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Agenda 

• Overview of Residential Lighting 
• Savings Algorithm 
• EM&V Plan 
• Questions/Comments 

 

 

Presenter
Presentation Notes
Residential Lighting deals with a broad category of methods.  This presentation outlines what the Residential Lighting Savings Protocol covers, including some algorithms, and what parameters we think need to be included.
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Overview of Residential Lighting 

• Measures 
– CFLs 
– ENERGY STAR fixtures 
– LEDs 

• Delivery Strategies Vary 
– Upstream buy down/mark down 
– Direct installation 
– Giveaway 
– Coupons 

 

Presenter
Presentation Notes
Residential lighting represents the largest share of savings in residential energy efficiency programs over the last few years, and savings from compact fluorescent lamps (CFLs) dominate these savings.  Energy Star fixtures and light emitting diodes (LEDs) are experiencing more widespread adoption.  The most common delivery method is the upstream approach where programs buy down the cost of bulbs from manufacturers or mark down the cost from retailers.  Since the transactions involve the efficiency program and the manufacturers, consumers often don’t know that they are receiving a subsidy.  There are also rebates at the point of purchase or mail-in, direct installation programs that go into people’s homes, and giveaway programs.
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Overview of Residential Lighting 

What is Covered? 
Methods address most measures  

and delivery strategies 

What is Not Covered? 
Demand Savings 

Attribution 
EUL/ Inc. Cost 

The Canadian Football League 

Presenter
Presentation Notes
The draft is intended to be as expansive as possible and can be applied to most residential lighting measures and delivery strategies.  The following are not covered in this presentation:   demand savings, attribution, net-to-gross, expected useful life, and cost effectiveness.  



5 

Summary of Gross Impact Analysis 

NUMMEAS 
 

(# of Program 
Bulbs) 

∆Watts/1000  
 

(Delta Watts / 
1000) 

HRS 
 

(Avg. Hours 
of Use / Year) 

ISR 
 

(In-service 
Rates) 

Savings Algorithm 

kWhsaved =  
 

INTEF 
 

(Interactive 
Effects) 

* * * * 

Presenter
Presentation Notes
There are five parameters in the savings algorithm.  These include the number of measures or program bulbs, the difference in watts between the energy efficient bulbs and those being replaced, the number of hours of operation per year, in-service (installation) rates, and HVAC interactive effects.  
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EM&V Plan:  
Number of Measures 

• Reported by Program Administrator 
– Implementation contractor typically 

has tracking database 

• M&V Should Include Minimum of 
Basic Verification 
– Review detailed transaction database 

to replicate total savings claim 
– Discrepancies result in adjustment 

Presenter
Presentation Notes
The number of measures is relatively straightforward and is usually tracked in a database by the program administrator or the implementation contractor.  We recommend a minimum of basic verification of this number to ensure transactions being claimed are accurate  We should be able to see the details in the number of bulbs sold by date so that the total savings results can be replicated using the data provided.  
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Summary of Gross Impact Analysis 

NUMMEAS 
 

(# of Program 
Bulbs) 

∆Watts/1000  
 

(Delta Watts / 
1000) 

HRS 
 

(Avg. Hours 
of Use / Year) 

ISR 
 

(In-service 
Rates) 

EM&V Plan: Delta Watts 

kWhsaved =  
 

INTEF 
 

(Interactive 
Effects) 

* * * * 
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EM&V Plan: Delta Watts 

• Various Approaches 
– Self-report  
– In-home inspections 
– Multipliers 
– Manufacturer Rating 
– Lumen equivalence 

• Strengths and Limitations of Each 

Presenter
Presentation Notes
The next parameter is delta watts, and we include in the write-up a number of approaches—self-reporting, in-home audits, multiplier approaches, using a manufacturer rating for lighting, and using a lumen equivalence approach.  The write-up contains a list of strengths and weaknesses for each.  
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EM&V Plan: Delta Watts 

• Recommended: Lumen Equivalence 
– Typically provides same as 

manufacturer rating 
– Matches up with EISA 
 

Lumen Range 2011 Baseline 2012 Baseline 2013 Baseline 2014 Baseline 

1490-2600 100w 72w 72w 72w 

1050-1489 75w 75w 53w 53w 

750-1049 60w 60w 60w 43w 

310-749 40w 40w 40w 29w 

Presenter
Presentation Notes
We recommend using lumens equivalence because it typically provides about the same baseline wattage, although slightly lower baseline in some cases, as the manufacturer rating.  Lumens equivalence also matches up with EISA requirements, which are phasing in annually.  There is some qualitative evidence that people upgrade to higher light output and wattage when buying efficient bulbs.  



10 

EM&V Plan: Delta Watts 

• Exceptions to Lumen 
Equivalence 
– Values above/below 

ranges 
– EISA exceptions: 3-

way, candelabras, 
reflectors 

– Use manufacturer 
rated in these cases 

Presenter
Presentation Notes
For EISA exceptions such as 3-way bulbs, candelabras, and reflectors, use manufacturer rated baselines.  For values above and below the lumens approaches, we also recommend using manufacturer rated baselines.
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Summary of Gross Impact Analysis 

NUMMEAS 
 

(# of Program 
Bulbs) 

∆Watts/1000  
 

(Delta Watts / 
1000) 

HRS 
 

(Avg. Hours 
of Use / Year) 

ISR 
 

(In-service 
Rates) 

EM&V Plan:  
Annual Operating Hours 

kWhsaved =  
 

INTEF 
 

(Interactive 
Effects) 

* * * * 

Presenter
Presentation Notes
The next parameter is annual operating hours (sometimes called HOU for hours of use).  
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EM&V Plan:  
Annual Operating Hours 

• Recent Metering 
Studies Show 
Wide Range in 
HOU for CFLs 

• Data are Not 
Readily 
Transferable 

Region Publication 
Year 

Estimated 
Daily HOU 

Illinois (AIU) 2011 2.74 

Maryland 
(EmPower) 

2011 2.98 

CA (PG&E, 
SCE, and 
SDG&E service 
areas) 

2010 1.9 

CT, MA, RI, VT 2009 2.8 

Pacific 
Northwest 

2010 2.32 

Ohio Forthcoming 2.85 

North Carolina 
/  South 
Carolina 

2011 2.54/ 
2.67 

Presenter
Presentation Notes
There are a number of studies that use metering data to estimate hours of use, and as you can see from this chart, there is a fairly wide range depending on where the study takes place.  What is important here is that we have tried to extrapolate data from one region to another.  What we have found is that these data are not really transferrable.   If we look at issues that affect these numbers—saturation, number of people, etc. — we find that metered data are different from the extrapolated estimates.  We conclude there is something else driving hours of use that we are not capturing in our algorithms.  
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EM&V Plan: 
Annual Operating Hours 

• Recommended: Metering Study 
– Adjust for seasonality 
– Conduct in-home audit during study 
– Can select sample of measures/home 
– Weighting techniques 

• For Recent Launch or Smaller 
Programs: Secondary Data 
– Select “like” region, weight by room 

Presenter
Presentation Notes
Therefore, we recommend conducting a metering study to determine hours of use.  In the paper, we make recommendations for how to conduct a metering study.  First, we recommend that the data be adjusted for seasonality because winter data are quite different from summer data.  We recommend that an in-home audit be conducted to understand saturation of efficient measures by room and fixture type. In the protocol, we also talk about sampling for how many measures per home.  For homes with a lot of efficient measures, we recommend using sampling techniques to minimize the burden on the home owner and allow for maximizing the number of homes metered.  The most important factor in hours of use seems to be what type of rooms are the replacement bulbs installed in, so results need to be weighted by room type.  The utility needs to understand where most of the CFLs are going into because bulbs installed in kitchens and living rooms have much greater hours of use than those installed in other rooms. We recognize that metering can be expensive, so some programs that are relatively new or have fewer resources available may need to rely on secondary data.  Our recommendation is to select as similar a region as possible. 
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Summary of Gross Impact Analysis 

NUMMEAS 
 

(# of Program 
Bulbs) 

∆Watts/1000  
 

(Delta Watts / 
1000) 

HRS 
 

(Avg. Hours 
of Use / Year) 

ISR 
 

(In-service 
Rates) 

EM&V Plan:  
In-Service Rate 

kWhsaved =  
 

INTEF 
 

(Interactive 
Effects) 

* * * * 

Presenter
Presentation Notes
In-service rates deals with a concept that is somewhat unique for upstream lighting programs, particularly for purchases of multi-bulb packages.  Most people replace a bulb when it burns out and put some of the bulbs from the pack in storage.  
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EM&V Plan: In-Service Rate 

• Recommended: Onsite Audit for 
Upstream Programs 
– Based on all similar measures (i.e., do 

not need to identify program bulbs) 

• For Recent Launch or Smaller 
Programs: Telephone Survey 

Presenter
Presentation Notes
We recommend performing an on-site audit to get a count of bulbs that are installed versus in storage.  Of course, it is difficult to identify which bulbs in a given house derive from a particular energy efficiency program.  We recommend trying to identifying bulbs purchased during a program year, if possible.  In-home audits require time and resources.  So for recently launched or smaller programs we recommend, at a minimum, a telephone survey to find the disposition of recently purchased bulbs:  Are they installed or are they in storage?   
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EM&V Plan: In-Service Rate 

• Some Measures 
Installed in Year 
Following Program 

• Assume 99% 
Installed Within 2 
Years Following 
Program 
– Based off of CA 

Study 

Region Publication 
Year 

Percentage of 
CFLs 

Installed in 
Program Year 

Arizona (APS) 2008 90% 

California 
(PG&E, SCE, 
and SDG&E 
service areas) 

2010 67% 

CT, MA, RI, VT 2009 76% 

Illinois 
(ComEd) 

2011 74% 

Presenter
Presentation Notes
Data show that bulbs not installed in first year are likely to be installed in following years.  There is a California study that estimated that 99% of bulbs purchased in an upstream program are installed within two years following the program year.  Therefore we recommend either discounting the future installations and counting them immediately, or including the future savings in the future year.  
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Summary of Gross Impact Analysis 

NUMMEAS 
 

(# of Program 
Bulbs) 

∆Watts/1000  
 

(Delta Watts / 
1000) 

HRS 
 

(Avg. Hours 
of Use / Year) 

ISR 
 

(In-service 
Rates) 

EM&V Plan:  
HVAC Interactive Effects 

kWhsaved =  
 

INTEF 
 

(Interactive 
Effects) 

* * * * 

Presenter
Presentation Notes
HVAC interative effects matter because energy efficient lighting gives off less heat than conventional bulbs.  In cooling dominated climates, there is an increase of savings, and in heating dominated climates there is a decrease in savings.  
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EM&V Plan:  
HVAC Interactive Effects 

• Varies Based on Climate Zone 
– Additional savings in cooling 

dominated areas 

• Recommendation: Use Northwest 
Regional Technical Forum 
Calculator 
– Need to adjust inputs for actual 

climate/conditions 
– Based on electric impact only 

Presenter
Presentation Notes
We recommend using a model from the Northwest Regional Technical Forum Calculator for which inputs include climate zone, saturation of air conditioning, saturation of electric heat, and lighting hours of use by month.  Larger utilities would typically already have many of those data readily at hand.  For smaller utilities, we recommend using secondary data.  One note from the model, it is focused on electricity savings only, not savings (or increases in use) of other fuels such as natural gas or propane.   



19 

EM&V: Other Evaluation Issues 

• Cross Customer Class Sales 
– Some sales may go to non-residential 

• Cross Service Area Sales (Leakage) 
– Cannot verify each purchaser in upstream 

program 

 

Presenter
Presentation Notes
There are two other evaluation issues.  Cross-customer sales is where some bulbs subsidized by the residential energy efficiency program are purchased by non-residential customers.  Non-residential customers have a higher hours of use than residential customers and thus skew the savings results.  Leakage (also called spillage) is where some bulbs may go to consumers who are not customers of the utility funding the program, and the savings appear somewhere else.  
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EM&V: Other Evaluation Issues 

• Recommendation: Can Exclude These 
Parameters 
– May be offsetting 
– Difficult to estimate accurately 
– Many neighboring programs 
– Many programs minimize leakage 

 

Presenter
Presentation Notes
Interestingly, these two effects are difficult to quantify and may somewhat offset each other.  Customer Intercepts are extremely difficult to carry out inside stores.   And we have a lot of companies who are thinking about how to minimize leakage by doing things like holding sales further inside the utility service territory.  We therefore believe these parameters can be excluded from evaluations.   For program administrators that are using intercepts for other purposes, however, including an assessment of program attribution, questions regarding the intended location and business type can be included and used.
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Project Team 
U.S. Department of Energy 

• Michael Li 
michael.li@hq.doe.gov 

• Carla Frisch 
carla.frisch@ee.doe.gov 

National Renewable Energy Laboratory 
• Dan Beckley 

daniel.beckley@nrel.gov 
• Chuck Kurnik 

chuck.kurnik@nrel.gov  
The Cadmus Group 

• Hossein Haeri 
hossein.haeri@cadmusgroup.com 

• Tina Jayaweera 
tina.jayaweera@cadmusgroup.com  

Apex Analytics 
• Scott Dimetrosky 

scottd@apexanalyticsllc.com 
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