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Steam Plant Case

The Procter and Gamble Company was one of the pioneers in using advanced statistical methods to improve its production operations and its marketing campaigns. The company created a modern industrial engineering group that worked on quality control, production planning and supply chain modeling — as well as assisting in the evaluation of such marketing campaigns as coupons and price-off discounting — all in the 1960s. A substantial fraction of the group’s work involved statistical analysis and at one point it included 3 PhD statisticians.

The attached data is from a pioneering P&G study undertaken to understand the factors that caused energy consumption in detergent manufacturing. The data are taken from a self-contained production unit that primarily produced glycerin — an input to other P&G products. P&G engineers gathered the data in the attached table on monthly consumption of energy (here measured thousands of pounds of high-pressure steam.) over a 25-month period. As it was not known which factors caused energy consumption, nine other variables were collected. Engineers knew that steam was used to heat the plant, to power some production operations, to heat water used in clean-ups and to keep fatty inventories from congealing. They had no idea of the magnitude of steam consumption in any of these activities. 

Our mission is simple. Build a regression model that reliably describes and hence predicts future energy consumption in this sub-plant. P&G had the ambition of building such energy models for all of its production units. Management would use the models for budgeting, cost control, inter-plant benchmarking and for targeting future efficiency projects.

The variables are:

1. Pounds of steam used monthly, in coded form.

2. Pounds of real fatty acid in storage per month.

3. Pounds of crude glycerin made.

4. Average wind velocity (in mph).

5. Calendar days per month.

6. Operating days per month.

7. Days below 32°F.

8. Average atmospheric temperature (°F).

9. Average wind velocity squared.

10. Number of production start-ups during the month.

Energy Consumption Data

	
	
	
	1
	2
	3
	4
	5
	6
	7
	8

	SEQ
	MONTH
	STEAM
	INV
	PROD
	WIND
	CDAY
	OPDAY
	FDAY
	TEMP
	STARTS

	1
	1
	10.98
	5.20
	0.61
	7.4
	31
	20
	22
	35.3
	4

	2
	2
	11.13
	5.12
	0.64
	8.0
	29
	20
	25
	29.7
	5

	3
	3
	12.51
	6.19
	0.78
	7.4
	31
	23
	17
	30.8
	4

	4
	4
	8.40
	3.89
	0.49
	7.5
	30
	20
	22
	58.8
	4

	5
	5
	9.27
	6.28
	0.84
	5.5
	31
	21
	0
	61.4
	5

	6
	6
	8.73
	5.76
	0.74
	8.9
	30
	22
	0
	71.3
	4

	7
	7
	6.36
	3.45
	0.42
	4.1
	31
	11
	0
	74.4
	2

	8
	8
	8.50
	6.57
	0.87
	4.1
	31
	23
	0
	76.7
	5

	9
	9
	7.82
	5.69
	0.75
	4.1
	30
	21
	0
	70.7
	4

	10
	10
	9.14
	6.14
	0.76
	4.5
	31
	20
	0
	57.5
	5

	11
	11
	8.24
	4.84
	0.65
	10.3
	30
	20
	11
	46.4
	4

	12
	12
	12.19
	4.88
	0.62
	6.9
	31
	21
	12
	28.9
	4

	13
	1
	11.88
	6.03
	0.79
	6.6
	31
	21
	25
	28.1
	5

	14
	2
	9.57
	4.55
	0.60
	7.3
	28
	19
	18
	39.1
	5

	15
	3
	10.94
	5.71
	0.70
	8.1
	31
	23
	5
	46.8
	4

	16
	4
	9.58
	5.67
	0.74
	8.4
	30
	20
	7
	48.5
	4

	17
	5
	10.09
	6.72
	0.85
	6.1
	31
	22
	0
	59.3
	6

	18
	6
	8.11
	4.95
	0.67
	4.9
	30
	22
	0
	70.0
	4

	19
	7
	6.83
	4.62
	0.45
	4.6
	31
	11
	0
	70.0
	3

	20
	8
	8.88
	6.60
	0.95
	3.7
	31
	23
	0
	74.5
	4

	21
	9
	7.68
	5.01
	0.64
	4.7
	30
	20
	0
	72.1
	4

	22
	10
	8.47
	5.68
	0.75
	5.3
	31
	21
	1
	58.1
	6

	23
	11
	8.86
	5.28
	0.70
	6.2
	30
	20
	14
	44.6
	4

	24
	12
	10.36
	5.36
	0.67
	6.8
	31
	20
	22
	33.4
	4

	25
	1
	11.08
	5.87
	0.70
	7.5
	31
	22
	28
	28.6
	5


� Peter J. Kolesar, 2001. 
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