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Project Brief 
Project Scope 
 

1. Review in-tank temperature data across Australia to determine the best temperature 
regions/zones, taking into account the location of the Australian Terminals and terminal 
temperatures. 

2. Continue Volume Correction Factor Table to convert L15 to ambient data. 
3. Graphing of region vs temperature. 

Documentation 
 
All research/findings/conclusions by the authors of this report are to be documented on the 
Company Report Project Template. 
 

Volume Correction Factor 
Introduction 
 
The volume of a specific mass of fuel changes with temperature. As a fuel heats up, it expands, 
while as it cools, it contracts. This means that there can be a significant difference in the 
measured volume of the fuel at different temperatures. For most petrols, fuel volume increases 
by 0.13% /oK [1]. 
 
The Volume Correction Factor (VCF) is used to convert the fuel volume at ambient temperature 
to 15oC (L15). The VCF is nominally different for each fuel mixture, though in reality one value 
can be used for each type of fuel (Petrol, diesel, etc). There is a significant difference between 
petrol and diesel VCF values [1]. 
 
 The VCF values for Diesels and Petrols with less than 15% Ethanol have been published by 
Measurements Canada ([1]), however these values only range from -40oC to 30oC, which 
doesn’t adequately represent Australia’s warmer climate. This project extends the data up to 
45oC for use in the Australian climate. 
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Method 
 
Linear Model: 

● Extrapolate Canadian Measures Data from 30oC out to 50oC. 
● No Input from fundamental equation 
● High R^2 value 

Exponential Standards Model: 
● Based on Manual of Petroleum Measurement Standards Chapter 11. 
● Thermal Coefficient worked out from Canadian data 

○ Extrapolated out to 45oC. 

Results 
Although a linear model did fit the data well, with an R^2 value close to 1, reverse engineering 
the model provided in the standards gave results that were exact to 4 or 5 decimal places. In 
order to arrive at the equations below, the following was used as a starting point: 
 

𝑉𝑉𝐶𝐶(𝑇𝑇) =  𝑒𝑒−𝛼𝛼(𝑇𝑇−15)�1+0.8𝛼𝛼(𝑇𝑇−15 + 𝛿𝛿𝑇𝑇)�, 
 𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑉𝑉𝐶𝐶(𝑇𝑇) 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑒𝑒 𝑐𝑐𝑣𝑣𝑒𝑒𝑒𝑒𝑒𝑒𝑐𝑐𝑡𝑡𝑖𝑖𝑣𝑣𝑐𝑐 𝑓𝑓𝑓𝑓𝑐𝑐𝑡𝑡𝑣𝑣𝑒𝑒 𝑓𝑓𝑡𝑡 𝑡𝑡𝑖𝑖𝑣𝑣𝑒𝑒 𝑇𝑇  

 
The standards listed the value of 𝛿𝛿𝑇𝑇as 0.05 for both petrol and diesel, but it still remained to 
obtain the thermal expansion factor, 𝛼𝛼, for both fuel types. To do this, a single point was taken 
and after plugging in the values for each known variable at this point, an expression for the 
known correction factor was then equated to an expression only involving 𝛼𝛼. Solving for 𝛼𝛼 then 
produced the equations below. This process was undertaken for both petrol and diesel. The 
plots below illustrate the consistency between the reverse-engineered equation and the known 
VCF values from the standards. 
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The equations used to calculate the Volume Correction Factors for Diesel and Petrol were as 
follows: 
 

𝑉𝑉𝐶𝐶,𝐷𝐷(𝑇𝑇)  =  𝑒𝑒−0.000843811∗(𝑇𝑇−15)∗(1+0.8 ∗0.000843811∗(𝑇𝑇− 15 + 0.05))  
 

𝑉𝑉𝐶𝐶,𝑃𝑃(𝑇𝑇)  =  𝑒𝑒−0.00125135∗(𝑇𝑇−15)∗(1+0.8 ∗0.00125135∗(𝑇𝑇− 15 + 0.05))   
 

Where 𝑉𝑉𝐶𝐶,𝐷𝐷(𝑇𝑇) & 𝑉𝑉𝐶𝐶,𝑃𝑃(𝑇𝑇) refer to the Volume Correction Factors for Diesel and Petrol 
respectively. 
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Petrol: 
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Diesel: 
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Conclusion 
The model produced by the Canadian Centre of Statistics was extrapolated from its current 
domain to include temperatures up to 45℃. The resulting functions were consistent with the 
pre-defined values. 

Extension: 
The above equations could be further developed to account for varying petrol types. As E91, 
E95 and E98 have different densities; it follows that they would also experience different 
thermal expansion factors. These differences may be negligible, but it is worth looking into. As 
these expansion factors are empirical values, tests would need to be undertaken measuring the 
expansion of different fuel types under differing temperatures. 

Region Graphing 
The ATG’s placed in each tank at ‘Company A’ petrol stations record temperature data every 30 
minutes. This data is then used to calculate the monthly average temperatures for each of the 
geographic regions. Each region contains between 10 - 30 individual sites, and each state has 
between two to ten regions. Sites are allocated to each region based on their supply terminal 
and their geographical proximity. 
 
In addition to each station’s tank-temperature data, the regional temperature data can also be 
used in conjunction with the manually inputted Terminal Temperature to calculate the Delta T 
(Terminal Fuel Temp - Station Fuel In-Tank Temp). A high Delta T indicates that a VCF (volume 
correction factor) needs to be applied in order to accurately compensate how much petrol has 
been pumped into a station’s tank by a tanker from the terminal. 
 
One issue with this is that, unlike the station in-tank temperature, which is automatically 
updated every 30 minutes, only one Terminal Temp can be added per region, per month. 
Furthermore, terminals do not regularly release the temperatures of their fuel storage tanks. 
This lack of data means that the software program is compromised in its ability to calculate 
Delta T for each region. While a full solution to this issue requires the cooperation of the 
Terminal operators, available data can at least be verified by company personnel for 
abnormalities.  
 
In order to make this process easier, an updated version of the RegionDefaults.xsl spreadsheet 
was created which automatically plots the average Station Tank Temperature, Terminal 
Temperature, and Delta T, for both petrol and diesel fuels. As of May 2016, only data for 
November and December 2015, and January, February, and March 2016 was available.  As 
more data is added into the new RegionDefaults.xsl sheet, the graphs should add in the new 
months, revealing the year-long trend. 
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Victorian Graphs 
The Victorian graphs are shown below. The graphs for other states and territories can be found 
in the MS Excel file. 
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Region Comparison 
Introduction 
Currently, the different sites across Australia are split into 42 separate regions, based on their 
Terminal, geographical proximity and local climate. Each region needs to be individually 
analysed, so any possible reduction in the number of regions would reduce the workload on 
analysts. 
 
The graphs for each state show that there are several regions which not only share the same 
terminal, but also whose average station in-tank and Delta T are remarkably similar. As of now, 
there are 42 regions, each needing to be monitored. Being able to reduce this number of 
regions to more manageable proportions would decrease the workload on the analysts. In 
order to determine whether some regions could be merged, raw data from the ATG’s in each of 
the tanks in a region was analysed to similar data from a second target region using a two 
tailed, unpaired t-test.   

Method 
 

● Look at 12 months of data: 
○ Visually inspect the similarity between current regions and group where the 

petrol & diesel values are similar, taking into account not only the site 
temperature, but also the terminal-site deltas. 

● Based on these categories, subdivide further based on the delta T values within each 
category. 

 
The region defaults data provides a broad overview of the temperature data for each of the 
regions, broken down into Station Temperature, Terminal Temperature, and 𝛥𝛥𝑇𝑇,(Terminal - 
Station). Regions which are similar on all three graphs are possible candidates for merging. This 
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can be confirmed by performing statistical testing between the two sets of sites to see if there 
is a significant difference in Temperature and 𝛥𝛥𝑇𝑇 
 
From the region defaults graphs, potential sites for merging are: 

● Victoria 
○ Region 1 and Region 2 
○ Region 5 and Region 6 
○ Region 7 and Region 8 

● NSW 
○ Region 28 and Region 31 

● QLD 
○ Region 11, Region 13 and Region 14 

 
The Northern Territory, South Australia, Western Australia and Canberra did not have any 
regions that looked like they could be merged. 
 

T-tests 
 
In each test, the 95% confidence interval for the difference of means was found. If this 
confidence interval included zero, then these two regions could be grouped together. The 
temperature data was assumed to have a normal distribution, and that the two groups have a 
similar variance. Since each region has a large sample size (n>10,000), we can approximate the 
confidence interval for both tank temperature and Delta T as: 
 

 
 
The x terms refer to the mean of the sample, the s terms refer to the standard deviation of the 
sample, the n terms refer to the sample size, and the t term is a probability scalar. A P-value of 
0.05, and the conservative value of r (minimum of the two sample sizes, typically 20,000), are 
used to find this co-efficient for each Confidence Interval. 
 
The comparison of the tank temperatures used all the temperatures for the tanks, taken at 30 
minute intervals over the course of a month. This meant that variability between night and day 
was included in the comparison. Since there are a different number of points in each region, 
the test is unpaired. 
 
In this test, we are checking to see if the difference of means lies outside of 0. If it does, then 
we can say with 95% confidence that the regions are different. If the confidence interval 
contains zero, then there is no reason for the reasons to be separated, as they cannot be said to 
be statistically different. However, as a large number of tests are being done, there is a 1 in 20 
chance that a Confidence Interval will lie outside of zero by chance. For the regions to be 
distinct, the Confidence intervals need to consistently lie outside 0. 
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In the case that there are 3 or more regions that visually appear similar, each region is 
compared to every other region in the group (keeping in mind that comparing region A to 
region B is the same as comparing region B to region A). In the case for say regions A, B & C, 
with A similar to B and B similar to C; A is not necessarily similar to C. As such, although an 
ANOVA test would tell us whether or not all three regions are similar, it won’t tell us if groups 
of two are (i.e. A is similar to B, but neither is similar to C etc.). As such, the successive 
comparison method stated above will be employed. 
 
 
Upon the completion of these successive tests, there will be p values for each category tested 
between the regions (i.e. 4 per month for Temperature and 𝛥𝛥𝑇𝑇).To determine the p value used 
to conclude the hypothesis test; all of these p values will be averaged. Below is a flow chart 
summary of the above method. 
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Region 1 Vs Region 2, Diesel, January 
For a P-value of 0.05 and with ~20,000 temperatures in each region, the t-scalar value is 1.96 
(Which is effectively a P-test value for a normalised curve.)  This means that the confidence 
intervals for January Victorian Diesel are given by: 

 

 
 

 
In this case, the Confidence Interval lies outside 0, so this test indicates that the regions are 
distinct.  
 
The Confidence Intervals for the other months and fuel types is shown in the appendix. The 
Confidence Intervals are summarised in the table below. 

Results 
Region 1 vs Region 2 
Confidence Intervals for each month comparing Region 1 and 2 are plotted below. 
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From the graphs above, it can be seen that 0 lies outside the 95% confidence interval for both 
the petrol and diesel temperature differences for regions 1 and 2 each month. As a result, we 
can say with 95% confidence that the mean temperatures each month will be different. As 95% 
was chosen as the level of significance, this implies that regions 1 and 2 are too dissimilar to 
combine. 

Conclusion 
 
Through statistical analysis, Regions 1 and 2 were found to be statistically different with a p-
value of less than 0.05. This means that they cannot be joined. Other similar stations could be 
compared above using the same method. 

Extension 
 
The above method only takes into account regions from the same state. There may be regions 
from different states that, on a yearly scale, act very similarly. These interstate regions would 
then be candidates for combination. Further analysis would need to be undertaken as other 
factors, not necessarily statistical, may contribute to the final decision. 
 
At the time of this report, only the Nov-Apr data was known. To further verify the above 
findings, the similarities between regions should also be compared for future months. 
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Appendix 
 
Below are tables containing the confidence intervals for regions 1 and 2 for each month in 
which data was available.  
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