 2030 and net zero by 2050.
The Australian Energy Market Operator (AEMO) publishes its plan for transitioning Australia’s energy systems to meet this commitment every 2 years.
The 2024 Integrated System Plan (ISP) (AEMO) was the most current plan available when this resource was published.
[bookmark: _Toc179465131]Instructions
Watch  How much land does it take to power the world? (4:47).
Complete the questions in the ‘Think’ tab of the TED-Ed site. There are 5 multiple-choice questions and 3 short-answer questions. Use the Pose, Pause, Bounce, Pounce (PDF 557 KB) questioning strategy when calling on students to share their answers to the short answer questions. 
	Sample answers
1. (A), 2 (A), 3 (B), 4 (C), 5 (D)
6. What factors must be considered when deciding which energy sources we use? Why?
Factors include space, cost, environmental impact, and availability of resources like wind or sunlight. Different energy sources work better in different areas – wind power needs windy places, while solar power works best in sunny regions. The cost of building power plants and their long-term efficiency also affect the decision.
7. What are some reasons we continue to use fossil fuels even though we have cleaner energy options available?
Fossil fuels are still widely used because they are fairly cheap and can generate large amounts of electricity. The infrastructure for fossil fuels is already in place, making it convenient and quick to produce energy. However, they contribute to greenhouse gases and climate change.
8. Explain some of the reasons why a single power source can't be the best option to power the entire world.
No single power source can meet all needs because different regions can access different resources. For example, some places have lots of wind for wind power, while others have more sunlight for solar power. Additionally, some power sources, like nuclear, are expensive to build and produce waste. We need a mix of energy sources to cover different needs and reduce greenhouse gas emissions.


[bookmark: _Ref171944777]Figure 6 – Slide 4.4 Future energy demands 2050 capacity needs EGY PPT shows the planned electricity capacity needed to meet our 2050 commitments for net zero. 
[image: (Left) Infographic stating that grid-scale wind and solar will need to increase to be 6 times their capacity by 2050, an increase from 21 GW to 127 GW.
(Right) Stacked column graph comparing the energy capacity by source of energy in Australia in 2010, 2023 and that required by 2050.]
Images adapted from the 2024 Integrated System Plan (ISP) by AEMO are licensed under CC-BY 4.0.
Note: The graph has been simplified to highlight our past, current and future energy needs as outlined in the 2024 ISP (AEMO).
There are several new terms in the graph. Describe any unfamiliar terms using the information outlined in Table 7.
[bookmark: _Ref177577578]Table 7 – key terms for interpreting the future energy demands graph from AEMO
	Key term
	Definition
	Things this includes

	Coordinated CER storage
	All Consumer Energy Resources (CER) that generate or store electricity can alter supply in response to external signals.
Passive CER storage describes consumer storage that cannot be centrally controlled.
	Rooftop solar
Residential and community batteries
Electric vehicles.

	Dispatchable capacity
	The total amount of electricity can be quickly adjusted to meet the demand when people need it. It is like having electricity available ‘on demand,’ ready to be used whenever needed.
	Gas
Hydro
Battery storage
Biomass
Coal.

	Intermittent capacity
	The total sources of electricity are not always available due to external factors that cannot be controlled.
	Solar (rooftop = on residential and commercial properties, utility = large solar farms purpose-built for supplying the grid with energy).
Wind (onshore = land-based, offshore = over the ocean).

	Demand-side participation
	Other Consumer Energy Resources (CER) that use electricity that can be turned off in response to external signals to reduce demand at peak times
	Air-conditioners.
Hot water heaters.
Electric vehicle chargers.


Guide students to annotate the features of each source of energy on the graph, including whether the source is:
renewable or non-renewable
dispatchable or intermittent.
Students should identify non-renewable sources, including gas, black coal, and brown coal (noting that coal is not included in our plan for 2050). All other sources are renewable. All sources below the black line are dispatchable, and everything above the line is intermittent.
[bookmark: _Toc179465132]How many new generators will we need?
How much energy will we need in 2050? 
Demonstrate how to extract information from the graph (in EGY PPT 4.4 Future energy demands) to complete the table estimating our current and future energy needs. 
Students then extract information from the graph to complete Table 2 (in the student resource) to estimate our future energy needs. The answers are provided in Table 8.
1. Extract information from the graph to complete Table 2, estimating our current and future energy needs.
[bookmark: _Ref178084768]Table 8 – summary of current and future energy capacity needs
	Energy source
	Current capacity in 2023 (GW)
	Capacity needed by 2050 (GW)
	New capacity required (GW)

	Onshore wind
	10
	60
	50

	Rooftop solar and other distributed solar
	25
	85
	60


How many new generators will need to be built to provide our energy in 2050?
1. How many additional wind turbines will need to be built?
	From our previous calculation we determined we need wind turbines to produce 50 GW of electricity. 1 GW = 1,000 MW, therefore a total of 50,000 MW is needed. Each turbine produces up to 2.5 MW



Students then estimate the number and cost of new generation units (of onshore wind and rooftop solar systems) that will need to built by 2050 to meet our energy needs using data in Table 8 and Table 9, and graph on slide 4.4 Future energy demands 2050 capacity needs EGY PPT.
[bookmark: _Ref171944717]Table 9 – estimated capital costs and land requirements for selected generation technologies*
	Technology
	Unit size
	Estimated building cost (capital cost) per unit
	Land required per unit (km2)

	Onshore wind
	2.5 MW
	$7.5 million
	1

	Rooftop solar
	10 kW
	$13,000
	Using existing roof area

	Large scale nuclear
	1000 MW
	$8.7 billion
	3.4


*Unit sizes are indicative only, and the cost of building each has been extracted from CSIRO’s GenCost 2023-24 report. The land required per unit has been estimated.
Note: the Levelised Cost Of Electricity (LCOE) is a more effective but complex way of comparing building and generating electricity costs. The LCOE considers capital costs, the lifetime of a generator and the running costs.  
How many more houses will need to install rooftop solar?
	Each house's rooftop solar system produces up to 10 kW, and we need to build a total of 60 GW of rooftop solar systems. 1 GW = 1,000 MW = 1,000,000 kW, therefore a total of 60,000,000 kW is needed.



What resources will be needed?
How much will building the wind turbines and rooftop solar systems cost?
	Wind turbine cost = 20,000 turbines ⨯ $7,500,000 per turbine = $150,000,000,000 or $150 billion.
Rooftop solar cost = 6,000,000 houses ⨯ $13,000 per house = $78,000,000,000 or $78 billion.


How much land would be needed?
	Wind turbine land requirement = 20,000 turbines ⨯ 1 km2 per turbine = 20,000 km2
Rooftop solar is generally fitted to the existing rooftop area and does not require additional land.


What if?
Imagine that scientists and engineers improved the design and operation of a wind turbine to produce 2% more energy.
What would happen to the number of wind turbines needed?
	Improving the efficiency of wind turbines would reduce the number of turbines needed to be built. If each turbine produced 2% more energy, then we would need to build 2% fewer turbines.


How much money could be saved?
	2% of 20,000 is 20,000 x 0.02 ≈ 392 less turbines. This could save 392 x $7,500,000 ≈ $4 billion.


Australian scientists are world leaders in developing high-efficiency solar cell technology. Describe the impact of improving the efficiency of solar cells by 5%.
	As with more efficient wind turbines, improving the efficiency of solar cells would reduce the number of solar panels required to meet our energy needs. People might be able to save money by installing fewer solar panels while still generating enough electricity to meet their needs.


Use the information in Table 1 (student resource table) to estimate the number of large-scale nuclear reactors needed to create the same total capacity as new wind and rooftop solar panels and calculate the cost.
	Total capacity = wind + solar = 50 GW + 60 GW = 110 GW
A typical nuclear reactor can generate 1000 MW = 1 GW. Therefore, we would need to build approximately 110 nuclear reactors. 
Total cost: 110 reactors ⨯ $8.7 billion per reactor = $957 billion.


Reflection
What impact does improving the efficiency of renewable energy technologies have on meeting our planned goals for transitioning to net zero?
	Improving the efficiency of renewable technologies will help us meet our goals by making it cheaper and reducing the number of new generators we need to build.


Checkpoint: students make and justify a claim using Claim-Evidence-Reasoning (C-E-R), predicting a possible future energy demand and suggesting reasons why alternative energy sources may be needed.


Student resource – How many new generators will we need?
Use the graph and table to answer the questions on the next page.
Australia’s past, current and predicted future energy capacity
	[image: Graph of Australia’s past, current and predicted future energy capacity.]


Table 1 – estimated capital costs and land requirements for selected generation technologies
	Technology
	Unit size
	Estimated building cost (capital cost) per unit
	Land required per unit (km2)

	Onshore wind
	2.5 MW
	$7.5 million
	1

	Rooftop solar
	10 kW
	$13,000
	Using existing roof area

	Large scale nuclear
	1000 MW
	$8.7 billion
	3.4




How much energy will we need in 2050?
1. Extract information from the graph to complete Table 2, estimating our current and future energy needs.
Table 2 – summary of current and future energy capacity needs
	Energy source
	Current capacity in 2023 (GW)
	Capacity needed by 2050 (GW)
	New capacity required (GW)

	Onshore wind
	
	
	

	Rooftop solar and other distributed solar
	
	
	


How many new generators will need to be built to provide our energy in 2050? 
1. How many additional wind turbines will need to be built?
	


How many more houses will need to install rooftop solar?
	


What resources will be needed?
How much will building the wind turbines and rooftop solar systems cost?
	


How much land would be needed?
	


What if?
Imagine that scientists and engineers improved the design and operation of a wind turbine to produce 2% more energy.
1. What would happen to the number of wind turbines needed?
	


How much money could be saved?
	[bookmark: _Hlk177930656]


Australian scientists are world leaders in developing high-efficiency solar cell technology. Describe the impact of improving the efficiency of solar cells by 5%.
	


Use the information in Table 1 to estimate the number of large-scale nuclear reactors needed to create the same total capacity as new wind and rooftop solar panels and calculate the cost. 
	


Reflection
What impact does improving the efficiency of renewable energy technologies have on meeting our planned goals for transitioning to net zero?
	




[bookmark: _Toc179465133]4.5 Truths, lies and the in between
[bookmark: _Ref178086211]Table 9 – learning intentions and success criteria for 4.5 ‘Truths, lies and the in-between’
	Learning intentions
	Success criteria

	We are learning:
how to make informed decisions about the best energy sources to use
to select strategies to solve scientific problems and to evaluate our solutions.
	I can:
evaluate claims made about alternative sources of energy
develop evidence-based arguments.


Students interrogate claims made about sources of energy and participate in a silent debate. They are presented with a range of truthful, false or deceptive claims and work in groups to explore a range of perspectives and decide which claims warrant further investigation.
[bookmark: _Toc179465134]Preparation
Print copies of 4.5 Truths, lies and the in-between EGY PPT slides on A4 paper – you will need one energy source for each group of 3 or 4 students.
Print copies of 4.5 Claims about energy – blank template EGY PPT on A3 paper– you will need one per group.
Ensure you have markers available for annotating changes and scissors to cut out each claim.
[bookmark: _Toc179465135]Instructions
1. Divide the class into groups of 3 to 4 students and allocate each group one energy source. 
Provide each group with a copy of the Claims about energy poster template (Figure 7) and the ‘Truths, lies, and the in-between’ claims (Figure 8) for one source of energy.
[bookmark: _Ref171952733]Figure 7 – an example blank evaluation poster template from EGY PPT
[image: Blank template for categorising claims about energy.]
1. Instruct students to cut out the individual claims and, as a group, attempt to find a consensus on where each claim should be placed.
[bookmark: _Ref171952761]Figure 8 – sample claims about wind power from 4.5 Truths, lies and in between (EGY PPT)
[image: Screenshot of sample claims about wind power.]
1. Instruct students to rotate tables to review the placement of claims for the next group's energy source.
Students should move any claims they think are in the wrong spot. For each claim moved, they draw an arrow and annotate their reasoning (as shown in Figure 9). Slide 4.5 Claims about energy – sample in the EGY PPT can be used to demonstrate this to students.
[bookmark: _Ref178009193]Figure 9 – worked example showing how a student may annotate
[image: Sample response showing student moving a nuclear energy claim from 'deceptive' to 'false', recording that nuclear accidents have polluted the environment by releasing radioactive waste products. ]
1. Students continue rotating until each group has evaluated each set of claims and returned to their initial energy source.
Facilitate a discussion about the changes and reasoning observed for each energy source. Ask students the following questions.
1. Which claims were most contentious?
What evidence is required to evaluate them properly?
Where could you look for this evidence?
[bookmark: _Student_resources][bookmark: _Toc147840979][bookmark: _Toc160623936][bookmark: _Toc179465136]
Appendix
[bookmark: _Slow-reveal_graphs][bookmark: _Toc179465137]Slow-reveal graphs
The slow-reveal graph is a method for improving student comprehension of complex graphs. A graph is revealed sequentially, allowing students to appreciate all of its features. The graph is initially stripped of all contexts so that students can first observe the shape and pattern of the data. 
Additional elements, including scales, labels, titles and legends, are introduced in sequence, and students interrogate the additional information each adds to the overall interpretation of the graph. 
Teachers should focus student attention on the following questions.
· What type of data each graph is displaying?
· What new information is shown in each step?
· How does it improve our understanding of the data?
Table 10 – the slow-reveal graph process
	Step
	Teacher action
	Question prompts

	1
	Present slide of graph stripped of context (that is, no titles, labels, scales, legend)
	What do you notice? What do you wonder?

	2
	Reveal the next slide, including an additional graph feature
	What new information did we just learn?
What do you notice about [feature]?
Add more guiding questions to explore the new feature.

	3+
	Repeat for each new feature.
	


Further information and examples are available on the Slow Reveal Graphs website.
[bookmark: _Toc179465138]Evidence base
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One petajoule (PJ) explained

‘The joule is the standard unit of energy in general scientific applications. One joule is the equivalent of one wat of power radiated or dissipated for one second.

One petajoule is 10 joules (1 million billion) or 278 gigawatt hours.
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Figure 24 Australian energy trade, 2021-22
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             Truths, lies and in between – wind power                           Wind farms consume vast amounts of land and create visual pollution.  ?  Wind farms use minimal land and can coexist with agriculture.  Wind turbines can harm wildlife and are not reliable without backup energy.  Wind energy is one of the cheapest renewable energy sources available.
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