
Fuel consumption
Students learn how to interpret and apply fuel consumption as a rate in the context of transporting equipment for an event. They develop an understanding of litres per 100 km (L/100 km) and use this to compare vehicle efficiency and make informed transport decisions.
Learning intention
To understand how fuel consumption can be used to compare efficiency and inform decisions.
Success criteria
I can interpret fuel consumption rates expressed in L/100 km.
I can use fuel consumption rates to calculate fuel usage over different distances.
I can compare options and justify a decision using calculations and reasoning.


Outcomes
Mathematics Standard 2 outcomes
A student:
develops understanding and fluency in mathematics through exploring and connecting mathematical concepts, choosing and applying mathematical techniques to solve problems, and communicating their thinking and reasoning coherently and clearly MAO-WM-01 
solves practical problems involving ratios and rates MST-12-S2-05
Associated Mathematics Standard 1 outcomes
A student:
develops understanding and fluency in mathematics through exploring and connecting mathematical concepts, choosing and applying mathematical techniques to solve problems, and communicating their thinking and reasoning coherently and clearly MAO-WM-01 
interprets ratios and rates to solve problems in practical contexts MST-12-S1-05
Mathematics Standard 11–12 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2024.
Associated Numeracy outcomes
A student:
recognises and applies functional numeracy concepts in practical situations, including personal and community, workplace and employment, and education and training contexts N6-1.1
applies numerical reasoning and mathematical thinking to clarify, efficiently solve and communicate solutions to problems N6-1.2
determines whether an estimate or an answer is reasonable in the context of a problem, evaluates results and communicates conclusions N6-1.3
chooses and applies appropriate operations with whole numbers, familiar fractions and decimals, percentages, rates and ratios to analyse and solve everyday problems N6-2.1
chooses and applies efficient strategies to analyse and solve everyday problems involving metric relationships, distance and length, area, volume, time, mass, capacity and temperature N6-2.2
chooses and applies appropriate numeracy operations and techniques to analyse and resolve everyday situations N6-2.6
Numeracy Stage 6 (CEC) Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2021.
Content
Mathematics Standard 2
Rates
Make comparisons between rates in a variety of practical contexts
Use rates to solve problems in a variety of practical contexts
Examine fuel consumption rates to compare the efficiency of vehicles
Associated Mathematics Standard 1
Rates
Make comparisons between rates in a variety of practical contexts
Use rates to solve problems in a variety of practical contexts
Examine fuel consumption rates to compare the efficiency of vehicles
Mathematics Standard 11–12 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2024.
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Students are shown a scenario on slide 4 of the PowerPoint Fuel consumption and make a quick judgement about the scenario. Teachers survey students and engage them in a brief discussion. Students then discuss the scenarios further, taking the time to reflect on their decisions. Students discuss what fuel consumption means and why it is important in decision-making.
	Think-Pair-Share
Pose-Pause-Pounce-Bounce
	Activate prior knowledge of fuel consumption and how rates can be represented numerically and graphically.

	Connecting learning
	Students analyse vehicle specifications in Appendix A and select a vehicle that is suitable for a given purpose, mathematically justifying their selection. Students then review and respond to other groups’ recommendations before reflecting on alternative strategies and decisions.
	Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk
TAG feedback strategy
	Students apply fuel consumption rates in a decision-making context where efficiency must be balanced with purpose and constraints. Teachers should emphasise clear mathematical justification using rates. Students consider that the ‘most fuel-efficient’ option is not always the best choice, depending on the intended use of the vehicle.

	Releasing responsibility
	Students discuss how fuel consumption can be compared fairly before engaging with the formal definition on slide 6 and distinguishing between average and instantaneous fuel consumption. Students work through modelled examples on slides 7–14. Students then apply this understanding to calculation practice using Appendix B, before completing structured reflection notes using Appendix C.
	Pose-Pause-Pounce-Bounce
Worked examples (Your turn)
Visibly random groups of 3
Vertical non-permanent surfaces
Banner task
Four quadrant notes
	Teachers should reinforce with students that fuel consumption is expressed as an average rate per 100 km. Teachers should emphasise proportional reasoning and the importance of checking the reasonableness of answers in a real-world context.

	Independent practice
	Students consider a scenario from a race event by completing Appendix D. They then discuss and justify statements about fuel consumption using mathematical reasoning before completing the question on slide 16.
	Pose-Pause-Pounce-Bounce
Exit ticket
	Consolidate students’ understanding that lower fuel consumption per 100 km indicates greater fuel efficiency.
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Activity structure
Please use the associated PowerPoint Fuel consumption to display images in this lesson.
Activating prior knowledge
1. Display the following scenario from slide 4 of the PowerPoint:
A race team is transporting race cars and equipment between circuits during the season.
The data for 2 transport runs are recorded:
· Truck A uses 36 L of fuel to travel 300 km.
· Truck B uses 30 L of fuel to travel 240 km.
2. Ask students the question: ‘Which truck seems to use less fuel?’ Conduct a quick finger vote, then invite several students to justify their choice.
 Keep the discussion brief so students respond instinctively rather than perform calculations.
3. In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students to reflect on the problem and discuss the strategies they used to make their decision.
Listen carefully for any misconceptions being shared, such as:
Truck B uses less fuel because 30 L is less than 36 L.
Truck B travelled less distance, so it’s not a fair comparison.
Animate the slide to show the comparison in litres per kilometre of both trucks.
The slide compares the fuel use of the 2 trucks over 1 km using a rate table and a line graph. Students see that fuel consumption can be represented both numerically and graphically, and that the steeper gradient on the graph indicates higher fuel use per kilometre, while a smaller gradient indicates greater fuel efficiency.
Use the Pose-Pause-Pounce-Bounce questioning strategy (bit.ly/P-P-P-B) to initiate a class discussion about fuel consumption. Possible questions could include:
What does fuel consumption mean?
Why might fuel consumption be important when choosing a vehicle?
When is the lowest fuel consumption not the best choice?
Students should determine that fuel consumption is the amount of fuel a vehicle uses over a given distance and that this could vary depending on how the vehicle is used.
Students should consider that a car with a low fuel consumption rate will use less fuel, making it cheaper to operate and potentially reducing its environmental impact. Vehicles with higher fuel consumption may offer advantages such as greater power, larger size or increased towing capacity.
Connecting learning
1. Explain to students that the organisers of a motor race event have been trialling a range of support vehicles to determine which is the most efficient and suitable for the event. The organisers want to investigate how fuel consumption rates can be used to compare efficiency and support decision-making when selecting vehicles to use. Examples of vehicles include:
medical vehicles (need to accelerate fast)
mini-vans to transport crews (be able to transport groups of people)
general staff service vehicles (utility-type vehicle, needs towing capacity).
2. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy).
3. Distribute Appendix A ‘Vehicle specifications’ containing fuel usage data for a range of vehicles, along with cost and other relevant comparison data.
4. Ask groups to select one vehicle type to investigate (medical vehicle, people mover vehicle, or general support vehicle), ensuring all vehicle types are covered across the class for later comparison.
Make sure that each type of vehicle, along with the essential characteristic, has been covered by at least one group for comparisons during the gallery walk.
Students may need the background knowledge that the performance rating indicates the vehicle’s power relative to its weight. A higher performance rating means the vehicle has more power available for its size, which may allow it to accelerate more quickly and perform better when carrying loads.
5. Have groups prepare a recommendation for a specific focus vehicle for the event team by comparing and considering the 4 vehicles from the table, and investigate which is the better choice for their selected vehicle type.
Students should consider:
· methods used to compare vehicle fuel efficiency using the fuel usage data.
· whether the ‘most fuel efficient’ option is always the ‘best option’, as fuel efficiency depends on purpose and other constraints such as cost, performance and capacity.
Students should also detail any assumptions they make about the use of the vehicle such as the specific needs of the vehicle type and its context of use. For example, a medical support vehicle needs to be able to accelerate quickly and travel at fast speeds, whereas a general service vehicle does not need to go fast, but does need sufficient power to carry heavy loads.
6. Have students conduct a gallery walk (bit.ly/DLSgallerywalk) of the recommendations made by each team so that students can provide feedback on each group’s reasoning and recommendations using the TAG feedback strategy (bit.ly/TAGstrategy).
7. Have students return to their groups of 3 and discuss what strategies they saw other groups use to make their recommendation.
Releasing responsibility
1. In a class discussion, ask what groups did to compare different fuel consumption rates fairly?
Considerations could include using the same distance, consistent units, or expressing comparisons per 100 km.
2. Display slide 6 to show the definition of fuel consumption rate from the NESA glossary. Discuss that this is an average fuel consumption rate, as the amount of fuel a vehicle uses can vary depending on driving conditions. 
3. Explain the difference between instantaneous fuel consumption (the fuel being used at a particular moment) and average fuel consumption (the fuel used over a journey or distance).
4. Animate slide 6 to show the self-explanation prompts.
5. Using the Pose-Pause-Pounce-Bounce questioning strategy and referencing the self-explanation prompts, unpack students’ understanding or identify gaps in student knowledge about fuel consumption rates. Discuss that vehicle fuel consumption labels show average fuel consumption, which can vary depending on driving conditions. Explain that manufacturers may provide urban, extra-urban and combined fuel consumption figures, with the combined figure representing an average across different conditions.
A hybrid car uses both a petrol engine and an electric motor, so it uses less fuel than a similar petrol-only car, especially in stop–start traffic. This means lower fuel consumption (measured in L/100 km), fewer trips to the petrol station, and lower running costs.
Classes may want to investigate how much a car’s fuel consumption changes when it is hybrid and what savings could be made.
6. Use slides 7–14 to model worked examples of converting between fuel consumption rates (L/100 km) and total fuel used for a given distance, using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
The worked examples show 2 possible solution methods, including the use of a linear graph. Students are not expected to solve using both methods Instead, the examples provide opportunities to connect rate calculations with the gradient of a linear graph. This connection has been established in previous lessons. 
7. With students in groups of 3 at vertical surfaces, students complete the banner task (bit.ly/supportingstrategies) from Appendix B ‘Banner task’.
8. Continuing in visibly random groups of 3, ask students to complete Four quadrant notes to their future forgetful selves (bit.ly/supportingstrategies) using Appendix C ‘Four quadrant notes’ on a vertical non-permanent surface as a group. Then individual students make their own notes based on the group discussion.
Independent practice
1. Pose the following scenario.
During a race weekend, a support vehicle travels between key event locations around the circuit precinct.
Fuel consumption changes depending on driving conditions:
· 8 L per 100 km in smooth/continual driving conditions
· 12 L per 100 km in stop–start high pedestrian traffic conditions.
2. Distribute Appendix D ‘Racetrack network’ to each group of 3. Discuss the features of the diagram before getting groups to complete the questions in the appendix.
3. Use the Pose-Pause-Pounce-Bounce questioning strategy to discuss the following claims about fuel consumption. Ask students to determine whether each claim is true or false and justify their reasoning.
Fuel consumption is lower on the highway than in stop–start driving conditions.
Some drivers believe that the shortest route is always the most fuel efficient.
Suggested prompts for each claim could be:
· Do you agree or disagree with this claim? Why? 
· What factors could influence fuel consumption in this situation? 
· Can you think of an example where this claim may not be true?
4. Have students complete an exit ticket as evidence of learning using slide 16 (bit.ly/exitticketstrategy), where they respond to the question, ‘The manufacturer’s specifications suggest that my car has a fuel consumption of 8 L/100 km. When I measured my fuel consumption carefully, I noticed it took 31.1 L to travel 371 km. Should I be happy with this? Mathematically justify why?’


Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge
Use guiding questions such as:
Are the trucks travelling the same distance?
How could we make the distances the same?
Challenge students to compare the trucks using both L/km and km/L and explain why both methods lead to the same conclusion.
Connecting learning
For students needing extra support, highlight the most relevant specifications for each vehicle type (for example, acceleration for medical vehicles, seating capacity for people movers, towing capacity for service vehicles).
Students who are ready could be assigned ‘Medical vehicle’ for the group activity with Appendix A as more conversions are required than the other vehicle options. 
Releasing responsibility
Provide a scaffolded Four quadrant notes template with key headings or prompts already included in the notes section (for example, ‘What is fuel consumption?’, ‘How do I calculate it?’, ‘common mistakes’).
During the banner task, provide worked example cards or formula prompts for students to reference if required.
Ask students to justify why fuel consumption is typically reported as litres per 100 km rather than litres per kilometre or kilometres per litre.
Challenge students to consider 2 vehicles that have similar fuel consumption rates and ask them what additional information might be needed to decide which vehicle is the better choice? Have the students explain their reasoning.
Independent practice
Provide a table scaffold for Appendix D where students separately record:
distance travelled on each road type
fuel consumption rate for each road type
fuel used for each section
total fuel used.
Encourage students to annotate the network diagram by colour-coding different road conditions before completing calculations.
Challenge students to investigate whether a longer route could be more fuel efficient than a shorter route and provide mathematical evidence from the network.
Challenge students by asking ‘If fuel costs $2.10 per litre, how would fuel price affect route selection? Would your recommendation change? Justify your reasoning using calculations.
Mathematics Standard 1 adjustments and considerations
The syllabus content for both Mathematics Standard 2 and Mathematics Standard 1 is the same in this lesson. The lesson can be completed as is and adjustments made if necessary.


Suggested opportunities for assessment
Activating prior knowledge
Circulate during discussions and listen for students recognising that a fair comparison requires equivalent rates (for example, per kilometre or per 100 km). Record anecdotal evidence of reasoning and communication.
Connecting learning
Use the Pose-Pause-Pounce-Bounce questioning strategy to assess prior knowledge of fuel consumption and student understanding that efficiency must be considered alongside vehicle purpose. Listen for students connecting fuel consumption to running costs, environmental impact and vehicle suitability.
During the gallery walk assess students' ability to evaluate the reasoning of others by reviewing the feedback they provide. Look for evidence that students can critique recommendations based on both mathematical calculations and contextual considerations.
Releasing responsibility
During the banner task, monitor students' ability to correctly calculate fuel consumption rates, interpret results and explain the meaning of their calculations. Look for evidence that students can transfer the worked example process to new situations.
Review students' Four quadrant notes to assess their understanding of key concepts, procedures and common mistakes.
During class discussions assess students' understanding of fair comparisons by listening for explanations involving equivalent units, common distances and rates per 100 km. Identify any remaining misconceptions before formalising the definition.
Independent practice
Use the exit ticket response to assess individual understanding of fuel consumption calculations and interpretation. 
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Vehicle specifications
Medical vehicle
	Item
	Vehicle A
	Vehicle B
	Vehicle C
	Vehicle D

	Cost
	$78 500
	$67 900
	$74 000
	$55 500

	Fuel usage
	59 L over 540 km
	53 L over 620 km
	68 L over 710 km
	41 L over 680 km

	Acceleration
	0 to 100 km/h in 9.7 seconds
	0 to 100 km/h in 8.3 seconds
	0 to 100 km/h in 8.9 seconds
	0 to 100 km/h in 8.0 seconds


People mover vehicle
	Item
	Vehicle A
	Vehicle B
	Vehicle C
	Vehicle D

	Cost
	$72 500
	$68 900
	$89 500
	$74 000

	Fuel usage
	82 L over 780 km
	59 L over 690 km
	92 L over 840 km
	70 L over 730 km

	Number of seats
	12 seats
	11 seats
	14 seats
	13 seats


General support vehicle
	Item
	Vehicle A
	Vehicle B
	Vehicle C
	Vehicle D

	Cost
	$89 500
	$74 000
	$67 500
	$69 900

	Fuel usage
	86 L over 760 km
	73 L over 710 km
	67 L over 790 km
	73 L over 740 km

	Performance rating, power per tonne (kW/t)
	92k W/t
	68 kW/t
	61 kW/t
	66 kW/t
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Banner task
Set A: find the fuel consumption rate (L/100 km) of these vehicles.
	· 32 L over 400 km.
	(8 L/100 km)

	· 22.5 L over 250 km.
	(9 L/100 km)

	· 54 L over 600 km.
	(9 L/100 km)

	· 45 L over 375 km.
	(12 L/100 km)

	· 53.8 L over 434 km.
	(12.4 L/100 km)


Set B: find the amount of fuel used in litres in each of these vehicles given the fuel consumption rate and distance travelled.
	· 12 L/100 km for 150 km.
	(18 L)

	· 9.5 L/100 km for 220 km.
	(20.9 L)

	· 8.8 L/100 km for 350 km.
	(30.8 L)

	· 10.4 L/100 km for 180 km.
	(18.72 L)

	· 11.6 L/100 km for 275 km.
	(31.9 L)


Set C: find the distance travelled using the fuel in litres at the given fuel consumption rate.
	· 28 L at 8 L/100 km.
	(350 km)

	· 27 L at 8 L/100 km
	(337.5 km)

	· 31.5 L at 9 L/100 km.
	(350 km)

	· 37.2 L at 9.3 L/100 km.
	(400 km)

	· 31.6 L at 8 L/100 km.
	(395 km)




[bookmark: _Appendix_C]Appendix C
Four quadrant notes
	Example 1
A 4WD vehicle travels 320 km and uses 24 L of fuel.
What is the van’s fuel consumption rate in L/100 km?


	Example 2
A vehicle has a fuel consumption rate of 10.3 L/100 km.
During an event, the vehicle travels 65 km. 
How many litres of fuel would the vehicle use for the trip?

	Things to remember
	Example 3
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Racetrack network
[image: Network diagram showing 5 locations connected by roads, with labelled distances and road types. Solid lines represent main roads and dashed lines represent slower stop–start roads.]
· H = Hotel accommodation
· C = Circuit
· M = Media centre
· D = Support depot
F = Concert/event zone
Solid lines represent main roads. These roads are considered smooth and will have continual driving conditions (not stop–start). Along these roads, vehicles have a fuel consumption of 8 L/100 km.
Broken lines represent roads with high pedestrian traffic and frequently stop–start. Along these roads, vehicles have a fuel consumption of 12 L/100 km.


1. Identify 3 different routes from the Hotel (H) to the Concert/Event zone (F).
For each route:
Calculate the total distance travelled.
Calculate the total fuel used.
Determine the average fuel consumption rate expressed as L per 100 km for the different routes.
The organisers wish to transport equipment from the Support depot (D) to the Media centre (M).
Determine the shortest path between D and M and calculate:
the total distance travelled.
the amount of fuel used.
Compare this with an alternative route and determine how much fuel would be saved over:
one trip.
10 trips during the event.
The event director has a budget allowing a maximum of 30 L of fuel for transport vehicles during the weekend.
A support vehicle will need to complete:
6 return trips from H to F
4 single trips between D and C
3 return trips from M to F
Determine whether the budget is sufficient. What routes would I need to use to be able to make the required trips and stay under the budget of 30 litres.


Sample solutions
Appendix A – vehicle specifications
Medical vehicle
	Item
	Vehicle A
	Vehicle B
	Vehicle C
	Vehicle D

	Fuel usage
	59 L over 540 km
	53 L over 620 km
	68 L over 710 km
	41 L over 680 km

	Fuel consumption
	10.9 L/100 km
	8.5 L/100 km
	9.6 L/100 km
	6.0 L/100 km


Vehicle D would be a strong recommendation because it has the fastest acceleration, the lowest cost and the lowest fuel consumption. This means it can respond quickly in emergencies while also being the most affordable and fuel-efficient option.
People mover vehicle
	Item
	Vehicle A
	Vehicle B
	Vehicle C
	Vehicle D

	Fuel usage
	82 L over 780 km
	59 L over 690 km
	92 L over 840 km
	70 L over 730 km

	Fuel consumption
	10.5 L/100 km
	8.6 L/100 km
	11.0 L/100 km
	9.6 L/100 km


Vehicle C would be a strong recommendation if transporting the largest number of people is the priority, as it has the greatest number of seats. However, it has the highest cost and highest fuel consumption. Vehicle B may be preferred if fuel efficiency and cost are prioritised, as it is the cheapest option and has the lowest fuel consumption, while still seating 11 people. Students should justify which factors are most important for the event.
General support vehicle
	Item
	Vehicle A
	Vehicle B
	Vehicle C
	Vehicle D

	Fuel usage
	86 L over 760 km
	73 L over 710 km
	67 L over 790 km
	73 L over 740 km

	Fuel consumption
	11.3 L/100 km
	10.3 L/100 km
	8.5 L/100 km
	9.9 L/100 km


Vehicle A would be a strong recommendation if performance is the priority, as it has the highest performance rating. However, it is also the most expensive option and does not have the lowest fuel consumption. Vehicle C may be preferred if cost and fuel efficiency are prioritised, as it is the cheapest option and has the lowest fuel consumption, although it has the lowest performance rating. Students should consider the trade-off between performance, cost and fuel efficiency when making their recommendation.

Appendix B – banner task
Set A
32 L over 400 km

22.5 L over 250 km

54 L over 600 km

45 L over 375 km

53.8 L over 434 km

Set B
12L/100 km for 150 km

9.5 L/100 km for 220 km

8.8 L/100 km for 350 km

10.4 L/100 km for 180 km

11.6 L/100 km for 275 km

Set C
28 L at 8 L/100 km

27 L at 8 L/100 km

31.5 L at 9 L/100 km

37.2 L at 9.3 L/100 km

31.6 L at 8 L/100 km


Appendix C – Four quadrant notes
	Example 1
A 4WD vehicle travels 320 km and uses 24 L of fuel.
What is the van’s fuel consumption rate in L/100 km?


	Example 2
A vehicle has a fuel consumption rate of 10.3 L/100 km.
During an event, the vehicle travels 65 km. 
How many litres of fuel would the vehicle use for the trip?







Appendix D – racetrack network
1. 3 routes from H to F
Route 1: H → M → F
Distance:	
Fuel:		
Average fuel consumption:	
Route 2: H → D → F
Distance:	
Fuel:	

Average fuel consumption:

Route 3: H → C → F
Distance:	
Fuel:	

Average fuel consumption:

Transport equipment from D to M
1. Shortest path: D – F – M
Distance: 
Both roads are dashed.
Fuel: 
Alternative route: D – C – M
Distance: 
Both roads are solid.
Fuel: 
Although this route is longer, it uses less fuel.
Fuel saved for one trip: 
Fuel saved for 10 trips: 
So, using D – C – M instead of D – F – M saves: 1.2 L over 10 trips.
Fuel budget of 30 L. Use the most fuel-efficient routes.
6 return trips from H to F.
Most fuel-efficient route is H – M – F, using 1.80 L one way.
Return trip: 
6 return trips: 
4 trips between D and C.
Route D – C is solid and 10 km.
Fuel for one trip: 
4 trips: 
3 return trips from M to F.
Route M – F is dashed and 7 km.
Fuel one way: .
Return trip: 
3 return trips: 
Total fuel required: 
The budget is: 
Since:  the fuel budget is sufficient.


Exit ticket

The manufacturer’s specifications say the fuel consumption rate is 8 L/100 km, which is 0.4 L/100 km more than advertised.
As the vehicle used more fuel than advertised, it could be expected that the owner is disappointed. However, such discrepancies could be because of conditions such as an excess load in the vehicle or doing more urban driving than extra urban driving.
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