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Industrial Engineering statistical methods can be used to analyze trends in monthly bills.  Techniques such as distribution and regression analysis will be used to analyze information on a set of monthly electricity and phone bills spanning multiple years.  Electricity and phone bills will be analyzed, since those bills provide the most variable information.  Other bills such as cable and mortgage are essentially constant every month.
Electricity Cost and Consumption
The monthly bill for electricity from the City of Oak Ridge, Tennessee does not provide an explanation of how the rate for electricity usage is calculated.  The amount charged per kilowatt hour (kWh) unit of electricity used could be based factors such as amount of electricity consumed and monthly temperature.  Industrial Engineering statistical methods will be used to determine the probability of how each factor affects the cost per kilowatt hour unit.  The data for monthly electricity consumption and total cost (amount due) were acquired from monthly electricity bills, and the cost per kWh unit was derived by dividing the cost (amount due) by the consumption value.  Information for monthly temperatures was acquired from the National Weather Service website.  The difference between the ending electric usage period and the end of the calendar month will be considered negligible for this analysis, but the difference could be the source of a small amount of error.
	Monthly Average Temperature for

Oak Ridge, TN

From National Weather Service Website
	Monthly Electric Bill
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	Data Entered Into JMP

	
[image: image3.png]d Consumption Morthly Ava
Morth Vear (o) | Cost (dollrs)  RC

1 2003 1385 92,22 |0.06658453 EE
2 2003 1982 129.48|0.08532795 402
3 2003 1136 76,69 |0.06750880 533
4 2003 740 51.98|0.07024324 61
5 2003 Exl) 26.45|0.07990936 67.8
6 2003 302 24,64 |0.08158940 716
7 2003 364 28,51 |0.07832417 769
] 2003 502 37.12 007394422 783
9 2003 342 27.14 007936672 693

10 2003 743 5519007427994 593

11 2003 1492 104.21 | 0.0B984E84 536

12 2003 2309 167,67 | 0.08828497 ES)
1 2004 3245 218,99 |0.06746457 5
2 2004 3036 205,25 |0.06760540 09
3 2004 1279 90.27 |0.07057857 539
4 2004 3% 32.48|0.08202020 586
5 2004 324 27.77 | 008570967 714
6 2004 E) 31.31 |0.08263068 75
7 2004 419 33.99 008112171 773
] 2004 518 40.47 |0.07812741 742
9 2004 413 336008136593 712

10 2004 293 25.740.08784962 642

11 2004 349 35.61|0.10203438 534

12 2004 511 41.43|0.08107632 W5
1 2005 741 56.79|0.07663967 23

2 2005 1103 80,97 |0.07340888 4.2
3 2005 997 73.89 007411233 482
4 2005 572 50,5 |0.08828671 582
5 2005 454 37.62|0.082686343 64
6 2005 591 46,77 |0.07913705 752
7 2005 927 69,21 |0.07466019 784
] 2005 864 65.01|0.07524305 794
9 2005 683 52,92 |0.07748169 739
0 2005 668 55.17 | 008258982 609
1 2005 715 58,54 |0.08167412 503







Using the JMP software, the following statistics were generated:
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Therefore, the true average consumption amount for a 95% confidence interval is from 635.99 kWh to 1141.44 kWh.  The true average of cost each month with a 95% confidence interval is from $48.65 to $81.38.  This cost interval could be used to determine how much to budget on average for the monthly electric bill.  The true average of cost per kWh with a 95% confidence interval is from 0.0747 to 0.0800.
A “Stem and Leaf” diagram was constructed for monthly consumption, cost, and cost per kWh.

	Cost (dollars)
	Consumption (kWh)
	Cost per kWh (dollars)
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The diagrams show that cost and consumption appear to follow an exponential distribution, and cost per kWh appears to follow a normal distribution.
For verification, a “Normal Quantile Plot” was constructed for cost, consumption, and cost per kWh.

	Cost (dollars)
	Consumption (kWh)
	Cost per kWh (dollars)
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The “Normal Quantile Plot” diagrams verify that cost and consumption do not follow a normal distribution, and cost per kWh does follow a normal distribution.  A distribution is normal when the points lie along the red solid line.  The points clearly do not lie on the line for the cost and consumption diagrams, while the points do appear to lie near the line for the cost per kWh diagram.
Linear fits were generated to determine if cost, consumption, or cost per kWh were related to monthly average temperature.
	Cost by Monthly Average Temperature
	Consumption by Monthly Average Temperature
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	Cost per kWh by Monthly Average Temperature
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According to the JMP output, 42.78% of cost is explained by monthly average temperature, 42.32% of consumption is explained by monthly average temperature, and 15.15% of cost per kWh is explained by monthly average temperature using a linear fit.  Applying a quadratic fit in JMP (not shown) slightly increases the amount explained by monthly temperature, with 51.88% for cost, 52.37% for consumption, and 29.07% for cost per kWh.  From the linear fit, there is some evidence that cost and consumption are associated with monthly average temperature, and there is little evidence that cost per kWh that is associated with monthly average temperature.  The Analysis of Variance (ANOVA) table calculates the difference between the model and error.  The p-value (displayed as “Prob > F”) is the probability that the values do not follow the model.  The p-values suggest that cost and consumption are related to monthly temperatures, since the p-values for cost and consumption are near zero.  
The consumption linear fit diagram shows that electricity consumption is much greater with lower temperatures.  The reason for the consumption association with temperature is probably because of the high electricity usage of electric heating.    The electricity consumption of air conditioning in higher temperatures is most likely less than the electricity consumption of heating in lower temperatures.  Cost is directly related to consumption, which explains why the percentage is nearly the same as consumption.  However, there appears to be little evidence that the rate charged for electricity depends on current monthly temperature.  These conclusions would probably not hold for homes with gas heating, where electricity usage from heating would not exist.
Finally, JMP was used to test the association between consumption and cost per kWh.
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The output shows that 64.81% of cost per kWh is explained by consumption, when using a quadratic fit.  There is significant evidence that the price of electricity per kWh unit is determined by the amount consumed.  The diagram shows that as more electricity is used, the less it costs per kWh unit.
Phone Usage
For the Cingular phone bill, statistics can be used to determine trends related to call usage.  Phone usage information was available from the Cingular website.  Call information was available for the previous twelve months.  The data from the website was copied, imported into Excel, formatted, and then pasted into the JMP software.  The following columns were created in JMP, and populated with the phone usage data:

Hour of Call (24 hour format):
0 = 12AM, … , 6 = 6 AM, … , 18 = 6 PM


Month:




1 = January, … , 12 = December


Day of Week:



1 = Sunday, … ,  4 = Wednesday, … , 7 = Saturday


Minutes Used
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Statistics for minutes used were easily determined using JMP.
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The mean call length is 5.81 minutes.  The true mean with a 95% confidence interval is from 4.92 minutes to 6.72 minutes.
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Using a linear fit on the data, 9.5% of call length is explained by call hour, 0.0% is explained by month, and 1.0% is explained by day of the week.
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Using a quadratic fit, 13.8% of minutes used is explained by call hour, 0.1% of minutes used is explained by month, and 1.1% is explained by day of week.

The reason for some relation between minutes used and hour of call is likely due to few calls being made during work hours and class hours.  Additionally, lower rates are applied at later hours, so more calls are likely to be made at later hours.
When converting hour of call, month, and day of week to nominal values, JMP can be used to analyze the means and variance of each individual hour, day, and month.
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The ANOVA diagrams show that the mean and variance of call length is different for each day of the week.  Calls on Sunday, Monday, and Wednesday are longer than calls on Tuesday, Thursday, and Saturday.  Fewer calls are made on class days, which may explain why the mean of call length on Tuesday and Thursday are lower.  The mean call length between 7pm and 11pm (19 – 22) is much higher than the rest of the day.  Another interesting trend is that the mean call length for the months of April and May are much lower than other months.
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Using the JMP functionality to compare means, the diagrams show that not all of the means for day of week, hour of day, and month of year are equivalent.  However, they are somewhat close, since many of the circles intersect with each other.
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