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Introduction
Advocates of nuclear energy consider the nuclear technology as a remedy of fossil fuel for its cost efficiency and low emission, while others stress the negative impact of nuclear waste and accidents.  The economics of nuclear power plants are primarily influenced by high initial investments necessary to construct a plant.  In order to understand the impact of the net capacity of nuclear power and the date that construction permit is issued in years on the construction cost of nuclear power plants, the data of the construction of 32 light water reactor plants in the US between late 1960's and early 1970's are used in this study.  The data are obtained from http://lib.stat.cmu.edu/DASL/ Stories/NuclearPower.html.
Analysis

The scatter plot of each predictor variable against cost in Figure 1 and the residual plot shown in Figure 2 are insufficient to verify the randomness of the error distribution and the data can be analyzed further for possible modification. Table 1 shows that the correlations between each pair are all less than 0.62, which suggests that the problem of multicollinearity may not exist in the model. As a next step, we need to perform a test to see whether we need to drop any predictor variables that are not fitted for model. 

Figure 1) Scatter plot
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Figure 2) Residual plot
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Table 1) Pearson Correlation Coefficient

[image: image4.png]Pearson Correlation Coefficients, N =32
Prob > [r| under HO: Rho=0

Cost Date Mwat

Cost | 1.00000 0.61045 0.47176
0.0002  0.0064

Date |0.61045 1.00000 0.01963
0.0002 0.9151

MWat | 0.47176 0.01963 1.00000
0.0064 0.9151




In order to determine whether net capacity and date have predictive analysis of the cost result, ANOVA is used to analyze the relationship between them.

Suppose the regression function

Y = β0+β1X1+β2X2

Y is the cost in $100,000, adjusted to 1976 base. 
X1 is the net capacity in Megawatts.

X2 is the date that construction permit was issued in years after 1900.

Hypothesis
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where j=1 or 2
Table 2)  ANOVA:  F Test

[image: image7.png]Analysis of Variance

Sumof  Mean
Source DF Squares Square FValue Pr>F
Model 2 524067 262033 20.37 <.0001
Error 29 373105 12866
Corrected Total | 31 897172




The distribution is F(2,29), which is 3.335, and the probability of observing a value greater than or equal to 20.37 is less than 0.001.  This indicates that not all of B1 and B2 are equal to zero.  Thus, the combination of the two predictor variables can predict the response variable. 
ANOVA is displayed in Table 3 below, and the regression function is 

Y = -6790.88 + 100.78 Date + .4132 MWatts
We can utilize ANOVA to estimate whether each variable can predict the response variable. 
Table 3)  ANOVA:  T Test
[image: image8.png]Parameter Estimates

Parameter Standard
DF Estimate Error tValue Pr>|t|
Intercept 1 | -6790.87924 1377.66835 -4.93 <.0001
1| 100.77644  20.06964 5.02 <.0001
1 0.41322 0.10761 3.84 0.0006




 Question #1: Should we drop predictive variable, MWatts?

Ho : β1 = 0

Ha : β1 ≠ 0

The distribution is t (0.025,30) , which is 2.042272, and the probability of observing a value greater than or equal to 3.84 is less than 0.001.  The result rejects Ho. It shows that MWatts can be used in the regression model as Date is already in the model.

 Question #2: Should we drop predictive variable, Date?

Ho : β2 = 0

Ha : β2 ≠ 0

The distribution is t (0.025,30) , which is 2.042272, and the probability of observing a value greater than or equal to 5.02 is less than 0.001.  The result rejects Ho. It shows that Date can be also used in the regression model as MWatts is already in the model.

As a result, we keep the regression model from Table, and R-Square and Adj R-Square of the regression model are shown below:
	R-Square
	0.5841

	Adj-R-Sq
	0.5555


Transformation

Next, we can use transformation to improve the fit of the regression function.

In Table 4, the comparison of the transformations of B and C shows that the transformation does not improve the regression fit.

Table 4) R-Sq and Adj R Sq after Transformation

	
	A
	B
	C

	Variable
	Date
	Log(Date)
	SQRT(Date)

	Variable
	MWatts
	Log (MWatts)
	Log (MWatts)

	R Sq
	0.5841
	0.5694
	0.5686

	Adj R Sq
	0.5555
	0.5400
	0.5388


Outlier

When the sample size is not large enough and outliers have high influence, then outliers may bias the results.  Outliers can be detected by utilizing Residual, Student Residual, and other statistics.  Observation row 10 is a possible outlier candidate, due to both highest residual and student residual.  If row 10 is omitted from Table 5, the R-Square is significantly increases from 0.5841 to 0.6455. 
Table 5) Outlier Test
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Cost


Residual


R Student


Cook d


CovRatio


1


345.39


79.136


0.74254


0.0281


1.20563


2


460.05


55.796


0.4977


0.00432


1.13717


3


452.99


18.507


0.17237


0.00158


1.27873


4


443.22


8.737


0.08134


0.00035


1.2819


5


652.32


150.317


1.41657


0.0674


0.99682


6


642.23


140.227


1.31538


0.05866


1.02488


7


272.37


-146.351


-1.33194


0.02185


0.95907


8


317.21


24.122


0.22737


0.00324


1.3057


9


457.12


13.205


0.1163


0.00015


1.14616


10


690.19


267.741


2.6369


0.06804


0.59133


11


350.63


-1.145


-0.01042


0


1.22712


12


402.59


-61.359


-0.54347


0.00348


1.11368


13


412.18


88.926


0.82661


0.02854


1.16158


14


495.58


-92.939


-0.85004


0.02107


1.11846


15


394.36


-111.514


-1.00101


0.01223


1.03641


16


423.32


-2.414


-0.02127


0.00001


1.1501


17


712.27


150.012


1.38391


0.03804


0.96699


18


289.66


-33.594


-0.30905


0.00407


1.23602


19


881.24


250.998


2.55007


0.21169


0.66278


20


490.88


-97.639


-0.89423


0.02326


1.1095


21


567.79


53.015


0.47032


0.00307


1.12908


22


665.99


-32.346


-0.31432


0.00863


1.37841


23


621.45


66.44


0.60068


0.00926


1.14967


24


608.8


-1.991


-0.0182


0.00001


1.23666


25


473.64


-54.472


-0.53529


0.0268


1.37257


26


697.14


-142.114


-1.53812


0.33086


1.2537


27


207.51


-86.679


-0.79683


0.02168


1.14378


28


288.48


-29.052


-0.26467


0.00249


1.21656


29


284.88


-126.024


-1.14766


0.02408


1.02156


30


280.36


-130.544


-1.19087


0.02583


1.01107


31


217.38


-76.809


-0.70438


0.01702


1.16058


32


270.71


-140.194


-1.2839


0.0298


0.9877




Obs Cost Residual R Student Cook d CovRatio

1 345.39 79.136 0.74254 0.0281 1.20563

2 460.05 55.796 0.4977 0.00432 1.13717

3 452.99 18.507 0.17237 0.00158 1.27873

4 443.22 8.737 0.08134 0.00035 1.2819

5 652.32 150.317 1.41657 0.0674 0.99682

6 642.23 140.227 1.31538 0.05866 1.02488

7 272.37 -146.351 -1.33194 0.02185 0.95907

8 317.21 24.122 0.22737 0.00324 1.3057

9 457.12 13.205 0.1163 0.00015 1.14616

10 690.19 267.741 2.6369 0.06804 0.59133

11 350.63 -1.145 -0.01042 0 1.22712

12 402.59 -61.359 -0.54347 0.00348 1.11368

13 412.18 88.926 0.82661 0.02854 1.16158

14 495.58 -92.939 -0.85004 0.02107 1.11846

15 394.36 -111.514 -1.00101 0.01223 1.03641

16 423.32 -2.414 -0.02127 0.00001 1.1501

17 712.27 150.012 1.38391 0.03804 0.96699

18 289.66 -33.594 -0.30905 0.00407 1.23602

19 881.24 250.998 2.55007 0.21169 0.66278

20 490.88 -97.639 -0.89423 0.02326 1.1095

21 567.79 53.015 0.47032 0.00307 1.12908

22 665.99 -32.346 -0.31432 0.00863 1.37841

23 621.45 66.44 0.60068 0.00926 1.14967

24 608.8 -1.991 -0.0182 0.00001 1.23666

25 473.64 -54.472 -0.53529 0.0268 1.37257

26 697.14 -142.114 -1.53812 0.33086 1.2537

27 207.51 -86.679 -0.79683 0.02168 1.14378

28 288.48 -29.052 -0.26467 0.00249 1.21656

29 284.88 -126.024 -1.14766 0.02408 1.02156

30 280.36 -130.544 -1.19087 0.02583 1.01107

31 217.38 -76.809 -0.70438 0.01702 1.16058

32 270.71 -140.194 -1.2839 0.0298 0.9877


After these statistic methods, the final regression function Y= -6954 + 102.9 Date + 0.4213 MWatts is shown in Table 6.

Table 6) Final Parameter Estimates

[image: image10.png]Parameter Estimates

Parameter Standard
DF Estimate Error tValue Pr>|t|
Intercept 1 | -6953.68012 1256.39144 -5.53 <.0001
1| 102.92651  18.29896 5.62 <.0001
1 0.42132 0.09806 4.30 0.0002




Conclusion

 The various nuclear plants construction costs are examined to see if net capacity and permit issued date are able to predict future construction costs.  Various statistic analyses were performed to test the significance of variables to explain the data.  Both predictive variables add significant predictive power to the regression model and the final fitted regression model is Y= -6954 + 102.9 Date + 0.4213 MWatts. 
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