
 

 

 

INTRODUCTION 
Palm Tran received a state grant for $65,000 from the Florida Department of Transportation 
to install nitrogen fill systems in its Delray Beach and West Palm Beach maintenance 



facilities. The installation was completed in the Delray Beach facility in November of 2007 
and in the West Palm Beach facility in February of 2008. The study commenced in March of 

2008. After one month of data collection it was determined the sample size of study vehicles 
was too labor intensive to continue taking readings and maintaining tire pressures on a 
weekly basis. The sample size was reduced and the formal study period commenced in April 
of 2008.  
 
Palm Tran performed a tire nitrogen inflation study vs. air tire inflation during the period 
April 1, 2008 to November 30, 2008. These results were shared, analyzed, and reviewed by 
the Department of Mathematical Sciences Florida Atlantic University (FAU) and Harold 
Herzlich of HERZLICH CONSULTING, INC. Herzlich reviewed the results with the following 
comments: 
 

“Palm Tran is to be complimented for addressing a cutting edge opportunity in this 
developing paradigm shift regarding tire maintenance and improved fuel economy. I am 

disappointed, as I'm sure they are, that the nitrogen/air comparisons run in April 

and September did not develop a statistically valid fuel economy difference between 

the two inflation gases. It is a chemical fact that nitrogen offers many tire related 

advantages that can be reviewed by a past summary of mine (Google: Herzlich 

Nitrogen). The reasons for the disappointment of their study can be readily 

addressed. 
 
The disappointment lies in the design of the experiment. 
 
While the design of the failed experiment is rational, various chemical realities 

such as the "ideal gas law" were not factored into the testing protocol. The object 

of the experiment was to prove that nitrogen inflation will improve fuel economy. All 

the other benefits such as improved casing life and reduced risk of internal flame 

ignition in over heated tires were not the objective. I had a client on the west 

coast who had braking tire ignition problems where a few buses burned to the ground. 
 
In reviewing the protocol, I notice that nitrogen inflation and air inflation runs 

was done at different times. The nitrogen April and October tests compared to the May 

and August tests created different ambient (temperature/humidity) conditions that 

would have an effect on tire operating temperatures as well as the important cool 

down rates of the tires. The May and August air inflation tests operated at higher 

ambient temperatures benefiting theses tires with higher air pressure and slower cool 

down. The fact that no advantage was noted for air even with this higher operating 

temperature indicates a hidden positive for the nitrogen that is now below the 

statistical radar screen. 
 
As I understand, the experimental tires were re inflated to their required pressure 

each week despite the standard practice of this fleet to check and top off each 

month. I would suggest that this very high level of inflation maintenance in the 

experiment is very difficult to achieve reliably in the real world (especially with 

dual tire configurations and the tight wheel well clearances). 
 
Hot tires with their increased "ideal gas law" air pressure advantage due to seasonal 

conditions have the additional fuel economy advantage of having lower rolling 

resistance due to the interesting fact that hot rubber has higher resiliency (lower 

rolling resistance) than cool rubber. 
 



There are too many scientifically demonstrated advantages to high purity nitrogen 

inflation to let this study be used as a basis for abandoning Palm's on-target effort 

to get more bang for the buck from their tires.” 
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1. Data Description 

The selected 10 buses from Palm Tran were filled with nitrogen from 4/1/2008 to 4/30/2008 and 

10/1/2008 to 11/30/2008, and these same buses were filled with regular air from 5/1/2008 to 

5/30/2008 and 8/1/2008 to 9/30/2008, respectively. Based on the gallons of gas consumed and 

miles traveled, the average mpgs are calculated and are provided as follows: 

Bus NitroMPG AirMPG 

PB0026 4.06267 3.96989 

PB0027 3.94639 3.77275 

PB0028 3.85454 3.75730 

PB0029 4.09197 3.97273 

PB0030 3.78776 3.54864 

PB0106 4.38139 4.13064 

PB0107 3.87339 4.02918 

PB0108 3.36397 3.74738 

PB0109 3.85345 4.09840 

PB0110 4.21745 4.09408 

 

Where the bus identification numbers are listed in column “Bus”, the corresponding average 

mpgs for buses filled with nitrogen are listed in column “NitroMPG”, and the average mpgs for 

buses filled with air are listed in “AirMPG”.  

 



The hypothesis we would like to test is whether the nitrogen product affects the fuel efficiency 

(defined and measured as mpg or miles per gallon of gasoline). More precisely, we would like to 

test the claim whether by using nitrogen to inflate tires the mpg will increase, decrease or remain 

the same. We will do this statistically, using a confidence level of 95% based on the two data 

sets. 

 

2. Data Analysis 

 

We first observe the graphical summary descriptive statistics for both the nitrogen filled data 

(Nitro) and the air filled data (Air): 

 

 
 

 

 



 
 

 

The above indicates an estimated mean 3.9433 mpg for nitrogen filled data with a standard 

deviation of 0.2757 mpg. The estimation for mean mpg for the air filled data is 3.9121 mpg with 

a standard deviation 0.1941 mpg. We can also observe the confidence intervals which indicate 

that 95 out of 100 times the true means will fall within the estimated boundaries. 

 

Now, we use paired t-test and 95% confidence interval to compare fuel efficiency for the same 

group of buses filled with nitrogen and filled with air.  

 

The statistical hypotheses are the following: 

 

H0: There exists no difference between the true mean mpgs for the group of buses filled with 

nitrogen and filled with air, respectively.  

H1: There exists a difference between the true mean mpgs for the group of buses filled with 

nitrogen and filled with air, respectively.  

 

------------------------------------------------------------------------------------------------------------ 

Paired T-Test and CI: NitroMPG, AirMPG  
Paired T for NitroMPG - AirMPG 
N Mean StDev SE Mean 
NitroMPG 10 3.9433 0.2757 0.0872 
AirMPG 10 3.9121 0.1941 0.0614 
Difference 10 0.0312 0.2158 0.0683 
95% CI for mean difference: (-0.1232, 0.1856) 



T-Test of mean difference = 0 (vs not = 0): T-Value = 0.46 P-Value = 0.658 
------------------------------------------------------------------------------------------------------------ Since 

0 is included in the 95% confidence interval for mean difference and the P-value 0.658 is much 

larger than the significance level 0.05, we fail to reject H0. This means that statistically speaking 

the two sets above are homogeneous and so there is no difference in mean mpgs for buses filled 

with nitrogen and filled with air in this experiment.  

The Box and Individual value plots below provide a graphical idea of these results: 

Boxplot of Differences 

 
 

Notice that the mean difference falls inside a statistically zero interval (an interval that contains 

zero or have both negative and positive boundaries.) 

 

Individual Value Plot of Differences  
 



 
 

 

It seems that we observe an improvement in the fuel efficiency for the group of buses filled with 

nitrogen, but this difference (which is estimated to be 0.0312 mpg) is due to randomness and not 

due to the nitrogen. We can say this since in the analysis above we have just disproved the 

hypothesis of a difference, either positive or negative. The difference in fact falls between a 

statistically null interval (a confidence interval which has both negative and positive boundaries) 

making it not different from zero in the probabilistic sense. 

 

 

 

 

 

3. Conclusion 

 

From the previous data analysis we conclude that there is yet no observable effect in the fuel 

efficiency due to nitrogen tire inflation for the group of buses in this experiment. Presumably 

nitrogen tire inflation should have some positive effect on fuel efficiency compared with air tire 

inflation. However, in this experiment, Palm Tran checked and corrected tire pressure weekly; 

therefore we suspect that any presumable positive effect of nitrogen on fuel efficiency would 

vanish when we compare it with regular air inflation. 



 

 

The single most critical factor for maximizing tire life and minimizing the chance of catastrophic 

tire failure is maintaining the proper inflation pressure for a given tire size and load. Based on the 

GAO report titled "Underinflated Tires in the United States" published in February 2007, more 

than a quarter of automobiles and about a third of light trucks on the road ways of the united 

States have one or more tires underinflated 8 pounds per square inch or more below the level 

recommended by the vehicle manufacturer. Underinflated tires have negative impacts on safety, 

fuel economy and environment. One way to help maintain proper tire inflation is to fill tires with 

nitrogen instead of compressed air. 

 

 

According to tire experts, under normal driving conditions, air filled tires can lose 1 to 2 psi per 

month as air permeates through the tires. Nitrogen permeates through tires slower than air and 

studies have shown that tires filled with nitrogen retain pressure levels longer and age more 

slowly. If we assume that the customer checks and corrects tire pressure monthly (or a longer 

time period), then the nitrogen tire inflation will show big improvement on fuel efficiency 

compared with regular air tire inflation (as indicated in some previous studies for commercial 

trucks). But if the customer checks and corrects tire pressure weekly (this is rarely the case in 

real life), then the tire pressure for both nitrogen and air  inflation are more or less the same 

which will diminish the benefit of nitrogen tire inflation on fuel efficiency compared with air tire 

inflation. 

 

 

 

 

Finally, let us give the following comments: 

1.   Data available from other lab tests and field trials supports the benefits of nitrogen 

tire filling. 

2.   Based on data from other trials, a longer trial (6-9 months) is required to come up 

with any reasonable conclusions. 

3.   This trial period was not long enough to validate any scientific conclusions. 

4.   Data collected is insufficient to draw any scientifically backed conclusions and more 

comprehensive data is required to draw any scientific conclusions. 

5.   Based entirely on the current short term data, no clear indication is available to 

indicate if air or nitrogen tire filling is advantageous. 

6.      Data is influenced by weekly checking, monitoring and filling of tires, which adds 

significantly extra cost to any operation. A correct test would only have the currently 

practiced protocol for measuring and topping off tires. 



7. We suggest that Palm Tran uses a carefully designed new procedure to perform test 

and collect comprehensive data in order to obtain scientific and reliable results on fuel 

efficiency for nitrogen and air tire inflation. 

 

SUMMARYSUMMARYSUMMARYSUMMARY 

Palm Tran is currently conducting further analyses using an electronic pressure sensor 

monitoring device that captures the tire pressure electronically. The results of this testing should 

be completed by June 2009. The test results will be available to the public at that time to assist in 

our efforts to show the benefits of nitrogen fill in a fleet environment. Palm Tran’s revenue 

service fleet of over 140 buses continues to use nitrogen filled tires. Palm Tran will continue to 

test nitrogen filled tires in our fleet. Further results will be published with miles per gallon 

(MPG) and quantitative dollars recognized in fuel savings.  

 


