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ORNL researchers quantify the effect of increasing highway speed on fuel economy.

John F. Thomas, Brian H. West and Shean P. Huff, Fuels, Engines and Emissions Research
Center Oak Ridge National Laboratory

ORNL staff have been performing vehicle research and testing in support of the
fueleconomy.gov website. This website, jointly maintained by the U.S. Department of Energy
and the U.S. Environmental Protection Agency (EPA), provides information such as official
EPA “window label” fuel economy estimates for city, highway, and combined driving for all
U.S.-legal light-duty vehicles from 1984 to present. It also offers consumer information and
advice pertaining to vehicle fuel economy and energy-related issues such as driving tips. One tip
is that drivers should obey the speed limit since the fuel economy of most vehicles decreases
above 50 mph. ORNL staff members John Thomas, Shean Huff and Brian West have worked to
quantify this trend through analysis of dynamometer testing results for 74 vehicles at steady-state
speeds from 50 to 80 mph.

Data has been collected for 23 light-duty vehicles at ORNL’s vehicle research laboratory’ and a
valuable data set for 51 vehicles was loaned to ORNL by Chrysler, LLC under a non-disclosure
agreement. Vehicles were tested in dynamometer laboratories at steady speeds from 40 to 80
mph, with the proper road-load applied. Analysis has focused on speeds of 50, 60, 70 and 80
mph [1]. The data resulting from these tests simulates steady highway cruising on flat roads at
moderate temperatures (SAE J2263, J2264). The study includes various sizes of sedans, wagons,
and SUVs, as well as pickup trucks, minivans and a few “muscle” and sports cars. Vehicles
from model years 2003 to 2012 with a wide variety of powertrains were represented and
included two hybrid sedans and a diesel sedan. The combined data from the 74 vehicles gives
insight into the effect of cruising speed on fuel economy.
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Figure 1. Vehicle installed on the chassis dynamometer in the ORNL vehicle research
laboratory.
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Results are quantified in the summary table, showing the general effect of increased speed on
fuel economy. For example, the last column in the table for the row with 70 to 80 mph results
reveals that most vehicles will have 12.5-17.5% drop in fuel economy due to traveling 80 mph
rather than 70 mph. No obvious pattern for specific vehicle types in terms of fuel economy
percent change with speed has yet emerged (for example, results for SUVs were similar to small
sedans or pickup trucks in terms of percent change in mpg).

Brief summary of vehicle data

Percent mpg decrease for a given 10 mph
Speed increase based on 74 vehicles.
T verage | Data | Std. | Middle 2/3rds
g range dev. | of vehicle data
50 to 60 mph 12.4 6.9-18.3 2.2 10.0-14.3
60 to 70 mph 14.0 8.8-19.5 2.6 11.2-16.1
70 to 80 mph 154 10.8-26.0 3.0 12.5-17.5
all three
speed 13.9 6.9-26.0 2.9 N/A
increments

The results are summarized in histogram form in Figure 2, which shows the distribution of fuel
economy penalties for each 10-mph increase in speed from 50 mph to 80 mph. A comparison of
the three histograms shows a slight shift toward higher mpg penalties for each 10-mph speed
increase. In other words, the mph penalty for increasing your speed from 70 mph to 80 mph is
slightly greater than the penalty for increasing from 60 mph to 70 mph, which is slightly greater
than the penalty for increasing from 50 mph to 60 mph. The bottom histogram highlights some
further interesting observations that were made from the data. There are explanations for four of
the five vehicles represented in the “warm” colored bars showing the high fuel economy drop
values (> 21%) for the 70 to 80 mph case.

Three V8 sedans with cylinder deactivation were included in the vehicle set, and were
responsible for some of the largest values seen in the table and Figure 2. These vehicles
conserve fuel by only powering 4 cylinders at lower speeds, and then switch to 8 cylinders when
needed to meet the power demand at higher speeds. The switch from 4 to 8 cylinders was seen
to occur between 60 and 70 mph or 70 and 80 mph, and this change causes a large percent
change in fuel economy over that speed increment.

An ORNL tested vehicle was observed to transition from stoichiometric operation to protective
enrichment between 75 and 80 mph, and this change caused an unusually steep drop in fuel
economy. Protective enrichment occurs when a vehicle’s engine is at a high load point such that
the exhaust temperatures may become great enough to damage the catalyst or other components:
damage is avoided by injecting extra fuel (rich fueling) which produces lower temperature
exhaust. The Chrysler data included a vehicle that appears to employ protective enrichment at
80 mph. These two vehicles are responsible for the two highest fuel economy drops in the data
set (~ 25 and 26 % when comparing 70 to 80 mph).
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Testing was not conducted beyond 80 mph, but it is reasonable to think more vehicles would
transition into protective enrichment operation at speeds above 80 mph. This may be a valid
consideration for setting maximum speed limits.
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Figure 2. The fuel economy penalty (for a 10-mph increase in speed) becomes more severe
at higher speeds [2].

References and notes
1. Road-loads are determined by on-road coastdown testing, and are simulated by the chassis
dynamometer according to SAE Standards J2263, J2264.

2. 68 vehicles are represented in the histogram for traveling 80 mph versus 70 mph. The other 2
histograms contain data for 74 vehicles. Six vehicles were tested only to 70 mph.
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