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Abstract 

The primary research questions and key findings are shown below.  

Primary Research Questions: 

1. If a vehicle is labeled premium recommended, does using premium gasoline result in 

improved fuel economy? 

2. If a vehicle is labeled premium recommended, does using premium gasoline result in 

increased performance (horsepower)? 

3. What is the difference in retail cost between premium and regular gasoline? 

Key Findings: 

1. Most vehicles tested showed a modest improvement in fuel economy. 

AAA test vehicles averaged 2.7% improvement in fuel economy during testing (not 

directly comparable to an EPA estimate for MPG). Individual vehicle test result averages 

ranged from a decrease of 1.0% to an improvement of 7.1%. 

  

Figure 1: Average MPG Improvement Using Premium Gasoline 

2. Most vehicles tested showed a modest improvement in performance. 

AAA test vehicles averaged ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ƘƻǊǎŜǇƻǿŜǊ ƻŦ мΦп҈ ŀŎǊƻǎǎ !!!Ωǎ ǘŜǎǘǎΦ 

Individual vehicle test result averages ranged from a decrease of 0.3% to an 

improvement of 3.2%. 

Ford F150 5.0%

Cadillac Escalade 7.1%

Mazda Miata 0.7%

Audi A3 -1.0%

Ford Mustang 2.3%

Jeep Renegade 1.9%

Average Results 2.7%

* Average fuel economy improvement is 

limited to test conditions and not directly 

comparable to real world driving. 
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Figure 2: Average Horsepower Results Using Premium Gasoline 

3. Using national averages, the difference in retail cost between regular and premium 

gasoline is approximately 20% to 25%, or 50 cents per gallon. 

Following more than ten years with a seemingly inelastic price differential of 10% for 

premium gasoline, the cost of premium has risen steadily since 2010. The price 

differential for premium peaked near 30% in 2016 and has since remained in the 20% to 

25% range.  

The fuel economy improvements recorded during AAA testing do not offset the potential extra 

cost to purchase premium gasoline.  

  

Ford F150 2.1%

Cadillac Escalade 0.7%

Mazda Miata 0.8%

Audi A3 2.1%

Ford Mustang 3.2%

Jeep Renegade -0.3%

Average Results 1.4%

*Horsepower improvement shown is average 

of AAA tests.
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!!! tǊŜƳƛǳƳ CǳŜƭ wŜǎŜŀǊŎƘ ς tƘŀǎŜ LL 

3 Overview 

Which fuel should a driver select for a vehicle that recommends the 

use of premium gasoline? 

 

Gasoline-powered cars and light trucks are typically labeled at the 

fuel door or cap with the octane rating that is recommended or 

required for use in the vehicle:  

1. Regular Unleaded Ҧ aŀƴǳŦŀŎǘǳǊŜǊ ǊŜŎƻƳƳŜƴŘǎ ǘƘŜ ǳǎŜ ƻŦ ǊŜƎǳƭŀǊ unleaded 

gasoline with a (R+M)/2 octane rating of 87. Opting for premium gasoline does not 

produce any quantitative benefit for the consumer in terms of horsepower 

production or fuel economy. Refer to previous AAA Research1, AAA Premium Fuel 

Research: Proprietary research into the use of premium octane gasoline when not 

required by the manufacturer 

2. Premium Recommended Ҧ aŀƴǳŦŀŎǘǳǊŜǊ ǊŜŎƻƳƳŜƴŘǎ ǘƘŜ ǳǎŜ ƻf 91 octane or 

higher premium gasoline. The results of this research report are that vehicles 

labeled premium recommended may see some benefit in terms of fuel economy or 

horsepower when using premium gasoline.  

3. Premium Required Ҧ aŀƴǳŦŀŎǘǳǊŜǊ ǊŜǉǳƛǊŜǎ ǘƘŜ use of 91 octane or higher 

premium gasoline. In this case, the vehicle manufacturer provided clear instruction 

and consumers should always use premium gasoline. Failure to use premium could 

potentially cause engine damage that might not be covered by the ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ 

warranty. 

If your vehicle is one labeled premium recommended2, the decision of which grade gasoline to 

purchase is not complicated, but there are considerations to be aware of ς to be economical, 

environmentally friendly, and to get the best possible performance from your automobile. 

!ǳǘƻƳŀƪŜǊǎ ǳǎŜ ŀ ǾŀǊƛŜǘȅ ƻŦ ǇƘǊŀǎƛƴƎ ƛƴ ƻǿƴŜǊΩǎ Ƴŀƴǳŀƭǎ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ ǘƘŜ ǊŜŀǎƻƴǎ ǿƘȅ 

premium gasoline is recommended. See Appendix §13.1 for examples. 

Will something bad happen if regular (87 octane) gasoline is used in a premium 

recommended car? 

                                                       
1 http://newsroom.aaa.com/2016/09/u-s-drivers-waste-2-1-billion-annually-premium-gasoline/  
2 Refer to the Appendix §13.3 for a list of vehicles that are labeled Premium Recommended as verified through the 
ƻǿƴŜǊΩǎ ƳŀƴǳŀƭǎΦ ¢Ƙƛǎ ƭƛǎǘ ƛǎ ƴƻǘ ŎƻƳǇǊŜƘŜƴǎƛǾŜΦ  

Figure 3: Fuel selection options 

http://newsroom.aaa.com/2016/09/u-s-drivers-waste-2-1-billion-annually-premium-gasoline/
http://newsroom.aaa.com/2016/09/u-s-drivers-waste-2-1-billion-annually-premium-gasoline/
http://newsroom.aaa.com/2016/09/u-s-drivers-waste-2-1-billion-annually-premium-gasoline/
http://newsroom.aaa.com/2016/09/u-s-drivers-waste-2-1-billion-annually-premium-gasoline/
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Does your vehicle knock or ping under load when using regular gas? If so, then the necessary 

action is to increase the octane of the gasoline you purchase (step up from regular to mid-grade 

to premium) until the pinging is no longer audible. It could be that the engine is under a greater 

load than realized, and in response, the engine management system is looking for that higher 

octane. Over time, knocking can cause engine damage. For further information on knocking, 

refer to Terminology in the Appendix §13.2. 

²ƛǘƘƻǳǘ ŀƴȅ ƴƻǘƛŎŜŀōƭŜ ƪƴƻŎƪƛƴƎ ƻǊ ǇƛƴƎƛƴƎ ǿƘŜƴ ǳǎƛƴƎ ǊŜƎǳƭŀǊ ƎŀǎƻƭƛƴŜΣ ǘƘŜ ŀƴǎǿŜǊ ƛǎ άƴoέ ς 

but do not select gasoline that is lower than 87 octane. Vehicles labeled premium 

recommended can safely use regular gasoline (87 octane) with no adverse effects. According to 

ƻǿƴŜǊΩǎ Ƴŀƴǳŀƭǎ όŀƴŘ ǘƘŜ ŎƻƴǘŜƴǘ ǾŀǊƛŜǎ ŎƻƴǎƛŘŜǊŀōƭȅύΣ ǳǎƛƴƎ ǊŜƎǳƭŀǊ ƎŀǎƻƭƛƴŜ Ƴŀȅ ǊŜǎǳƭǘ ƛƴ 

decreased fuel economy or lower performance. It is important to note that lower octane 

gasoline (85 octane) is available in some mountain states in the western United States. AAA 

ǊŜǎŜŀǊŎƘŜǊǎ ŦƻǳƴŘ ƳǳƭǘƛǇƭŜ ƻǿƴŜǊΩǎ Ƴŀƴǳŀƭǎ όǾŜƘƛŎƭŜǎ ǘƘŀǘ ŀǊŜ ǇǊŜƳƛǳƳ ǊŜŎƻƳƳŜƴŘŜŘύ ǘƘŀǘ 

specified no lower than 87 octane when using regular gasoline. Motorists should consult the 

ƻǿƴŜǊΩǎ manual for their specific vehicle for the most complete information on selecting 

between available grades of gasoline.   

To address these concerns, AAA tested fuel economy and horsepower production.  

To examine the differences in fuel economy when using regular versus premium gasoline in 

premium recommended vehicles, AAA researchers developed a chassis dynamometer test to 

simulate driving on flat and increasingly steep grades. The steeper grades resulted in more 

ǿƻǊƪ ŦƻǊ ǘƘŜ ǘŜǎǘ ǾŜƘƛŎƭŜǎΩ ŜƴƎƛƴŜǎΣ ŀƴŘ Ŏƻƴditions where the higher octane in premium 

gasoline might be advantageous. Vehicle emissions were measured during these tests and fuel 

economy was calculated from the emissions content. 

Researchers then used the chassis dynamometer to measure static (vehicle speed does not 

change) and dynamic (typical horsepower test with vehicle accelerating to maximum rpm) 

horsepower produced by test vehicles when fueled with regular gasoline and again with 

premium gasoline. 

4 Technology Description 

4.1 Engine Calibration 

Gasoline engines in modern automobiles and light trucks are able to react to a wide range of 

variables and continue to provide lower emissions, higher fuel economy and improved drive 

quality ς ƻōƧŜŎǘƛǾŜǎ ǘƘŀǘ ŀǊŜ ƻŦǘŜƴ ǎŜŜƳƛƴƎƭȅ ŀǘ ƻŘŘǎΦ LƴǇǳǘǎ ǘƻ ŀ ǾŜƘƛŎƭŜΩǎ Ŝngine management 

computer include sensors that measure the quantity of air used (MAF ς mass air flow sensor), 

electronic fuel injectors that can provide precise ς even multiple ς deliveries of gasoline to 

individual cylinders during each engine rotation, and multiple oxygen sensors in the vehicle 
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exhaust to provide feedback on how efficiently each cylinder of gasoline and air was burned by 

the engine. Engine calibration is a complex topic. There is a vast amount of data traveling at 

high speed and an almost ƛƴŦƛƴƛǘŜ ƴǳƳōŜǊ ƻŦ ŀŘƧǳǎǘƳŜƴǘǎ ŎƻƳƳŀƴŘŜŘ ōȅ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ŜƴƎƛƴŜ 

management computer. Vehicle manufacturers employ different engine management 

strategies, and testing and calibration has resulted in a recommendation for premium gasoline 

for some vehicles. Manufacturers produce vehicle models to be driven by motorists throughout 

the United States. These motorists have different vehicles uses, commutes, road conditions, 

passenger numbers, etc. While the manufacturer is not requiring the use of premium gasoline, 

it is making the recommendation and leaving the choice up to the vehicleΩǎ owner. 

Research that quantifies how a vehicle reacts to gasoline with different octane ratings is 

essentially looking at engine calibration ς the programming done by the vehicleΩǎ ƳŀƴǳŦŀŎǘǳǊŜǊ 

to provide low emissions, high fuel economy, and maximum driving performance. Higher 

octane ratings are achieved by additives to gasoline that allow higher compression before the 

gas-ŀƛǊ ƳƛȄǘǳǊŜ ƛƴ ŀ ŎƻƳōǳǎǘƛƻƴ ŎȅƭƛƴŘŜǊ άauto-ignites.έ ¢Ƙƛǎ auto-ignition causes an audible 

knock or ping sound ς particularly on hard acceleration or during a hill climb. Higher octane 

allows more power extraction before auto-ignition occurs, thus allowing an engine design that 

uses a higher compression ratio and or operating the engine with ignition timing further 

advanced. When the engine design and fuel requirements are closely matched, maximum 

operating efficiency can be obtained. For the consumer, this means better performance and 

fuel economy. 

To complicate the engine calibration challenge, automakers cannot rigidly enforce the octane 

level and quality of gasoline used in the vehicles they produce. Fuel quality varies by region 

across the United States. Drivers can freely select from 85 octane regular to super-premium 94 

octane (or higher) depending on the area of the country and fuel retailer. Knowing what octane 

gasoline is recommended or required by your vehicle can help maximize both fuel economy and 

ǇŜǊŦƻǊƳŀƴŎŜΦ /ƻƴǎǳƭǘ ǘƘŜ ƻǿƴŜǊΩǎ Ƴŀƴǳŀƭ ŦƻǊ ǘƘŜ Ƴƻǎǘ ŀŎŎǳǊŀǘŜ ƛƴŦƻǊƳŀǘƛƻƴ ς including 

limitations on the use of low-octane regular gasoline. 

4.2 Test Vehicles 

AAA Researchers initially identified vehicles labeled by the manufacturer as premium 

recommended.3 These vehicles were then grouped by fuel injection system and induction type. 

Researchers selected vehicles to represent a wide variety of vehicle types, fuel-delivery 

systems, and naturally aspirated/turbocharged engines. 

  

                                                       
3 See Appendix §13.3 for a list of vehicles that recommend premium gasoline. 
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5 Vehicles Selected for Testing 

¢ƘŜ Ŧƛƴŀƭ ǎŜƭŜŎǘƛƻƴ ƻŦ ǘŜǎǘ ǾŜƘƛŎƭŜǎ ŦƻǊ ǘƘŜ ά!!! tǊŜƳƛǳƳ CǳŜƭ wŜǎŜŀǊŎƘ ς tƘŀǎŜ LLέΥ 

 

Figure 4: Test Vehicles - Final Selection and Attributes 

 

Figure 5: 2017 Ford F150 on Dynamometer 

Model 

Year
Make Model

Drive 

Axle
Transmission

Engine 

Layout

Engine 

Displacement

Air 

Induction 

(Aspiration)

Fuel 

Delivery 

System

2017 Ford F150 XLT RWD 10-speed auto V6 3.5L Turbo GDI+PFI

2016 Cadillac Escalade ESV RWD 8-speed auto V8 6.2L NA GDI

2015 Mazda MX-5 Miata RWD 5-speed manual I4 2.0L NA PFI

2016 Audi A3 FWD 6-speed dual clutch I4 1.8L Turbo GDI

2017 Ford Mustang GT RWD 6-speed auto V8 5.0L NA PFI

2016 Jeep Renegade FWD 6-speed manual I4 1.4L Turbo PFI
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Figure 6: 2016 Cadillac Escalade ESV on Dynamometer 

 

Figure 7: 2015 Mazda Miata on Dynamometer 
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Figure 8: 2016 Audi A3 on Dynamometer 

 

Figure 9: 2017 Ford Mustang GT on Dynamometer 












































































































