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Topics
 Non-routine adjustments or baseline modifications

 A look at interval vs. daily vs. weekly vs. monthly data

 Determining what Data Interval is Best

 Uncertainty and Statistics

 Advice for ESCOs



Retail in Minnesota



Retail in Minnesota



Retail in Minnesota



Base Year Construction Performance



School 2 Monthly



School 2 Weekly



School 2 Daily



School 2 Hourly

Baseline Weekday kW vs. Hourly 
HDD

Baseline Weekend Holiday kW vs. Hourly 
HDD



Statistics 101
 R2 is the “goodness of fit” 

• Or, to what extent does the 
independent variable (CDD) predict 
the dependent variable (kWh)

• The variation of the dependent 
variable determined by the 
independent variable

• The IPMVP suggests an R2 > 0.75



Statistics 101

 R2 is the 
“goodness of fit” 

 Finer detailed 
data drops the R2

 Larger intervals 
smooth the 
randomness of 
human activities



Statistics 101
 CV(RMSE) is a measure of 

scatter
• Or, what percent from the fit line is 

the average bill

• The variation in the dependent 
variable NOT determined by the 
independent variable

• ASHRAE 14 suggests 

CV(RMSE) < 25 for energy



Statistics 101

 CVRMSE is a 
measure of scatter 

 Finer detailed data 
increases scatter

 Larger intervals 
smooth the 
randomness of 
human activities



Uncertainty

 So how do you determine which model is best?

 What is the right answer?
• Best R2 ?

• Lowest CVRMSE ?

• Fractional Savings Uncertainty ?



Uncertainty Models
 ASHRAE 14

 Improved ASHRAE 14 (Sun and Baltazar)

 Rushton's Exact Formula for OLS 
Regression



So which fit is 
best?



NOT Calculating Uncertainty with Interval Data
 It takes Ambient heat hours to penetrate through the building envelope.  
 As a result, cooling at 5 pm is affected by weather at 4 pm, 3 pm, 2 pm, or 

even 1 pm.
 So kWh at 5 pm may NOT be independent of kWh at 4 pm.  They may be 

related.
 This is called Auto-correlation or Serial correlation.
 For linear regressions, statisticians assume ALL dependent values are 

independent of each other.  For interval data, that may not be true.
 5 pm’s kWh may be correlated to 4 pm’s kWh or 3 pm’s etc.
 Nobody really knows (yet) how to calculate uncertainty for interval models with 

auto-correlation.
 So, how do we know if these interval data models are better?  We don’t.





The Right Tool for the Job
(Not the best tool for every job!)



Brief History of M&V in PC
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A great performance contract until the customer increase 
operating hours and adds some new equipment and the 
bills increased.                                Savings disappear.

Risk



Interval Data may be better (certainly faster) 
for identifying changes in usage patterns.
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