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ABSTRACT:	This	report	documents	the	
confidence	that	North	American	Class	8	
trucking	should	have	in	the	variety	of	
methods	used	to	measure	and	estimate	
improved	freight	efficiency.	The	study	team	
engaged	with	the	entire	industry	in	
generating	the	findings	that	are	presented	
here.	Thanks	to	all	of	those	who	contributed	
to	this	important	work.		

Trucking	Efficiency:	Trucking	Efficiency	is	a	
joint	effort	between	NACFE	and	Carbon	
War	Room	to	double	the	freight	efficiency	
of	North	American	goods	movement	
through	the	elimination	of	market	barriers	
to	information,	demand	and	supply.	
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1. Executive Summary 
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they are considering. The report is 
not exhaustive; it uses aerodynamic 
technologies as the example case 
through which to explore testing 
methods. But although its findings 
will be most specific to aerodynamic 
technologies, the insights generated 
are generally applicable to the 
process of determining efficiency for 
any technology

TESTING METHODS
Given that each class of efficiency 
technology may have its own subset 
of applicable testing methods, the 
report uses the common class of 
aerodynamics to illustrate the issue 
of testing. Five testing methods are 
discussed in detail:

1.  Computer Model-based Testing, 
specifically, Computational Fluid 
Dynamics Analysis

2.  Wind Tunnel Testing
3.  Track Testing, including 

Coastdown Testing
4.  On-Road Testing 
5.  Fleet Composite Evaluation Testing

A key issue in testing is the degree 
to which innumerable real-world 
factors can cause performance to 
deviate from what was recorded 
under controlled testing. Therefore, 
the report also discusses potential 

impacts from the 14 most common 
such factors:

1. Ambient Temperature 
2. Wind
3. Rain and Snow 
4. Road Surfaces
5. Road Grade
6. Tractor Configuration
7. Vehicle Maintenance Level
8.  Manufacturing Assembly and 

Reassembly Tolerances 
9. Ice, Snow, Mud, and Dirt
10. Driving Profile (Duty Cycle)
11. Traffic Aerodynamics
12. Vehicle and Component Age
13. Driver Behavior
14. Measurement System Precision

BENEFITS AND 
CHALLENGES OF 
DETERMINING 
EFFICIENCY
The core benefit of a strong ability 
to parse testing data is that it allows 
a fleet to be able to confidently 
determine paybacks and maximize 
its investments into efficiency, 
thereby maximizing its overall 
efficiency and cost savings. No 
truck could or should have every 
single available technology installed, 
nor would this be a cost-effective 
way of running a fleet. Fleets must 
carefully analyze the range of options 

and compare them against their 
own duty cycles and operations to 
determine which technologies offer 
the fastest paybacks. Having realistic 
expectations around paybacks, and 
better yet around how payback times 
may change in relation to changes 
in fuel costs or other aspects of 
operations, will allow fleets to have 
stronger financial planning overall. 

A fleet’s determination of what payback 
it can expect from the adoption of a 
new efficiency technology will require 
information from a variety of information 
sources, including its own reliable 
first-hand experience, feedback from 
trusted second-hand experience, and 
a collection of third-party sources 
with varying levels of credibility, such 
as the data provided by the device 
manufacturers or information from 
the truck or trailer OEMs. Whether 
comparing the fuel efficiency of two 
transmissions, two engines, two 
tractors, two trailers, or even two 
drivers, the comparison will involve 
some form of test data from one or 
more of those sources. But multiple 
challenges make the process of sorting 
through performance testing data quite 
difficult for fleets. The Confidence 
Reports breaks those challenges down 
into the following categories, though all 
of them overlap:

EXECUTIVE SUMMARY

CFD Wind  
Tunnel Track Road Fleet  

Composite

TRUCKING EFFICIENCY CONFIDENCE REPORT: DETERMINING EFFICIENCY | 2

TESTING METHODS

TR
A

C
K 

PH
O

TO
: W

W
W

.A
D

D
M

ED
IA

.C
O

M



Confidence Report: Determining Efficiency	

January	28,	2016	 	 	 7	 	 

1.  Variance among testing 
methods—Different methods 
test for different things, under 
different parameters, controls, and 
assumptions.

2.  Extrapolation of test results—
Fleets struggle to apply the results 
of a controlled test to their own 
operations.

3.  Need to precisely attribute 
efficiency gains—It can be 
difficult to attribute a change 
in performance to a single 
technology, particularly in the real 
world.

4.  Use of older data—Technologies, 
vehicles, and duty cycles are 
constantly changing, but testing 
methodologies are not always able 
to keep up.

5.  Confusion between precision and 
accuracy—Two key concepts in 
determining efficiency are widely 
misunderstood and often misused.

6.  Complexity of calculations and 
variables measured—Testing 
methodologies require design by 
expert specialists, but end users 
of the data cannot be expected to 
possess a similar level of expertise. 

KEY CONCLUSIONS AND 
RECOMMENDATIONS
The following six insights should 
serve as best practices for 
fleets, truck and trailer OEMs, 
manufacturers, and others seeking to 
determine the savings offered by fuel 
efficiency technologies:

Understand Accuracy vs. Precision
The terms accurate and precise are 
not interchangeable. Precise is how 
closely a test result will be repeated 
by additional tests. Accurate is how 
well the test compares to a known 
reference value. Claims that a 
device is precise does not mean it is 
accurate. These two terms are often 
misused or incorrectly conflated.

Recognize that Data Exists and 
Sharing is Needed
A large amount of testing data for 
various technologies from various 
individual manufacturers exists 
already. It is mainly kept private, even 
when no competitive advantage 
is gained. All stakeholders should 
work to uncover and share the best 
available data for decision making. 

This will also reduce the resources 
being spent on redundant testing.

Clarify Objectives
All stakeholders should be clear 
in advance on what their review 
of testing data seeks to confirm or 
discover. For instance, manufacturers 
may want to learn how a device 
performs in many configurations 
and duty cycles, or may want to 
determine a metric such as drag 
coefficient, while fleets may want to 
confirm how a device performs in 
their very specific configuration and 
duty cycle, or seek a metric such as 
fuel burn. Different testing methods 
would be most appropriate for each.

Adjust to Real-World Operations
The results from various tests must 
always be adjusted to the particular 
duty cycle under consideration 
before paybacks can be calculated. 
For example, track testing may have 
been performed at a consistent 
speed of 65 mph, but trucks in a fleet 
may spend the majority of their time 
at 58 mph—such deviations must be 
overlaid onto the test results. 

Be Comfortable with a Range
Adopting many proven fuel-efficiency 
technologies can reasonably be 
expected to improve performance, 
but the exact degree of improvement 
will depend on a fleet’s specific 
operations, and will likely vary over 
time in response to many other real-
world factors. The metric of “degree 
of improvement” is likewise key; 
efforts to determine efficiency should 
be conducted relative to a baseline 
of current performance, and not an 
absolute.

EXECUTIVE SUMMARY
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Seek Multiple Methods and  
Look for Trends 
In determining efficiency, multiple 
sets of test results likely cannot be 
compared or averaged in order to 
determine the exact performance of a 
technology. Rather, data from a variety 
of test methods should be considered 
side by side, keeping the particulars 
of each method in mind, in order to 
look for trends and gain confidence 
on results such as the minimum 
efficiency gain a technology will offer.

Additional recommendations stemming 
from this research include the need for 
fleets to accurately quantify their own 
current performance before attempting 
to assess the benefits of any new 
technology. Additionally, all end users 
of testing data need to understand 
the scope, context, and 
constraints of the 
testing method 

under consideration, 
and how its results will 
translate to real-world 
performance. In particular, 
end users need to 

understand what factors 
are actually measured in the 

testing, which are assumed, 
and which are estimated, as 

well as what source data was 
used in estimations. 

Those conducting testing must play a 
role in improving the understanding 
of end users. Performance data from 
different methods is rarely directly 
comparable, but too often it is 
presented or interpreted as equivalent. 
Also, the test result reports frequently 
downplay the difference that will 
be seen between the findings of 
controlled testing and those of real-
world performance. This is a disservice 
to fleets, as it creates distrust in test 
findings; technology suppliers should 
work to provide better information on the 
potential impact of real-world factors.

All participants in fuel-economy 
performance improvement need to 
consider how each other’s roles and 
perspectives differ, and work 
to create more 

common, more robust solutions that 
allow efficiency devices to perform 
more closely in accordance with fleet 
needs and expectations. Finally, the 
greater sharing of performance data 
and a reduction in redundant testing will 
help overcome many of the identified 
challenges. 

Evaluating the effectiveness of fuel-
efficiency improvement devices is 
complex, but methods and information 
sources continue to improve. Though 
the exact degree of fuel savings will 
depend on a fleet’s specific operations, 
and will likely vary over time in response 
to many other real-world factors, a better 
understanding of how to interpret testing 
data will allow the industry to better 
determine efficiency, and increase 
confidence in the adoption of cost-
effective fuel-saving technologies.

Trucking Efficiency is always seeking 
to expand the data or case studies 
that we can provide to the industry. 
We invite you to share your own 
experiences with testing to determine 
the performance of efficiency 
technologies.

EXECUTIVE SUMMARY
“I WANT ACCESS TO  
AS MUCH CREDIBLE 

INFORMATION AS CAN 
BE OBTAINED, IN ORDER 
TO DETERMINE THE FUEL 
SAVINGS POTENTIAL FOR  
ANY TECHNOLOGY THAT  

WE MAY INTRODUCE  
INTO OUR FLEET.”  

SCOTT PERRY,  
RYDER SYSTEM INC.
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2. Introduction 
This	Confidence	Report	 forms	part	of	 the	continued	work	of	Trucking	Efficiency,	a	 joint	 initiative	 from	
the	North	American	Council	for	Freight	Efficiency	(NACFE)	and	Carbon	War	Room	(CWR)	highlighting	the	
potential	 of	 fuel	 efficiency	 technologies	 and	 practices	 in	 over-the-road	 (OTR)	 goods	movement.	 Prior	
Confidence	 Reports	 and	 initial	 findings	 on	 nearly	 70	 available	 technologies	 can	 be	 found	 at	
www.truckingefficiency.org.		

The	fuel	costs	faced	by	the	tractor-trailer	industry	have	been	extremely	volatile	over	the	past	decade,	as	
shown	 in	Figure	1.	Truck	operating	costs	have	also	seen	steady	 inflationary	 increases	 for	 labor,	but	as	
data	 from	the	American	Transportation	Research	 Institute	 (ATRI)	 shows	 in	Figure	2,	 fuel	costs	 in	2014	
were	on	par	with	the	costs	for	the	driver	(wages	plus	benefits)	at	$0.58	per	mile.	By	2015,	through	an	
unexpected	combination	of	global	political	and	economic	forces,	fuel	prices	actually	dropped	to	50%	of	
their	2008	 levels.	However,	such	significant	swings	 in	fuel	cost	are	expected	to	continue	 in	the	future,	
making	fuel	costs	the	 least	predictable	aspect	of	 freight	operations,	and	one	all	 fleets	should	carefully	
manage,	even	in	years	of	low	prices	at	the	pump.			

	

Figure 1: U.S. Diesel Fuel Prices 

	



Confidence Report: Determining Efficiency	

January	28,	2016	 	 	 11	 	

	

Figure 2: Trucking Operational Costs per Mile 

Investment	 into	 proven	 technologies	 and	 practices	 that	 allow	 a	 truck	 or	 fleet	 to	 increase	 their	 fuel	
efficiency	–	meaning	that	 they	can	do	the	same	amount	of	business	while	spending	 less	on	 fuel	–	 is	a	
hugely	promising	option	for	the	industry	in	light	of	these	trends.		

To	 understand,	 and	 thereby	 better	 facilitate,	 the	 uptake	 of	 such	 technologies,	 NACFE	 conducts	 an	
annual	 review,	 the	“Fleet	Fuel	Study,”	of	 the	 industry-wide	adoption	 rates	of	nearly	70	 fuel	efficiency	
technologies	 currently	 available	 for	 Class	 8	 tractors	 and	 trailers.	 This	 work,	 available	 on	 the	
www.nacfe.org	 website,	 has	 been	 called	 “the	 most	 comprehensive	 study	 of	 Class	 8	 fuel	 efficiency	
adoption	ever	conducted.”	(Truck	News,	2012)		

The	overriding	 takeaway	 from	 the	most	 recent	 Fleet	 Fuel	 Study,	 completed	 in	2015,	 is	 that	 fleets	 are	
enjoying	 dramatic	 improvements	 in	 their	 fuel	 efficiency	 by	 adopting	 combinations	 of	 the	 various	
technologies	surveyed	—	savings	of	about	$9,000	per	tractor	per	year	compared	to	a	fleet	that	has	not	
invested	 in	any	efficiency	technologies.	 It	 found	that	these	fleets	have	fleet-wide	fuel	economy	of	 just	
under	7.0	mpg,	while	the	USA	average,	for	the	approximately	1.5	million	tractors	in	over-the-road	goods	
movement,	is	5.9	mpg.	This	finding	was	drawn	from	research	into	the	use	of	fuel	efficiency	products	and	
practices	by	14	of	the	largest,	most	data-driven	fleets	(Figure	3).	
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Figure 3: NACFE Fleet Fuel Study Fleets 

Those	 fleets	 represent	 both	 regional	 and	 long-haul	 tractors	 and	 trailers,	 in	 both	 dry	 goods	 and	
refrigerated	cargo	movement,	and	boast	a	combined	inventory	of	53,000	tractors	and	160,000	trailers.	
The	2015	Fleet	Fuel	Study	reviewed	twelve	years	of	adoption	decisions	by	these	ten	fleets,	and	describes	
their	specific	experience	with	the	nearly	70	technologies.	Each	fleet	shared	the	percentage	of	their	new	
purchases	of	tractors	and	trailers	that	included	any	of	the	technologies.	They	also	shared	twelve	years’	
worth	of	annual	fuel	economy	data	for	the	trucks	 in	their	 fleet.	With	these	two	pieces	of	 information,	
which	will	be	updated	every	year,	NACFE	 is	able	to	generate	 insights	 into	the	following	aspects	of	 the	
industry	(summarized	in	Figure	4):		

• Adoption	curves	for	each	of	the	technologies,	indicating	which	technologies	have	the	
steepest	adoption	rates,	which	are	being	adopted	steadily	but	slowly,	and	which	are	not	
being	purchased	at	all.	These	curves	also	show	how	uniformly	(or	not)	fleets	are	acting	in	
their	adoption	patterns.		

• Identification	among	the	various	fleets	of	the	innovators,	early-majority,	late-majority,	and	
even	laggards,	in	new	technology	adoption.		

• Comparison	of	technology	adoption	rates	to	overall	fuel	efficiency.		
• Identification	of	three	key	insights:		

o that	the	adoption	of	automated	manual	transmission	has	reached	high	levels		
o that	aerodynamics	is	now	available	for	natural	gas	tractors	
o that	the	optimization	of	engine	parameters	is	being	pursued	more	widely	as	a	fuel-

saving	strategy	by	large,	medium,	and	small	fleets	
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Figure 4: Fuel Savings per Truck 

	

2.1 Trucking Efficiency’s Confidence Reports 
NACFE’s	Fleet	Fuel	Studies	provide	useful	 insights	 into	adoption	 trends	 in	 the	 industry,	as	well	as	 into	
the	 specific	 practices	 of	 different	 major	 fleets.	 NACFE	 hopes	 that	 this	 information	 could	 alone	 spur	
additional	 investment,	 particularly	 by	 fleets	 that	may	 be	 lagging	 behind	 the	 overall	 industry	 when	 it	
comes	 to	 certain	 widely-adopted	 technologies.	 However,	 in	 the	 course	 of	 conducting	 the	 studies,	 it	
became	clear	that	some	technologies	are	still	only	being	adopted	by	the	most	progressive	or	innovative	
of	fleets	in	spite	of	their	showing	strong	potential	for	achieving	cost-effective	gains	in	fuel	efficiency.	In	
order	 to	 facilitate	 the	 wider	 industry’s	 trust	 in	 and	 adoption	 of	 such	 technologies,	 NACFE	 and	 CWR	
formed	Trucking	Efficiency	and	began	this	series	of	reports,	called	“Confidence	Reports,”	which	will	take	
an	in-depth	look	at	those	most-promising	but	least-adopted	technologies	one-by-one.		

Confidence	 Reports	 provide	 a	 concise	 introduction	 to	 a	 promising	 category	 of	 fuel	 efficiency	
technologies,	covering	key	details	of	their	applications,	benefits,	and	variables.	The	reports	are	produced	
via	a	data	mining	process	that	both	combs	public	information	and	collects	otherwise-private	information	
(which	 is	 shared	 with	 Trucking	 Efficiency	 for	 the	 purpose	 of	 the	 reports),	 in	 order	 to	 centralize	 an	
unparalleled	range	of	testing	data	and	case	studies	on	a	given	technology	set.		

At	NACFE,	our	goal	 is	 to	provide	 fleets	with	unbiased	and	meaningful	 information	 to	help	 them	make	
decisions	 on	 investing	 in	 technologies.	 Visit	 www.truckingefficiency.org	 to	 view	 this	 and	 other	
completed	 reports	 on	 tire	 pressure	 systems,	 6x2	 axles,	 idle	 reduction,	 electronically	 controlled	
transmissions,	electronic	engine	parameters,	 low	rolling	resistance	tires,	 lightweighting,	downspeeding	
and	maintenance.		
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2.2 Determining Efficiency 
The	overarching	goal	of	every	Confidence	Report	is	to	give	insights	into	the	performance	gains	offered	
by	 a	 technology.	 Understanding	 those	 gains	 requires	 understanding	 the	 testing	 methods	 used	 to	
determine	what	the	gains	are,	and	moreover,	understanding	how	a	given	test	result	may	relate	to	real	
world	results.			

Today	 a	 multitude	 of	 testing	 methods	 exist,	 each	 with	 unique	 contexts	 and	 applications,	 making	
comparison	between	them	on	paper	challenging	and	confusing,	and	application	to	the	real	world	even	
more	so.	The	core	objective	of	 this	Determining	Efficiency	Confidence	Report,	 therefore,	 is	 to	provide	
the	leadership	of	fleets	with	a	comprehensive	overview	of	the	fuel	and	freight	efficiency	measurement	
and	estimation	methods	used	by	the	industry	today,	to	allow	fleets	to	make	better	efficiency	technology	
investment	decisions,	no	matter	the	technology	they	are	considering.		

This	Determining	 Efficiency	 Confidence	 Report	 is	 slightly	 different	 than	 all	 the	 rest	 in	 the	 series,	 as	 it	
does	not	consider	a	specific	set	of	efficiency	technologies.	Rather,	it	looks	at	the	various	methods	used	
to	test	efficiency	technologies	generally,	in	order	to	give	fleets	better	fluency	with	the	variety	of	data	on	
performance	gains	 that	 they	are	 likely	 to	encounter.	This	 report	uses	the	example	set	of	aerodynamic	
technologies	as	 the	 lens	 through	which	 to	understand	 the	 testing	methods,	 and	 therefore	 its	 findings	
will	be	most	specific	to	those	technologies,	but	can	give	insights	to	testing	generally.		

3 Benefits of Determining Efficiency 
This	report	aims	to	increase	fleets’	ability	to	confidently	understand	performance	testing	data,	as	a	lack	
of	 confidence	 in	 performance	 information	 is	 a	 key	 barrier	 preventing	 fleets	 from	 making	 smart	
investments	into	efficiency	technologies.		

There	is	truly	a	multitude	of	fuel	efficiency	technologies	available	to	the	trucking	industry	today.	But	no	
truck	could	or	should	have	all	of	them	installed,	nor	would	this	be	a	cost-effective	way	of	running	a	fleet.	
Therefore,	fleets	must	carefully	analyze	the	range	of	options	and	compare	them	against	their	own	duty	
cycles	and	operations	 to	determine	which	 technologies	offer	 the	 fastest	paybacks	and	prioritize	 those	
for	adoption.	Having	realistic	expectations	around	paybacks,	and	better	yet	around	how	payback	times	
may	change	in	relation	to	changes	in	fuel	costs	or	other	aspects	of	operations,	will	allow	fleets	to	have	
stronger	 financial	planning	overall.	 To	determine	payback,	 fleets	need	 two	 sets	of	data	–	one	being	a	
solid	understanding	of	their	own	fuel	use	and	operations,	and	the	other	being	the	testing	data	on	the	
performance	of	 the	 technologies.	 Elements	 of	 a	 fleet’s	 operations	which	must	 be	understood	 include	
current	average	miles	per	truck	each	year,	current	average	annual	fuel	economy	per	truck	type,	and	an	
average	annual	net	fuel	price	after	any	rebates	or	adjustments.	

As	an	example,	Figure	5	maps	likely	payback	timelines	for	the	adoption	of	a	fuel-saving	device	when	fuel	
is	$2	per	gallon	and	the	truck	runs	125,000	miles	per	year	at	an	average	7	mpg	before	the	addition	of	the	
device.	If	the	device	cost	$2,000	upfront	and	achieved	a	3%	fuel	savings,	then	the	fleet	should	expect	to	
recoup	their	investment	in	1.9	years.	That	is,	over	the	course	of	1.9	years	they	will	spend	$2000	less	on	
fuel	than	they	would	have	without	the	adoption	of	the	device.	And	for	any	additional	time	the	device	is	
in	use	beyond	that	payback	period,	they	will	save	money	straight	to	their	bottom	line.		
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Figure 5 Payback Period Based On Device Cost 

The	payback	period	will	change	if	any	of	those	factors	change.	 	For	example,	Figure	6	shows	the	exact	
same	scenario,	except	with	the	price	of	fuel	increased	to	$5	per	gallon;	this	in	turn	shortens	the	payback	
period	to	just	0.8	year.	

	

Figure 6 Payback Period Based On Device Cost 
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Unfortunately,	 the	 most	 difficult	 part	 for	 fleets	 in	 calculating	 payback	 is	 not	 in	 determining	 a	 good	
estimate	 of	 the	 average	 miles	 their	 trucks	 will	 run	 or	 their	 current	 average	 mpgs.	 It	 is	 not	 even	 in	
predicting	what	fuel	prices	will	look	like	over	the	next	year	or	two.	It	is	in	determining	the	percent	gain	
in	efficiency	that	they	will	enjoy	from	the	adoption	of	the	device	in	question.	It	is	not	always	necessary,	
and	 often	 not	 even	 possible,	 for	 a	 fleet	 to	 test	 each	 device	 that	 it	 considers	 in	 its	 own	 operations.	
Therefore,	 fleets	must	 be	willing	 to	 rely	 on	 testing	data	 from	other	 sources.	 The	next	 chapter	 details	
some	of	the	challenges	fleets	face	in	using	testing	data	to	determine	efficiency.		

4 Challenges of Determining Efficiency 
A	 fleet’s	 determination	 of	 whether	 or	 not	 they	 will	 benefit	 from	 the	 adoption	 of	 a	 new	 efficiency	
technology	will	 require	 information	from	a	variety	of	 information	sources,	 including	their	own	reliable	
first-hand	 experience,	 feedback	 from	 trusted	 second-hand	 experience,	 and	 a	 collection	 of	 third	 party	
sources	with	varying	levels	of	credibility,	such	as	the	data	provided	to	them	by	the	device	manufacturers	
or	information	from	the	truck	or	trailer	OEMs.	Whether	looking	at	the	fuel	efficiency	offered	by	either	of	
two	transmissions,	two	engines,	two	tractors,	two	trailers,	or	even	two	drivers,	making	a	comparison	will	
involve	some	 form	of	 test	data	 from	one	or	more	of	 those	sources.	But	multiple	challenges	make	 the	
process	of	sorting	through	performance	testing	data	quite	difficult	for	fleets.	The	study	team	has	broken	
the	challenges	down	into	the	following	categories,	though	all	of	them	overlap:	

1. Variance	among	testing	methods	
2. Extrapolation	of	test	results	
3. Need	to	precisely	attribute	efficiency	gains	
4. Use	of	older	data	
5. Confusion	between	precision	and	accuracy	
6. Complexity	of	calculations	and	variables	measured	 	

4.1 Variance among testing methods 
One	of	the	first	things	fleets	will	notice	 in	comparing	test	results	 is	that	the	data	from	various	sources	
are	 rarely	 the	 same,	 and	 often	 the	metrics	 being	 measured	 are	 not	 comparable.	 Largely,	 this	 is	 not	
because	the	technologies	are	unreliable	or	the	tests	are	incorrect,	but	rather	because	different	testing	
methods	 have	 been	 used	 to	 produce	 the	 data.	 Comparison	 between	 methods	 becomes	 a	 complex	
exercise,	 as	 any	 two	methods	may	 differ	 significantly	 in	what	 they	measure,	 what	 they	 assume,	 and	
what	controls	have	been	enforced	to	what	degree.	The	bulk	of	 this	Determining	Efficiency	Confidence	
Report	is	therefore	devoted	to	providing	fleets	with	an	overview	of	the	major	test	methods	used	by	the	
industry	today	to	assess	efficiency	technologies.	
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An	example	of	how	this	 challenge	appears	 in	 the	 real	world	 for	aerodynamic	 technologies	might	be	a	
fleet	 considering	 between	 the	 performance	 data	 for	 two	 brands	 of	 aerodynamic	 technologies,	 one	
tested	in	a	wind	tunnel	which	directly	measured	aerodynamic	drag	forces	(the	force	of	the	wind	pushing	
against	the	truck),	and	one	tested	using	a	fuel	economy	track	test	which	measured	the	total	amount	of	
fuel	the	tractor	used	to	overcome	all	the	net	forces	acting	on	the	vehicle.	Given	the	multiple	variations	
in	what	factors	are	being	tested	and	in	how	each	factor	is	being	measured,	trying	to	compare	between	
the	two	test	results	is	an	exercise	in	comparing	apples	to	oranges	–	even	if	the	two	products	in	fact	have	
nearly	identical	performance.		

4.2 Extrapolation of test results  
Understanding	what	metrics	 or	 variable	 different	 testing	methods	 are	 each	best	 suited	 to	measure	 is	
critical	 to	 overcoming	 a	 second	 challenge	 –	 extrapolating	 test	 results	 to	 a	 fleet’s	 own	 operations,	 to	
confidently	assess	whether	a	new	technology	represents	a	good	return	on	investment.	Figure	7	uses	an	
example	of	aerodynamic	technology	testing	to	show	that	while	a	test	may	only	consider	a	very	specific	
set	 of	 conditions,	 actual	 fleet	 operation	will	 differ	 within	 a	 range,	 and	 therefore	 efficiency	 gains	 will	
likewise	 vary.	 Fleets	 need	 to	 look	 for	 such	 indicators	 or	 parameters	 in	 reports	 of	 testing	 data	 to	
appropriately	compare	that	data	to	their	own	expected	results.	Fleets	also	need	to	understand	that	all	
permutations	 of	 the	 various	 conditions,	 such	 as	 temperature,	 road	 grade,	 or	wind	 speed,	will	 not	 be	
considered	in	testing,	and	therefore	the	performance	of	any	technology	can	be	expected	to	vary	day-to-
day	from	test	data.	

	

Figure 7: Different operating condition will give different results 

What	about	data	from	fleet	testing	conducted	over	many	months	with	many	tractors?		True,	such	data	
can	give	a	better	picture	of	expected	fleet	averages	that	moderate	the	 impact	of	seasonal	 factors	and	
other	variables.	However,	such	amalgamation	of	data	will	also	necessarily	make	conducting	a	detailed	
evaluation	of	the	performance	of	a	specific	device	much	more	difficult.		For	example,	the	test	tractor	will	
likely	be	driven	by	multiple	drivers,	and	it	might	also	be	coupled	with	various	trailers.	Other	aspects	of	a	
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vehicle	will	change	over	time	–	tires,	engines,	transmissions,	axles,	and	more	will	all	undergo	wear	and	
tear.	This	 tension	between	the	specificity	of	data	generated	by	track	or	model	 testing	 (i.e.,	 results	are	
specific	to	a	narrow	set	of	test	conditions),	and	the	“blurriness”	of	data	generated	by	testing	on	trucks	in	
operation	has	no	clear	answer,	but	 is	an	 important	one	for	 fleets	to	understand.	Later	sections	of	this	
report	will	shed	more	detail	on	the	pros	and	cons	of	each	test	type.		

4.3 Need to precisely attribute efficiency gains 
Another	 reason	 that	 evaluating	 the	 performance	 of	 a	 new	 technology	 is	 challenging	 occurs	 when	 it	
comes	 to	 apportioning	 net	 results	 to	 individual	 technologies.	 For	 example,	 a	 test	 truck	 for	 an	
aerodynamic	device	may	have	a	slightly	different	hood	shape	than	a	fleet’s	actual	vehicle.	But	a	given	
instance	 of	 aerodynamic	 drag	 can	 only	 be	 acted	 upon	 once.	 Therefore,	 the	 gains	 attributed	 to	 the	
aerodynamic	device	on	a	test	truck	might	vary	from	those	seen	on	a	fleet’s	truck,	because	the	hood	is	
impacting	the	overall	aerodynamics	of	the	vehicle.	It	will	always	be	difficult	to	tease	out	which	percent	
of	 fuel	 savings	 is	 due	 solely	 to	 a	 technology,	 and	which	 is	 thanks	 to	weather	 or	 road	 conditions,	 the	
driver,	the	weight	of	the	load,	and	more.		

4.4 Use of older data 
A	good	deal	of	government	and	industry	literature	published	in	the	last	15	years	includes	some	versions	
of	 the	 graph	 displayed	 in	 Figure	 8.	 The	 original	 curve	 dates	 to	 early	 government	 21st	 Century	 Truck	
Partnership	efforts	published	in	2000	in	Technology	Roadmap	for	the	21st	Century	Truck	Program,	21CT-
001,	but	it	has	been	recycled	in	many	later	reports	by	many	groups.		

	

Figure 8: Curve dating to 2000 showing the “horsepower required to overcome aerodynamic drag and 
rolling friction/accessories as a function of travel speed for a typical Class 8 tractor-trailer” 

However,	the	validity	of	this	curve	is	dated,	as	truck	aerodynamics	have	evolved	substantially	in	the	last	
few	 decades.	 In	 the	 example	 curve,	 the	 crucial	 speed	 at	 which	 the	 mechanical	 forces	 equal	 the	
aerodynamic	ones	occurs	near	50	mph,	and	is	representative	of	late	1990s	vintage	tractors	and	trailers	
running	 fully	 loaded	at	80,000	 lbs.	 gross	 vehicle	weight.	Multiple	 studies	have	 shown	 that	 as	 vehicles	
become	more	aerodynamic	this	critical	crossover	point	moves	to	the	right,	that	is,	the	crossover	speed	
gets	higher.	Current	aerodynamic	 tractors	 and	 trailers	may	have	 crossover	points	between	60	and	65	
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mph,	 and	 highly	 refined	 vehicles	 like	 the	 Department	 of	 Energy	 SuperTruck	 prototypes	 may	 see	
crossovers	above	70	mph.	Such	use	of	vintage	vehicle	trend	data	in	projections	of	current	performance	
is	all	too	common	and	causes	confusion.	 	End	users	of	performance	estimates	need	to	understand	the	
basis	 of	 the	 estimates	 and	 should	 question	 if	 they	 appear	 to	 be	 out	 of	 date.	 An	 analysis	 of	 a	 fleet’s	
specific	 operations	 is	 required	 to	 prioritize	which	 technologies	 provide	 the	 greatest	 opportunities	 for	
efficiency	gains,	and	charts	specific	to	a	fleet’s	operations	and	vehicles	are	needed	in	place	of	example	
data.	

4.5 Confusion between precision and accuracy  
A	 fundamental	 point	 of	 confusion	 in	 interpreting	 the	 testing	 data	 of	 efficiency	 technologies	 (and	 in	
industry	 publications	 generally),	 is	 that	 the	 terms	 “accuracy”	 and	 “precision”	 are	 often	 used	
interchangeably	with	respect	to	reported	results,	when	in	fact	these	are	two	quite	different	metrics.			

(Readers	are	encouraged	to	review	background	on	this	from	the	U.S.	National	Institute	of	Standards	and	
Technology,	 NIST,	 or	 various	 universities	 such	 as	 Purdue,	 available	 at	 the	 following	 link:		
https://www.chem.purdue.edu/courses/chm621/text/stat/relev/bias/bias.htm	)			

Precision	 is	 the	 ability	 to	 repeat	 a	 test	 or	 analysis	 and	 get	 the	 same	 result;	 it	 is	 a	 measure	 of	 the	
statistical	spread	of	repeated	results	from	the	same	exact	test	or	analysis,	and	is	typically	represented	as	
a	 bell	 curve,	 as	 shown	 in	 Figure	 9.	 Fleets	 place	 a	 value	 on	 the	 precision	 of	 performance	 results,	 and	
should	use	the	uncertainty	values	given	to	compare	the	results	of	multiple	different	tests.	For	example,	
if	 Test	1	has	a	value	of	 “0.5	±	0.15,”	and	Test	2	has	a	value	of	 “0.75	±	0.15,”	 the	precision	difference	
between	these	values	would	be	0.25	±	0.30.			

Meanwhile	accuracy,	also	called	“bias,”	refers	to	how	closely	a	test	value	matches	the	“true”	real	world	
value.	So,	for	example,	since	the	real	world	value	of	the	aerodynamic	drag	factors	of	a	truck	is	unknown,	
the	“accuracy”	of	any	testing	method	is	likewise	unknown.	Since	the	absolute	value	of	the	aerodynamic	
drag	 coefficient	 of	 a	 vehicle	 is	 not	 known,	 any	 evaluation	 methods,	 even	 those	 that	 have	 received	
extensive	scrutiny	and	improvement	over	the	last	decade,	will	necessarily	be	an	estimate	with	respect	to	
the	 real	 world.	 Measuring	 the	 specific	 aerodynamic	 drag	 of	 a	 tractor/trailer	 has	 required	 significant	
controls,	 assumptions	 and	 simplifications,	 and	 often	 the	measurement	 systems	 themselves	 introduce	
further	variations	 in	 results.	 	 Figure	9	 shows	accuracy	 (bias)	as	 the	difference	between	 the	 test	 result	
and	the	true	reference	value.				

	

Figure 9: Precision vs. Accuracy 
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Why	 is	accuracy	often	so	difficult	 to	measure?	That	 is,	why	 is	 the	 real	world	 reference	value	so	often	
unknown?	 	 Because	 all	 measurement	 systems	 require	 a	 standard	 reference	 system,	 but	 there	 is	 no	
standard	 reference	 vehicle	 for	 aerodynamics	 or	 other	 efficiency	 technologies.	 An	 easy	 corollary	 from	
everyday	experience	 is	 color	 -	 all	 of	 the	 sample	 swatches	 in	 Figure	10	are	 clearly	different	 colors,	 yet	
could	 be	 described	 as	 “green,”	 even,	 for	 some	 color	 blind	 people,	 the	 one	 on	 the	 right	 which	most	
would	describe	as	brown	or	yellow.	

	

Figure 10: Different examples of Green 

To	add	accuracy	to	any	measurements	of	color,	a	method	that	describes	color	based	on	the	wavelength	
of	the	light	is	used	(Figure	11).	In	this	system	of	reference	values,	each	of	the	“green”	swatches	shown	
would	have	a	specific	and	accurate	wavelength	that	could	be	used	to	refer	to	it.	

	

	

Figure 11: Colors Accurately Differentiated as Specific Wave Lengths of Light 

Another	 example	 of	 an	 accurate	 absolute	 reference	 is	 a	 common	 tape	measure	 or	 ruler.	 	 An	 inch	 or	
centimeter	will	be	the	same	on	every	device,	and	if	it	is	not,	it	can	be	easily	deemed	inaccurate,	and	by	
what	degree.	The	accuracy	of	every	length	was	once	evaluated	as	compared	to	a	specific	platinum	bar	
ruler	 stored	 in	 Paris,	 but	 is	 now	 defined	 internationally	 with	 respect	 to	 a	 particular	 accurately	
determined	wavelength	of	light.			

4.6 Complexity of calculations and variables measured 
Moving	 a	 vehicle	 requires	 the	 conversion	 of	 energy	 from	 a	 potential	 to	 kinetic	 form.	 In	 trucks	 that	
conversion	is	caused	by	an	engine	taking	the	chemical	potential	energy	of	diesel	fuel	(or	perhaps	natural	
gas)	 and	 converting	 it	 through	 a	 combustion	 process	 into	 the	 vehicle’s	 kinetic	 energy	 and	 forward	
motion.			

The	engine	has	to	continuously	overcome	opposing	forces	to	keep	the	vehicle	moving.	These	forces	can	
be	grouped	into	two	large	categories:	mechanical	and	aerodynamic.		

The	mechanical	forces	include	all	the	elements	that	have	friction,	such	as	tires-to-ground,	called	rolling	
resistance,	 and	 every	 device	 that	 has	 surfaces	 that	 see	 differing	 frictional	 motion,	 like	 pistons	 in	
cylinders,	axles	 in	bearings,	gears	 in	 transmissions,	etc.	Another	element	grouped	 into	 the	mechanical	
category	 include	vehicle	accessory	 loads	 like	 the	alternator,	air	conditioning	systems,	engine	 fans,	etc.	
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that	 also	 require	 energy	 to	 operate.	 	 These	 mechanical	 forces	 tend	 to	 behave	 linearly	 as	 speed	
increases,	 that	 is,	 the	 amount	 of	 power	 the	 engine	must	 supply	 to	 counteract	 these	 forces	 increases	
fairly	predictably	with	speed	(Figure	12).			

	

Figure 12: Power Required versus Vehicle Speed (Peterbilt) 

Meanwhile	 the	 aerodynamic	 forces	 include	 the	 resistance	 encountered	 as	 the	 vehicle	 pushes	 its	way	
through	the	air.		This	force	is	easy	to	perceive	–	simply	put	your	hand	out	of	the	window	of	a	moving	car	
and	turn	your	palm	forward,	and	note	how	the	air	pushes	your	hand	backward.		You	can	also	note	how	
these	 aerodynamic	 forces	 are	more	 sensitive	 to	 speed	 than	 the	mechanical	 ones;	 in	 fact,	 they	 grow	
exponentially	by	the	square	of	the	velocity,	as	shown	by	the	curved	line	in	the	graph	(Figure	12).			

Figure	13	shows	a	specific	example:	when	a	truck	accelerates	by	10mph,	from	60	mph	to	70	mph,	the	
horsepower	required	to	overcome	the	mechanical	forces	increases	by	only	15	Hp,	from	85	Hp	to	100	Hp,	
while	the	horsepower	required	to	overcome	the	aerodynamic	forces	increases	by	a	full	60	Hp,	from	120	
Hp	to	180	Hp.		

	

 

 

 

 

 

 

Figure 13: Power Required at Two Speeds (Peterbilt) 
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The	takeaway	from	Figures	12	and	13	 is	 that	mechanical	 forces	and	aerodynamic	forces	differ	at	each	
speed,	so	an	estimation	of	an	efficiency	gain	that	is	given	for	only	a	single	vehicle	speed	(i.e.,	55	mph)	
will	not	be	accurate	as	to	the	gain	enjoyed	at	other	speeds.		

A	 2008	 Peterbilt	white	 paper,	 Truck	 Aerodynamics	 and	 Fuel	 Efficiency,	 gives	 a	 useful	 level	 of	 further	
detail,	by	breaking	down	into	five	categories	the	primary	forces	that	the	truck	engine	must	overcome	in	
order	to	move	the	truck	down	the	road.	They	are:	

• Rolling	resistance,	or	losses	due	to	friction	between	the	tires	and	the	road	
• Mechanical	losses,	which	result	from	friction	inside	the	engine	and	the	drivetrain	
• Accessory	losses,	which	result	from	running	alternators,	air	conditioners,	fans,	etc.	
• Grades,	or	changes	in	road	elevation	
• Aerodynamic	drag	

These	 five	 are	 combined	 in	 a	 single	 equation	 of	 motion	 for	 the	 vehicle,	 originating	 from	 Newton’s	
famous	 law:	 “Force	 Equals	Mass	 Times	 Acceleration”	 (F=ma).	 	 The	 forces	 can	 be	 grouped	 into	 three	
primary	 types	 that	 sum	 to	 the	 total	 forces	 acting	 on	 the	 vehicle:	 “Mechanical	 +	 Gravitational	 +	
Aerodynamic	 =	 Total	 Force”	 (force	 which	 must	 be	 overcome	 in	 order	 for	 the	 vehicle	 to	 move.)	 The	
Mechanical	 type	 includes	rolling	resistance	from	tires	on	the	road,	plus	all	 the	mechanical	 losses	 from	
friction	in	the	engine,	drivetrain	and	other	systems,	plus	accessory	loads	like	those	due	to	running	the	air	
conditioning	 and	 alternator.	 The	 Gravitational	 type	 includes	 the	 effect	 of	 gravity	 and	 vehicle	 weight	
when	the	truck	is	going	up	and	down	hills	and	grades.	The	Aerodynamic	type	includes	all	the	effects	of	
air	flow	on	the	vehicle	such	as	crosswinds,	headwinds,	tail	winds,	the	vehicle	shape,	the	effects	of	other	
nearby	 traffic,	 etc.	 The	 equation	 of	 motion	 for	 a	 vehicle	 can	 therefore	 be	 quite	 imposing.	 	 As	 an	
example,	the	equation	for	a	coastdown	test	(described	in	section	4.3)	is	shown	in	Figure	14.		

	

Figure 14: Equation of Motion for Coastdown of a Heavy Duty Truck (source: Road Evaluation of the 
Aerodynamic Characteristics of Heavy Vehicles, SAE 2007-01-4297) 
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While	 this	 equation	might	 seem	 daunting,	 there	 are	 options	 to	 control	 certain	 variables,	 or	 to	make	
other	 simplifications	 and/or	 assumptions,	 such	 that	 less	 complex	 equations	 emerge.	 	 An	 example	 is	
assuming	test	conditions	are	on	a	flat	road,	so	that	gravitational	forces	are	constant.		Nevertheless,	the	
complexity	of	this	equation	is	an	excellent	illustration	of	how	complex	it	can	be	for	a	fleet	attempting	to	
sort	through	performance	testing	data,	as	it	can	include	many	vehicle	factors.	

5 Testing Methods 
There	are	many	published	methods	and	 references	 for	 testing	or	analyzing	efficiency	 technology.	This	
chapter	continues	using	aerodynamic	technologies	as	the	illustrative	example	for	performance	testing.	It	
discusses	the	five	main	testing	methods	for	evaluating	aerodynamics,	and	gives	fleets	some	detail	about	
what	 factors	 they	 should	 be	 aware	 of	 in	 interpreting	 results	 from	 each	 type	 of	 test.	 Other	 types	 of	
efficiency	technologies	may	not	only	be	subjected	to	other	types	of	testing	than	just	these	five,	but	they	
will	have	their	own	sets	of	factors	for	fleets	to	keep	in	mind.	

The	following	list	provides	the	most	commonly-used	options	and	guidelines	(most	are	already	published;	
some	are	in	the	works)	for	testing	efficiency	technologies	on	tractor/trailer	configurations.	Each	of	the	
methods	 named	 is	 also	 likely	 to	 have	 spawned	 various	 permutations,	 as	 end	 users	 often	 make	
simplifying	 assumptions	 or	 other	 sound	 engineering	 judgment	 calls	 on	 test	 configurations	 or	 other	
environmental	 constraints	 to	 obtain	 adequate	 statistical	 precision.	 Additionally,	 more	 qualitative	
assessments	 are	 in	 use,	 such	 as	 dashboard	 feedback	 on	 fuel	 economy	 gauges,	 or	 engine	 data	
downloads,	or	high	level	fleet	operations	reporting	of	fleet	or	individual	fuel	economy	(miles	driven	vs.	
fuel	gallons	purchased).		

All	of	these	methods	exist	due	to	the	inherent	complexity	of	assessing	vehicle	aerodynamics	along	with	
assessing	 all	 of	 the	mechanical	 and	 gravitational	 forces	 at	 play	 and	 applying	 them	 to	 achieve	 specific	
data	needs.		Nonetheless,	the	length	of	this	list	is	an	excellent	example	of	the	challenge	listed	in	Section	
3.1	–	there	are	really	a	lot	of	testing	protocols	and	guidelines	in	use	by	the	industry	today.	

• SAE	J1321	Fuel	Consumption	Test	Procedure	Type	II		 	
• SAE	J1526	Fuel	Consumption	In-Service	Test	Procedure	Type	III	 	
• SAE	J2971	Aerodynamic	Device	and	Concept	Terminology	 	
• SAE	J2978	Road	Load	Measurement	Using	Coastdown		 	
• SAE	J2966	Guidelines	for	Aero	Assessment	Using	CFD	 	
• SAE	J1252	Wind	Tunnel	Test	Procedure	for	Trucks	&	Buses	 	
• SAE	J3015	Reynolds	Number	Simulation	Guidelines	and	Methods		 	
• SAE	J1264	Fuel	Consumption	Test	Procedure	Type	I	
• SAE	Jxxxx	Constant	Speed	Test	Procedure	for	Trucks	&	Buses	
• SAE	J1263	Road	Load	Measurement	Using	Coastdown	
• SAE	J2263	Road	Load	Measurement	Using	Anemometry	and	Coastdown	
• EPA	Phase	II	Road	Load	Measurement	Using	Constant	Speed	Torque	
• EPA	Phase	II	Coastdown	Test	procedure	
• EPA	Phase	II	CFD	Analysis	methodology	
• EPA	Phase	II	Wind	Tunnel	Test	Methodology	
• TMC	RP1102A	Type	II	Fuel	Consumption	 		
• TMC	RP1109B	Type	IV	Fuel	Consumption	 	 	 	
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• TMC	RP	1103A	In-Service	Fuel	Consumption	Type	III	Test	Procedure	
• TMC	RP1106A	Evaluating	Diesel	Fuel	Additives	for	Commercial	Vehicles	
• TMC	RP1111B	Relationships	Truck	Components	&	Fuel	Economy	
• TMC	RP1118	Fuel	Savings	Calculator	for	Aerodynamic	Devices	
• TMC	RP1114	Driver	Effects	on	Fuel	Economy	
• TMC	RP1115	Guidelines	for	Qualifying	Products	Claiming	a	Fuel	Economy	Benefit	 	
• EPA/NHTSA	40	CFR§1037.521	GHG	Phase	I	Revised	Coastdown	
• EPA/NHTSA	40	CFR§1037.521	GHG	Phase	I	CFD	
• EPA/NHTSA	40	CFR§1037.521	GHG	Phase	I	Wind	Tunnel	
• CARB	Wind	Tunnel	Test	Procedure	
• Others	

Luckily,	 fleets	can	gain	a	 foundational	understanding	of	 testing	data	by	 learning	more	about	 the	basic	
categories	into	which	these	evaluation	protocols	fall.	The	following	list	shows	the	five	key	categories	of	
testing	 which	 are	 used	 to	 assess	 aerodynamic	 technologies.	 Some	 of	 these	 test	 types	 can	 be	 widely	
applied	to	many	types	of	efficiency	technology.	

1. Computer	Modeling	–	Computational	Fluid	Dynamics	Analysis	
2. Wind	Tunnel	Testing	
3. Track	Testing	
4. On-Road	Testing	
5. Fleet	Composite	Evaluation	

This	list	is	not	in	random	order,	as	the	concept	development	process	for	new	technologies	often	follows	
the	above	sequence	as	ideas	mature	from	virtual	concepts	in	“what-if”	conditions	to	physical	prototypes	
in	 controlled	 conditions	 and	 finally	 to	 fleet	 installations	 testing	 in	 the	 full	 range	 of	 real	 world	
environments.		

5.1 Computer Modeling – Computational Fluid Dynamics Analysis 
There	 are	 many	 methods	 for	 modeling	 both	 complete	 vehicle	 performance	 and	 component	 or	
technology	 performance	 on	 a	 computer	 using	 special	 system	 evaluation	 software	 packages,	 including	
but	not	limited	to	AVL	Cruise,	MATLAB,	SIMULINK,	and	EPA’s	GEM	program.	These	computer	simulations	
all	 generally	make	 use	 of	 the	 same	 types	 of	 basic	 performance	 information	 about	 a	 truck,	 as	well	 as	
estimations	 of	 many	 of	 the	 sorts	 of	 real	 world	 factors	 covered	 in	 Section	 5.	 There	 are	 additional	
methods,	but	computer	modeling-based	and	other,	which	only	test	components	or	subsystems,	such	as	
engine	dynamometer	testing	or	tire	rolling	resistance	drum	testing;	the	results	of	such	tests	are	required	
for	computer	modeling	of	complete	vehicle	performance.	Note	that	these	component	level	methods	are	
many,	and	are	not	specifically	detailed	in	this	report.		

In	the	example	of	aerodynamic	technology	testing,	one	tool	for	estimating	the	aerodynamic	portion	of	
the	 forces	 acting	 against	 a	 truck	 (for	 summing	 with	 other	 calculations	 of	 the	 mechanical	 and	
gravitational	forces	to	determine	whole	vehicle	performance)	is	known	as	Computational	Fluid	Dynamics	
(CFD)	analysis.		This	analysis	shows	whether	the	installation	of	a	technology	reduces	aerodynamic	force	
the	vehicle	must	overcome,	thereby	boosting	fuel	economy.	

CFD	analysis	techniques	employ	computer	software	to	estimate	a	vehicle’s	aerodynamic	drag	based	on	
the	vehicle	geometry	and	specific	conditions	like	speed	and	relative	wind	angle.	The	process	starts	with	
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the	 creation	 of	 a	 facsimile	 digital	 geometric	 model	 of	 the	 vehicle.	 The	 evolution	 of	 Computer	 Aided	
Design	(CAD)	tools,	as	well	as	accurate	vehicle	dimensional	scanning	methods,	has	greatly	simplified	the	
process	of	building	a	facsimile	model.	Analysis	using	these	state-of-the-art	tools	along	with	certain	best	
practices	 outlined	 later	 in	 this	 section	 can	 create	 models	 that	 are	 near	 duplicates	 of	 the	 real	 world	
vehicles,	 down	 to	 the	 fasteners	 and	 gaps,	 and	 even	 accommodating	 manufacturing	 and	 assembly	
tolerances.			

	

Figure 15: Example High Definition CFD Models (Peterbilt, Exa, and CD-Adapco) 

Not	all	analyses	produce	the	same	quality	of	CFD	model.	Sometimes	decisions	are	made	to	reduce	the	
size	 and	 quality	 of	 the	 model	 due	 to	 time	 or	 computing	 capacity	 limitations.	 These	 decisions	 are	
generally	 made	 out	 of	 necessity,	 in	 order	 to	 keep	 testing	 within	 budget,	 or	 due	 to	 limited	 available	
definition	details.		For	example,	at	the	start	of	a	new	vehicle	development	program,	very	little	is	actually	
designed,	 so	 assumptions/approximations	 must	 be	 made	 to	 fully	 populate	 the	 vehicle	 model	 for	
assessment.	 These	 substitutions	 and	 assumptions	 create	 the	 risk	 that	 early	 analyses	 will	 differ	
significantly	from	later	ones,	but	sometimes	it	is	the	best	that	can	be	done	with	available	information.	

CFD	best	practices	are	generally	well	documented	in	places	such	as	in	SAE	J2966.		Experience	has	shown	
that	most	representative	analyses	are	done	with	entire	vehicles,	not	parts	of	vehicles.	Models	that	look	
at	 just	portions	of	the	vehicle	 like	a	bumper	or	mirror	should	not	be	used	by	fleets	to	estimate	whole	
vehicle	 values,	 as	 they	 artificially	 constrain	 the	 analysis	 in	 a	 way	 that	 does	 not	 represent	 real	 world	
aerodynamics.	An	analysis	of	a	tractor	by	itself	is	meaningless	and	should	be	done	with	a	representative	
trailer.	

The	CFD	evaluation	generally	 involves	placing	a	digital	 geometric	model	 into	a	 virtual	wind	 tunnel,	 or	
sometime	may	represent	the	open	road	environment.	If	the	tunnel	is	modeled,	the	size	and	shape	of	the	
tunnel	are	significant.	Most	important	is	the	ratio	of	the	size	of	the	vehicle	with	respect	to	the	size	of	the	
tunnel,	 called	 the	blockage	 ratio.	 Standards	 require	 it	 to	be	 less	 than	5%.	 This	 ratio	must	be	 small	 to	
ensure	that	the	walls	of	the	tunnel	are	not	accidentally	causing	aerodynamic	effects	on	the	model.	The	
size	of	 the	virtual	 tunnel	also	helps	determine	the	size	and	speed	of	 the	computing	to	accomplish	the	
analysis.			
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Figure 1: Example Top View of a Truck in Wind Tunnel (Bayraktar) 

Today’s	best	CFD	software	practitioners	employ	virtual	wind	tunnels	that	are	many	times	larger	than	the	
vehicle	geometry,	meeting	or	exceeding	the	maximum	permitted	5%	blockage	ratio.			

	

Figure 17: Example of Truck Size vs Tunnel Size, aka Blockage Ratio (Wood) 

Another	key	 feature	of	CFD	analysis	 is	 its	ability	 to	model	complex	multi-vehicle	 interactions	and	 long	
combination	 vehicles	 (LCVs).	 Since	 the	 virtual	 wind	 tunnel	 can	 be	 resized	 as	 needed	 for	 any	 set	 of	
configurations,	 it	 is	 possible	 to	 evaluate,	 in	 a	 controlled	 and	 repeatable	 manner,	 multiple	 vehicles	
separated	 by	 long	 distances.	 	 This	 is	 something	 difficult	 to	 do	 in	 actual	 wind	 tunnels	 due	 to	 size	
limitations	 and	 likewise	 difficult	 to	 reliably	 test	 in	 the	 real	 world	 due	 to	 there	 being	 too	 many	
uncontrollable	variables	in	nature	to	return	precise	and	accurate	results.				
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Figure 18: Multi-Vehicle CFD Analysis Is Feasible In CFD – Example Two Cab Overs On-Highway 

Evaluating	 aerodynamics	 in	 a	multiple	 vehicle	 environment	 can	 be	more	 representative	 of	 real	world	
traffic	 conditions.	 Such	 CFD	 analyses	 are	 only	 recently	 becoming	 more	 common,	 as	 aerodynamicists	
strive	to	improve	the	quality	and	reality	of	their	evaluations.	The	majority	of	published	CFD	evaluations	
done	to	date	are	on	single	tractor/trailers.			

Whether	one	or	multiple	vehicles,	all	CFD	analyses	translate	the	virtual	wind	tunnel	space,	including	the	
vehicle	surfaces,	into	a	three-dimensional	mesh	with	varying	cell	sizes	that	get	smaller	as	they	approach	
the	 vehicle	 surface.	 This	 meshing	 operation	 creates	 millions	 of	 cells,	 which	 in	 turn	 allows	 the	 CFD	
software	to	analyze	the	physics	of	the	air	 for	each	cell.	 	This	analysis	occurs	millions	of	times	over	the	
individual	 cells	 with	 each	 succeeding	 analysis	 feeding	 into	 the	 next	 in	 an	 iterative	 manner	 until	 the	
overall	results	stop	changing	significantly.	This	is	termed	“settling.”	Analyses	that	are	stopped	too	early	
may	 error	 significantly.	 These	 two	 graphs	 in	 Figure	 19	 are	 examples	 of	 settling	 of	 CFD	 analyses	 as	
iterations	progress	and	the	graphs	eventually	 level	off	at	a	value.	Best	practices	are	that	solutions	are	
settled	when	 the	 drag	 coefficient	 (Cd)	 of	 each	 iteration	 varies	 by	 less	 than	 +/-.001.	 This	may	 require	
more	than	300,000	analysis	iterations.	

	

Figure 19: Example Curves Showing CFD Solutions "Settling" with Successive Iterations of Analysis 
(PACCAR, Exa, CD-Adapco) 

Evaluation	of	CFD	results	is	conducted	using	one	of	two	methods	–	one	based	on	the	Reynolds	Averaged	
Naiver	 Stokes	 (RANS)	 equations	 and	 one	 based	 on	 the	 Lattice-Boltzmann	 (LB)	 equations.	 Both	 have	
significant	 support	 and	 decades	 of	 use,	 as	 well	 as	 both	 advocates	 and	 detractors.	 Both	 are	 used	 by	
industry	and	research	groups,	and	both	are	useful	in	aero	assessment	of	tractor/trailer	configurations.	

Another	 key	 decision	 that	will	 impact	 the	 results	 of	 CFD	 analysis	 is	 the	 choice	 of	wind	 speed	 for	 the	
evaluation.	 CFD	 permits	 real	 world	 highway	 speeds	 to	 be	 employed	 in	 the	 analysis.	 However,	 each	
analysis	can	assume	only	a	single	wind	speed	and	direction,	so	separate	analyses	are	needed	for	each	
wind	angle	studied	and	each	vehicle	speed	of	concern.		A	vehicle	that	operates	at	many	different	speeds	
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ranging	 from	 40	 mph	 to	 80	 mph	 would	 therefore	 require	 evaluations	 at	 multiple	 road	 speeds,	 and	
multiple	wind	speeds.				

However,	 assessing	 infinite	 variation	 is	 likely	 impossible,	 as	 CFD	 analysis	 costs	 are	 determined	by	 the	
number	of	required	evaluations	per	configuration.	The	cost	per	analysis	has	significantly	decreased	over	
the	last	15	years	as	computers	have	greatly	improved.		A	single	analysis	that	might	have	cost	$80,000	in	
1998	 could	 be	 less	 than	 $5,000	 in	 2015,	 while	 at	 the	 same	 time	 having	 become	 much	 more	
representative	and	detailed.	Still	the	costs	can	get	excessive,	as	the	number	of	analyses	multiply	looking	
at	different	configurations	and	assessing	several	crosswind	angles	and	traffic	conditions.	Looking	at	two	
tractor	configurations,	 looking	at	 four	 trailer	gap	settings,	with	and	without	skirts,	with	and	without	a	
boat	tail,	and	with	boat	tail	and	skirts,	with	gap	closer,	with	gap	closer,	skirt	and	tail,	looking	at	four	wind	
angles	and	two	wind	speeds	is	approximately	250	analyses	and	could	exceed	$1M.					

Therefore,	aerodynamicists	are	selective	on	which	analyses	are	done	and	to	what	 level	of	detail.	They	
can	also	employ	 various	numerical	 strategies,	 such	as	how	 they	design	 the	experiments	 and	map	 the	
parameters,	 in	 order	 to	 significantly	 reduce	 the	 number	 of	 discrete	 solutions	 required	 to	 obtain	
confident	insights	into	a	technology’s	performance.	

In	 sum,	 CFD	 evaluation	 is	 becoming	 more	 prevalent	 because	 its	 cost	 is	 decreasing	 and	 quality	 is	
increasing	as	computers	improve.	 	But	CFD,	like	all	current	aerodynamic	tools,	has	room	to	improve	in	
correlating	to	real	world	performance	because	the	actual	real	world	truck	aerodynamics	cannot	yet	be	
directly	measured.	

5.2 Wind Tunnel Testing 
The	 importance	 of	 drag	 on	 fuel	 economy	 means	 that	 even	 technologies	 that	 may	 not	 be	 primarily	
intended	for	aerodynamics,	such	as	a	battery	APU	or	a	super-single	tire,	will	likely	merit	testing	in	a	wind	
tunnel	 because	 their	 shapes	 or	 operation	 can	 impact	 the	 aerodynamics.	 Additionally,	 all	 technologies	
which	are	explicitly	designed	to	improve	vehicle	aerodynamics	may	undergo	wind	tunnel	testing.		

Tractor/trailer	wind	tunnel	 testing	uses	a	scale	model	of	a	vehicle	 (or	 in	some	cases	an	actual	 full	size	
vehicle)	 in	a	wind	 tunnel	where	environmental	 conditions	can	be	controlled	 to	obtain	 repeatable	 test	
results.	The	size	(length,	width	and	height)	of	the	wind	tunnel	test	section	and	the	type	of	wind	tunnel	
test	 section	 (open	 vs	 closed)	 dictates	 the	 size	 (length,	 width	 and	 height)	 of	 the	 model,	 with	 scales	
ranging	from	1/10,	1/8,	1/5,	1/4,	1/2	and	1/1	scale.		The	size	will	also	determine	the	cost	of	this	testing,	
with	larger	scales	having	higher	costs.					

	

Figure 20: Example Wind Tunnel Tests with Different-Sized Vehicles (SAE 2013 COMVEC Plenary 
Presentation) 

Wind	tunnel	testing	requires	a	physical	model,	the	designing	and	building	of	which	involves	fabrication	
schedules	that	virtual	vehicles	do	not	require.	A	20%	scale	tractor	model	can	take	a	month	or	more	and	
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can	cost	 in	excess	of	$100,000	to	accurately	 fabricate.	A	full-scale	vehicle	can	make	use	of	production	
vehicle	 parts,	 but	 all-new	 prototype	 exteriors	 representing	 realistic	 future	 parts	 can	 easily	 exceed	
$500,000.	Wind	tunnel	 test	 facilities	also	generally	 require	some	 lead	 time	to	schedule	availability.	All	
these	factors	prevent	this	type	of	testing	from	being	useful	to	make	rapid	decisions	about	aerodynamic	
features.	Some	tunnel	facilities	may	be	able	to	provide	existing	vehicle	models	that	require	only	minor	
modification	 to	 match	 new	 configurations,	 but	 care	 must	 be	 taken	 to	 verify	 that	 the	 models	 used	
actually	match	a	desired	vehicle	as	production	vehicles	change	frequently.			

Model	 fidelity	 can	 vary.	 	 Early	 vehicle	 models	 were	 simple	 block	 shapes.	 	 The	 trend	 in	 wind	 tunnel	
models	in	the	last	decade	has	been	to	add	greater	detail	and	more	accurately	model	all	of	the	vehicle’s	
external,	underbody	and	under-hood	areas,	including	adding	flow-through	grilles	to	replicate	real	world	
cooling	systems.	Body	gaps	and	joints	can	be	modelled	but	may	also	be	taped	off	in	some	tests	to	avoid	
muddying	the	findings	with	other	variables.	Some	tests	use	rolling	tires	and	simulate	the	moving	ground	
by	using	a	belt	system	as	a	“road.”	Tunnels	also	include	various	methods	to	alter	air	flow	on	the	floors	
and	walls	during	the	tests.	They	can	also	obtain	multiple	wind	angle	measurements,	called	yaw	testing,	
which	 are	 all	 done	 in	 rapid	 succession	 as	 the	 vehicle	 is	 rotated	 through	multiple	 angles.	 The	 model	
fidelity	and	tunnel	operations	are	important	factors	that	should	be	documented	in	reports	on	efficiency	
testing	results.				

Wind	 tunnels	 provide	 a	 controlled	 environment	 for	 precise	 (repeatable)	 test	 results.	 However,	 a	
challenge	of	small-scale	wind	tunnels	 is	that	as	model	scale	reduces,	the	testing	requires	greater	wind	
speeds	 to	properly	 replicate	 real	world	 full-scale	conditions.	At	 some	point,	 the	 tunnel	 is	 incapable	of	
providing	 “Dynamic	 Similarity;”	 for	 example	 as	 model	 scale	 reduces,	 the	 tunnel	 wind	 speed	 must	
increase	 to	 satisfy	 that	 the	 scale	model	 is	 properly	 representing	 the	 full-scale	 performance.	 Dynamic	
similarity	between	a	real	vehicle	and	a	scale	model	is	satisfied	when	“vehicles	are	geometrically	similar	
(i.e.	same	shape	and	surface	roughness	but	a	different	size),	have	same	boundary	conditions	and	same	
Reynolds	Number.”	Aerodynamicists	use	the	Reynold’s	Number	to	assess	scaling	effects,	which	is	a	non-
dimensional	number	 that	 is	a	measure	of	 the	 ratio	of	 inertia	 forces	 to	viscous	 forces	 in	a	 flow,	and	 is	
directly	related	to	speed	(Figure	21).	For	a	scale	wind	tunnel	model	to	completely	represent	the	physics	
of	a	full-size	vehicle,	it	requires	the	same	Reynolds	number	as	the	full-scale	vehicle.		

	

Figure 21: Reynolds Number Is Related to Speed 

The	drag	coefficient	(Cd)	measured	in	a	wind	tunnel	on	a	typical	vehicle	will	change	depending	on	what	
wind	 speed	 is	 being	 tested.	 	 There	 is	 a	 speed	 above	which	 the	 Cd	 is	 insensitive	 to	 Reynolds	Number	
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effects	(shown	in	Figure	21	where	the	line	is	horizontal).	Testing	along	a	range	up	to	that	limit	is	the	goal	
of	wind	tunnel	tests,	but	it	may	not	be	possible	in	a	particular	facility	because	of	a	number	of	limitations.			
Aerodynamic	testing	done	below	this	minimum	Reynolds	Number	is	at	greater	risk	of	not	representing	
the	full-scale	vehicle.	 	This	point	 is	not	often	clarified	in	reporting	wind	tunnel	test	results,	or	 is	 lost	 in	
the	fine	print	of	reporting.			

Large	and	full-scale	testing	in	wind	tunnels	present	a	different	set	of	challenges.		For	one,	the	immense	
size	of	a	tractor/trailer	vehicle	makes	it	difficult	to	fit	inside	wind	tunnels,	so	sometimes	the	trailer	must	
be	abbreviated	from	the	typical	53	foot	length	to	28	foot,	or	in	some	cases,	only	the	front	of	the	trailer	is	
represented.	The	size	of	 the	vehicles	also	 risks	exceeding	 the	critical	5%	blockage	 factor,	especially	as	
vehicles	are	yawed	in	the	tunnel.	As	facility	physical	limitations	cause	the	vehicle	being	tested	to	diverge	
from	real	world	trailers,	risk	increases	that	the	test	results	do	not	represent	actual	vehicles	or	operating	
conditions.			

EPA’s	SmartWay	program	accepts	testing	using	wind	tunnel	methods	that	are	described	on	their	website	
(see	http://www3.epa.gov/smartway/forpartners/documents/aerodynamic/420f15012.pdf).	They	state:	
“A	 properly	 conducted	wind	 tunnel	 test	 can	 provide	 a	 good	 indication	 of	 the	 relative	 improvement.”		
However,	recalling	Challenge	#2	from	Chapter	3	of	this	paper,	fleets	must	understand	that	extrapolating	
wind	tunnel	test	results	to	real	world	use	requires	an	understanding	of	their	vehicle’s	rolling	resistance,	
accessory	 loads,	 drive	 line	 and	 engine	 losses,	 terrain,	 driving	 profile,	 its	 time	 at	 different	 speeds	 and	
other	factors	like	seasonal	changes	to	temperature	and	weather,	as	well	as	altitude	changes	and	traffic	
density,	to	name	a	few.	

A	step	toward	providing	tools	which	allow	fleets	to	better	extrapolate	wind	tunnel	test	data	to	the	real	
world	 is	 currently	 being	 made	 by	 TMC,	 which	 is	 in	 process	 of	 finalizing	 a	 guide	 for	 allocating	 drag	
coefficients	found	in	tunnel	testing	to	real	world	by	estimating	or	measuring	the	actual	vehicle’s	percent	
time	 in	 each	 of	 several	 speed	 bands.	 This	 analysis	 tool,	 TMC	 RP1118,	 Fuel	 Savings	 Calculator	 for	
Aerodynamic	Devices,	is	expected	to	be	published	by	TMC	by	2016.	

In	 sum,	 conducting	 performance	 testing	 for	 aerodynamic	 technologies	 in	 wind	 tunnels	 is	 a	 well-
established	and	mature	evaluation	method.	Wind	tunnel	 tests	have	existed	since	the	early	1900s,	and	
there	 is	 no	 doubt	 they	 have	 been	 useful	 to	 providing	 value-added	 information	 on	 aerodynamic	
performance.	 Accurately	 extrapolating	wind	 tunnel	 test	 results	 to	 real	 world	 results	 is	 still	 a	 work	 in	
progress	for	the	industry.			
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5.3 Track Testing 
Any	and	every	efficiency	technology	can	be	tested	using	the	track	testing	method.	For	the	example	of	
aerodynamic	 technologies,	 a	 variety	 of	 track	 test	 protocols	 have	 been	 developed	 to	 evaluate	 the	
aerodynamics	 of	 tractor/trailer	 units.	 Each	 attempts	 to	 quantify	 known	 components	 of	 the	 vehicle’s	
overall	 performance	 and	 thereby	 infer	 that	 what	 remains	 must	 be	 attributed	 to	 the	 aerodynamic	
technology.	Many	 assumptions	 and	 simplifications	 can	 occur;	 each	will	 introduce	 some	 small	 level	 of	
uncertainty	to	this	testing,	and	the	sum	of	those	uncertainties	can	be	significant.	

Coastdown	testing	is	one	example	of	a	type	of	track	testing	that	can	be	applied	to	aerodynamics.	 	The	
test	 methodology	 adopted	 by	 the	 EPA	 in	 their	 Phase	 I	 Greenhouse	 Gas	 rules,	 and	 developed	 with	
industry	input,	adapted	two	SAE	car	test	methods	to	make	them	applicable	to	trucks,	which	are	heavier	
than	cars,	with	more	axles	and	tires,	much	more	surface	areas,	and	worse	aerodynamics.		

The	coastdown	test	method	involves	accelerating	a	tractor-trailer	to	a	highway	speed	and	then	letting	it	
“coast	 down”	 to	 a	 stop,	 while	 measuring	 the	 deceleration,	 or	 change	 in	 velocity,	 that	 the	 vehicle	
experiences	as	 its	motion	 is	 resisted	by	aerodynamic	 forces	as	well	as	by	 tire	pavement	 friction	and	a	
host	 of	 other	 factors	 that	 the	 test	 engineers	 diligently	 try	 to	 quantify.	 For	 example,	 the	 tire	
manufacturers	would	 have	 supplied	 a	 tire	 rolling	 resistance	 factor	 (Crr)	 based	 on	 their	 controlled	 lab	
tests	of	a	new	tire	against	a	steel	drum.	The	coastdown	test	engineers	will	have	weighed	the	vehicle	at	
each	axle.	Wind	 conditions	will	 be	monitored	and	 recorded	using	 track-side	equipment,	 though	 some	
amount	 of	 crosswind	 is	 unavoidable.	 Since	 trucks	 are	 heavy,	 gravity	 can	 also	 impact	 results,	 so	 test	
tracks	or	roads	are	chosen	that	have	been	surveyed	to	be	very	flat.	The	mechanical	drag	of	engine	and	
driveline	components	will	be	estimated	 from	a	combination	of	component	 lab	tests	and	 from	the	 low	
speed	moments	of	the	coastdown	test,	as	these	represent	the	major	causes	of	drag	in	those	moments,	
as	 shown	 in	 Power	 vs.	 Speed	 in	 Figure	 12.	 Figure	 22	 presents	 a	 simplified	 view	 of	 what	 is	 actually	
measured,	along	with	some	of	the	assumptions.	

	

	

Figure 22: Coastdown Testing (2013 SAE COMVEC Aero Plenary Presentation) 

A	well-executed	test	conducted	in	low	crosswind	conditions	can	get	moderate-to-good	precision	results	
within	the	allowed	variance	of	the	test	protocol,	while	testing	in	a	less	controlled	manner	and	conditions	
can	 easily	 result	 in	 a	 greater	 than	 20%	 errors.	 Good	 results	 can	 be	 used	 to	 make	 comparative	
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assessment	between	configurations,	i.e.,	to	say	that	one	configuration	is	more	efficient	than	another	by	
some	percentage	in	those	test	conditions.	However,	it	is	more	challenging	to	reliably	state	that	only	the	
aerodynamics	between	two	configurations	are	different,	and	by	what	amount.	SAE	currently	has	a	task	
force	working	on	producing	an	improved	heavy	truck	coastdown	test	standard,	SAE	J2978.	

Test	 engineers	 are	 likewise	 constantly	 improving	 their	 methodologies	 and	 test	 equipment	 to	 reduce	
errors.	In	contrast	to	coastdown	testing,	constant	speed	testing	is	in	use	in	Europe	and	in	development	
in	North	America,	although	neither	continent	has	 issued	an	official	 ISO	or	SAE	test	standard	as	of	 this	
report.		The	data	obtained	from	constant	speed	testing	may	allow	for	the	determination	of	drag	value	at	
a	single	speed	point,	as	this	test	methodology	makes	use	of	a	device	called	an	“axle	torque	meter”	to	
measure	the	torque	experienced	at	the	wheels	while	the	vehicle	is	at	a	constant	highway	speed	on	the	
test	track.	This	measurement	 is	believed	to	be	 less	subject	to	some	of	the	accumulated	errors	seen	 in	
coastdown	testing,	but	it	also	has	a	series	of	assumptions	and	simplifications.		

Advances	in	measuring	actual	crosswind	conditions	at	the	vehicle	as	it	transits	the	track	are	being	made	
by	 the	National	 Research	 Council	 of	 Canada	 (NRC),	 and	 SAE	 has	 a	working	 task	 force	 to	 develop	 and	
issue	 an	 industry	 accepted	 constant	 speed	 test	 protocol.	 The	 European	 Automobile	 Manufacturers	
Association	 (ACEA)	 industry	 group	 has	 converged	 on	 a	 practice	 and	 the	 Japanese	 Automobile	
Manufacturers	 Association	 (JAMA)	 industry	 group	 has	 also	 done	 extensive	 testing	 and	 evaluation	 of	
constant	speed	methods.	The	constant	speed	method	will	likely	become	a	more	accepted	practice	in	the	
future	as	these	standards	are	published.	

	

Figure 23: Constant Speed Testing (ACEA) 

There	 are	 still	 other	 track	 test	 methods.	 OEMs,	 research	 groups	 and	 government	 agencies	 have	
innovative	 and	 resourceful	 test	 engineers	 always	 looking	 for	 improvements.	 These	 groups	 tend	 to	
customize	existing	methods	to	refine	results	and	reduce	variability	 in	testing.	Their	approaches	can	be	
proprietary	 and	 may	 never	 be	 published	 in	 public,	 as	 having	 more	 confidence	 in	 one’s	 own	 test	
performance	prediction	provides	a	competitive	advantage.			

One	of	the	other	track	test	methods	is	SAE	J1321,	known	as	Type	II	testing,	usually	done	on	closed	test	
tracks.	 	This	protocol	was	updated	by	the	trucking	industry	in	2012	to	add	rigorous	statistical	methods	
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and	 improve	 test	 criteria	 to	 better	 address	 evolving	 fuel	 consumption	 measurement	 needs.	 The	
methodology	measures	the	amount	of	fuel	used	over	a	prescribed	distance	for	a	set	of	test	conditions,	
such	as	at	a	specific	set	speed.	According	to	one	of	its	authors,	“The	procedure	determines	the	percent	
change	 in	 fuel	 use	 due	 to	 changes	 in	 vehicle	 or	 powertrain	 configuration,	 set-up,	 or	 operation	 for	 a	
measured	set	of	environmental	conditions	present	in	the	test.”	Unfortunately,	allocating	this	net	vehicle	
performance	to	its	constituent	factors	involves	statistical	methods	with	variability.	

Moreover,	accurately	measuring	fuel	use	on	a	tractor	can	be	problematic	because	diesel	engines	return	
unused	fuel	to	the	fuel	tanks.	An	accepted	Type	II	test	method	is	to	equip	the	tractor	with	a	detachable	
additional	 fuel	 tank,	 usually	mounted	 in	 the	 tractor/trailer	 gap	behind	 the	 cab.	 	 That	 tank	 is	weighed	
before	the	test	drive,	and	then	immediately	at	the	end	of	the	test	drive,	and	the	difference	in	weight	is	
used	 to	 determine	 fuel	 consumption.	 Type	 II	 testing	 is	 becoming	 more	 sophisticated	 with	 recent	
research	into	the	use	of	in-line	flow	meters	to	measure	and	record	instantaneous	actual	fuel	use	without	
the	need	for	the	additional	test	tank.	This	new	technology	 likely	will	become	more	prevalent	 in	future	
testing.	

EPA’s	 SmartWay	 program	 accepts	 testing	 using	 modified	 SAE	 J1321	 methods,	 as	 described	 on	 their	
website	 (see	 http://www3.epa.gov/smartway/forpartners/documents/aerodynamic/420f15011.pdf).	
They	state:	“This	test	method	directly	measures	fuel	consumption	instead	of	assessing	an	aerodynamic	
drag	coefficient.”		

A	 fourth	 track	 test	method	 is	SAE	 J1526,	known	as	Type	 III	 testing.	This	has	 recently	been	updated	to	
add	greater	use	of	statistical	confidence	and	to	include	DEF	use	as	a	factor.	This	procedure,	per	one	of	its	
authors,	“is	used	to	evaluate	the	difference	in	fuel	consumption	between	vehicles	for	a	given	drive	cycle	
with	no	requirements	for	the	vehicles	to	be	similar	in	any	way.”	It	specifically	states	that	it	“is	not	to	be	
used	to	evaluate	a	component	change.”	

The	 performance	 results	 of	 any	 of	 these	 track	 methods	 will	 depend	 on	 both	 the	 test	 facility	
configuration	and	ambient	conditions.	Track	tests	offer	useful	insights	to	fleets	as	they	use	real	vehicles	
on	pavement	and	thereby	incorporate	many	real	world	factors,	but	the	test	protocols	still	control	many	
operational	and	environmental	factors,	as	track	testing	is	generally	conducted	with	just	a	few	iterations	
and	with	minimal	net	mileage.	

5.4 On-Road Testing 
On-road	 testing	 entails	 taking	 a	 tractor-trailer	 unit	 onto	 an	 actual	 highway	 and	 evaluating	 its	
performance	 over	 a	 statistically	 significant	 number	 of	miles	with	 an	 acceptable	 level	 of	 repeatability.	
These	tests	tend	to	be	very	time	consuming	and	require	a	well-trained	testing	organization	to	get	useful	
results.			

On-road	testing	measures	all	factors	impacting	the	performance	of	the	entire	vehicle	as	a	net	total.		As	
with	 the	 other	 methods,	 assumptions	 and	 simplifications	 must	 be	 made	 to	 allocate	 that	 net	 vehicle	
measurement	to	its	constituent	parts	(Challenge	#3	of	Chapter	3).	Small	errors	in	the	many	assumptions	
and	simplifications	can	accumulate	into	a	large	net	error	in	the	results.				

Both	 SAE	 J1321	 Type	 II	 and	 SAE	 J1526	 Type	 III	 testing	 may	 be	 done	 on	 road,	 but	 the	 standards	
recommend	test	track	testing	for	those	methods	to	better	control	test	variations.	

The	TMC	has	three	other	recommend	practices	(RP)	for	on-road	testing.	
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• RP	 1102A,	 TMC	 In-Service	 Fuel	 Consumption	 Test	 Procedure-Type	 II.	 This	 RP	 provides	 a	
standardized	test	procedure	for	comparing	the	fuel	consumption	under	two	conditions	of	a	
single	 test	 vehicle,	or	of	one	 test	 vehicle	 to	another	when	 it	 is	not	possible	 to	 run	 two	or	
more	test	vehicles	simultaneously.	

• RP	 1103A,	 TMC	 In-Service	 Fuel	 Consumption	 Test	 Procedure-Type	 III.	 This	 RP	 provides	 a	
standard	test	procedure	for	comparing	the	fuel	economy	of	components	or	systems	which	
cannot	 be	 switched	 from	 one	 vehicle	 to	 another	 in	 a	 short	 period	 of	 time.	 This	 test	
procedure	 is	 also	 ideally	 suited	 for	 comparing	 the	 fuel	 consumption	 of	 one	 vehicle	 to	
another,	 and	 one	 component	 of	 a	 combination	 vehicle	 to	 another	 vehicle	 without	 the	
component	in	another	combination.	This	procedure	is	specifically	designed	to	be	completed	
in	one	day.	

• RP	 1109B,	 Type	 IV	 Fuel	 Economy	 Test	 Procedure.	 This	 RP	 provides	 a	 test	 procedure	 for	
comparing	 the	 fuel	consumption	of	 two	vehicles	of	 similar	capabilities,	or	of	one	unit	of	a	
combination	vehicle	 to	 the	same	unit	of	another	combination	vehicle.	This	procedure	also	
provides	 for	evaluation	of	 the	effects	of	certain	components	or	 systems	on	 fuel	economy.	
This	version	permits	valid	comparison	of	vehicles	using	both	particulate	trap	after	treatment	
and	diesel	exhaust	fluid	(DEF).	

Individual	 test	 groups	perform	 tests	 to	 these	 various	 standards,	 though	 they	often	have	 to	 customize	
them	for	their	specific	needs	or	operations.	See	Appendix	A	for	a	partial	list	of	these	groups.			

As	with	the	wind	tunnel,	CFD,	and	track	test	methods,	the	results	of	on-road	testing	only	apply	directly	
to	 those	 specific	 test	 conditions,	 and	 may	 or	 may	 not	 apply	 to	 another	 vehicle’s	 actual	 operation.		
However,	more	 fleets	are	going	to	have	 the	ability	 to	conduct	on-road	testing	themselves,	 in	order	 to	
evaluate	 technologies	 in	 their	own	specific	operation	with	 their	drivers,	 vehicles,	 routes,	 loads	and	all	
the	other	relevant	factors	that	make	their	operation	different	than	the	tested	ones.		

5.5 Fleet Composite Testing   
All	fleets,	whether	they	think	of	that	way	or	not,	are	already	conducting	fleet	composite	testing,	in	that	
they	record	miles	driven,	freight	carried	and	fuel	purchased.	Such	fundamental	business	operating	data,	
if	properly	collected	and	analyzed,	will	allow	fleets	to	evaluate	efficiency	technologies	and	opportunities	
for	 fuel	 savings.	 The	 challenge	 is	 that	 such	 data	 is	 too	 frequently	 amalgamated	 to	 the	 company	 or	
corporate	level,	making	it	difficult	to	itemize	out	performance	comparisons	between	two	configurations	
of	vehicles	in	the	fleet.				

But	fleets	that	can	group	and	monitor	similarly	configured	vehicles	on	similar	routes	over	similar	seasons	
have	 an	 advantage	 when	 introducing	 changes	 to	 the	 vehicle	 configuration	 on	 those	 units.	 Usually	 it	
takes	 scale	 to	 be	 able	 to	 effectively	 test	 large	 quantities	 of	 trucks	 and	 trailers	 in	 this	manner.	 Fleets	
wishing	to	better	understand	the	performance	of	new	technologies	can	run	specific	test	vehicles.		

Fleet	 composite	 testing	 entails	 data	 collected	 over	 a	 long	 period	 of	 time,	 such	 as	 a	 year,	 which	 can	
normalize	seasonal	and	other	variable	factors.	Spotting	trends	over	multiple	years	can	highlight	overall	
improvement	 for	 fleets,	 but,	 as	 per	 Challenge	 #3,	 it	 will	 be	 difficult	 to	 attribute	 those	 gains	 to	 a	
particular	change	among	a	vast	array	of	on-going	improvements	to	operations	and	equipment.				
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NACFE	 has	 worked	 with	 many	 fleets	 over	 the	 last	 five	 years	 on	 fleet	 composite	 testing,	 and	 has	
witnessed	 various	 successful	 methods	 for	 evaluating	 the	 performance	 of	 fuel	 efficiency	 technologies	
over	real	routes	hauling	real	freight.		Two	categories	of	such	methods	include:	

• Identifying	 groups	 of	 trucks	 that	 are	 similarly	 spec’d,	 except	 for	 the	 technology	 under	
consideration.	 	 For	 instance,	 a	 fleet	 purchased	 150	 of	 a	 particular	 specification	 from	 a	 single	
truck	OEM.		This	fleet	might	have	a	technology	to	be	tested	on	a	portion	of	these	trucks	and	use	
the	other	portion	as	a	baseline.	 	The	higher	numbers	of	trucks	and	trailers	the	better	as	 it	will	
help	 washout	 the	 variables	 of	 load,	 routes,	 climate,	 and	 driver	 capabilities,	 etc.	 	 Through	
consistent	and	the	same	data	collection	methodologies,	the	fleet	compares	these	groupings	of	
trucks	to	each	other	over	a	few	seasons	of	operation.		 	Best	practice	would	be	for	a	year.		The	
TMC	has	in	draft	form	a	Recommend	Practice	1106A(T)	that	can	assist	fleets	in	this	process.	

• Using	 dedicated	 routes,	 if	 available,	 to	make	 fuel	 efficiency	 comparisons	 between	 the	 trucks	
running	 them.	 This	 eliminates	 some	 of	 the	 real	 world	 variables	 (road	 grade,	 speed,	 etc.)	 by	
having	the	trucks	run	the	same	routes	every	day	or	week.		In	some	cases,	it	might	be	possible	to	
monitor	two	or	more	trucks	who	are	following	one	another	on	the	same	routes,	to	eliminate	the	
impact	of	the	variable	of	traffic	congestion.			

A	major	challenge	to	conducting	fleet	composite	testing	is	that	it	is	rare	that	only	one	variable	is	being	
tested.		For	example,	a	new	model	year	tractor	will	be	different	than	the	prior	model	year,	as	the	OEM	
will	 have	made	 a	 number	 of	 changes	 and	 improvements,	 particularly	 to	 the	 operating	 software	 in	 its	
ECM	 modules,	 ABS	 braking	 systems	 and	 adaptive	 cruise	 control.	 Moreover,	 new	 vehicles	 perform	
differently	 than	ones	 that	 have	broken	 in	 –	 items	 like	 tires	 or	 powertrains	 alter	 in	 their	 performance	
with	wear.			

Using	fleet	composite	testing	to	evaluate	the	fuel	efficiency	of	trailer	devices	is	particularly	challenging	
since	 the	 same	 trailer	 is	 very	 rarely	mated	 to	 the	 same	 tractor	 for	 its	 entire	 operating	 life.	Multiple	
trailers	and	multiple	tractors,	all	with	different	vintages	and	performance	capabilities,	makes	it	possible	
to	assess	average	fleet	performance,	but	variation	will	be	considerable	between	specific	units.	One	fleet	
shared	with	NACFE	that	they	have	developed	an	algorithm	to	better	analyze	the	issue	of	tractors	pulling	
different	trailers	over	time,	by	using	telematics	on	their	trailers	and	recording	what	vintage	or	group	of	
tractors	is	pulling	what	vintage	or	group	of	trailers	along	particular	routes.			

Finally,	 the	 impact	 of	 drivers	 on	 the	 results	 of	 fleet	 composite	 testing	 will	 be	 significant.	 Experience	
level,	 training,	 and	 incentives	 can	 all	 greatly	 affect	 fuel	 efficiency	 values	 between	 individual	 drivers,	
which	will	be	compounded	by	the	fact	that	they	are	likely	all	in	different	vintage	vehicles.				

Still,	 at	 the	 corporate	 level	 composite	 fleet	 averages	 can	 definitely	 be	 assessed,	 and	 annual	 trends	
should	 show	 improving	 freight	 efficiency	 with	 ongoing	 investment	 in	 technologies	 such	 as	
aerodynamics.	If	the	annual	data	does	not	show	an	improvement,	other	non-aerodynamic	factors	need	
to	be	evaluated	before	concluding	which	changes	have	not	measured	up,	to	ensure	that	something	like	
a	 large	 difference	 in	 speed	 is	 not	 preventing	 the	 gains.	 	 Even	 when	 using	 the	 on-board	 systems	 on	
modern	trucks	which	can	provide	estimates	of	fuel	economy	from	data	running	on	the	various	Electronic	
Controller	Modules	(ECMs)	or	other	on-board	systems,	care	should	be	taken	by	confirming	any	critical	
results	 through	 alternative	 methods,	 as	 these	 systems	 can	 vary	 significantly	 in	 both	 accuracy	 and	
precision.			
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6 Real World Factors 
As	the	previous	chapters	have	made	clear,	evaluating	the	performance	of	fuel	efficiency	technologies	is	
complex.	 There	 are	 many	 testing	 methods	 and	 each	 has	 its	 own	 controls,	 simplifications,	 and	
assumptions	 which	 can	 result	 in	 the	 reporting	 of	 different	 results	 even	 for	 identical	 vehicle	
configurations.	End	users	of	performance	data	need	to	understand	the	scope,	context,	and	constraints	
of	a	given	testing	method	in	order	to	apply	it	to	real	world	predictions;	they	need	to	understand	which	
factors	were	actually	measured,	which	were	assumed,	which	were	estimated	using	what	 source	data,	
and	how	all	of	these	might	translate	to	their	own	operations.			

When	 the	 primary	 concern	 of	 interpreting	 the	 data	 is	 to	 have	 confidence	 in	 fuel	 savings,	 many	
interrelated	 factors	 will	 impact	 the	 real	 world	 results	 enjoyed	 from	 technology	 adoption.	 The	 data	
returned	by	controlled	tests	are	important,	as	they	provide	a	consistent	means	to	compare	and	evaluate	
between	technologies,	but	end	users	also	need	to	understand	that	the	combination	of	these	factors	will	
unavoidably	 cause	 performance	 to	 vary	 from	 the	 findings	 of	 controlled	 testing	 and	 analysis.	
Understanding	 how	 specific	 vehicles	 and/or	 aspects	 of	 vehicle	 operation	 will	 vary	 from	 those	 of	 the	
controlled	 tests	 is	 key	 to	 making	 better	 use	 of	 the	 test	 data.	 Technology	 suppliers	 should	 work	 to	
provide	better	 information	on	 these	 factors	 in	order	 to	help	 improve	 industry	 confidence	 in	 reported	
performance.	

Much	of	the	following	is	excerpted	from	a	Cummins	2010	white	paper,	“Secrets	of	Better	Fuel	Economy	
-	The	Physics	of	MPG,”	with	additional	information	from	other	sources.		

http://cumminsengines.com/uploads/docs/Secrets%20of%20Better%20Fuel%20Economy_whitepaper.pdf		

6.1 Ambient Temperature  
Outdoor	air	 temperature	 can	 impact	 various	aspects	of	a	 truck’s	 fuel	 consumption.	 In	 the	example	of	
aerodynamics,	air	becomes	denser	as	temperatures	drop,	which	increases	air	resistance.	For	every	10°F	
drop	 in	 temperature,	 aerodynamic	 drag	 increases	 by	 2%,	 causing	 fuel	 efficiency	 to	 drop	 by	
approximately	1%.	Overall,	 this	means	 that	 fuel	 economy	 tends	 to	be	higher	 in	 the	 summer	 than	 the	
winter,	perhaps	by	8%	to	12%.	

However,	 while	 colder	 temperatures	 worsen	 aerodynamic	 drag,	 they	 can	 improve	 other	 aspects	 of	
engine	efficiency.		The	greater	density	of	cool	air	means	that,	per	unit	volume,	cool	air	has	more	oxygen	
than	hot	air,	and	can	provide	more	oxygen	per	cylinder	charge,	and	in	turn,	a	more	efficient	fuel	burn	
and	greater	power.	

Ambient	 temperature	also	affects	 tire	 inflation	pressure,	which	tends	 to	 fall	with	 lower	 temperatures.	
Meanwhile	 running	 tires	 low	 on	 air	 pressure	 in	 hot	 weather	 is	 more	 of	 a	 safety	 issue	 than	 a	 fuel	
economy	 problem.	 For	 safety	 and	 economy,	 tire	 inflation	 pressure	 should	 be	 monitored	 frequently;	
more	so	in	the	weeks	when	seasons	change.	

6.2 Wind  
Both	headwinds	and	crosswinds	can	significantly	increase	aerodynamic	drag	and	reduce	fuel	efficiency.	
The	size	of	the	reduction	depends	greatly	on	what	generation	of	aerodynamic	tractor	is	being	evaluated	
-	older	vehicle	 shapes	 can	 see	a	 loss	of	as	much	as	13%	 for	every	10	mph	of	headwind	or	 crosswind;	
more	aerodynamic	vehicles	will	suffer	smaller	losses.		
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Wind	 conditions	 vary	 considerably	 across	 different	 regions	 of	 North	 America,	 so	 simplifications	 to	
testing	 parameters	 which	 use	 a	 “national	 average”	 wind	 figure	 will	 likely	 be	 misleading	 for	 actual	
operations.		The	National	Renewable	Energy	Laboratory	(NREL)	reports	on	wind	conditions	in	the	U.S.	–	
Figure	24	shows	the	significant	differences	between	the	averages	in	the	South	Eastern	states	and	Mid-
West	states.		Prevailing	wind	directions	also	vary,	so	some	routes	may	have	wind	helping	fuel	economy	
and	others	not.		

	

Figure 24: Average Wind Speeds Vary Considerably 

6.3 Rain and Snow  
Precipitation	 such	 as	 rain	 or	 snow	 increases	 rolling	 resistance	 by	 causing	 the	 tires	 to	 push	 their	 way	
through	the	water	or	snow	on	the	pavement.	Also,	precipitation	will	 lower	temperatures	more	quickly	
than	air,	causing	the	tires,	and	the	transmission	and	axle	 lubricants,	to	operate	at	cooler,	 less	efficient	
temperatures.	 And	 while	 the	 intake	 air	 gains	 combustion	 advantages	 from	 being	 colder,	 the	 engine	
friction	has	worse	performance	at	lower	temperatures.	Cummins’	report	cites	SAE	testing	which	found	
that	even	light	rain	can	increase	fuel	consumption	by	0.2	to	0.3	mpg	due	to	those	rolling	resistance	and	
drivetrain	losses.	Air	density	also	varies	inversely	with	humidity.	

6.4 Road Surfaces 
According	 to	 Fitch	 (Motor	 Truck	 Engineering	 Handbook,	 2nd	 Edition,	 1976),	 road	 rolling	 resistance	
expressed	 in	percent	grade	can	vary	 from	1.00%	 for	excellent	 concrete,	 to	2.25%	 for	poor	asphalt,	 to	
3.75%	for	poor	macadam.	Fuel	efficiency	will	likewise	vary	related	to	these	different	rolling	resistances.			

6.5 Road Grade 
Road	grade	changes	of	less	than	0.1%	can	create	errors	in	coastdown	aerodynamic	testing	of	from	5%-
16%.	Test	engineers	attempt	to	reduce	errors	by	using	relatively	flat	test	tracks	and	test	roads.	But	the	
real	world	is	far	from	flat.	Attributing	fuel	economy	to	any	given	technology,	and	extracting	it	from	net	
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vehicle	 performance,	 especially	 when	 comparing	 vehicles	 that	 travel	 different	 routes,	 is	 problematic	
without	a	detailed	understanding	of	instantaneous	grade	values	over	the	route.			

6.6 Tractor Configuration 
In	 the	 example	 of	 aerodynamic	 devices,	 a	 challenge	 with	 translating	 test	 results,	 such	 as	 SmartWay	
verified	 ratings,	 to	 the	 real	 world	 is	 that	 there	 are	 a	 variety	 of	 tractor	 styles	 in	 use	 and	 the	 freight	
operations	 typically	 mix	 and	 match	 trailers	 to	 tractors	 on	 a	 daily	 basis.	 However,	 EPA’s	 SmartWay	
verified	 trailer	devices	 list	 generally	 reports	only	 that	a	particular	device	or	 set	of	devices	exceeded	a	
minimum	tested	threshold	value	as	reported	by	the	device	supplier	using	at	least	one	of	the	approved	
testing	 methods.	 The	 SmartWay	 list	 does	 not	 indicate	 which	 tractor	 configuration	 was	 used	 in	 the	
evaluation,	 though	 it	will	 be	 at	 a	minimum	a	 SmartWay	qualified	 tractor,	 i.e.	 an	 aerodynamic	 tractor	
style	with	high	roof	long	sleeper	(or	roof	fairing),	and	that	the	testing	was	done	with	the	sliding	trailer	
bogie	in	the	forward	position	known	as	the	California	setting.	Still,	this	makes	it	difficult	to	translate	test	
data	 to	actual	performance.	Additionally,	 the	 tractor-trailer	 gap	 in	 testing	 is	 set	 to	a	 specified	narrow	
gap	that	may	not	match	a	given	fleet’s	actual	operating	positions.	

There	are	no	published	guidelines	on	how	to	translate	SmartWay	predictions	on	fuel	economy	savings	to	
the	various	alternative	permutations	of	tractors	and	trailers	in	use	by	fleets.	Each	configuration	is	unique	
and	 aerodynamics	 is	 not	 additive.	 Specific	 evaluation	 of	 each	 permutation	 is	 needed	 to	 gain	 an	
understanding	 of	 the	 benefits	 and	 issues.	 	 As	 yet	 there	 are	 no	 reliable	 rules-of-thumb	 for	 these	
alternative	pairings.	 	Fleet	operations	need	 to	mine	 their	 fleet	operational	data	 to	attempt	 to	 identify	
adjustment	factors	to	estimate	fuel	economy	for	these	versus	the	SmartWay	configured	vehicles.	

6.7 Vehicle Maintenance Level 
Trailer	wheel	 alignment	 is	 another	 factor	 that	 can	 create	differences	 in	 the	performance	of	 efficiency	
devices	such	as	aerodynamics.	Test	and	analysis	protocols	typically	require	the	tractor	and	trailer	to	be	
operated	in	factory-specified	configuration,	but	the	real	world	 introduces	variables	 in	fleet	operations.		
A	particular	challenge	arises	when	trailer	bogies	are	out	of	alignment.	Misaligned	bogies	can	introduce	
what	some	call	“dog	tracking,”	where	the	trailer	is	angled	to	the	tractor	centerline	when	heading	down	a	
straight	roadway	as	shown	in	Figure	25.			

	

Figure 25: Example of Off-Tracking  

Note	 that	 in	 high	 crosswind	 conditions,	 this	 off-tracking	 can	 occur	 because	 the	 trailer	 will	 act	 like	 a	
sailboat	sail,	pivoting	slightly	around	the	fifth	wheel	in	response	to	the	crosswinds	at	highway	speeds.				
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This	misalignment	presents	a	wider	vehicle	to	the	air	stream,	exposes	additional	forward	facing	steps	to	
air	 flow	and	 induces	higher	aerodynamic	drag	forces	and	different	tire	rolling	resistance	forces	for	the	
engine	 to	 overcome	 all	 of	 which	 will	 cause	 performance	 to	 vary	 from	 what	 is	 generally	 tested	 in	 a	
SmartWay	evaluation	or	other	controlled	track	test,	wind	tunnel	test,	or	CFD	evaluation.			

6.8 Manufacturing Assembly & Reassembly Tolerances 
Manufacturing	tolerances	will	 introduce	 imprecision,	as	misalignments,	 forward	facing	steps,	and	gaps	
may	occur	 in	both	 tractor	and	 trailer	aerodynamic	systems.	 In	 the	case	of	aerodynamics,	 fairings	may	
get	disassembled	during	maintenance	activities	and	when	reinstalled	may	have	found	slightly	different	
positions.	 Gaps	 between	 tractor	 chassis	 fairings	 or	 between	 extenders	 and	 sleeper	 walls	 may	 be	
uniform,	 leaving	 the	 factory	 but	 after	 several	 disassemblies	 and	 reassemblies	 in	 the	 field	 for	
maintenance	activities	on	other	equipment,	may	be	in	less	uniform	positions	due	to	tolerance	stack	up.				

As	with	the	off-tracking	of	wheels,	these	small	misalignments	can	add	drag	and	reduce	the	performance	
results	versus	what	was	demonstrated	in	controlled	testing.				

6.9 Ice, Snow, Mud and Dirt 
Another	 real	world	 factor	 specific	 to	aerodynamics	 that	cannot	be	modelled	 in	 testing	 is	 that	vehicles	
which	run	 in	harsh	winter	conditions	can	collect	snow	and	 ice	 in	 large	enough	amounts	 to	 impact	 the	
aerodynamic	configuration	of	the	vehicles.	It	is	not	uncommon	for	these	snow	and	ice	build-ups	to	stay	
on	the	vehicle	well	into	the	trip,	even	beyond	the	region	where	they	were	first	accumulated;	snow	and	
ice	build-up	that	occurred	on	Interstate	70	in	Kansas	City,	Missouri,	might	still	be	on	the	tractor	trailer	
well	into	Interstate	35W	in	Fort	Worth,	Texas.	While	the	percentage	of	time	that	snow	and	ice	build-up	
occurs	annually	may	be	relatively	small,	it	is	another	factor	that	causes	deviance	from	test	results.			

6.10 Driving Profile 
There	 are	 many	 factors	 that	 determine	 a	 particular	 vehicles	 driving	 profile	 and	 these	 can	 vary	
considerably	between	 specific	units.	 Tests	 and	analysis	 tend	 to	 control	most	of	 these	 factors,	 such	as	
speed,	 in	 order	 to	 obtain	 repeatability	 (precision).	 	 For	 example,	 wind	 tunnels	 and	 CFD	 may	 use	 a	
specific	wind	speed,	track	tests	may	set	the	vehicle	into	cruise	control	at	a	specific	speed,	and	even	road	
tests	likely	try	to	maintain	specific	set	speeds.	However,	real	world	operation	means	that	vehicles	spend	
their	 time	at	multiple	 speeds.	As	 an	 example	California	 has	 a	 posted	highway	 truck	 speed	 limit	 of	 55	
mph	where	other	states	set	theirs	at	75	mph.		

While	speed	in	any	given	moment	is	critical	to	fuel	consumption,	so	too	is	the	way	that	speed	changes	
over	time,	i.e.,	how	often	the	vehicle	accelerates	or	decelerates,	what	grade	the	vehicle	is	overcoming,	
etc.		In	short,	acceleration	uses	more	fuel	than	staying	at	a	constant	speed,	and	faster	accelerations	use	
even	 more	 fuel.	 	 The	 more	 that	 speed	 changes,	 and	 how	 quickly	 it	 changes,	 can	 be	 captured	 by	
recording	vehicle	parameters	over	the	course	of	a	typical	period	of	operation.		

Braking	likewise	decreases	fuel	efficiency	by	wasting	kinetic	energy,	turning	it	to	friction	heat.		The	most	
fuel	efficient	way	to	operate	a	vehicle	would	be	if	no	braking	were	required.	Fuel	economy	tests	like	the	
SAE	Type	 II	 tests	do	not	 capture	 the	 impact	of	braking	or	 accelerating	by	having	a	 vehicle	 cruise	 at	 a	
single	set	speed	over	a	set	distance,	or	by	having	the	vehicles	coast	to	a	stop.			

Another	 example	 of	 driving	 profiles	 is	 that	 specific	 routes	 used	 by	 some	 units	 may	 see	 high	 traffic	
conditions	versus	others	 that	have	no	traffic.	High	traffic	conditions	may	mean	significant	 throttle	use	
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and	 braking,	 where	 less	 dense	 routes	may	 be	 able	 to	maintain	 set	 cruise	 speeds	 for	 longer	 periods.	
Some	routes	may	have	significant	braking	due	to	grades	and	corners,	where	others	are	flat	and	straight.	
Driving	profile	variables	also	include	idle	time.			

All	of	these	factors	and	more	can	affect	the	driving	profile	of	specific	units	and	result	in	deviation	from	
performance	results.	 It	 is	critical	for	fleet	managers	to	know	their	fleets’	own	drive	profiles	in	order	to	
better	understand	how	a	particular	efficiency	technology	is	likely	to	perform	in	their	specific	operations.		
Figure	26	shows	one	example	of	a	drive	profile	obtained	by	recording	actual	engine	parameters	over	a	
period	of	time	for	a	specific	unit.			

	

Figure 26: Example Vehicle Speed Profile showing minutes spent at various speeds during a period of 
operation 

	

Note	 from	 figure	12	how	 the	engine	horsepower	 required	 to	move	 the	vehicle	down	 the	 road	has	 to	
overcome	mechanical	forces	like	tire	rolling	resistance,	accessory	drag,	drivetrain	losses,	etc,	which	vary	
generally	more	linearly	with	increasing	vehicle	speed,	shown	as	a	straight	line	in	the	graph.	The	engine	
must	also	overcome	the	aerodynamic	drag	forces,	which	vary	by	the	square	of	the	vehicle	speed.	This	
means	that	at	each	speed,	the	ratio	of	mechanical	drag	forces	to	aerodynamic	drag	forces	is	different.		

Regulators	 and	 researchers	 use	 statistical	 methods	 to	 try	 to	 categorize	 driving	 profiles,	 in	 order	 to	
estimate	fuel	consumption	and	emissions	for	a	large	population	of	vehicles.		The	EPA’s	Greenhouse	Gas	
Phase	I	rules	states,	in	section	3.4	of	their	Regulatory	Impact	Analysis	(EPA-420-R-11-901),	“Every	truck	
has	a	different	drive	cycle	in-use.	Therefore,	it	is	very	challenging	to	develop	a	uniform	drive	cycle	which	
accurately	 assesses	 GHG	 improvements	 from	 technologies	 relative	 to	 their	 performance	 in	 the	 real	
world.”	That	RIA	document	has	a	good	overview	of	the	many	drive	cycles	considered	for	incorporation	
into	the	Phase	I	GEM	emission	modeling	estimation	software	tool.		The	text	provides	more	detail	on	the	
many	 factors	 considered	 in	developing	 the	 tool	 so	 that	 its	 driving	profiles	will	 be	 representative	on	a	
national	scale.				

The	new	TMC	Recommended	Practice	1118,	Fuel	Savings	Calculator	for	Aerodynamic	Devices,	expected	
to	 be	 published	 by	 2016,	 is	 a	 step	 toward	 improving	 the	 industry’s	 ability	 to	 apply	 test	 data	 on	
aerodynamic	performance	 to	a	 specific	operation’s	driving	profile.	 The	RP	provides	a	way	 to	estimate	
the	 fuel	 economy	benefits	of	 aerodynamic	 configuration	 changes	by	using	 the	drive	profile	 combined	
with	aerodynamic	drag	values	at	each	speed	segment.			
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6.11 Traffic Aerodynamics 
Traffic	conditions	can	have	multiple	effects	on	a	vehicle’s	aerodynamics,	and	those	effects	will	make	a	
difference	in	the	impact	of	an	aerodynamic	device	on	overall	fuel	use.	Most	people	are	familiar	with	the	
term	 “drafting,”	 often	 used	 in	 discussions	 of	 race	 cars	 or	 bicycles.	 Vehicles	 on	 the	 road	 experience	
similar	forces;	vehicles	in	front,	to	the	side,	behind,	passing	with	or	against,	etc.	all	change	the	air	flow	
around	a	given	truck	Some	of	these	situations	will	improve	aerodynamics,	others	will	worsen	them.	The	
time	each	truck	spends	being	affected	by	surrounding	traffic	will	differ	based	on	routes,	time	of	day,	and	
many	other	factors.		But	most	controlled	test	data	on	the	effectiveness	of	aerodynamic	devices	will	have	
been	conducted	using	lone	vehicles,	whether	on	empty	test	tracks,	in	wind	tunnels,	or	in	CFD	analyses.		

In	one	example	(Figure	27)	presented	by	Peterbilt	in	an	SAE	Paper,	SAE	2014-01-2436,	one	on-highway	
test	 route	 saw	 that	during	53%	of	 the	 trip	 the	 vehicle’s	 aerodynamics	were	being	 affected	by	nearby	
traffic.		Another	Texas	on-highway	route	test	saw	37%	of	the	trip	being	affected	by	nearby	traffic.			

	

Figure 27: Example of Truck Areodynmaics while In-Traffic vs. Not (Smith) 

In	 the	 same	 way,	 roads	 through	 forests	 will	 affect	 aerodynamics	 differently	 than	 roads	 in	 the	 Great	
Plains.	 	 Routes	 through	 mountains	 will	 affect	 vehicle	 aerodynamics	 differently	 than	 those	 through	
deserts.				

The	 extent	 to	 which	 these	 surrounding	 conditions	 affect	 each	 vehicle	 will	 differ	 based	 on	 the	
aerodynamic	 configuration	 of	 each	 vehicle.	 Vehicle	 configurations	 that	 are	 less	 aerodynamic	 will	
respond	differently	than	more	aerodynamic	ones.	This	is	another	example	of	how	the	many	interactions	
which	 will	 determine	 the	 aerodynamics	 of	 a	 truck	 and	 the	 fuel	 efficiency	 resulting	 from	 them	 are	
difficult	to	predict	and	can	defy	simplistic	rules-of-thumb.			

6.12 Vehicle and Component Age 
Testing	has	shown	that	a	vehicle’s	fuel	economy	will	change	as	components	accumulate	mileage.	 	The	
impact	 of	 age	 varies,	 with	 some	 components	 becoming	 more	 efficient	 with	 mileage,	 others	 getting	
worse	with	mileage,	and	some	doing	a	bit	of	both	over	time.		For	example,	new	vehicles	fresh	from	the	
factory	will	go	through	a	break-in	period,	during	which	fuel	economy	generally	 improves	over	the	first	
few	 thousand	 miles	 of	 operation.	 As	 much	 more	 mileage	 accumulates,	 interfaces	 may	 wear	 more	
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causing	 performance	 to	 decrease.	 This	 is	 true	 of	 drivetrains.	 In	 another	 examples,	 tires	will	 have	 the	
lowest	fuel	economy	fresh	from	the	factory,	when	their	rolling	resistance	is	the	highest.		

6.13 Driver 
The	driver	has	a	significant	role	 to	play	 in	 fuel	and	freight	efficiency;	Cummins	estimated	 in	2010	that	
“the	most	efficient	drivers	get	about	30%	better	fuel	economy	than	the	least	efficient	drivers.”	However,	
greater	 adoption	 rates	 of	 automatic	 manual	 transmissions,	 standard	 cruise	 control,	 adaptive	 cruise	
control,	 and	 other	 automation	 technology	 has	 somewhat	 of	 a	 normalizing	 effect	 on	 driver-related	
impact	on	fuel	economy.			

The	effect	of	 the	driver	has	been	well-proven	by	 freight	 companies	who	have	 implemented	programs	
that	incentivize	drivers	to	achieve	better	fuel	economy	performance,	and	seen	corresponding	gains.	One	
example	of	such	a	company	is	Mesilla	Valley	Transport.	As	documented	in	a	Transportation	&	Logistics	
International	 report,	 “Each	 year,	 the	 company	 gives	 the	 driver	 with	 the	 best	 fuel	 mileage	 a	 $25,000	
bonus,	along	with	$1,000	quarterly	bonuses	to	the	drivers	with	the	best	fuel	efficiency”	along	with	other	
incentives,	such	as	a	new	car	to	the	best	performer	in	a	quarter.	Mesilla	uses	onboard	event	recorders	
and	 electronic	 data	 logs	 to	 provide	 critical	 performance	 data.	 The	 fleet	 has	 deemed	 the	 cost	 of	 such	
incentives	to	be	merited	by	the	fuel	savings	they	have	been	able	to	achieve.			

When	 interpreting	 performance	 testing	 results,	 fleets	must	 recognize	 that	 there	 is	 no	 way	 for	 those	
tests	to	account	for	the	behavior	of	an	individual	driver,	so	the	real	world	results	that	fleets	will	see	from	
technology	adoption	will	vary	from	those	seen	in	testing.	

6.14 Measurement System Precision 
All	measurement	systems	have	plus	or	minus	tolerances.	These	can	contribute	to	differences	between	
reported	performance	in	controlled	tests	and	actual	real	world	performance.	An	example	is	seen	when	
measuring	 fuel	 use	 from	 the	 Engine	 Controller	Module	 (ECM).	 An	 FPInnovations	 PIT-published	 study	
evaluated	the	accuracy	of	engine	ECM	fuel	use	data	and	concluded:	“ECM	data	precision	and	accuracy	
varies	 between	 engine	 manufacturers	 and	 among	 engine	 models	 from	 a	 single	 manufacturer.	 For	 a	
given	vehicle,	ECM	data	precision	and	accuracy	will	even	vary	from	test	to	test.”	A	major	fleet	contacted	
by	NACFE	confirmed	that	they	rely	heavily	on	ECM	data	for	fuel	economy	tracking,	but	stated	that	one	
manufacturer’s	ECM	data	was	+/-	1%	while	others	were	worse.			
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7 Fleet & Operator Comments on Testing Methods 
NACFE	surveyed	fleets	and	reviewed	other	published	comments	on	their	experiences	with	the	various	
methods	 for	 estimating	 the	 performance	 of	 efficiency	 technologies,	 again	 using	 aerodynamic	
technologies	as	the	example	case.		

Many	fleets	indicated	that	they	require	manufacturers	to	provide	some	form	of	test	results	from	one	of	
the	five	commonly	accepted	test	methods	described	above.	Some	shared	more	specifically	that	a	track	
test	 conducted	 by	 a	 reputable	 third	 party	 testing	 organization	 is	mandatory	 before	 a	 product	will	 be	
considered.				

Other	fleets	indicated	that	they	will	not	accept	manufacturer	data	or	third-party	test	data	completely	at	
face	value,	preferring	 to	 run	 their	own	 tests.	These	 fleets	had	arrived	at	 this	position	as	 they	had	not	
found	testing	data	to	be	acceptably	precise	when	replicated	in	their	operations.			

A	 detailed	 example	 of	 the	 disconnect	 fleets	 sometimes	 experience	 between	 test	 results	 and	
performance	 in	 actual	 real	 world	 operations	 can	 be	 found	 in	 the	 2013	 Lawrence	 Livermore	 National	
Laboratory/Navistar	study	“Fleet	Evaluation	and	Factory	 Installation	of	Aerodynamic	Heavy	Duty	Truck	
Trailers”	(DOE	report	DE-EE0001552).		That	report	documented	the	testing	of	aerodynamic	devices	over	
some	1.4	million	fleet	miles	with	Frito	Lay	trucks	and	690,000	miles	with	Spirit	Truck	Lines.		The	report	
found	 that	 the	on-road	 results	were	 roughly	 half	 of	what	 SAE	 Type	 II	 track	 test	 predictions	 and	wind	
tunnel	 evaluations	 had	 claimed,	 likely	 due	 to	 the	 influence	 of	 the	 full	 range	 of	 real	 world	 factors	
discussed	 in	 Section	 5.	 Representatives	 from	 Werner	 and	 Schneider	 have	 publicly	 made	 similar	
comments	about	their	experiences	with	real	world	fuel	economy	results	being	1/3	to	1/2	of	track-based	
estimates.	

One	fleet	clarified	that	they	did	not	want	to	see	the	manufacturer’s	interpretations	of	the	data,	but	to	
see	the	actual	 raw	test	data	so	they	could	evaluate	themselves	the	applicability	of	 the	results	 to	their	
own	operations.	Yet	another	has	published	 to	manufacturers	a	 specific	minimum	 list	of	 required	data	
deliverables,	 completely	 describing	 operating	 conditions	 and	 test	 factors	 and	 results,	 before	 they	will	
consider	any	manufacturer	submissions.	

Fleets	who	chose	to	conduct	their	own	testing	may	use	a	variety	of	the	five	methods	described	in	this	
document	 (and	more	 for	 technologies	 besides	 aerodynamics),	 and	 generally	 do	 not	 share	 or	 publicly	
publish	 their	 own	 test	 results	 out	 of	 competitive-advantage	 concerns,	 though	 Trucking	 Efficiency	 has	
demonstrated	that	in	many	cases	those	concerns	are	unfounded.	Smaller	operators	who	cannot	afford	
testing	often	copy	the	equipment	spec	choices	of	specific	 industry	 leaders.	 	 	 	 	Still	others	team	up	and	
help	 fund	 combined	 tests	 through	 independent	 agencies	 such	 as	 Performance	 Innovation	 Transport	
(PIT),	 or	 through	 reporting	 by	 industry	 groups	 such	 as	 NACFE’s	 Fleet	 Fuel	 Studies	 and	 Trucking	
Efficiency’s	Confidence	Reports.					

8 Determining Efficiency 
All	 of	 the	 five	 types	 of	 testing	 methods	 covered	 in	 this	 report	 will	 provide	 important	 relative	
performance	 indicators	 for	 how	 to	 prioritize	 investments	 into	 efficiency	 technologies,	 specifically	
aerodynamics.	It	is	very	likely	that	results	will	differ	between	the	five	methods	for	the	reasons	thus	far	
discussed.		
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8.1 Case Study: Aerodynamics 
The	 EPA	 documented	 one	 example	 of	 the	 variation	 in	 results	 from	different	 testing	methods	 in	 their	
Regulatory	Impact	Analysis	for	the	Phase	I	Green	House	Gas	Rules.		They	attempted	to	pick	a	particular	
tractor/trailer	 configuration	 and	 evaluate	 it	 using	 coastdown	 testing,	 various-scale	 models	 in	 wind	
tunnel	 testing	 (including	 a	 full-scale	 one),	 and	 with	multiple	 Computational	 Fluid	 Dynamics	 analyses.	
One	of	the	immediate	challenges	they	came	upon	that	each	of	these	approaches	is	actually	measuring	
different	metrics	 in	different	ways,	making	 it	 difficult	 to	 compare	between	values.	 	 Each	 test	method	
was	 reportedly	 conducted	 with	 an	 appropriate	 level	 of	 integrity	 and	 attention	 to	 detail,	 albeit	
“appropriate”	 as	 determined	 by	 each	 evaluator	 and	 for	 each	method,	 and	 in	 the	 end	 some	 level	 of	
precision	was	in	fact	obtained	for	the	metric	of	aerodynamic	drag	coefficient	(Cda)	(Figure	28).		

	

	

Figure 28: EPA Aero Evaluation Comparisons from GHG Phase I (RIA) 

Still,	no	two	methods	provided	identical	results,	even	though	they	were	testing	identical	vehicles.	A	very	
close	review	of	the	methods,	simplifications,	and	assumptions	might	identify	the	differences	in	each.	But	
ultimately	 the	 experience	of	 the	 EPA	 shows	 the	 importance	of	 looking	 for	 trends	 among	data,	 rather	
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than	precise	figures.	In	this	case,	all	of	the	testing	methods	did	show	that	the	addition	of	aerodynamic	
technologies	had	a	positive	impact	on	fuel	economy,	although	the	exact	percent	of	the	gain	cannot	be	
determined.	 Another	 way	 of	 thinking	 of	 this	 is	 that	 fleets	 should	 ask	 what	 is	 termed	 an	 “A-to-B	
comparison,”	 i.e.,	 “is	 this	 new	design	 better	 than	 that	 old	 design	when	 tested	 by	 this	method?”	 This	
relative	evaluation	is	much	different	than	attempting	to	find	an	absolute	data	points,	such	as,	“the	CdA	
of	this	new	vehicle	is	exactly	6.17,”	not	the	least	due	to	the	fact	that	no	one	can	currently	measure	the	
actual	absolute	value	of	the	reference	vehicle.			

8.2 Case Study: 6x2 Axles   
A	Trucking	Efficiency	Confidence	Report	hahahpublished	in	December	2013	on	6x2	Axle	configurations,	
considered	as	a	more	 fuel-efficient	alternative	 to	 the	 traditional	6x4	configuration,	also	 illustrates	 the	
difficulty	inherent	in	comparing	directly	between	test	results,	rather	than	looking	for	trends.		

The	 report	 considered	 data	 from	 both	 fleet	 composite	 testing,	 as	 well	 as	 track	 tests	 ran	 under	 four	
different	protocols:	SAE	J1321	/	TMC	Type	II,	SAE	J1526	/	TMC	Type	III,	and	TMC	Type	IV	RP1109.	Some	
of	 the	 testing	was	commissioned	specifically	by	NACFE	 for	 the	Confidence	Report,	while	other	 testing	
had	 been	 conducted	 previously	 and	 was	 shared	 for	 publication.	 A	 total	 of	 10	 test	 results	 were	
considered.	Figure	29	contains	more	 information	about	each	of	 the	 tests,	while	Figure	30	summarizes	
the	
findings.		

 

 

 

 

Figure 29:  6x2 Fuel Economy Test Details 
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Figure 30:  Graph of 6x2 Fuel Economy Test Results 

Similarly,	to	what	was	found	by	the	EPA	in	Section	7.1,	test	results	on	the	performance	of	6x2s	varied,	
even	between	tests	of	identical	vehicles.	Key	trends	were	likewise	apparent,	namely:	

• Every	test	found	a	positive	gain	in	fuel	economy	of	greater	than	1%,	which	allowed	that	study	to	
conclude	that	6x2s	represented	a	good	investment.	

• That	 conclusion	 was	 not	 drawn	 from	 a	 determination	 of	 the	 exact	 fuel	 economy	 of	 the	 6x2	
vehicle	in	any	and	every	situation,	but	rather	by	making	another	“A-B	comparison”	and	looking	
at	the	relative	difference	in	fuel	economy	between	a	truck	with	a	6x4	axle	configuration	and	one	
with	 a	 6x2	 axle	 configuration.	 Making	 comparisons	 in	 this	 way	 allows	 fleets	 to	 answer	 the	
question	“is	this	new	design	better	than	that	old	design	when	tested	by	this	method?”		

	

	 	 	

8.3 Choosing a Testing Method 
The	many	methods	 for	performance	evaluation,	 including	the	 five	specific	 to	aerodynamics	profiled	 in	
this	paper,	will	each	have	their	own	benefits	and	challenges,	and	their	own	proponents	and	detractors.	
So	why	should	a	fleet	choose	one	method	over	another?				

There	 is	 no	 single	 “correct”	 method	 for	 fuel	 economy	 evaluation.	 Each	 entails	 costs	 and	 certain	
complexities	that	need	to	be	considered.	Obviously	if	a	fleet	is	commissioning	testing	itself,	the	“cost-to-
benefit”	factor	will	be	paramount	in	choosing	the	method.	Such	decisions	depend	greatly	on	the	size	of	
the	fleet,	so	what	may	be	prohibitively	expensive	to	a	small	fleet	is	standard	practice	to	a	large	one.			

The	phrase	“you	get	what	you	pay	for”	can	be	very	true	with	testing.	Cheap	and	fast	methods	generally	
increase	the	risk	that	the	data	is	of	 limited	application.	On	the	other	end,	expensive	methods	may	not	
guarantee	any	better	credibility	 if	 they	are	misapplied	or	 their	 results	are	misunderstood.	Choice	may	
also	depend	on	a	company’s	expertise	and	infrastructure.	 	 If	a	fleet	has	access	to	a	test	track	they	will	



Confidence Report: Determining Efficiency	

January	28,	2016	 	 	 47	 	

likely	pursue	track	testing,	while	a	company	invested	in	wind	tunnel	models	will	default	to	that	method.		
A	fleet	that	has	neither	may	prefer	on-road	composite	testing.		

Considering	different,	 independent	methods	 is	 also	 common,	 as	 it	 allows	 fleets	 to	 “audit”	 the	 results	
and	 check	 that	 efficiency	 trends	 are	 consistent	 across	methods.	 There	 are	 risks	 in	 assuming	 that	 the	
results	of	just	one	method	will	be	sufficient	to	make	an	adoption	decision.	

Trucking	Efficiency	recommends	that	whatever	the	budget,	schedule,	or	criticality,	multiple	methods	be	
considered	 to	 help	 substantiate	 the	 validity	 of	 the	 information	 used	 to	make	 investment	 decisions	 in	
fuel	economy	technology.	The	methods	chosen	and	results	obtained	should	be	evaluated	through	the	
lens	of	 a	 fleet’s	 specific	 operations.	 It	 is	 also	 important	 to	 know	 the	quality	 of	 each	data	 set	 and	 the	
quality	of	the	adjustments	and	estimations	made	to	that	data,	in	order	to	know	the	final	uncertainty	of	
the	value	used	for	decision	making.	

The	following	can	serve	as	a	quick	“cheat	sheet,”	for	evaluating	measurements	related	to	aerodynamic	
performance	as	it	summarizes	the	key	“knowns	and	unknowns”	of	the	various	types	of	measurements	a	
fleet	may	encounter.	Being	aware	of	such	factors	for	any	efficiency	technology	 is	an	 important	step	 in	
evaluating	test	results.	

For	tests	that	measure	fuel	economy	

• What	is	known:		
o fuel	use	for	a	specific	set	of	conditions		
o confidence	interval	for	the	test	

• What	is	unknown:	
o sensitivity	 of	 the	 vehicle	 or	 device	 being	 tested	 to	 changes	 in	 geometry,	 weight,	

powertrain,	weather,	terrain,	etc.		
o the	associated	confidence	intervals	for	each	sensitivity	parameter	

• What	end	users	should	consider:	
o their	own	vehicle	operating	conditions	and	performance	values	for	the	tested	operating	

conditions		
o confidence	interval	for	their	own	vehicle	data	

	

For	tests	that	measure	aerodynamic	drag	

• What	is	known:	
o aerodynamic	data	for	a	specific	set	of	conditions		
o confidence	interval	for	the	test	

• What	is	unknown:	
o aerodynamic	 values	 for	 the	 full	 scale	 vehicle	 version	of	 the	wind	 tunnel	 test	 article	 in	

free	air	operation	
o confidence	interval	for	the	approx./conversion	data	
o conversion	criteria	for	aerodynamic	to	fuel	economy	conversion	of	test	data		
o the	associated	confidence	interval	for	those	conversions	
o sensitivity	 of	 the	 vehicle	 or	 device	 being	 tested	 for	 changes	 in	 geometry,	 weight	 ,	

powertrain,	weather,	terrain,	etc.	
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o the	associated	confidence	intervals	for	each	sensitivity	parameter	
• What	end	users	should	consider:	

o their	 vehicle	 operating	 conditions	 and	 performance	 values	 for	 the	 tested	 operating	
conditions	

o confidence	interval	for	their	own	vehicle	data	

For	test	that	measure	load	(torque	or	coastdown)		

• What	is	known:	
o torques	or	deceleration	rates	for	a	specific	set	of	conditions		
o confidence	interval	for	the	test	

• What	is	unknown:	
o sensitivity	 of	 the	 vehicle	 or	 device	 being	 tested	 for	 changes	 in	 geometry,	 weight	 ,	

powertrain,	weather,	terrain,	etc.		
o the	associated	confidence	intervals	for	each	sensitivity	parameter	

• What	end	users	should	consider:	
o their	 vehicle	 operating	 conditions	 and	 performance	 values	 for	 the	 tested	 operating	

conditions	
o confidence	interval	for	their	own	vehicle	data	

Finally,	the	EPA	SmartWay’s	Verified	device	value	for	fuel	saving	technologies	is	an	indicator	of	expected	
fuel	economy	under	the	conditions	used	for	the	test.	These	EPA	lists	consider	the	efficiency	of	a	variety	
of	devices,	such	as	low-rolling-resistance	tires	list.	SmartWay	Verification	may	be	based	on	a	single	test	
method,	such	as	the	EPA’s	modified	SAE	J1321	Type	II	test.		The	SmartWay	designation	system	is	most	
useful	for	fleets	who	wish	to	see	which	devices	are	likely	to	perform	better	than	others,	and	moreover	
to	 see	whether	 some	 combinations	 of	 devices	may	 perform	much	 better	 than	 individual	 ones	 in	 the	
context	of	the	specific	test	methods	used	for	each	device.			

9 Conclusions and Recommendations 
Evaluating	the	effectiveness	of	fuel	efficiency	improvement	devices	is	complex.	There	are	many	methods	
and	each	has	 its	own	controls,	 simplifications	and	assumptions	which	can	 result	 in	 reporting	different	
results	for	the	same	vehicle	configuration,	much	less	consistent	results	for	different	vehicles.	 	This	can	
seem	confusing,	but	methods	and	information	sources	continue	to	improve.		

9.1  Conclusions 
The	 study	 team	 found	 the	 following	 conclusions	 with	 respect	 to	 fleets,	 truck	 and	 trailer	 OEMs,	
manufacturers,	and	others	working	to	determine	the	savings	offered	by	fuel	efficiency	technologies.		

• Accurate	vs.	Precise	–	The	terms	Accurate	and	Precise	are	not	interchangeable.	Precise	is	how	
closely	a	test	result	will	be	repeated	by	additional	tests.	Accurate	is	how	well	the	test	compares	
to	a	known	reference	value.		Claims	that	a	device	is	precise	does	not	mean	it	is	accurate.		Where	
truck	aerodynamics	is	involved,	accuracy	is	not	known.	

• Data	 Is	Out	There;	 Sharing	 is	Needed	 -	 A	 large	 amount	of	 test	 verification	 results	 for	 various	
technologies	 from	 individual	manufacturers	 exists	 already,	mainly	 in	 the	 hands	 of	 fleets,	 and	
most	of	which	is	kept	private.	All	players	should	work	to	uncover	and	share	the	most	and	best	
available	robust	data	for	decision	making.	
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• More	Methods	Used,	More	Confidence	In	Trends	-	Using	data	from	a	variety	of	test	methods,	
to	look	for	trends,	while	keeping	the	protocols	of	each	method	in	mind.	

• Clarify	Objectives	 –	Be	 clear	 in	advance	on	what	a	 review	of	 testing	data	 seeks	 to	 confirm	or	
discover.	 	 For	 instance,	 manufacturers	 may	 want	 to	 learn	 how	 a	 device	 performs	 in	 many	
configurations	and	duty	 cycles,	 so	CFD	or	wind	 tunnel	 testing	might	be	best,	while	 fleets	may	
want	 to	 confirm	how	a	device	performs	 in	 their	 very	 specific	 configuration	and	duty	 cycle,	 so	
track	and	fleet	composite	testing	will	be	most	appropriate.	

• Adjust	To	Operations	 -	 The	 results	 from	various	 tests	must	always	be	adjust	 to	 the	particular	
duty	 cycle	 under	 consideration.	 	 For	 example,	 track	 testing	 may	 have	 been	 performed	 at	 a	
consistent	speed	of	65	mph,	but	trucks	in	a	fleet	may	spend	the	majority	of	their	time	at	58mph,	
–	these	variations	must	be	applied	to	the	test	results.		

• Be	Comfortable	with	a	Range	–	The	adoption	of	many	proven	fuel	efficiency	technologies	can	
reasonably	 be	 expected	 to	 improve	 performance,	 but	 the	 exact	 degree	 of	 improvement	 will	
depend	on	a	fleet’s	specific	operations,	and	will	likely	vary	over	time	in	response	to	many	other	
real	world	factors.		

9.2  Recommendations  
All	participants	in	fuel	economy	performance	improvement	need	to	understand	how	each	other’s	roles	
and	perspectives	differ	so	they	that	can	work	to	create	more	common,	more	robust	solutions	that	allow	
efficiency	devices	to	perform	more	closely	in	accordance	with	fleet	needs	and	expectations.			

9.2.1 For Fleets 
To	get	the	best	inputs	for	efficiency	technology	decisions,	end	users	(likely	fleets)	of	vehicle	performance	
data	need	to	understand	the	scope,	context,	and	constraints	of	the	testing	method	under	consideration,	
and	how	its	results	will	translate	to	real	world	predictions.	In	particular,	end	users	need	to	understand	
what	 factors	 are	 actually	 measured,	 which	 are	 assumed,	 and	 which	 are	 estimated,	 as	 well	 as	 what	
source	data	was	used	in	estimations.		

And,	 end	 users	 need	 to	 accurately	 quantify	 their	 own	 current	 performance	 to	 be	 able	 to	 assess	 the	
benefits	 of	 new	 technology.	 NACFE	 recommends	 that	 fleets	 consider	 capturing	 actual	 drive	 cycle	
information	using	vehicle	ECM	data	loggers	on	various	routes	and	over	a	period	of	time,	ideally	covering	
multiple	 seasons,	 in	 order	 to	 be	 able	 to	 see	 where	 their	 current	 operations	 vary	 the	most	 from	 the	
narrower	 parameters	 of	 the	 controlled	 testing.	 Combining	 this	 ECM	 information	 with	 GPS	 route	
information	can	provide	significant	insights	and	improve	a	fleet’s	ability	to	extrapolate	test	data	to	their	
own	likely	results	in	use.		

Fleets	 should	also	assess	 testing	data	with	 two	“rules”	 in	mind,	both	of	which	were	 illustrated	by	 the	
case	 studies	 in	 Section	 7,	 and	 both	 of	which	will	 help	 ameliorate	many	 of	 the	 challenges	 outlined	 in	
Section	3.		

• First	 of	 all,	 fleets	 should	 not	 seek	 to	 determine	 an	 absolute	 value	 for	 the	 performance	 or	
payback	offered	by	a	potential	efficiency	technology.	Rather,	they	should	seek	to	determine	the	
delta	 or	percent	 change,	enjoyed	by	 the	choice	 to	adopt.	That	 is,	 they	 should	determine	how	
different	their	performance	will	be	after	adoption	compared	to	before.		

• Second,	fleets	should	not	 look	to	even	determine	the	exact	delta	that	adoption	will	cause,	but	
rather	should	look	for	trends	among	many	data	sets	and	multiple	types	of	testing	methods,	from	
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a	variety	sources.	If	a	wide	sampling	of	data	consistently	shows	results	that	are	greater	than	the	
minimum	efficiency	gain	a	technology	must	offer	in	order	to	justify	adoption	with	an	acceptable	
payback	period,	fleets	should	feel	confident	in	pursuing	that	technology.		

Finally,	 there	 is	 a	 substantial	 amount	 of	 similar,	 even	 redundant,	 testing	 going	 on	 by	 OEMs,	 fleets,	
technology	manufacturers,	government	and	non-government	organizations.	While	some	of	 the	results	
of	 this	 testing	 are	 published,	 much	 is	 kept	 proprietary.	 The	 costs	 of	 duplicative	 testing	 should	 be	
measured	in	terms	of	more	than	just	the	dollars	wasted,	but	also	in	terms	of	the	general	confusion	and	
lack	of	industry	confidence	in	and	understanding	of	opportunity	offered	by	fuel	economy	technologies.	
NACFE	 believes	 that	 the	 industry	 will	 be	 best	 served	 by	 the	 greater	 sharing	 of	 information,	 as	
demonstrated	 by	 its	 series	 of	 Confidence	 Reports	 published	 on	 TruckingEfficiency.org.	 Industry	
consortiums	are	one	potential	avenue	for	consolidating	proprietary	evaluation	data	 into	non-company	
specific	 publicly	 available	 reports.	 	 Industry	 groups	 should	 demand	 crowd-sharing	 of	 fuel	 economy	
performance	information,	with	the	goal	of	reducing	the	gaps	between	testing	estimates	and	real	world	
experience.		Fleets	should	consider	whether	keeping	testing	data	private	is	truly	offering	a	competitive	
advantage,	or	if	sharing	data	to	increase	adoption	of	a	certain	favored	technology	might	actually	lower	
the	price	of	that	technology	(economies	of	scale),	increase	the	availability	or	quality	of	complementary	
technologies	or	maintenance	options,	and	improve	the	resale	value	of	their	trucks	with	the	technology	
installed.		

9.2.2 For Test Designers or others sharing data 
Going	forward,	an	 industry	agreement	on	an	absolute	reference	vehicle,	along	with	a	concerted	effort	
by	 all	 stakeholders	 to	 efficiency	 testing	 to	 correlate	 their	 methods	 to	 this	 absolute	 standard,	 would	
greatly	reduce	the	challenges	associated	with	determining	efficiency.	Additionally,	test	designers	should	
strive	to	continuously	improve	and	refine	the	various	measurement	methods	to	better	match	real	world	
operations	and	account	for	the	real	world	factors	outlined	in	Section	5.		

Although	ultimately	each	fleet’s	results	will	differ	to	some	degree	from	the	results	of	any	one	test,	the	
industry	 will	 be	 confident	 in	 adopting	 devices	 for	 which	 testing	 shows	 consistent,	 statistically	 valid	
performance	improvements	under	multiple	methods.	Such	devices	are	more	likely	to	offer	performance	
improvement	than	devices	that	have	not	been	tested	through	multiple	rigorous	methods,	or	that	return	
statistically	inconsistent	results	via	multiple	methods.	

Performance	 information	 from	 different	 methods	 is	 rarely	 directly	 comparable,	 but	 too	 often	 it	 is	
presented	 or	 interpreted	 as	 equivalent.	 Also,	 reporting	 of	 test	 results	 too	 commonly	 downplays	 the	
difference	 that	 will	 be	 seen	 between	 the	 findings	 of	 controlled	 testing	 and	 those	 of	 real	 world	
performance.	 This	 is	 a	 disservice	 to	 fleets,	 as	 it	 creates	 distrust	 in	 test	 findings;	 technology	 suppliers	
should	instead	work	to	provide	better	information	on	the	potential	impact	of	real	world	factors,	in	order	
to	 help	 improve	 industry	 confidence	 in	 reported	 performance.	 NACFE	 additionally	 recommends	
increasing	the	industry’s	understanding	of	the	differences	between	methods	so	that	both	end-users	and	
marketers	of	performance	information	share	a	common	vocabulary	
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Appendix A: Facilities/Agencies for Efficiency Testing 
The	following	list	is	an	overview	of	some	of	the	facilities	and	agencies	that	have	been	used	in	industry	or	
government	efficiency	testing.		This	list	is	provided	for	information	only	and	does	not	reflect	in	anyway	a	
positive	or	negative	endorsement	by	NACFE.		It	only	reflects	that	the	facility	or	agency	has	been	used	at	
some	point	in	publicly	available	heavy	duty	vehicle	efficiency	reporting.		The	list	is	not	comprehensive	–	
University	and	Industry	sites	may	have	other	facilities	for	heavy	vehicle	testing	not	listed	here.	Also,	this	
list	is	focused	on	testing	of	aerodynamic	devices	–	some	of	these	facilities	will	also	be	able	to	test	other	
types	of	devices,	and	moreover	facilities	which	do	not	test	aerodynamics	may	not	be	represented	here.	
	

CFD Analysis Resources 
• Exa	Corporation		-	http://exa.com/		
• CD-Adapco	-	http://www.cd-adapco.com/			
• ANSYS	Fluent	-	

http://www.ansys.com/Products/Simulation+Technology/Fluid+Dynamics/Fluid+Dynamics+
Products/ANSYS+Fluent			

• University	of	Tennessee	at	Chattanooga	SimCenter	-	https://www.utc.edu/college-
engineering-computer-science/research-centers/simcenter/			

• Auto	Research	Center	-	http://www.arcindy.com/			
• Total	SIM	USA		-	www.totalsim.us						
• Virginia	Technical	University	-			https://www.aoe.vt.edu/people/webpages/cjroy/cfd-

truck.html			
• Stanford	University	-	http://aero-comlab.stanford.edu/		

On-Road Evaluation Resources 
• Southwest	Research	Institute	(SWRI)	-	http://www.swri.org/		
• Performance	Innovation	Transport	(PIT)	of	FPInnovations	-	http://thepitgroup.com/		

Wind Tunnel Testing 

Scale	

	

Model	
Width	
(inches)	

	

Agency	 Size	 Photo	
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1/1	

100%	
96.00	

NRC	9	m	-	National	Research	
Council	Canada	

http://www.nrc-
cnrc.gc.ca/eng/solutions/fac
ilities/wind_tunnel/nine_me

tre.html	

9.1	x	9.1	x	22.9	m	

(30	x	30	x	75	ft)	

	

1/3	

30%	
34	

NRC	2m	x	3m	-	National	
Research	Council	Canada	

http://www.nrc-
cnrc.gc.ca/eng/solutions/fac
ilities/wind_tunnel/2x3_met

re.html	

1.9	x	2.7	x	5.2	m	

	

1/1	

100%	
96.00	

LRC	-	Langley	Reseach	
Center	

Old	Dominion	University	

http://www.lfst.com/facility
_description.html	

9.1	x	18.3	x	17.1	m	
(30’	x	60’	x	56’)	

	

1/5	

20%	
19.20	

UWAL	-	Kirsten	Wind	Tunnel	
-	University	of	Washington	

http://www.aa.washington.
edu/uwal/	

8'	x	12'	x	10’	

	

1/5	

20%	
19.20	

NLR	LST	National	Aerospace	
Laboratory	Low	Speed	

Tunnel	

The	Netherlands	

http://www.dnw.aero/Wind
-tunnels/LST.aspx	

3.0	m	x	2.25	m	
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1/8	

12.5%	
12.00	

12’	PWT	-	NASA	Ames	12’	
Pressure	Wind	Tunnel	

11.3’	x	11.3’	x	28’	

	

1/10	

10%	
9.60	

TAMU	-		Oran	Nicks	Low	
Speed	Wind	Tunnel	Texas	
A&M	University,	Texas	

http://www.wind.tamu.edu
/	

7’	x10’	x	16’	

	

1/10	

10%	
9.60	

Army	Aeroflightdynamics	
Directorate	7x10-Foot	Wind	

Tunnel,	California	
7’	x	10’	x	16’	

	

1/8	

12.5%	
12.75	

ARC	–	Auto	Research	
Center,	Indiana	

www.arcindy.com	

5.75	x	2.3	x	2.1m	

	

½	

50%	
51	 Volvo	Wind	Tunnel	

15.8m,	width	6.6m,	
height	4.1m	
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1/1	

100%	
102	

Freightliner	Wind	Tunnel	
Research	Facility,	Oregon	

	

	

	 	

NFAC	-National	Full	Scale	
Aerodynamics	Complex,	
Ames	Research	Center,	

California	

40’x80’x120’	

 

1/2.5	

40%	

2.550m	
(8.37ft)	

Mercedes	Benz	Wind	Tunnel	 	

 

Sub-
scale	

Sub-
scale	

NASA	LaRC	14x22	foot	
http://gftd.larc.nasa.gov/fac

ilities/14x22.html	
14.5’	x	21.75’	x	50’	

	

Sub-
scale	

Sub-
scale	

Lockheed	Martin	LSWT	GA	
facility	

http://www.lockheedmartin
.com/us/aeronautics/labs/w

indtunnel_lab/ls-
tunnel.html	

23	x	16	x	43	ft³	
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Sub-
scale	

Sub-
scale	

University	of	Maryland	
Glenn	L	Martin	Wind	Tunnel	
http://www.windtunnel.um

d.edu/	

7.75'	High,	11.04'	
Wide	

	

1/9	

11%	
11.3	

University	of	Michigan	Low	
Speed	Wind	Tunnel	

http://www.engin.umich.ed
u/aero/research/facilities/w

ind-tunnels	

7’	x	5’	x	25’	

	

	

Track Test Facilities 

Goodyear	San	Angelo	Proving	Grounds	
11570	US-277,	San	Angelo,	TX	76905	
(325)	657-9600	
(image	courtesy	Google	Maps)	
	

	

Continental	Uvalde	Proving	Grounds	
6969	FM	117,	Uvalde,	TX	78801	
(830)	591-7000	
http://www.continental-
truck.com/truck/company/business-unit/uvalde	
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Texas	A&M	Transportation	Institute	Pecos	
Research	and	Testing	Center	
Bf	Goodrich	Testing	Track	Rd,	Texas	
http://tti.tamu.edu/group/cts/about/facilities/pe
cos-research-and-testing-center/	

	

Bridgestone	Fort	Stockton	Proving	Grounds	
150	Firestone	Rd,	Fort	Stockton,	TX	79735		
	(432)	336-9191	
http://www.bridgestonetrucktires.com/us_eng/r
eal/magazines/bestof3/speced3_proving_grnd_ts
ting.asp		
(image	courtesy	Google	Maps)	
	

	

Transportation	Research	Center	(TRC)				
10820	State	Route	347	
East	Liberty,	Ohio	43319	
Phone:	(937)	666-2011		
FAX:	(937)	666-5066	
http://www.trcpg.com/facility-tour/75-mile-test-
track.aspx		
	

	

ATDS		
Multiple	locations	
World	Headquarters	
400	S.	Etiwanda	Avenue	
Ontario,	CA	91761	
Phone:	(909)	390-1100		
Fax:	(909)	390-9056		
http://www.automotivetesting.com/			

	
Auburn	University			
http://eng.auburn.edu/programs/aero/research/l
aboratories/aerodyn-lab.html		
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Penn	State	University	
http://www.pti.psu.edu/index.php	
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Figure	12:	Power	
Required	versus	
Vehicle	Speed	

Peterbilt	Motors,	“Peterbilt	Motors	Presents	a	
White	Paper	on	Truck	Aerodynamics	and	Fuel	
Efficiency,”	May	2008	

No	longer	published	by	Peterbilt,	
but	referenced	in	several	public	
papers	and	web	sites.	

Figure	13:	Power	
Required	at	Two	
Speeds	

Peterbilt	Motors,	“Peterbilt	Motors	Presents	a	
White	Paper	on	Truck	Aerodynamics	and	Fuel	
Efficiency,”	May	2008	

No	longer	published	by	Peterbilt,	
but	referenced	in	several	public	
papers	and	sites.	

Figure	14:	
Equation	of	
Motion	for	
Coastdown	of	a	
Heavy	Duty	Truck	

Korst,	H.,	White,	R.,	and	Metz,	L.,	"Road	
Evaluation	of	the	Aerodynamic	Characteristics	of	
Heavy	Trucks,"	SAE	Technical	Paper	2007-01-
4297,	2007,	doi:10.4271/2007-01-4297	

http://papers.sae.org/2007-01-
4297/	

Figure	15:	
Example	High	
Definition	CFD	
Models		

Mihelic,	R.,	“Heavy	Duty	Tractor/Trailer	
Aerodynamic	Testing	Technology,”	presentation	
at	2013	SAE	COMVEC	13CVA1000	Aero	Plenary,	
Oct.	2013,	original	art	from	Peterbilt,	Exa	and	
Adapco	

Contact	Author	for	copy	
	

Figure	16	
Example	Top	
View	of	a	Truck	
in	Wind	Tunnel		

Bayraktar,	I.,”SAE	J2966	-	Guidelines	for	
Aerodynamic	Assessment	of	Medium	and	Heavy	
Commercial	Ground	Vehicles	Using	
Computational	Fluid	Dynamics,”	presentation	
for	2015	SAE	COMVEC	Aero	Plenary	Session	
15CVA1000	

Contact	Author	for	copy	
	

Figure	17	
Example	of	Truck	
Size	With	
Respect	To	
Tunnel	Size	
Termed	Blockage	
Ratio		

Wood,	R.,	"Reynolds	Number	Impact	on	
Commercial	Vehicle	Aerodynamics	and	
Performance,"	SAE	Int.	J.	Commer.	Veh.	
8(2):590-667,	2015,	doi:10.4271/2015-01-2859.	

http://papers.sae.org/2015-01-
2859/	

Figure	18	Multi- Vegendla,	P.,	Sofu,	T.,	Saha,	R.,	Madurai	Kumar,	 http://papers.sae.org/2015-01-
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Vehicle	CFD	
Analysis	Is	
Feasible	In	CFD	–	
Example	Two	Cab	
Overs	On-
Highway	

M.	et	al.,	"Investigation	of	Aerodynamic	
Influence	on	Truck	Platooning,"	SAE	Technical	
Paper	2015-01-2895,	2015,	doi:10.4271/2015-
01-2895.	

	

2895/	

Figure	19	
Example	Curves	
Showing	CFD	
Solutions	
"Settling"	with	
Successive	
Iterations	of	
Analysis		

Original	sample	graphs	from	Exa	and	CD-Adapco	
CFD	processing	

First	published	here	

Figure	20	
Example	Wind	
Tunnel	Tests	
With	Different	
Size	Vehicles	

Mihelic,	R.,	“Heavy	Duty	Tractor/Trailer	
Aerodynamic	Testing	Technology,”	presentation	
at	2013	SAE	COMVEC	13CVA1000	Aero	Plenary,	
Oct.	2013,	art	from	Daimler,	Peterbilt,	NRC,	ARC	

Contact	Author	for	copy	
	

Figure	21	
Reynolds	
Number	Is	
Related	To	Speed	

Wood,	R.,	"Reynolds	Number	Impact	on	
Commercial	Vehicle	Aerodynamics	and	
Performance,"	SAE	Int.	J.	Commer.	Veh.	
8(2):590-667,	2015,	doi:10.4271/2015-01-2859.	

http://papers.sae.org/2015-01-
2859/	

Figure	22	
Coastdown	
Testing		

Mihelic,	R.,	“Heavy	Duty	Tractor/Trailer	
Aerodynamic	Testing	Technology,”	presentation	
at	2013	SAE	COMVEC	13CVA1000	Aero	Plenary,	
Oct.	2013,	art	from	Daimler,	Peterbilt,	NRC,	ARC	

Contact	Author	for	copy	
	

Figure	23	
Constant	Speed	
Testing		

Elofsson,	P.,	“Aerodynamic	drag	input	data	for	
CO2	simulations	in	future	European	regulatory	
methods,”	2014	SAE	COMVEC	Plenary	Session	
14CVA200,	Oct.	2014	

Contact	Author	for	copy	
	

Figure	24	
Average	Wind	
Speeds	Vary	
Considerably	

U.S.	National	Renewable	Energy	Laboratory	
(NREL),	Wind	Exchange,	estimates	provided	by	
AWS	Truepower	LLC	

http://apps2.eere.energy.gov/wind/
windexchange/wind_maps.asp	

Figure	25	Off	
Tracking	Example	

Mihelic,	R.	and	Ellis,	M.,	"Ramifications	of	Test	
Track	Curves	On	Aerodynamic	Prediction	for	
Tractor	Trailer	Vehicles,"	SAE	Technical	Paper	
2013-01-2460,	2013,	doi:10.4271/2013-01-2460.	

http://papers.sae.org/2013-01-
2460/	

Figure	26	
Example	Vehicle	
Speed	Profile	
showing	minutes	
spent	at	various	
speeds	during	a	
period	of	
operation	

Example	graph	not	previously	published.	 First	published	here	
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Figure	27	
Example	In-
Traffic	vs.	Not		
	

Smith,	J.,	Mihelic,	R.,	Gifford,	B.,	and	Ellis,	M.,	
"Aerodynamic	Impact	of	Tractor-Trailer	in	
Drafting	Configuration,"	SAE	Int.	J.	Commer.	Veh.	
7(2):619-625,	2014,	doi:10.4271/2014-01-2436.	

http://papers.sae.org/2014-01-
2436/	

Figure	28	EPA	
Aero	Evaluation	
Comparisons	
from	GHG	Phase	
I	RIA	

U.S.	EPA,	“Final	Rulemaking	to	Establish	
Greenhouse	Gas	Emissions	Standards	and	Fuel	
Efficiency	Standards	for	Medium-	and	Heavy-
Duty	Engines	and	Vehicles	Regulatory	Impact	
Analysis,”,	document	EPA-420-R-11-901,	Aug.	
2011	

http://www3.epa.gov/otaq/climate/
documents/420r11901.pdf	

Figure	31:		6x2	
Fuel	Economy	
Test	Details	
	

North	American	Council	for	Freight	Efficiency	
(NACFE),	“Confidence	Findings	on	the	Potential	
of	6x2	Axles,”	TruckingEfficiency.org,	2013	

http://truckingefficiency.org/chassis	

Figure	32:		Graph	
of	6x2	Fuel	
Economy	Test	
Results	
	

North	American	Council	for	Freight	Efficiency	
(NACFE),	“Confidence	Findings	on	the	Potential	
of	6x2	Axles,”	TruckingEfficiency.org,	2013	

http://truckingefficiency.org/chassis	

Section	4	 SAE	International	Surface	Vehicle	
Recommended	Practice,	“Fuel	Consumption	Test	
Procedure	Type	II,”	J1321,	Rev.	Feb.	2012	

http://standards.sae.org/j1321_201
202/	

Section	4	 SAE	International	Surface	Vehicle	
Recommended	Practice,	“SAE	Fuel	Consumption	
Test	(Engineering	Method),”	SAE	Standard	
J1526,	Rev.	Sep.	2015.	

http://standards.sae.org/j1526_201
509/	

Section	4	 SAE	International	Surface	Vehicle	
Recommended	Practice,	“Truck	and	Bus	
Aerodynamic	Device	Concept	Terminology,”	SAE	
Standard	J2971,	Rev.	Apr.	2013.	

http://standards.sae.org/j2971_201
304/	

Section	4	 SAE	International	Surface	Vehicle	
Recommended	Practice,	"Road	Load	
Measurement	Using	Coastdown	Techniques,"	
SAE	Standard	J2978,	Rev.	(in	development)	

SAE	Task	Force	working	on	initial	
document	
http://standards.sae.org/wip/j2978/	

Section	4	 SAE	International	Surface	Vehicle	
Recommended	Practice,	"Guidelines	for	
Aerodynamic	Assessment	of	Medium	and	Heavy	
Commercial	Ground	Vehicles	Using	
Computational	Fluid	Dynamics,"	SAE	Standard	
J2966,	Rev.	Sep.	2013.	

http://standards.sae.org/j1252_201
207/	

Section	4	 SAE	International	Surface	Vehicle	
Recommended	Practice,	“SAE	Wind	Tunnel	Test	
Procedure	for	Trucks	and	Buses,"	SAE	Standard	
J1252,	Rev.	Jul.	2012.	

http://standards.sae.org/j1252_201
207/	

Section	4	 SAE	J	3015	(WIP)	
SAE	International,	“Reynolds	Number	Scaling	
and	Simulation	Guidelines	and	Methods,"	SAE	

SAE	Task	Force	working	on	initial	
document	
http://standards.sae.org/wip/j3015/	
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Standard	J3015,	Rev.	(in	development)	 	
Section	4	 SAE	International	Surface	Vehicle	

Recommended	Practice,	"	Joint	RCCC/SAE	Fuel	
Consumption	Test	Procedure	(Short	Term	In-
Service	Vehicle)	Type	1(STABILIZED	May	2011),"	
SAE	Standard	J1264,	Rev.	May.	2011.	

http://standards.sae.org/j1264_201
105/	
	

Section	4	 SAE	International	Surface	Vehicle	
Recommended	Practice,	“Constant	Speed	Test	
Procedure	for	Trucks	&	Buses,”	SAE	Jxxxx,	Rev.	
(in	development)	

SAE	Task	Force	working	on	initial	
document	

Section	4	 SAE	International	Surface	Vehicle	
Recommended	Practice,	“Road	Load	
Measurement	and	Dynamometer	Simulation	
Using	Coastdown	Techniques,”	SAE	Standard	
J1263,	Rev.	Mar.	2010	

http://standards.sae.org/j1263_201
003/	

Section	4	 SAE	International	Surface	Vehicle	
Recommended	Practice,	“Road	Load	
Measurement	Using	Onboard	Anemometry	and	
Coastdown	Techniques,”	SAE	Standard	J2263,	
Rev.	Dec.	2008	

http://standards.sae.org/j2263_200
812/	

Section	4	 United	States	Environmental	Protection	Agency,	
“Greenhouse	Gas	Emissions	Standards	and	Fuel	
Efficiency	Standards	for	Medium-	and	Heavy-
Duty	Engines	and	Vehicles,”	40	CFR	§	1037.521	
Aerodynamic	Measurements,	Federal	Register	
Volume	76,	No.	179,	Page	57415,	September	15,	
2011.	

https://www.gpo.gov/fdsys/granule
/CFR-2012-title40-vol34/CFR-2012-
title40-vol34-sec1037-521		

Section	4	 U.S.	Environmental	Protection	Agency,	
“Greenhouse	Gas	Emissions	and	Fuel	Efficiency	
Standards	for	Medium	and	Heavy-Duty	Engines	
and	Vehicles	-	Phase	2;	Proposed	Rule,”	49	CFR	
Parts	512,	523,	534,	et	al.,	Jul.	2015	

https://www.gpo.gov/fdsys/pkg/FR-
2015-07-13/pdf/2015-15500.pdf	

Section	4	 U.S.	Environmental	Protection	Agency,	
“Proposed	Rulemaking	for	Greenhouse	Gas	
Emissions	and	Fuel	Efficiency	Standards	for	
Medium-	and	Heavy-Duty	Engines	and	Vehicles–
Phase	2	Draft	Regulatory	Impact	Analysis,”	EPA-
420-D-15-900,	Jun.	2015	

http://www3.epa.gov/otaq/climate/
documents/420d15900.pdf	

Section	4	 American	Trucking	Association	(ATA)	Technology	
&	Maintenance	Council	(TMC),	“Type	II	Fuel	
Economy	Test	Procedure.”	ATA	TMC	RP1102A	

http://www.trucking.org/ATA%20Do
cs/About/Organization/TMC/Docum
ents/RP_MANUAL_DESCRIPTIONS.p
df	

Section	4	 American	Trucking	Association	(ATA)	Technology	
&	Maintenance	Council	(TMC),	“Type	IV	Fuel	
Economy	Test	Procedure.”	ATA	TMC	RP1109B	

http://www.trucking.org/ATA%20Do
cs/About/Organization/TMC/Docum
ents/RP_MANUAL_DESCRIPTIONS.p
df	

Section	4	 American	Trucking	Association	(ATA)	Technology	 http://www.trucking.org/ATA%20Do
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&	Maintenance	Council	(TMC),	“Relationships	
Between	Truck	Components	and	
Fuel	Economy,”	ATA	TMC	RP1111B	

cs/About/Organization/TMC/Docum
ents/RP_MANUAL_DESCRIPTIONS.p
df	

Section	4	 American	Trucking	Association	(ATA)	Technology	
&	Maintenance	Council	(TMC),	“In-Service	Fuel	
Consumption	Test	Procedure	–	Type	III,”	ATA	
TMC	RP1103A	

http://www.trucking.org/ATA%20Do
cs/About/Organization/TMC/Docum
ents/RP_MANUAL_DESCRIPTIONS.p
df	

Section	4	 American	Trucking	Association	(ATA)	Technology	
&	Maintenance	Council	(TMC),	“Driver	Effects	on	
Fuel	Economy,”	ATA	TMC	RP1114	

http://www.trucking.org/ATA%20Do
cs/About/Organization/TMC/Docum
ents/RP_MANUAL_DESCRIPTIONS.p
df	

Section	4	 American	Trucking	Association	(ATA)	Technology	
&	Maintenance	Council	(TMC),	“Guidelines	for	
Qualifying	Products	Claiming	a	Fuel	Economy	
Benefit,”	ATA	TMC	RP1115	

http://www.trucking.org/ATA%20Do
cs/About/Organization/TMC/Docum
ents/RP_MANUAL_DESCRIPTIONS.p
df	

Section	4	 American	Trucking	Association	(ATA)	Technology	
&	Maintenance	Council	(TMC),	“Analysis	of	Costs	
from	Idling	and	Parasitic	Devices	for	Heavy	Duty	
Trucks,”	ATA	TMC	RP1108	

http://www.trucking.org/ATA%20Do
cs/About/Organization/TMC/Docum
ents/RP_MANUAL_DESCRIPTIONS.p
df	

Section	4	 American	Trucking	Association	(ATA)	Technology	
&	Maintenance	Council	(TMC),	“Evaluating	
Diesel	Fuel	Additives	for	Commercial	Vehicles,”	
ATA	TMC	RP1106A(T)	

http://www.trucking.org/ATA%20Do
cs/About/Organization/TMC/Docum
ents/RP_MANUAL_DESCRIPTIONS.p
df	

Section	4	 American	Trucking	Association	(ATA)	Technology	
&	Maintenance	Council	(TMC),	“Fuel	Savings	
Calculator	for	Aerodynamic	Devices,”	ATA	TMC	
RP1118	(in	process	of	release)	

(in	process	of	release)	
http://www.trucking.org/ATA%20Do
cs/About/Organization/TMC/Docum
ents/RP_MANUAL_DESCRIPTIONS.p
df	

Section	4	 California	Air	Resources	Board,	“California	Air	
Resources	Board	Implementation	Guidance	for	
theTractor-Trailer	GHG	Regulation,”,	Ver.	1,	Oct.	
2012	

http://www.arb.ca.gov/cc/hdghg/do
cuments/modaeroguidev1.pdf	

Section	5	 Cummins,	“Secrets	of	Better	Fuel	Economy,	The	
Physics	of	MPG,”	2010	

http://cumminsengines.com/upload
s/docs/Secrets%20of%20Better%20
Fuel%20Economy_whitepaper.pdf	

Section	5	 Fitch,	J.,	“Motor	Truck	Engineering	Handbook,	
2nd	Edition,”	San	Francisco,	James	W.	Fitch	
Publishing,	1976	

Not	on-line	

Section	5.1	 Department	of	Energy	guide	on	Diesel	Engines	 http://energy.gov/sites/prod/files/2
013/06/f2/h1018v1.pdf	

Section	5.14	 FPInnovations	Performance	Innovation	
Transport	(PIT)	Case	Study,	“Is	ECM	data	
accurate	enough	to	use	when	making	decisions	
about	fuel	saving	technologies	or	operational	
practices?”	Oct.	2015	

http://thepitgroup.com/wp-
content/uploads/2015/10/ECM-
Case-Study-A-PIT-Group-Case-
Study.pdf	

Section	6	 Beck,	J,	Salari,	K.,	Ortega,	J.,	Brown,	N.	“Fleet	
Evaluation	and	Factory	Installation	of	

http://www.osti.gov/scitech/servlet
s/purl/1158764/	
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Aerodynamic	Heavy	Duty	Truck	Trailers”	U.S.	
Dept.	of	Energy	report	DE-EE0001552,	Dec.	2013	
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Appendix C: Organizations Named in the Body of This Report 
	

First	
Mention

ed	

Organization	 Website	

Section	1	 North	American	Council	for	Freight	Efficiency	
NACFE	

http://nacfe.org/	

Section	1	 The	Carbon	War	Room	 http://carbonwarroom.com/	
Section	1	 Truckingefficiency.org	 http://www.truckingefficiency.org	
Section	1	 American	Transportation	Research	Institute	

(ATRI)	
http://atri-online.org/	

Section	
3.4	

21st	Century	Truck	Partnership	 http://energy.gov/eere/vehicles/vehi
cle-technologies-office-21st-century-
truck-partnership	

Section	
3.5	

U.S.	National	Institute	of	Standards	and	
Technology,	NIST	

http://www.nist.gov/	

Section	
3.5	

Purdue	University,	CHM	621	Course	Material,	
“Bias	and	Accuracy”	

https://www.chem.purdue.edu/cour
ses/chm621/text/stat/relev/bias/bias
.htm	

Section	
4.1	

Exa	Corporation	 http://exa.com/	

Section	
4.1	

CD-Adapco	 http://www.cd-adapco.com/	

Section	
3.6	

Peterbilt	Motors	Company	 http://www.peterbilt.com/	

Section	4	 SAE	International	 http://www.sae.org/	
Section	4	 American	Trucking	Associations	(ATA)	 http://www.trucking.org/	
Section	4	 Technology	&	Maintenance	Council	 http://www.trucking.org/Technology

_Council.aspx	
Section	4	 U.S.	Environmental	Protection	Agency	(EPA	

SmartWay	
http://www3.epa.gov/	

Section	4	 U.S.	Environmental	Protection	Agency	(EPA)	
SmartWay		

http://www3.epa.gov/smartway/	

Section	4	 National	Research	Council	Canada	(NRC)	 http://www.nrc-cnrc.gc.ca/eng/	
Section	4	 European	Automobile	Manufacturers	Association	

(ACEA)		
http://www.acea.be/	

Section	4	 Japanese	Automobile	Manufacturers	Association		
(JAMA)	

http://www.jama-english.jp/	

Section	5	 Cummins	 http://cumminsengines.com/	
Section	5	 U.S.	National	Renewable	Energy	Laboratory	

(NREL)	
http://www.nrel.gov/	

Section	5	 Mesilla	Valley	Transportation	 http://m-v-t.com/	
Section	5	 Transportation	&	Logistics	International	 http://www.tlimagazine.com/	
Section	5	 Heavy	Duty	Trucking	 http://www.truckinginfo.com/	
Section	6	 U.S.	Department	of	Energy,	Lawrence	Livermore	 https://www.llnl.gov/	
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National	Laboratory	(LLNL)	
Section	6	 Frito	Lay	Corporation	 http://www.fritolay.com/	
Section	6	 Spirit	Truck	Lines	 http://spirittrucklines.com/	
Section	6	 Werner	Enterprises	 http://www.werner.com/	
Section	6	 Schneider	National	 http://schneider.com/	
Section	6	 FPInnovations		Performance	Innovation	

Transport	(PIT)	
http://thepitgroup.com/	

	

 


