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OVERVIEW

1. Energy Trends

2. Statistically Adjusted End-Use (SAE) Modeling Framework

3. Incorporating EE Program Savings into the Forecast



ENERGY TRENDS 



U.S. ELECTRICITY SALES (TWH)

Computed as 12-month moving sum of monthly class sales
Data updated through March 2015



TOTAL ELECTRIC INTENSITY
(KWH PER $ GDP)

A 2.0% increase in GDP 
results in only a 0.5% 
increase in electric demand

Since 1994, kWh per $ 
GDP has averaged 
1.5% annual decline



LIVING IN A 1% WORLD.  The New Normal?

If the economy recovers to its trend line, will electric sales recover too? 

Historical Growth was Linear 
through 2008.

Annual Gain = 62 TWh/year

Since 2008 we have fallen 
off of the long-run trend

Recent Utility Survey Says:
Annual Gain = 30 TWh/year

About 0.8% Growth

Presenter
Presentation Notes
When we look at the long-term trend, sales have been a surprisingly linear growth path adding approximately 62 Terawatt Hours per year.  Based on our annual utility forecast survey, the expectation going forward is  about half this amount – we have effectively fallen off the trend line.



THE ECONOMY HAS SLOWLY BEEN 
IMPROVING, BUT ELECTRIC SALES ARE STILL 
FLAT.  WHAT DO YOU THINK IS THE PRIMARY 
REASON ELECTRIC SALES HAVE NOT 
RECOVERED?



ANSWERS

1. It’s mostly the economy 
• The economy has not yet shown any significant recovery
• Structural changes – Less energy intensive industries, 

Increase in multi-family housing market share (apartments), 
slower household formation

2. It’s mostly efficiency
• New end-use standards that have significantly reduced end-

use energy requirements
• Utility and state efficiency programs and tax incentives have 

had a major impact on customer usage
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CASE FOR EFFICIENCY:  RESIDENTIAL USE 
PER HH (KWH)

Year PAC SAC ENC WSC
2005-2014 0.0% -0.3% -0.1% -0.1%
2014-2024 -0.5% -0.4% -0.4% -0.3%
2024-2034 -0.1% 0.0% 0.0% 0.0%

Average Annual Growth Rate

Forecast

Residential average use has been flat to slightly declining for the last ten years.  
This trend will likely accelerate over the next ten years as end-use efficiency 
continues to improve. 



IMPACT OF REPLACING A HEAT PUMP
10Step 2
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Before

After

10 SEER Replaced with a 15 SEER Unit

A 20% reduction in summer energy use with new heat pump.
Actual data from a Florida load research survey customer.

Presenter
Presentation Notes
SEER (Seasonal Energy Effic. Ratio)

This is an example of the actual daily usage of a load survey customer that we had collected data on the summer before and after a 3.5 ton 10 SEER HP unit was replaced with a 15 SEER unit.
The usage is for the period June-September 2011 and June-September 2012.

From this graph it is evident that as daily temperature rises, the new more efficient HP uses less electricity.  

Fitting an equation to the trend lines, we estimated a 20% reduction in energy use during this summer period. 
 

Background:
Cooling load is ~60% of summer usage (~42% annual usage)
             Year     May-Sep
CDD       3600      2441
Hours     8760      3672
               41%      66%



ENERGY LEGISLATION HAS HAD A 
SIGNIFICANT IMPACT ON EFFICIENCY
» DOE Rule Making Authority for a large range of appliances and 

commercial equipment efficiency have been established by USC 
6295 effective in 1990
• USC 6295 can be accessed at 

http://www.law.cornell.edu/uscode/text/42/6295

» DOE’s authority has been reaffirmed in the following legislations:
• Energy Policy and Conservation Act  (1975)
• National Appliance Energy Conservation Act (1987 and 1988)
• Energy Policy Act of 1992 (1992)
• Energy Policy Act of 1995 (1995)
• Energy Independence and Security Act (2007)

Current end-use standards can be found at the ASAP website

http://www.law.cornell.edu/uscode/text/42/6295


ASAP WEB SITE http://www.appliance-standards.org/national

http://www.appliance-standards.org/national


STATISTICALLY ADJUSTED END-USE 
MODELING FRAMEWORK 



HOW DO WE USE ELECTRICITY ?

» We don’t … We use the stuff that uses electricity
• We light our homes
• We refrigerate and cook our food
• We shower under hot water
• We vacuum up after the kids and dog
• We dry our clothes
• We watch TV

» To forecast electricity we reverse engineer the model
• If cooling output depends on electricity input then electricity use 

depends on cooling demand
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MODELING FRAMEWORK



END-USE VARIABLE - COOLING

m,yym,y CoolUseCoolIndexXCool ×=

15.0

09

,
20.0

09

,
20.0

09

,

09

,
, Pr

Pr −









×








×








×







=

ice
ice

Income
Income

HHSize
HHSize

CDD
CDD

CoolUse mymymymy
my


















××= ∑
Type

Type

Type
y

Type
y

Type

Type
yy

Eff
Sat

Eff
Sat

EIIndexStructuralCoolIndex

09

09
09

Structural Component:

Utilization Component:



COOLING SATURATION TRENDS
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COOLING EFFICIENCY TRENDS 
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COOLING INTENSITY (KWH PER HH) 



RESIDENTIAL XCOOL VARIABLE

Combine Cooling intensity with weather, price, and household income



XOTHER VARIABLE
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END-USE INTENSITIES (KWH / HOUSEHOLD)

End- use intensities reflect change in saturation (ownership) 
and improvements in average stock efficiency.
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RESIDENTIAL XOTHER VARIABLE

Combine Other Use intensities with number of days, price, and household income



AVERAGE USE MODEL RESULTS

Actual Predicted

SAE regression model coefficient calibrates end-use energy estimates to 
actual customer usage.



END-USE BREAKDOWN 
MONTHLY KWH PER HOUSEHOLD

Heating Cooling

Base

We can use model coefficients to break out sales into heating, cooling, and other use 



INCORPORATING EE  PROGRAM SAVINGS 
INTO THE FORECAST



CAPTURING EE PROGRAM SAVINGS 
» Customer usage has been trending down (use per customer) for 

the last ten years
• New appliance and construction efficiency standards
• Increasing real electricity rates
• Increasing multi-family home market share (smaller square 

footage)
• Economic downturn (higher vacancy rates)
• State and utility sponsored EE programs

» Models estimated with historical sales data already have 
significant efficiency embedded in the model

» May even be worse with an SAE model as end-use intensity 
inputs are calibrated to saturation survey information and 
shipments data that reflect the appliance stock.  The appliance 
stock in part is impacted by EE program activity



BASELINE SAE FORECAST IS NOT A “NO DSM 
FORECAST”

» Strong efficiency gains are already embedded in the baseline 
forecast
• EIA  base-year end-use intensities (and thus projections) are re-

calibrated each year to reflect changing end-use technology mix.
• The models are estimated using actual sales data over a period where 

there has been strong, increasing efficiency program activity
- Some level of increasing efficiency program savings is embedded in the 

estimated model parameters

» Issue: How do we avoid “double – counting” future EE 
program savings



ADJUSTING FOR FUTURE EE SAVINGS - METHODS

» “Add-Back” Approach
• Add historical EE savings back to actual sales data
• Forecast the new “reconstituted” sale data – No DSM Forecast
• Subtract out all cumulative EE savings (past and forecast)
• Used by New England ISO

» “ Incremental”  Approach
• Assume all past EE program savings are embedded in the 

baseline forecast
• Subtract only future cumulative EE program savings
• Used by majority of electric and gas utilities

» Integrate through SAE model end-use intensity projections



VERMONT RECONSTITUTED SALES
ADD-BACK PAST EFFICIENCY SAVINGS

Actual
Sales

Reconstituted 
Sales



FIT A GENERALIZED ECONOMETRIC MODEL TO 
RECONSTITUTED SALES

No EE Forecast

No EE Model
Variable Coefficient StdErr T-Stat
CONST (1,815,390)         355,147       -5.11
HDD 74.430                7.710           9.65
LagHDD (3.902)                 7.662           -0.51
CDD 202.853              26.049         7.79
LagCDD 54.616                26.208         2.08
Real Personal Income 79.910                13.851         5.77
AR(1) 0.869                  0.059           14.62

EE Savings

With EE Forecast



ISSUES WITH “ADD-BACK” APPROACH
» Can be difficult to construct a reasonable reconstituted data 

series.  
• Need a high level of confidence in historical EE savings data series
• May not have EE historical savings that goes back far enough
• How do you adjust for EE degradation (measure persistency)?
• How do you translate annualized historical EE savings estimates to 

monthly rate class sales adjustments?

» Can be difficult to develop a reasonable forecast model
• How would income or GDP impact energy use if we never 

had any EE programs? 
- Difficult to find a right-hand drivers to explain strong adjusted 

sales growth
• Tend to be strong auto-regressive models
• You can’t validate model performance against actual sales 

data



INCREMENTAL APPROACH
» Develop baseline forecast with actual sales data and adjust for 

only future EE program savings.
• Need a cumulative incremental monthly EE program savings 

projection (starting with the first forecast month)

» Generally starting with annualized program savings forecast
• Annualized estimates assume that all measures are installed in the 

first month of the year 
• Meaningful for developing EE programs, not so meaningful for 

forecasting load impacts. 

» The challenge is to turn annualized savings estimates into  
meaningful monthly sales impact series. “DSM accounting” is 
really hard.
• Need to address the “double-counting” issue
• Need to capture seasonal impacts (e.g., lighting programs have a 

larger impact in the winter months. cooling programs only impact 
summer months)



HOW MUCH IS FUTURE EE IS CAPTURED IN 
THE BASELINE MODEL?
» Add the cumulative historical savings as a model variable

• If nothing is captured: DSM coefficient = -1.0
• If half is captured:  DSM coefficient =  -.5
• If everything is captured:  DSM coefficient = 0.0 

Variable Coefficient StdErr T-Stat P-Value
XHeat 1.552 0.100 15.485 0.00%
XCool 0.989 0.114 8.659 0.00%
XOther 0.986 0.021 46.437 0.00%
DSM_perCust -0.224 0.118 -1.908 6.17%

Vermont residential average use model:  2008 to 2013

Indicates 80% of EE program savings is captured by the baseline model 



SAE MODELING APPROACH
CAPTURE EE PROGRAMS IMPACTS THROUGH END-USE INTENSITY 
FORECASTS 
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• Incentives to remove second refrigerators reduces saturation
• Lighting program improves efficiency
• Promotional heat pump program increases saturation and efficiency



SAE MODEL APPROACH

1. Develop baseline end-use sales forecasts from SAE model

2. Subtract out end-use EE program savings from baseline end-
use sales forecasts
• adjust future impacts to reflect savings captured by baseline forecast 

(apply 0.20 to future EE savings forecast)

3. Calculate new end-use energy intensity forecasts that 
incorporate the EE program impacts

4. Execute estimated SAE model with EE program adjusted end-
use intensity forecasts
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REFRIGERATION END-USE INTENSITY
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EE ADJUSTED END-USE INTENSITIES
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VERMONT EE LIGHTING PROGRAM
IMPACT ON LED TECHNOLOGY SHARE
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Faster market penetration of LED as a result of VEIC lighting program



LIGHTING INTENSITY COMPARISON

Lighting Program

Baseline Projection

The impact of the lighting program is to push lighting savings forward



EFFICIENCY PROGRAM IMPACTS
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AAGR 
2014-34: -0.4%
2014-34: -0.8%

AAGR 
2014-34: -0.2%
2014-34: -0.5%

Estimate that Vermont EE programs will reduce average use growth by half

Residential Commercial



SUMMARY

» SAE/End-Use Models provides a rich modeling framework for 
evaluating the impact of structural changes as well as economic 
and demographic growth.  This allows for developing long-term 
scenarios that may include:
• EIA high end-use efficiency case
• Stronger population and economic growth
• Adoption of new technology (e.g., cold-climate heat pumps)
• Global warming trend

» It’s an ideal framework for incorporating the impact of EE 
programs into the forecast
• No need for DSM Accounting
• Can assess EE impact on specific technologies (provides a 

sanity check)
• Requires thinking in terms of how we use electricity  



THANK YOU

www.itron.com

Eric Fox

Boston, Massachusetts

617 423-7660 ext. 22

20 Park Plaza, Suite 910

Eric.Fox@Itron.com
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