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Introduction 

! Analysis of monthly energy bills underpins many evaluations of 
US energy efficiency interventions.  

! Monthly consumption data has allowed evaluators to estimate 
impacts of energy efficiency interventions, consistently, for 
decades.  

– Program-level analyses (residential and small business) 

– Site-specific simulation calibration (large business) 

! Now, New evaluation techniques are needed to expand into non-
extreme climates and include technologically-advanced 
measures.  

! In the US and Europe, the adoption of interval utility meters 
promises new opportunities for energy efficiency evaluation 
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Recent Study 

! CPUC Whole House Impact Evaluation 

– Monthly billing analysis, pre-post with comparison group 

– Follow-up using SmartMeter data 

– Measures: Added Insulation, Air Sealing, Duct Sealing, HVAC 
system replacement, hardwired lighting 

– Program contractors enter characteristics in simulation models 

– Savings evaluated were much lower than modeled 

–  electric worse than gas, paper focuses on electric 

! NEXT 

– A colorful map 

– Compare Monthly and Hourly 

– Variability – We can come back to these 
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Building Climate Zones (Referenced in Slides) 
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CZ12= 

Sacramento 

CZ3 =  

San Francisco 

ACEEE 

CZ 1 is coolest 

CZ 15 is hottest 

CZ 16 is mountains 

Los Angeles Area – 
6,8,9,10 

CZ7 =  

San Diego 
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Fundamental Difference going from Monthly to Hourly 

! Typically we have 12 bills before and after retrofit, each data 
point is total consumption in a month 

– Next slide shows data volume issue 

! Pro’s - Rather than looking at cooling degree days in a month 
summarized from hourly weather data, we can use the hourly 
weather data directly 

! Con’s - In some places Data may not be available, Data 
storage and handling issues, lot’s of secure data, all requested 
at once for an evaluation creating logistical challenges 

! In California, we struggle with the variation in the use of air 
conditioners 

– We will quickly review some figures to show this 
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SmartMeter Challenge 
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10,000 premises 

× 12 obs per year 

× 2 years 

480,000 obs 

Monthly Billing Analysis 

10,000 premises 

× 8760 obs per year 

× 2 years 

175,200,000 obs 

Hourly Interval Billing Analysis 

× 6 variables 

 1,051,200,000  data points 

× 3 variables 

1,440,000 data points 

Different scale of computational complexity 
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Variation in Monthly Data – All Customers  
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Det går inte att visa bilden. Det finns inte tillräckligt med ledigt minne för att kunna öppna bilden eller så är bilden skadad. Starta om datorn och öppna sedan filen igen. Om det röda X:et fortfarande visas måste du kanske ta bort bilden och sedan infoga den igen.



DNV GL © 2015 June 3, 2015 

Variability for San Francisco Area (less than 50% have AC) 
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Det går inte att visa bilden. Det finns inte tillräckligt med ledigt minne för att kunna öppna bilden eller så är bilden skadad. Starta om datorn och öppna sedan filen igen. Om det röda X:et fortfarande visas måste du kanske ta bort bilden och sedan infoga den igen.
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Variability for Sacramento Area (Inland, Everyone has AC) 
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Variability for San Diego (Southern Coast, Many have AC) 
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SmartMeter Data Discussion 
  
Why use SmartMeter data? 
 
What are the benefits? 
 
When can it be applied? 
 
Which analysis approaches can be 
used? 
 
What is the appropriate platform? 
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Why use SmartMeter data? 

! Direct evidence 
of peak period 
savings 

! Hours and 
Days; Color is 
change in 
demand 

– Black = 
Decreased 

– Red = 
Increased 
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We can Show and quantify peak saving 
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Energy use is the result of… 
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Environment 

Building 
Characteristics 

Behaviors/activities 

Appliances 

Prices 

Interventions 

Load 

Complex set of interactions 
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Visibility gains from SmartMeter 
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Environment 

Building 
Characteristics 

Behaviors/activities 

Appliances 

Prices 

Interventions 

Load 

Same fundamental evaluation issues 

" 

No 

Limited 

Big ones 

? 

No, allows schemes 

No 



DNV GL © 2015 June 3, 2015 

When Do we have enough Data? 8760 Hours = 1 Year 
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SmartMeter Installation Timeline 

!  SmartMeters Installed 2011-2012 

!  Program ran 2011-2012 

!  Pre retrofit period incomplete for many 
participants AND comparison group 

!  Non-issue for future studies 
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HOW Meeting the AMI challenge: Approach 1 
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Naively reduce data size 

High frequency 

All customers 

Sample or 
Aggregate 

Limits the resolution 

Resolution loss not always important 



DNV GL © 2015 June 3, 2015 

HOW Meeting the AMI challenge: Approach 2 
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Rethink analysis approach 

Analytical 
Methods 

Hardware 
Platform 

Software 
Platform 

Optimize for disk access or memory 

Single very large computer 

Cluster 

Pooled versus premise 

Statistical learning 

Clustering 

Process and data management  

Analytical platform 
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Which Computing Platforms: Options 
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Scale horizontally to overcome size challenges 

Really big computer 

Cluster of commodity computers 

Deployable virtual computers 
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What Methods: Segmentation, Clustering, and Models 
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Customer segmentation Groups of similar customers 

from a marketing/modeling 

perspective 

Cluster analysis Rigorous identification of 

“natural” groups 

Straightforward 
models 

Homogenous 
group 

More precise 
inferences 
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Models: Hierarchal models 
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Aggregation Benefit Limitation 

System level Stable 
behavior 

Resolution 

Segment Similar 
processes 

Requires 
thoughtful 
identification 

Premise No pre-
segmentation 

Modeling a 
stochastic 
process 

Combine information from hierarchal levels 

System 

Segment 1 Segment n 

Premise 1 Premise n 
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Methods: Cluster Analysis 
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Methods: SmartMeter Data and Behavior 
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temperature 

kw
 

Activity 

No activity 

Indirect visibility into activity 
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Methods: SmartMeter Data and Behavior 
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Concluding Remarks 
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SmartMeter fundamental shifts evaluation approach 

Evaluate when savings occur 

Evaluate who saves 

Tell the program implementers 
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SAFER, SMARTER, GREENER 

www.dnvgl.com 

Thank you. Questions? 

27 

Jarred Metoyer  
Jarred.metoyer@dnvgl.com 
+1 510-891-0446  

European Colleagues in London and Antwerp at ECEEE if you don’t like business calls at night 


