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Pollution by Hydrocarbons Escaping from Tanks

Introduction

When petrol is pumped into tanks, hydrocarbons escape.  To evaluate the effectiveness of pollution controls, experiments were performed. The quantity of hydrocarbons escaping was measured as a function of the tank temperature, the temperature of the petrol pumped in, the initial pressure in the tank, and the pressure of the petrol pumped in.  .

Data

Data used in the project was obtained from the following website:
http://people.sc.fsu.edu/~jburkardt/datasets/regression/x14.txt
Variable Definitions
Y = α + β1X1+ β2X2+ β3X3+ β4X4
Y = Tank Temperature
α = Intercept

βi = Least Squares Coefficients

X1 = Tank Temperature

X2 = Petrol Temperature
X3 = Initial Tank Pressure
X4 = Petrol Pressure
Hypothesis

The null hypothesis is that the least squares coefficients are zero (i.e. β1 = β2= β3 = β4 = 0)

Data Analysis

I will utilize the Excel data analysis regression tool to develop and analyze models.  I will start with the four aforementioned variables and will eliminate variables to find a best fit model (if applicable).
4 Variables

Y = α + β1X1+ β2X2+ β3X3+ β4X4

Excel output is as follows:
	Regression Statistics
	
	
	

	Multiple R
	0.962320134
	
	
	

	R Square
	0.92606004
	
	
	

	Adjusted R Square
	0.915105972
	
	
	

	Standard Error
	2.729995252
	
	
	

	Observations
	32
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	4
	2520.2724
	630.0681
	84.54028518

	Residual
	27
	201.2276001
	7.452874078
	

	Total
	31
	2721.5
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	1.01501756
	1.861308305
	0.54532479
	0.590007158

	Tank Temperature
	-0.028608862
	0.090601536
	-0.315765751
	0.754608289

	Petrol Temperature
	0.215816931
	0.067718006
	3.186994781
	0.003615372

	Initial Tank Pressure
	-4.320051665
	2.850967317
	-1.515293297
	0.141318866

	Petrol Pressure
	8.974889276
	2.77263148
	3.236957144
	0.003189536


Y = 1.02 - 0.03X1+ 0.21X2 – 4.32X3 + 8.97X4

The R2 of the initial full model is 92.6%.  In other words, 92.6% of the variation of Y about the average of Y’s can be explained by the four regression variables.  This shows that the initial model is appropriate for determining the tank temperature.  Based on the output, Tank Temperature has the highest p-value.  The high p-value indicates that it may not be a good explanatory variable.  For the next model, I’ll remove Tank Temperature variable.
3 Variables
Y = α + β2X2+ β3X3+ β4X4
Excel output is as follows:

	Regression Statistics
	
	
	

	Multiple R
	0.962178252
	
	
	

	R Square
	0.925786988
	
	
	

	Adjusted R Square
	0.917835594
	
	
	

	Standard Error
	2.685747511
	
	
	

	Observations
	32
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	Df
	SS
	MS
	F

	Regression
	3
	2519.529289
	839.8430962
	116.4307762

	Residual
	28
	201.9707114
	7.213239691
	

	Total
	31
	2721.5
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	1.065529724
	1.824365051
	0.584055106
	0.56385947

	Petrol Temperature
	0.20910454
	0.063252906
	3.30584876
	0.002601263

	Initial Tank Pressure
	-4.888227492
	2.175565038
	-2.246877205
	0.032715956

	Petrol Pressure
	9.247962562
	2.591617275
	3.568413689
	0.001318912


Y = 1.066 + 0.209X2- 4.888X3 +9.248X4
The R2 of this model (92.58%) is still very close to the R2 of our original run (92.60%) and is still a good fit.  The standard error decreased slightly from 2.73 to 2.69.  The F-value increased from 84 to 116.  This indicates that the three variables model is a better fit than the four variables model.  Initial Tank Pressure has the highest p-value and will be the next variable that I will eliminate in order to refine my model.
2 Variables
Y = α + β2X2+ β4X4
Excel output is as follows:

	Regression Statistics
	
	
	

	Multiple R
	0.955199576
	
	
	

	R Square
	0.912406231
	
	
	

	Adjusted R Square
	0.906365281
	
	
	

	Standard Error
	2.867092983
	
	
	

	Observations
	32
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	2
	2483.113557
	1241.556778
	151.0368883

	Residual
	29
	238.386443
	8.220222173
	

	Total
	31
	2721.5
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	0.191763405
	1.902789154
	0.100780165
	0.920418513

	Petrol Temperature
	0.274730719
	0.059893932
	4.586954106
	7.98289E-05

	Petrol Pressure
	3.601982614
	0.677061164
	5.320025437
	1.04237E-05


Y = 0.192 + 0.273X2+ 3.601X4
The R2 of this model (91.24%) is still very close to the R2 of our last run (92.58%) and is still a good fit.  The standard error increased slightly from 2.69 to 5.87.  The F-value increased from 116 to 151. This indicates that the two variables model is a better fit than the three variables model.  Petrol Temperature has the highest p-value and will be the next variable that I will eliminate in order to refine my model.
1 Variable
Y = α + β4X4
Excel output is as follows:

	Regression Statistics
	
	
	

	Multiple R
	0.92133327
	
	
	

	R Square
	0.848854994
	
	
	

	Adjusted R Square
	0.843816827
	
	
	

	Standard Error
	3.702886864
	
	
	

	Observations
	32
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	1
	2310.158866
	2310.158866
	168.4848907

	Residual
	30
	411.3411339
	13.71137113
	

	Total
	31
	2721.5
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	4.305422363
	2.167405137
	1.98644097
	0.056185953

	Petrol Pressure
	6.202851145
	0.477871223
	12.98017298
	7.65359E-14


Y = 4.31 + 6.203X4
The R2 (84.9%) of this model decreases significantly and standard error increases to 3.70. The F value however increases to 168.5 from 151. 
Conclusion

My analysis began with four variables; Tank Temperature, Petrol Temperature, Initial Tank Pressure and Petrol Pressure.  By eliminating variables, one at a time that weren’t a good fit, I was able to determine that the best fit model includes two variables; Petrol Temperature and Petrol Pressure:
Y = 0.192 + 0.273X2+ 3.601X4
The single variable model is also a good fit but its R2 value is under 85% as compared to 2-variable model (91.24%). The model is:
Y = 4.31 + 6.203X4
The whole exercise concludes that Petrol Pressure is the main variable responsible for the quantity of escaping Hydrocarbons because the coefficient of this variable is high in both the models. 
Page 1 of 5

