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NOTICE 

This report was prepared by Performance Systems Development (PSD) in the course of performing work contracted 

for and sponsored by the New York State Energy Research and Development Authority (hereafter NYSERDA). The 

opinions expressed in this report do not necessarily reflect those of NYSERDA or the State of New York, and 

reference to any specific product, service, process, or method does not constitute an implied or expressed 

recommendation or endorsement of it. Further, NYSERDA, the State of New York, and the contractor make no 

warranties or representations, expressed or implied, as to the fitness for particular purpose or merchantability of any 

product, apparatus, or service, or the usefulness, completeness, or accuracy of any processes, methods, or other 

information contained, described, disclosed, or referred to in this report. NYSERDA, the State of New York, and the 

contractor make no representation that the use of any product, apparatus, process, method, or other information will 

not infringe privately owned rights and will assume no liability for any loss, injury, or damage resulting from, or 

occurring in connection with, the use of information contained, described, disclosed, or referred to in this report. 
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Abstract and Keywords 

This study, funded by the New York State Energy Research and Development Authority (NYSERDA) and 

performed by Performance Systems Development, identified the underlying causes for over-estimation of 

contractor-reported energy savings in the NYSERDA Home Performance with ENERGY STAR program for the 

years of 2007 to 2011 and assessed the potential impact on savings prediction accuracy of applying the ANSI/BPI-

2400 standard for baseline energy model calibration to actual energy usage. 

Whole building energy efficiency programs across the country have experienced shortfalls in the ratio of actual 

energy savings relative to contractor-reported savings when undergoing formal evaluation of savings results. This 

ratio of actual to contractor-reported savings is called the ñrealization rateò.  The ANSI/BPI-2400 standard was 

developed based on best practices to provide energy efficiency incentive programs with a tool for improving the 

confidence in energy savings predictions from energy modeling tools when used as part of incentive approval in 

efficiency programs.  This study tested the potential of the ANSI/BPI-2400 standard to improve prediction accuracy 

by retrospectively applying the standard to a group of over 2,000 homes retrofitted in the NYSERDA Home 

Performance with ENERGY STAR program over five years.  The study also evaluated a wide range of other factors 

that could be contributing to reductions in project-level energy savings realization rates. The study found that:  

¶ The most significant variable contributing to the relative accuracy of the savings predictions was the 

degree to which the baseline simulation model was calibrated to match the actual energy bills in the home.   

¶ Programmatic application of the ANSI/BPI-2400 baseline energy model calibration standard will likely 

dramatically increase project-level realization rates (energy savings prediction accuracy). 

¶ The medians of the contractor-reported percentage savings and the actual percentage savings were closely 

aligned, with the realization rate error being driven by a shortfall in the absolute value of the savings 

prediction resulting from the over-estimated baseline simulation models. 

¶ The TREAT simulation software used by the program produced similar percentage savings estimates as 

compared with those from BEopt, a research-grade simulation tool from NREL and DOEôs Building 

America program. 

Other conclusions based on the findings in this study include: 

¶ TREAT has been tested and accredited using the RESNET software verification tests for existing 

residential buildings.  It is assumed that other energy simulation tools passing these RESNET software 

tests should produce similar results to the TREAT software when used in conjunction with the application 

of the ANSI/BPI-2400 standard.  This could be validated through a future pilot study. 

¶ The use of model calibration following the ANSI/BPI-2400 standard allows reduced detail in the energy 

models that undergo program review, reducing contractor effort and speeding up review time.  

These conclusions and others in the study are being used to help improve program realization rates, streamline 

program operations, and automate incentive approval.  

Keywords:  NYSERDA, ANSI/BPI-2400, model calibration, realization rate, home performance, HPwES, program 

evaluation, TREAT, Green Button, automated desktop review, modeling software approval process  
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Glossary of Terms and Acronyms 

Normalized Annual Consumption (NAC) ï The building annual energy consumption of a given year, usually 

separated by fuel type, in which the weather-dependent portion of the energy consumption has been normalized to 

represent typical weather.  This allows an apples-to-apples comparison of the energy consumption from one period 

in time to another period as well as making future energy savings estimates that should be representative on average. 

Coefficient of Determination (R
2
) - Proportion of variability in a regression data set that can explained by the 

model. 

Non-Program Effects ï Also referred to as Exogenous Effects.  Any act that changes the energy consumption in a 

household that is not due to the energy saving measures installed through the energy efficiency program.  Some 

common examples of this that occur after energy retrofit as compared to household before retrofit are: residents 

changing thermostat and/or water heater settings, change in number of residents, change in quantity of electric 

plugloads, remodeling the home, installing other energy-related upgrades that were not included in the scope of the 

retrofit that was part of energy efficiency program.  

Project-Level Realization Rate ï This is to distinguish that the realization rates in this study were determined for 

each individual project and not across all project as is done for impact evaluations.  See the beginning of Section 3 

for a further explanation of the differences in how these project-level realizations were calculated and the reasons 

this was done. 

Adjusted Project-Level Realization Rate (Adj-PLRR) ï Recalculating the project-level realization rates using the 

adjusted contractor-reported.  These adjusted savings reflect the hypothetical case where the baseline simulation 

model used for calculating the savings estimates was perfectly calibrated to the weather-normalized savings analysis 

for the particular project. 

Contractor -Reported Savings ï also referred to as Predicted Savings, Modeled Savings, and Estimated Savings.  

For this study, the contractor-reported energy savings came from the TREAT software.  The savings estimates from 

TREAT are weather normalized to represent savings for typical weather for the project location. 

TREAT  ï The TREAT software is used by the majority of the participants in the NYSERDA Home Performance 

with ENERGY STAR program.  TREAT runs the SUNREL physics engine for load calculations and provides tools 

such as comparisons of multiple scenarios, weather normalization of energy usage data, and the ability to align or 

ñcalibrateò the baseline model with the energy usage data.   

HPXML  ï Home Performance XML is a national data transfer standard for residential energy audit information.  

The TREAT XML exports used in this report were the foundation for this national standard. 

ANSI/BPI-2400 ï This standard describes a methodology for the creation of a baseline model that is ñcalibratedò to 

normalized energy usage history of the building and includes boundary checks for inputs as well as a methodology 

for savings calculation relative to the baseline. 
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CFM50 ï A measurement of air leakage in cubic feet per minute using a blower door at a pressure difference of 50 

Pascals between the inside and outside. 

SIR ï Saving to Investment Ratio is a screening tool for savings relative to cost of installation over the life of a 

measure. 
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1 Executive Summary 

 Overview  1.1

Many whole building programs are experiencing issues with realization rates, which are defined as the ratio of 

actual savings to contractor-reported savings.  These adverse results are being determined through program 

evaluation and subsequently result in significant changes to calculated program cost-effectiveness; often many years 

after the installations were completed.  This study attempts to uncover the underlying causes of the savings under-

performance and offers program enhancement strategies to improve savings prediction accuracy.  The specific 

objectives of the study are:   

¶ To understand the key factors related to energy savings predictions that contribute to poor project-level 

realization rates through the analysis of actual billing and simulation model data  

¶ To assess the impact of applying the ANSI/BPI-2400 standard programmatically to improve realization 

rates 

¶ To evaluate how calculation algorithms in TREAT (the predominant modeling software used in the 

NYSERDA Home Performance with ENERGY STAR program during period covered by this study ) and 

other software tools could be affecting realization rates 

¶ To recommend improvements to program process and quality assurance that could improve realization 

rates 

Two data sets were analyzed, one for the 2007 to 2008 program years and one for the 2009 to 2011 program 

years. The two data sets had similar characteristics and similar results.  

Whereas program impact evaluations often determine program savings from a fixed-effects regression model 

representing project factors across all projects, this study focused on investigating the sources of the realization rate 

error in the contractor-reported savings process.  The unavailability of a control group for non-program effects or on 

installation quality and metrics also constrained investigation of broader effects.  The study focused on determining 

project-level realization rates contrasting the contractor-reported savings against the normalized annual consumption 

(NAC) of the associated utility billing data using PRISM.  This approach also allowed testing of the potential per-

project accuracy impacts of the application of the ANSI/BPI 2400 energy model calibration standard to the 

simulation models developed by participating contractors.   
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 Key Findings  1.2

The study found that:  

¶ The most significant variable contributing to the relative accuracy of the savings predictions was the 

degree to which the baseline simulation model was calibrated to match the actual energy bills in the home.   

¶ Programmatic application of the ANSI/BPI-2400 baseline energy model calibration standard will likely 

dramatically increase project-level realization rates (energy savings prediction accuracy). 

¶ The medians of the contractor-reported percentage savings and the actual percentage savings were closely 

aligned, with the realization rate error being driven by a shortfall in the absolute value of the savings 

prediction resulting from the over-estimated baseline simulation models. 

¶ TREAT produced similar percentage savings estimates as compared with those from BEopt, a research-

grade simulation tool from NREL and DOEôs Building America program. 

Other conclusions related to this study: 

¶ TREAT has been tested and accredited using the RESNET software verification tests for existing 

residential buildings.  It is assumed that other energy simulation tools passing these RESNET software 

tests should produce similar results to the TREAT software when used in conjunction with the application 

of the ANSI/BPI-2400 standard.  This could be validated through a future pilot study that used real-time 

feedback on energy savings across a group of home performance contractors that were randomly assigned 

which energy modeling software to use on a given project. 

¶ The use of model calibration following the ANSI/BPI-2400 standard forces the user to address 

inaccuracies in the baseline energy model regardless of the level of detail entered about the project.  

Therefore, model calibration allows for reduced detail in the baseline models that undergo program review 

thereby reducing contractor effort and speeding up review time.  This energy balance approach is the 

process used in modeling commercial buildings.  This cost saving approach could also be validated as part 

of pilot described above. 

These conclusions and others in the study are being used to help improve program realization rates, streamline 

program operations, and automate incentive approval.  

 

1.1.1 Realization Rate Error A ttribution  

The study identified a range of variables that correlated to poor realization rates.  The most significant variables that 

explained the variation in realization rates are shown in the table below with their relative impact indicated as a 

percentage.  These key variables and their relative impact came from best fit multivariate linear regression models.  

Even though the portion of realization rate variance explained by these regression models (one per dataset) are quite 

low (e.g. 18% for the 2007-2008 natural gas dataset), it should be understood that the listed variables and the 

regression models were only able to analyze the savings prediction portion of the realization rate variation as there 

was not supporting data on the installation quality/performance and no control group to normalize out non-program 

factors.  Refer to Table 10 in Appendix A for the number of projects used in all analyses in this study. 
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Table 1. This table first lists the proportion of project-level RR variance explained by the best fit regression model 
followed by the relative impact of each listed variable (all variables sum to 100%) on the variance explained.  

Dataset Portion of project-level 
RR Variance 

Explained by the 
Regression Model 

Calibration 
Variance 

Infiltration 
Reduction 

Pre-Retrofit 
Air Leakage 

Pre-Retrofit 
EUI 

Cond Floor 
Area 

2007-2008 Gas 18% 39% 54% 3% 4% N/A 

2009-2011 Gas 11% 56% 30% 2% 12% N/A 

2007-2008 Elec 16% 51% 4% 3% 35% 7% 

2009-2011 Elec 18% 44% 7% 4% 38% 7% 

 

1.1.2 Model Calibration Addresses Most of the Error  

The application of an ex-post (synthetic) calibration, such as the ANSI/BPI-2400 standard, to the datasets showed 

how the realization rates and the contractor-reported savings would have been adjusted if model calibration had been 

a requirement of the program.  The results of this application of the standard improved the realization rates 

significantly with a corresponding reduction in the reported (predicted) savings for natural gas. This is in line with 

the hypothesis that un-calibrated models are typically over-predicting the baseline simulation model and therefore 

have over-predicted associated savings.   The following figure shows the functional basis of the impact of baseline 

energy model calibration according the ANSI/BPI-2400 on the energy savings realization rate, shown as the X/Y 

ratio in the charts. 

 

Figure 1: Energy savings predictions without calibration (left) and with calibration (right). 
 

The table below shows that the average accuracy in savings predictions (i.e. realization rates) across both datasets 

was significantly increased while also reducing the contractor-reported savings as a result of the ex-post calibration.  

Additionally, there was a significant reduction in the variation in individual savings prediction accuracy.  
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Table 2 This table shows the contractor-reported savings and RR from this study along with the adjusted values and 
the percent change due to synthetic calibration of the baseline simulation models.   

Summary 
Across All 
Projects in 

Study 

Total 
Projects 
in Study 

Median 
project-
level RR 

Median 
Adj 

project
-level 
RR 

Percent 
Change in 

Project -Level 
RR Resulting 

Due to  
Calibration  

Sum of 
Contract

or-
Reported 
Savings 

Sum of 
Adj 

Contract
or-

Reported 
Savings 

Percent Change 
in Contractor -

Reported 
Savings  Due to 

Calibration  

2007-2008 
Gas (therms) 

903 0.69 1.00 46% 312,366 201,075 -36% 

2009-2011 
Gas (therms) 

1,241 0.63 0.86 37% 316,880 225,585 -29% 

2007-2008 
Elec (kWh) 

482 1.65 1.40 -15% 508,190 535,295 5% 

2009-2011 
Elec (kWh) 

572 3.18 2.84 -11% 336,673 390,675 16% 

 

1.1.3 TREAT Savings Predictions Algorithms  

The TREAT energy simulation algorithms were reviewed as part of the study, focusing on areas that were identified 

as contributing to poor realization rates; insulation savings and air sealing savings.  These areas of TREAT were in 

close alignment with the predictions from best-in-class modeling tools or differences were found to have minimal 

impacts.   There issue of the accuracy of air sealing savings predictions from energy simulations tools in general has 

been identified as requiring further research.   

Further illustrating that the TREAT algorithms predict energy usage and savings well, the TREAT percentage 

savings predictions closely aligned with the actual percentage savings for the natural gas datasets; the contractor-

reported savings was 20.5% while actual savings was 19.4% for the 2007-2008 dataset, and 17.9% and 15.6% for 

the 2009-2011 dataset.  The magnitude of the contractor-reported savings was off from the actual savings because 

the baseline simulation models were not calibrated to the baseline energy usage.    

 Key Recommendations  1.3

1.1.4 Gradually Require Model Calibration  

Since the application of a bound on pre-retrofit energy use based on the actual energy use of the building is such an 

effective method for trapping modeling errors as well as reducing the general tendency of models to over predict, the 

primary recommendation is to apply a simple energy end-use calibration, such as ANSI/BPI-2400, to an increasing 

range of projects.  Options for gradually increasing the requirement of calibration could include: 

¶ Projects with larger project cost 

¶ Projects with deeper percentage energy savings 
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¶ Access to accelerated or automated approval for loans 

¶ An introductory requirement, for the first five projects for example, as a validation of user modeling 

ability 

¶ A remedial measure on specific contractors selected for poor performance in some category including, 

potentially, actual measured realization rates. 

1.1.5 Program Administrator Access to Utility Billing Data  

At the same time that calibration is being introduced, the infrastructure for improving access to utility bill data 

should be improved.  The Green Button data transfer standard is relatively easy for utility to apply and reduces the 

cost of data entry.  The Green Button Connect standard improves the ability of a utility customer to pass data 

directly to a program and/or contractor.  Program Administrators benefit by enabling immediate verification of the 

pre-retrofit energy used based on the actual energy use of the home.  The Green Button Connect standard has been 

successfully implemented in the California utilities and can help programs achieve other market transformation 

goals by better integrating actual energy usage into the retrofit process. 

1.1.6 Build in Automated Data Checks  

The introduction of an HPXML standard (BPI-2100-S-2013 Standard for Home Performance-Related Data Transfer, 

developed with industry input including earlier TREAT XML output) has improved the ability to create automated 

software data quality verifications for submitted modeling results. 

Data quality checks can be of several types: 

¶ Data input bounding (e.g. Input Constraints found in ANSI/BPI-2400) 

¶ Internal cross verification (e.g. comparing ceiling area to floor area) 

¶ Data output or results checking 

Data checks can occur in the software and be reported out as part of the modeling data submission (as in the TREAT 

XML) and/or data checks can occur in the program implementerôs systems after the model results are submitted to 

the Program Administrator by the modeler.  Data checks in the software have the advantage of reducing the time to 

fix any issues and provide more training feedback to the modeler.  Data checks at the time of submission to the 

implementation database can include checks not disclosed to the contractor and can better compare data across 

models.  Simple extensions to the HPXML standard should be considered to support data quality assurance.  Some 

of data checks recommended based on this study have already been included in the HPXML standard as a result of 

PSDôs participation in the working groups. Key data checks recommended in this study include:  

¶ Apply Input Constraints (ANSI/BPI-2400) 

¶ Verify the utility billing data quality (ANSI/BPI-2400) 

¶ Verify or report verification of energy end-use calibration (ANSI/BPI-2400) 

¶ Check for appropriate geometry 

¶ Check heating and cooling equipment for appropriate sizing and efficiencies of installed equipment 
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¶ Check SIR inputs 

¶ Apply contractor-reported savings thresholds  

¶ Cap the air sealing Btu savings per CFM50 reduction 

¶ Verify test-in and test-out blower door test results are used in the air leakage savings calculation 

¶ Verify that the effective assembly R-values of the insulation upgrades are used in the savings calculation 

There is Department of Energy funded research occurring to improve the ability to build quality assurance checks 

into energy simulations.  Much of this activity is related to the OpenStudio development platform built on top of the 

EnergyPlus simulation. PSD is working with the National Renewable Energy Lab (NREL) to help deploy this 

technology and is NRELôs first national training partner for OpenStudio. 

1.1.7 Standardize Desktop Review  

Software independent standards for the review of submitted energy models should be established.  These standards 

should encourage the use of simplified modeling approaches.  For example, simplified modeling approaches exist in 

TREAT but are not used widely due partly to early practices to modeling complex home geometries and current 

reviewer focus on TREATôs complex modeling detail capability.   Model detail in more complex software tools 

should be an option and not a requirement, unless there is a specific and pre-established need for using that level of 

detail. Once standards for model review exist, both modelers and reviewers can be trained in that standard.     

1.1.8 Enhance Field QA Process  

The study identified key areas where post installation quality assurance could impact realization rates.  These 

include: 

¶ Establish a grading system for insulation voids to obtain effective post-retrofit assembly R-values  

¶ Increase QA of data inputs with greater savings impact, such as air leakage measurements 

¶ Targeting contractors with historically lower realization rates for greater QA 

It is important that the QA process not create feedback on variations between the model and reality that are not 

significant to contractor-reported savings.  Simplification of the modeling process will create more variation 

between the model and the real building.  QA inspectors will need training and perhaps the ability to quickly 

remodel the building in a simple tool to be able to determine if a simplified model was simplified successfully or if 

the contractor needs feedback on elements of the model that are producing significant savings error.   

1.1.9 Software Approval Process Enhancements  

As the range of tools diversifies and simplified models are introduced, it will be important to have screening 

methods for results as well as minimum feature requirements of the software tools (e.g. HPXML output, supports 

calibration).  Methods for approval of software in programs should be a national effort, similar to the effort 

supporting HPXML and for similar reasons.  Coordination with and support of these national efforts will best 
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support state and program level needs while allowing software vendors to focus resources on product improvement 

instead of testing state-by-state. 

1.1.10 Further Research Leveraging This Study  

Considerable effort has been undertaken to process the data sets and put them into a framework that can be readily 

queried.  While undertaking this research effort additional research has been identified that could leverage the 

existing data sets. 

¶ Establish cap on air sealing savings predictions ï Work with the data to empirically determine a Btu 

savings per CFM50 that would reduce the current negative impact of air sealing on the realization rate.   

¶ Test efficient QA methods such as parametric modeling ï Test the application of percentage savings from 

sample simulations to the actual billing data to produce a quick savings check on the models that are being 

reviewed. 

¶ Air sealing was determined to be a specific area for calculation improvement identified in the 

study.  Support for empirical research on improving air sealing calculations is a key to improving the 

predictive ability of residential energy modeling software.  In the interim, methods for limiting predicted 

air sealing savings should be considered. 
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2 Background 

 What is a realization rate?  2.1

Realization rates are typically calculated as the ratio of the contractor-reported savings to the determined actual 

savings.  A realization rate of less than 1.0 (or less than 100%) means that the actual savings are less than predicted, 

this is usually referred to as a savings shortfall.  A realization rate of greater than 1.0 (more than 100%) means that 

the savings are greater than predicted.  Realization rates of greater than 1.0 are not common. 

 Why study realization rates?  2.1.1

Since the program realization rates are typically calculated by program evaluators several years after the actual 

installations were completed, the evaluator adjustments (usually lower) to savings predictions are applied after the 

program funds have been spent.  This ex-post savings adjustment can lead to failed cost-effectiveness tests, 

increasing the risk of program cancellation. Realization rates have been a major issue for whole-building energy 

efficiency programs in part because these programs have tended to be less cost-effective than simpler rebate 

programs, often operating at or near cost-effectiveness thresholds. 

Shifting from whole-building energy savings calculations to deemed savings is one solution to reduce the risk of 

savings shortfall at time of evaluation.  Deemed savings approaches intrinsically better align savings prediction with 

program evaluation.  But the limitation of deemed savings calculations can have significant impacts on the delivery 

of whole-building savings approaches including failure to account for interactivity between measures.  Deemed 

savings calculation approaches also tend to be associated with measure level cost-effectiveness screening, increasing 

the problems that contractors have in aligning project workscope with the combination of energy and non-energy 

benefits sought by their customers.  

In order to meet the goal of improving cost-effectiveness, it is also important to reduce program operating costs, for 

both the program administrator and the participating contractors.  Simplification of energy modeling as enabled by 

model calibration can reduce contractor costs associated with program participation.  Additionally, standardization 

of energy model quality assurance by program administrators can provide significant cost savings as well.   

Better understanding of how to improve realization rates in a timely and cost-effective manner will have a positive 

effect on whole-building energy efficiency programs nationally.  Expedited feedback on realization rates from 

proposed tools such as Efficiency Meters will allow whole-building programs to adjust modeling strategies mid-

stream to cost-effectively meet savings goals. 
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 What is baseline model calibration?  2.1.2

Baseline models are energy simulation models that represent the actual pre-retrofit performance of a 

building.  These models are then adjusted to represent the installation proposed improvements to energy 

use.  Predicted savings are the fundamental difference between an improved model and a baseline model. 

A calibrated baseline model aligns actual pre-retrofit energy use with modeled energy use, as in Figure 2 

below.  Since most energy models use standard normalized weather files and not actual weather, the pre-retrofit 

energy bills are typically normalized to allow the calibration. 

Realization rate errors can be thought of consisting of two primary components: 

1. The error between the actual pre-retrofit energy consumption and the baseline energy model 

2. The error between the actual post-retrofit energy consumption and the post-retrofit performance prediction 

from the energy model. 

 

The technique of baseline simulation model calibration focuses on directly improving the first component and 

indirectly improving the second component. 

One baseline model calibration approach has been described in the ANSI/BPI-2400 standard.  This approach 

requires the user of the energy modeling software tool to produce a baseline simulation model whose performance 

does not exceed the disaggregated actual energy use, see the flow chart in Appendix C for an overview of the 

process.  As part of the energy usage normalization process, the usage is split up into components that are responsive 

to cold temperatures, to warm temperatures, and not responsive to temperature at all.  Matching the baseline model 

to these end uses is assumed to reduce over prediction of savings.  Testing this assumption is one of the goals of this 

study.  Figures 2 and 3 below visually depict the impact that an uncalibrated baseline simulation model can have on 

contractor-reported savings and realization rate compared to a calibrated model. 

The ANSI/BPI-2400 standard was originally developed to help support a national tax credit based on saving 

predictions.  The ANSI/BPI-2400 standard was designed to help prevent tax fraud by reducing the incidence of 

inflated energy savings.  The standard relies on independently verifiable historical energy usage to prevent the 

inflation of pre-retrofit energy usage.   
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Figure 2: Baseline model compared to disaggregated pre-retrofit utility bills  

  

 

Figure 3: Impact of uncalibrated model on realization rates 
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Figure 4: Impact of calibrated model on realization rates 

 Testing the H ypothesis  2.2

A range of hypotheses related to the modeled savings estimates have been put forward to explain realization rate 

short-falls in whole-building retrofit programs. They include: 

¶ Improper use of modeling tools. Some examples are: 

o Users exaggerate performance failures of the existing building components (e.g. walls entered as 

uninsulated when they actually have some insulation, AFUE of existing furnace entered much lower 

than combustion efficiency because equipment is old)  

o Users enter the homeôs thermostat settings into the model, however, thermostat settings in energy 

models represent a uniform temperature for the entire model zone (typically the whole house in Home 

Performance programs), which is typically not the case in poor performing homes. 

o Users select a surface (e.g. ceiling, wall) from the modeling tool library has the same description as the 

nominal insulation they propose to install, however, the post-retrofit insulated surface condition 

described in the model is uniformly insulated and this is often not the case even with a quality 

installation.  

¶ Modeling tool calculation standards do not yield calculations that align with actual performance of energy 

conservation measures.  Both examples below can contribute the observation that new construction 

modeling predictions tend to be more reliable than predictions for pre-retrofit existing buildings.
1
  

o Air leakage calculations are not validated and could use additional research 

                                                
1
 Appendix A of  http://www.nrel.gov/docs/fy11osti/50865.pdf  

http://www.resnet.us/blog/wp-content/uploads/2012/08/Houston-Energy-Efficiency-Study-2009-Final.pdf  

http://www.nrel.gov/docs/fy11osti/50865.pdf
http://www.resnet.us/blog/wp-content/uploads/2012/08/Houston-Energy-Efficiency-Study-2009-Final.pdf
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o Insulation performance can be affected by air leakage in pre-retrofit and post-retrofit buildings.  These 

effects may not be accounted for in wall R-values assumed by the software or the software user. 

¶ Deliberate inflation of energy savings to gain access to program incentives   
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3 Attribution of Realization Rate Error 

There are many reasons for program realization rate error.  As realization rate is the ratio of contractor-reported 

savings (estimated savings) to determined savings (actual savings), the sources of error in the contractor-reported 

savings can include simulation software error, user input error and/or exaggerations to increase contractor-reported 

savings, field data collection and measurement error.  The sources of error in the determined savings can include 

poor retrofit installation quality, poor billing data quality, methods used for weather normalization of the billing 

data, and non-program effects (e.g. changes in home energy use not due to the retrofit such as change in occupancy). 

Whereas third-party program impact evaluations often determine program savings from a fixed-effects regression 

model representing project factors across all projects, this study focused on investigating the sources of the error in 

the contractor-reported savings portion of the realization rate.  The lack of an available control group for non-

program effects or on installation quality and metrics constrained investigation of broader effects.  This study 

determined project-level realization rates from evaluating the contractor-reported savings and the normalized annual 

consumption (NAC) of the associated utility billing data using PRISM in order to test the per project impacts of the 

application of the ANSI/BPI 2400 standard to the simulation models developed by participating contractors.   

The goal of this study was to determine the variables that have the biggest impact on project-level RR, and to the 

extent possible, account for their relative portion of the project-level RR error.  This section describes the specific 

effort completed in this study to assess impact of the following elements: 

¶ Explain how project-level RR was determined for this study as compared to methods used in program 

impact evaluations. 

¶ Explore the differences of project-level RR among program-related groups (e.g. assisted home 

performance projects, market rate projects, etc.)  

¶ Investigate the key variables that most significantly account for project-level RR error  

¶ Investigate and cross-validate the algorithms in TREAT used for calculating savings related to building 

envelope (e.g. insulation and air sealing) upgrades and domestic hot water.  

 Differences in How Realization Rate  were Determined for this 3.1

Study  

As this study is focused on explaining sources of error in the savings predictions, the methods used for determining 

the realization rates (RR) are different from those used in the program impact evaluation and therefore are not 

equivalent or comparable.  While the details of the methodology can be found in Appendix A, it is useful to 

understand some of major differences in how realization rates were determined for this study. 

¶ Determination of project-level actual savings and RR were not corrected for non-program effects (no 

control group data were available). 
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¶ To investigate the effect of individual savings prediction factors (e.g. accuracy of the audit software, 

software input errors, etc.), this study calculated the actual savings and realization rate for each individual 

project. Typical impact evaluations determine a realization rate for contractor-reported savings across all 

projects using a fixed-effects regression model of the utility billing data and relevant project factors. 

¶ To give an apples-to-apples comparison between actual and contractor-reported savings, this study 

determined the normalized annual consumption (NAC) for both the pre- and post-retrofit utility billing 

data using the same TMY2 (typical meteorological year from 1961 through 1990) average weather data 

that was assumed to have been used in the simulation models.  The weather station selected was based on 

zip code as the station name was not part of the model export file.  TMY2 files were used instead of the 

newer TMY3 since most of the simulation models were created before TREAT incorporated the newer 

TMY3 weather files in 2010.  In contrast, the impact evaluation of the 2007-2008 NY State Home 

Performance program, used the average weather from 2003 through 2009 to determine the weather 

normalized actual savings to compare to the contractor-reported savings for determining the program RR.  

The use of 2003 through 2009 weather data instead of the same weather data that the simulation models 

used (TMY2) results in an average 5.6% error for 2007-2008 dataset, which means that even if the 

TREAT model predictions were completely without error, the TREAT contractor-reported savings would 

still be 5.6% higher than the evaluated ñactual savings," thereby reducing the realization rates. 

 Initial Significance Testing of Binary Factors  3.2

Before examining which variables best account for project-level RR error, it is helpful to look at how project-level 

RR varies between the different levels of key program factors. For clarification, factors can be thought of as 

categories such as heating system equipment type, project location, or field QA inspection.  Many factors were 

tested for whether or not there was a significant difference in median project-level RR between the binary state (e.g. 

yes/no) of each factor.  Only those found to be significantly different are presented in the tables below.  Because 

home performance retrofits tend to be multiple measure and whole house upgrades, none of the factors tested were 

isolated and therefore are not independent of the other factors tested.  Refer to Table 10 in Appendix A for the 

number of projects used in all analyses in this study. 

Table 3:  Median realization rates by factor with significantly different group values for natural gas in both datasets.   

Binary factors with significantly different realization 
rates 

Median Realization Rates by Factor 

Gas 2007-2008 Gas 2009-2011 

Yes No Yes No 

Assisted Home Performance 54% 79% no data no data 

Field QC Inspection 60% 71% no data no data 

Pass ANSI/BPI-2400 Calibration Criteria 122% 66% 91% 61% 

Model Heating System Size is Sufficient 80% 52% 67% 43% 

Project Has Airsealing Improvement 61% 109% 51% 71% 

Project Has Insulation Improvement 72% 114% 59% 70% 

Project Has Heating Improvement 62% 72% 59% 72% 

Project Has Window Improvement 89% 62% 108% 58% 

Project Has More Than One Gas Improvement 66% 163% 61% 117% 
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These factors do not in and of themselves explain project-level RR error but may help guide the analysis into the 

attribution of error in realization rates as well as highlight places in the program that may need to be reexamined 

such as file review and field QA.  Some additional investigation was performed for each of the factors listed in the 

table above to try to understand the reason for the difference in project-level RR.  The hypotheses for the differences 

in project-level RR among factors are listed below for both program years as well as differences between program 

years. 

¶ Affordable vs Market Rate ï there are several reasons why the project-level RR could be lower for 

Affordable Home Performance projects.  The most likely reason is the large incentive that requires an SIR 

greater than 1.0 tends to bias contractors to model the homeôs existing performance worse than it really is 

in order to increase the contractor-reported savings.  Additionally, there may be some ñtake backò effect 

(e.g. using more because the owner can now afford to keep the home warmer, for example)  for both 

program years as the natural gas prices in NY State have fallen from 2008 through 2012, but this is likely 

a secondary reason. 

¶ Field QC Inspection ï it is not fully understood why the project-level RR are significantly better for the 

projects that did not receive a field QC inspection but likely due to confounding by other factors in the 

table above that negatively impacted project-level RR.  Comparing the two groups, field QC vs. no field 

QC, the data showed that the field QC group had a higher percentages of affordable projects, projects with 

airsealing, projects with insulation, and projects with more than one improvement, all factors that had 

lower project-level RR. 

¶ Passing the ANSI/BPI-2400 Calibration Criteria ï this clearly shows a very strong correlation between 

calibrating the baseline simulation model and realizing the estimated savings.  In the 2007-2008 dataset 

there were 48 projects with models that met the calibration criteria and 89 projects in the 2009-2011 

dataset.  The reason for this large difference in project-level RR is because calibrating the baseline model 

greatly reduces over-prediction of the savings estimates as they become óscaledô by the baseline utility bill 

history.  

¶ Model Heating System Size is Sufficient ï the system size not being sufficient happens one of two ways, 

sometimes as an input error leaving off a zero or most often as the result of an uncalibrated baseline model 

inputs that result in an inflated heating load too large for the entered heating equipment capacity.  The 

undersized heating equipment is similar to a threshold of lack of baseline model calibration. If the model is 

uncalibrated far enough that the heating load exceeds the heating equipment capacity, then these models 

have a good chance of being some of poorest calibrated models and therefore will have overestimated 

savings predictions and poor project-level RR. 

¶ Projects with Insulation Improvements ï this can likely be attributed to incorrectly entering the effective 

insulation value of the installed insulation into the TREAT model because voids were not accounted for.  

This issue has been explored further in Sections 3.4 and 5.2. 

¶ Projects with Airsealing Improvements ï the primary reason is likely due to simulation models (TREAT, 

REM/Rate, EnergyPlus, etc.) not accounting for the complex and dynamic relationship in heat loss/gain 

between air exchange and that of the surfaces of the conditioned space and interstitial spaces (e.g. inside of 

walls, floor between stories) as well as buffered zones (e.g. attics and unconditioned basements and 

crawlspaces).  This issue has been explored further in Sections 3.4 and 5.2. 

¶ Project has Heating Improvement ï the likely reason for this is not accounting for the real world efficiency 

of the new equipment being installed.  Most contractors enter the rated AFUE into the TREAT 

improvement; however, these efficiencies are rarely achieved in a retrofit unless the new equipment was 

paired with new and properly sized distribution system.  The new furnace will run longer resulting in a 

drop in actual AFUE if the distribution system was not improved and supplies/returns are still covered 

with furniture.   The new condensing boiler will run longer resulting in a drop in actual AFUE when 



 
 

NYSERDA Home Performance with ENERGY STAR Realization Rate Attribution Study   16 

installed using the existing hydronic distribution that was designed for high temperature water.  These 

issues lead to unintentional over-predictions of the post-retrofit performance and therefore lower project-

level RR. 

¶ Project Has Window Improvement & Project Has More Than One Gas Improvement ï these are listed 

together because the data show that they are interrelated.  For 2007-2008 dataset, 78% of the single gas 

measure projects were window installations and this set contains about a third of the projects that passed 

the ANSI/BPI-2400 calibration criteria.  For the 2009-2011 dataset, 50% of the single gas measure 

projects were window installations.  The reason window improvements are showing such high project-

level RR is likely because the contractor-reported savings from TREAT are being underestimated (more 

conservative).  One of the possible reasons for this is that the contractor only entered the improvement to 

the windowôs U-value performance and did not add an airsealing measure to capture the reduced air 

leakage around the old windows. Modeling tools separate out the effects of air sealing which is a whole 

building improvement from surface area improvements such as windows and insulation.  Window surface 

improvements occurring without an accompanying air sealing measure is a strong indication that the user 

needed training.  Refer to Section 3.4 regarding accuracy testing of TREATôs algorithms for window 

savings. 

Table 4:  Median realization rates by factor with significantly different group values for electricity in both datasets.   

Binary factors with significantly different realization 
rates 

Median Realization Rates by Factor 

Electricity 2007-2008 Electricity 2009-2011 

Yes No Yes No 

Assisted Home Performance 117% 210% no data no data 

Project Has Cooling Equipment Improvement 227% 153% 411% 245% 

Project Has Airsealing Improvement not sig not sig 226% 362% 

Project Has Insulation Improvement not sig not sig 236% 363% 

Project Has More Than One Electric Improvement 67% 147% not sig not sig 

Project Has Lighting Improvement 136% 284% 112% 397% 

Project Has Appliance Improvement 120% 182% 110% 440% 

 

Almost all of the median values of the electricity project-level RR shown above are all greater than 100% which is 

very different from the program-level RR of about 35% determined in the Home Performance with Energy Star 

2007-2008 Impact Evaluation report.  As stated in Section 3.1, the project-level RR were calculated very differently 

than the methods used by impact evaluations and the purpose of reporting the median of the project-level RR was 

for making comparisons and understanding attribution of error.  For more information on the data cleaning that was 

performed and how this may or may not have impacted the resulting project-level RR, see Appendix A and Section 

4.2. 

Even though almost all of the median project-level RR in the table above are over 100%, the emphasis here is that 

there is still a significant difference between the Yes and No categories.   

¶ Assisted Home Performance ï the reasons for the difference would be the same as listed above for the 

natural gas datasets 
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¶ Project Has Cooling Equipment Improvement ï these improvements tended to double the median project-

level RR meaning that these improvements saved more than was predicted by the TREAT models.  This 

suggests that the TREAT modeled cooling savings were under-estimated as compared to the actual 

savings.  This could be due to the TREAT cooling algorithms and/or model inputs.  For instance, it was 

found that about 25% of projects in the 2007-2008 dataset and 50% of the projects in the 2009-2011 

dataset that installed new AC equipment used SEER 10 or greater as their input for the existing AC 

equipment efficiency.  These SEER might be too conservative and were likely based on the nameplate 

data not taking into account the actual in-situ efficiency of the equipment that would be lower (e.g. 

improper airflow, refrigerant charge). 

¶ Project Has Airsealing Improvement ï the reasons for the difference in the 2009-2011 dataset would be 

the same as listed above for the natural gas datasets.  The likely reason there is a significant difference in 

the 2009-2011 but not the 2007-2008 dataset is because 88% of the projects modeled cooling in the 

baseline simulation model in the 2009-2011 dataset while 46% in the 2007-2008 dataset.  Both datasets 

only had about 4% of projects with electric heating.  Modeled electricity savings from this improvement 

only showed up if electricity was being used for heating and/or cooling. 

¶ Project Has Insulation Improvement ï same reasoning as for Project Has Airsealing Improvement 

¶ Project Has Lighting Improvement ï the likely reason for the difference is due to user input assumptions 

for hours the lights are on and/or the wattage reduction.  TREAT does account for the interaction of the 

reduced internal heat gains from the lighting wattage reduction on the heating and cooling systems.  See 

the Improvement Input Checks portion of the Recommendations section. 

¶ Project Has Appliance Improvement ï similar reasoning as for Project Has Lighting Improvement.  The 

most common electric appliance upgrade is a new refrigerator and the likely source of error is the 

assumption of the annual electricity usage of the existing refrigerator. 

 Determining Attribution of Project -Level RR Error  3.3

The primary goal of this study was to determine which variable(s) best explain all or some of the project-level RR 

error.  This attribution of error took the form of a multivariate linear regression model of project-level RR as a 

function of one or more predictor variables.  Once the best regression model was determined and validated, a 

technique was used to apportion the relative amount of variance in project-level RR explained by each predictor 

variable.  In the previous section, differences in project-level RR between program factors were explored and large 

differences were found in project-level RR between projects that passed the ANSI/BPI-2400 calibration criteria and 

those that did not, and projects that included an airsealing improvement.  These relationships are further explored in 

the section below along with other predictor variables.   

 Investigate Preliminary Relationships between project -level RR  and 3.3.1

Predictor Variables  

To help determine which predictor variables are most correlated to the response variable, project-level RR variation, 

correlation diagrams were generated, as shown in Figures 31 through 34 in Appendix B.  The diagrams indicate the 

sign of the correlation between two variables and the magnitude of correlation.  To simplify the correlations in the 

diagram to focus only on that of project-level RR, the correlation values between each predictor variable and 

project-level RR were compiled in bar charts below.  The scope of the study was constrained to primarily investigate 
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areas of over-prediction in the simulation models as NYSERDA was interested in explaining the low project-level 

RR from the impact evaluation reports.  The study investigated variables with a significant signal (e.g. Calibration 

Var, dACH%).  Initial testing found that contractor-reported savings from AC equipment and window upgrades 

appeared to be under-predicting because of the project-level RR were over 100%.  However, there were only a small 

number of projects with this finding and the majority of them were related to only a few specific contractors.  Refer 

to Table 10 in Appendix A for the number of projects used in all analyses in this study. 

Definitions of variables in the correlation bar charts: 

¶ Infiltration Reduction  ï percentage infiltration reduction as reported in the TREAT model from the base 

building blower door number and the reported Test-Out blower door number 

¶ Pre-Retrofit Air Leakage ï air changes per hour at 50 pascals pressure difference as measured at the Test-

In blower door 

¶ Heating Equip Eff ï the seasonal efficiency of the existing primary heating equipment  as entered by the 

contractor into the TREAT model 

¶ Calibration Variance, Total ï the calibration variance of all end-uses (heating, cooling, and baseload) for 

the fuel type.   Calculated as the difference in the weather normalized annual usage between the baseline 

TREAT model and the pre-retrofit bills divided by that of the pre-retrofit bills 

¶ Calibration Variance, Heating ï the calibration variance of the heating end-use for the fuel type 

¶ Calibration Variance, Cooling ï the calibration variance of the cooling end-use for the fuel type 

¶ Calibration Variance, Baseload ï  the calibration variance of the baseload end-use for the fuel type 

¶ Cond Floor Area ï the area of all conditioned spaces as entered by the contractor into the TREAT model 

¶ Year Built ï year home was built from the program implementerôs database) 

¶ Pre-Retrofit EUI ï the pre-retrofit weather normalized energy usage intensity for the fuel type in units of 

kBtu/Sq.Ft. 
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Figure 5: Natural gas correlations of predictor variables to RR 

The relationship of the predictor variables to project-level RR was used to test out different multivariate linear 

regression models in the next section.  The following conclusions were drawn from the correlation matrix for both 

2007-2008 and 2009-2011 natural gas datasets, differences are noted where they exist. 

¶ The correlation percentages (bars) for the two program datasets are very similar, which implies that there 

are underlying issues that are responsible for project-level RR errors beyond programmatic changes (e.g 

processes/requirements) and contractor participation. 

¶ The largest correlation with natural gas project-level RR error is Total Calibration Variance.  While the 

total model calibration variance could be used, the calibration variance by heating and baseload end-uses 

are more useful in the program in order to comply with ANSI/BPI-2400 and ensure that savings 

predictions by measure are more accurate.  For example, the baseline simulation model could be calibrated 

on a total annual usage basis, but this may have been done suppressing the inputs for domestic hot water in 

order to shift gas usage from baseload to heating end-use thereby making the heating related 

improvements more cost-effective.    

¶ The next largest correlation was Infiltration Reduction though it is larger for the older 2007-2008 dataset 

than the 2009-2011 dataset.  This is likely because 22% of the program reported natural gas savings from 

air sealing improvements in the 2007-2008 dataset versus 15% in the 2009-2011 dataset.  Additionally, 

other studies have shown that modeled air sealing savings over-predict actual savings due to dynamic and 
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complex heat loss/gain, which further explains the large and negative correlation. The ACH50 (Test-In 

Blower Door number) is related to this as well. 

¶ Heating Equip Efficiency has a small positive correlation with project-level RR for the 2009-2011 dataset 

while it does not exist for the 2007-2008 dataset.   

¶ Conditioned Floor Area has a small negative correlation with project-level RR for the 2007-2008 dataset 

and none for the 2009-2011 dataset.  Floor area should not impact project-level RR directly, however, 

larger homes tend to be more complex and have more floors and additions and it is possible that the 

auditors tried to model all of these complexities when they should have used a single zone/space model.  

¶ Year Built has a small positive correlation to project-level RR for the 2007-2008 dataset and none for the 

2009-2011 dataset.  In general, the newer homes should behave more like simulation models because 

things like exterior walls are fully insulated as opposed to the mix of uninsulated and partially insulated 

walls often found in older homes.  Analyzing the distributions of the age of homes between the two 

datasets, 15% were built in 1980 or newer in the 2007-2008 dataset, while the 2009-2011 dataset had 29% 

built in 1980 or newer.   

¶ Pre-Retrofit EUI exhibits similar positive correlation with project-level RR for both datasets.  The likely 

reason for this is that the more energy intensive homes coincidently align better with uncalibrated 

simulation models and there is more potential savings in these homes so the savings signal to annual usage 

noise is lower. 

 

Figure 6:  Electricity correlations of predictor variables to RR 
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The following conclusions were drawn from the correlation matrix for both 2007-2008 and 2009-2011 electricity 

datasets, differences are noted where they exist. 

¶ The most significant correlation is that of the Total Calibration Variance and it appears that this can 

mostly be attributed to the Cooling Calibration Variance.  This is logical because cooling savings in a 

retrofit scale with the baseline cooling energy consumption, whereas savings from lighting, for example, 

does not scale with baseload energy consumption because savings are more dependent on hours of 

operation.  One of the only real differences between the two datasets in the figure above is that of 

Baseload Calibration Variance.  This could be due to modeling practices changed between program years. 

¶ The second most significant correlation is that of the Pre-Retrofit EUI, which is positive.  The more 

electricity usage intensive the home is, the more potential there is for savings. 

¶ The Cond Floor Area has a small positive correlation, which is likely explained by the amount of electric 

baseload that scales with the floor area (lighting is the main electric improvement that scales with floor 

area). 

¶ The Year Built has a small positive correlation likely for the same reason as above in the natural gas 

datasets; newer homes behave more like simulation models. 

¶ Both the Infiltration Reduction and Pre-Retrofit Air Leakage variables had little correlation to electricity 

project-level RR since very few homes had electric heating systems and cooling energy consumption is 

low in the climate.  

 Prediction Model to Explain the Project -Level  RR Error  3.3.2

As discussed in the beginning of this section, this study was focused on exploring the attribution of error in the 

savings predictions from individual projects.   The figures below show the relative contribution of each significant 

predictor variable on project-level RR error as the percentage of the R
2
, which is the proportion of variance 

explained by the regression model.  As can be seen from the R
2
 listed at the bottom of each figure, the proportion of 

variance in project-level RR explained by these models was quite low.  This is reasonable as this study does not take 

non-program effects into account or installation quality. The takeaway is the relative contribution or importance of 

each of the predictor variables.  The relative contributions should be used to help guide decisions around which 

aspects of the program should be changed.  Presented below are four charts broken out by program year and fuel 

type.  Refer to Table 10 in Appendix A for the number of projects used in all analyses in this study. 
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Figure 7: Relative impact of 2007-2008 natural gas dataset with 95% confidence intervals shown on the 
bars.   

 

 

Figure 8: Relative impact of 2009-2011 natural gas dataset with 95% confidence intervals shown on the 
bars. 
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Figure 9: Relative impact of 2007-2008 electricity dataset with 95% confidence intervals shown on the 
bars. 

 

 

Figure 10: Relative impact of 2009-2011 electricity dataset with 95% confidence intervals shown on the 
bars. 
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 Investigating TREATôs Savings Algorithm s 3.4

In an effort to assess whether or not the TREAT software is a potential source of error in the contractor-reported 

savings, several comparisons were carried out to cross-validate TREATôs savings algorithms.  In the sections below, 

TREAT savings for air leakage reductions, surface insulation, and windows are compared with those from research-

grade modeling software. Additionally, the contractor-reported savings are compared to the actual savings on a 

percentage basis. 

 Air Leakage Algorithm  3.4.1

Before the air leakage algorithms were tested in TREAT, the pre- and post-retrofit infiltration numbers used in the 

projects with airsealing improvements were investigated to see if they were reflective of the real Test-In and Test-

Out blower door numbers.  An issue with airsealing is that savings are sometimes based on a contractorôs educated 

guess on how much he/she will be able to reduce the air leakage in a home which is submitted as the CFM50 

improvement in TREAT. This is usually done by assuming a 20% or 30% reduction of the CFM50 used in the base 

model, which should come from the Test-In number.   TREAT has a section that records the BPI health and safety 

measurements as well as blower door numbers, but the blower door values are not required so only a small portion 

of the models with airsealing improvement had both a Test-In and Test-Out blower numbers recorded in the 

Measurements section of TREAT.  

A simple technique was used to detect if airsealing improvement savings were based on the final Test-Out blower 

door number or the best guess of a contractor.  By looking at the percentage air leakage reduction values, those 

values with a long string of decimal places (as would be expected dividing two random numbers) were 

representative of airsealing savings based on Test-Out blower door numbers, whereas values with three or less 

decimal places (eg 0.305) were representative of airsealing savings based on a percent reduction estimate.  It was 

assumed that contractors did not choose a random blower door number for the proposed airsealing improvement.  

With this technique, it was determined that 4% of the airsealing projects had not updated the best guess value with 

Test-Out blower door number for the 2007-2008 dataset, and 1% for the 2009-2011 dataset.  While all airsealing 

savings should be based on the difference between Test-In and Test-Out blower door numbers, this small percentage 

does not explain the significant difference in project-level RR that is shown in the Initial Significance Testing of 

Binary Factors section above. 

Since the testing of blower door inputs above showed only a small percentage of contractors who did not update 

their final model submission with the test-out blower door value, over-prediction of savings from airsealing may be 

due to the TREAT algorithms for air leakage.  The TREAT air leakage algorithms have not changed since 2007 and 

TREAT has passed the Building Energy Simulation Tests (BESTEST) which parallels ANSI/ASHRAE Standard 

140-2001 Standard Method of Test for the Evaluation of Building Energy Analysis Computer Programs.  These tests 

stress the limits of the simulation models to predict heating and cooling energy for extremely high and low air 

leakage rates.  To investigate this further, PSD cross-validated the contractor-reported savings from air leakage 
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reduction improvements against BEopt, NREL and DOEôs Building America program research-grade residential 

modeling tool (http://beopt.nrel.gov) which runs on EnergyPlus (the leading simulation engine).  The cross-

validation tests were performed using a simple single-story residential home located in Syracuse, NY with a 

standard pitched roof attic and two different foundation types.  All  models tested in TREAT and BEopt had the same 

envelope characteristics, internal gains, thermostat set points, and HVAC equipment input.  Three different degrees 

of air leakage reduction were tested in both models.  The results of the cross-validation test shown in the table below 

produce very similar estimated savings as a percentage of the modeled heating and cooling energy use.  These 

results are expected as TREAT passes the BESTEST test suite, and in all cases, TREAT predicted less savings than 

BEopt. 

Table 5: Testing of TREATôs air leakage algorithms against BEopt 

Percentage Savings of Heating and Cooling 
Energy 

20% air leakage 
reduction 

40% air leakage 
reduction 

60% air leakage 
reduction 

Slab-on-grade BEopt 9% 18% 27% 

TREAT 7% 14% 22% 

Unconditioned 
Basement 

BEopt 9% 17% 25% 

TREAT 8% 15% 23% 

 

With TREAT air leakage algorithms validated as compared to other simulation tools, the logical conclusion is that 

some simulation tools are making assumptions that do not account fully for the heat that is lost/gained from air 

infiltration/exfiltration.  In fact, this is the subject of an ongoing debate in the building science community, and there 

is growing evidence that supports this theory.  The issue is that heat loss due to air leakage is much more complex 

and dynamic than even EnergyPlus is accounting for.  The current hypothesis among industry leaders is that 

infiltrating air into the basement or crawlspace picks up heat loss in that space (and duct losses if present) and brings 

that into conditioned space.  Leaking air to the attic warms the attic which reduces the temperature difference across 

the attic floor insulation and therefore reduces the actual heat loss.  Some presentations at home performance 

conferences have suggested that actual savings from airsealing are about 40% less than the predictions from the 

simulation models.  See Section 5.2.2 Improving Airsealing Savings Estimates in the Recommendations section for 

more discussion on this topic. 

 Surface Conduction Algorithms and Air Films  3.4.2

Since there was a significant difference in RR for projects that included at least one insulation improvement (Section 

3.2) and assuming that most contractors insulated up to the value they specified in the improvement and did not 

falsify the starting insulation level, PSD decided to test TREATôs surface heat loss algorithms.  To examine this, 

PSD looked at the air film R-values that TREAT uses as well as cross validated TREAT with BEopt, described in 

the section above.  Again, it should be noted that both older and newer versions of TREAT have passed the 

BESTEST suite which tests the simulation softwareôs ability to predict heating and cooling loads. 
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The R-values of the air films used in TREAT have not been recently updated.  RESNET has increased the R-values 

of air films in existing standards as evidence shows that previous values (same as those in TREAT) are too low.  In 

comparison, TREATôs inside and outside air film R-values (the sum of the two) are about R-0.2 less than the 

RESNET values for walls and about R-0.3 less for ceilings.  The only time these small differences in R-value can 

make any difference in heat loss is for uninsulated surfaces.  To test what impact updating TREATôs air film R-

values would have, the same simple TREAT model used in the section above was used.  Even in the extreme case of 

insulating an R-1.3 uninsulated ceiling up to R-60, adding the extra R-0.3 to the before and after surfaces only made 

a 2% difference in the heating savings.  This is not a significant source of saving prediction error. 

The cross validation test of surface heat loss algorithms was performed between TREAT and BEopt, using the same 

base case homes described in the section above, and tested both ceiling and wall insulation upgrades. The results in 

the table below show that TREAT and BEopt produce very similar estimated savings as a percentage of the base 

model heating and cooling energy usage.  These results are expected as TREAT passes BESTEST. 

Table 6: Testing of TREAT's surface conduction algorithms against BEopt 

Percent Savings of Heating and 
Cooling Energy 

Uninsulated 
Ceiling to R-19 

Uninsulated 
Ceiling to R-60 

Uninsulated Wall 
to R-7 

Uninsulated Wall 
to R-19 

Insulation 
Upgrade 

BEopt 30% 40% 14% 22% 

TREAT 31% 39% 12% 23% 

 

With the surface heat loss algorithms validated and assuming most contractors installed what they recommended in 

the simulation model, the last explanation for underperformance of insulation projects is likely due to contractors not 

modeling assumption that the actual improved surface is acting the way it is expected to in the model.  The 

simulation models use the R-value for the surface selected by the user.  While the simulation models take the 

framing factor, the R-value of different materials, and the air films into account, they do not assume that there are 

voids in the installed insulation (e.g. missing insulation in difficult to access areas, obstructions that prevent uniform 

installation).  This is really a programmatic question of how to handle effective insulation R-values for reporting of 

savings and from a QA perspective.  See Section 5.2.3 Effective Insulation R-Values in the Recommendations 

section for more discussion on this topic.  

 Domestic Hot Water Algorithms  3.4.3

PSD did a deep review and made some changes of TREATôs domestic hot water (DHW) algorithms as part of 

TREATôs recent RESNET Existing Home Tax Credit Compliance Tool Accreditation
2
.  The corrections made 

pertained to the number of water heaters in the model and the option to enter standby efficiency instead of energy 

factor, both of which tend to only apply to multifamily buildings, not single-family homes.  Therefore it can be 

concluded that the DHW algorithms used in the RESNET accreditation process are the same as those in older 

                                                
2
 http://www.resnet.us/professional/programs/taxcredit_compliance_national  

http://www.resnet.us/professional/programs/taxcredit_compliance_national
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versions of TREAT used during the evaluated program periods in this study.  Additionally, during the significance 

testing of binary factors (Section 3.2), no significant difference in project-level RR between those projects that 

included a water heater replacement and those that did not.  This means this improvement type is not in and of itself 

affecting the project-level RR.  It should be noted that the inclusion of a water heater replacement occurred in 15% 

to 20% of the projects across both datasets and fuel types.     

 Window Algorithms  3.4.4

From the discussion in Section 3.2, it was concluded that likely causes for the significant increase in project-level 

RR was due to a small group of specific contractors and the possibility that window savings are being under-

reported from the modeling tool from not including the air sealing benefit that results from new windows.  To 

narrow down whether the possible under-reporting of savings from TREAT is coming from the lack of including the 

associated air sealing benefit of new windows or is coming from error in TREATôs window heat loss/gain 

algorithms, TREAT was tested against BEopt using the same test models and procedures described in the sections 

above.  The test compared the replacement of all windows in the base test model from single-pane wood framed 

windows to ENERGY STAR qualified double pane windows and did not include any reduction in building air 

leakage due to the new windows.  The estimated savings as a percentage of the base model heating and cooling 

energy usage was 15% for TREAT versus 13% for BEopt.  The small difference between the two results suggests 

that there is little to no error in TREATôs window heat gain/loss algorithms, as compared to BEopt, and therefore 

not a contributing factor to the observed difference in project-level RR when windows are included in a project. 

 Comparison of  Percentage Energy Savings Estimates  3.4.5

The table shows that except for the 2009-2011 electricity dataset, the reported percentage savings and the actual 

percentage savings very closely match.  This supports the hypothesis that the dominant reason for poor program RR 

is the lack of calibrating the baseline simulation model, not the simulation modelôs ability to predict savings 

accurately. 

Table 7:  Comparison of sample medians between reported to actual percentage savings estimates 

Summary Across All 
Projects in Study 

Contractor-
Reported Savings 

Percentage 

Actual Savings 
Percentage 

2007-2008 Gas 20.5% 19.4% 

2009-2011 Gas 17.9% 15.6% 

2007-2008 Electricity 13.0% 15.2% 

2009-2011 Electricity 6.6% 16.0% 
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4 Potential Impact of Adopting ANSI/BPI-2400 Standard 

 Model Calibration  4.1

This section provides the ñwhat ifò scenario showing the potential impact on future program contractor-reported 

savings and realization rate if the requirements of the ANSI/BPI-2400 standard are incorporated into program 

requirements.  The key to the standard is the baseline simulation model calibration.  The other sections of the 

standard (Billing Data Quality and Input Constraints) are not independent but support the calibration section to 

safeguard the baseline simulation model calibration from erroneous inputs and digression from billing data.  To 

show this potential impact, the contractor-reported savings from the 2007-2008 and 2009-2011 datasets were 

synthetically adjusted to represent contractor-reported savings as if from perfectly calibrated baseline simulation 

models.  These adjusted savings were then used to calculate the adjusted project-level RR. 

A visual representation of this adjustment can be seen in the figures below.   The black dashed line represents the 

ideal realization rate of 1.0 while the red line is the best linear fit of actual to contractor-reported savings.  While the 

data contain a lot of variance from the linear fit, the takeaway is that right right-hand plot red line approaches the 

ideal RR black line and the variance is reduced especially for those projects with large contractor-reported savings 

(left plot).  Refer to Table 10 in Appendix A for the number of projects used in all analyses in this study.

 

Figure 11: These two charts of the 2007-2008 natural gas dataset show the difference in project-level RR with model 
calibration (right plot), and without (left plot).  The black dashed line represents the ideal RR of 1.0 while the red line 
is the best linear fit through the data. 
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Figure 12: These two charts of the 2009-2011 natural gas dataset show the difference in project-level RR with model 
calibration (right plot), and without (left plot).  The black dashed line represents the ideal realization rate of 1.0 while 
the red line is the best linear fit through the data. 

 Potential Impact on Contractor -Reported Savings  and RR 4.2

The following Table 8 shows the potential impact of adopting the ANSI/BPI-2400 standard on program contractor-

reported savings and project-level RR.  Again, the numbers come from adjusting contractor-reported savings values 

from the cleaned 2007-2008 and 2009-2011 datasets that have been used throughout this study.  Because the 

adjusted values are a proxy for the hypothetical case where all projects used simulation models that had been 

calibrated with zero variance from the bills, this is a best case scenario.  Also, it is important for interpretation of the 

results below that these adjustments are only in the savings predictions.  Project installation quality and non-program 

factors (e.g. changes resident behavior or occupancy, price of fuel) are not accounted for here.   

While the project-level RR and savings values are shown in the table to give context, the focus should be on the 

percentage change as an indication of the potential impact of the adoption of a calibration standard.  There is a large 

increase in project-level RR for both program years of natural gas data with a corresponding decrease in the 

contractor-reported savings while the electricity data shows a small decrease in project-level RR and corresponding 

increase in the contractor-reported savings.   The trend seen in the adjustment to the natural gas data is in line with 

the hypothesis that uncalibrated baseline simulation models typically over-predict the baseline usage from the billing 

data and therefore, the associated savings estimates tend to over-predict the actual savings.  However, the opposite 

trend is seen in the electricity data which follows what is seen in the Data Characteristics section in Appendix B; 
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both the actual pre-retrofit electricity usage and actual electricity savings are greater than those from the TREAT 

models. 

The large improvement in project-level RR from synthetically calibrating baseline models may appear to be 

incongruent with the small portion of realization rate error explained by the calibration variance found in Section 

3.3.2 but these are two very different analyses.  It should be noted that the high degree of un-explained variation is 

expected as the regression model only analyzed variables related to the contractor-reported savings estimates since 

there were no available data on installation quality or a control group for non-program effects.  As identified in 

Figures 5 through 10, total calibration variance had the most significant impact on the variation in project-level RR.  

The synthetic calibration process removed much of the over-prediction bias in the contractor-reported savings and 

reduced in the variation as seen in Figures 11 and 12.  It should be understood that the synthetically adjusted savings 

represent the idealized case that every baseline TREAT had been calibrated to zero variance from the pre-retrofit 

billing usage data.  In implementing this through the ANSI/BPI-2400 standard, it would be expected that contractors 

would likely only calibrate their baseline models to within 5% bias error minimum requirement. Refer to Table 10 in 

Appendix A for the number of projects used in all analyses in this study. 

Table 8:  Summary of program contractor-reported savings and project-level RR along with the adjusted values to 
show the potential of adopting the ANSI/BPI-2400 standard 

 

The likely reason for why the contractor-reported electricity savings are lower than the actual savings (project-level 

RR greater than 1.0) is that the contractor inputs into TREAT were conservative for the dominant electricity 

improvements (e.g. lighting, refrigerators, and AC upgrades).  A distribution of the actual and contractor-reported 

savings can be seen in Figures 23 and 24 in Appendix B.  Although the adjusted (synthetically calibrated) project-

level RR for the electricity dataset are lower the un-adjusted project-level RR, calibration of the modelôs electricity 

usage is still important for the cooling related measures and to keep the internal gains (i.e. heat loss from lighting, 

appliances, and plug load) correct so that the heating and cooling loads are accurate.  The difference in the 

distributions of pre-retrofit actual and modeled electricity usage can be seen in Figures 19 and 20 in Appendix B.  

Summary Across 
All Projects in Study 

Total 
Projects 
in Study 

Median 
RR 

Median 
Adj RR 

Percent age 
Change in  

project -level 
RR Resulting 
from Due to  
Calibration  

Sum of 
Contractor
-Reported 
Savings 

Sum of Adj 
Contractor-
Reported 
Savings 

Percent age 
Change in 

Contractor -
Reported 

Savings  Due 
to Calibration  

2007-2008  

Gas (therms) 
903 0.69 1.00 46% 312,366 201,075 -36% 

2009-2011  

Gas (therms) 
1,241 0.63 0.86 37% 316,880 225,585 -29% 

2007-2008 
Electricity (kWh) 

482 1.65 1.40 -15% 508,190 535,295 5% 

2009-2011  
Electricity (kWh) 

572 3.18 2.84 -11% 336,673 390,675 16% 
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The likely reason for the TREAT models having lower annual electricity usage than the actual pre-retrofit billing 

data is that the contractor did not account for the countless miscellaneous plug loads that are not part of the 

workscope in their model.  With model calibration, the user can accurately account for all miscellaneous plug loads 

with one input instead of entering individual electric devices and guessing how often they are used.   

Although not part of the scope of this project, future analysis could extend this potential impact analysis by 

determining the program-level realization rate using the evaluated savings from the impact evaluation and the 

adjusted contractor-reported savings from this study based on the same projects.  To give a rough idea of the 

outcome, although not using the same cohort of projects, if the percentage reduction in contractor-reported savings 

from the Gas 2007-2008 dataset of 36% from the table above is simply applied to the reported natural gas savings 

from the 2007-2008 HPwES Impact Evaluation report, the resulting program-level realization rate for natural gas 

would be slightly over 100%. 

After reviewing the preliminary results of this study, NYSERDA requested ten additional scenarios, listed below, 

showing the potential impact of model calibration through the implementation of the ANSI/BPI-2400 standard.  The 

full tabular results of these additional scenarios can be found in Appendix C.  

¶ Summary By Income Type ï the Assisted Home Performance (AHP) projects benefitted more from model 

calibration than the Market Rate projects.  Assuming the same contractors do both AHP and Market Rate 

projects and their modeling practices are similar for either project type, this difference could be from 

lower than expected utility bills due to financial constraints and/or the contractor modeling the baseline 

simulation model less efficient in order to make the predicted improvements save more energy to meet the 

SIR criteria. 

¶ Summary By Top 10 Contractors With Most Projects  

¶ Summary By Contractor With Projects ANSI/BPI-2400 Calibrated ï there was only one contractor, ID 

CY0000000065, who had a median project-level RR above 1.0, and they did 24% of the 2007-2008 

projects. This is in part because they did about half of the projects that met the ANSI/BPI-2400 calibration 

criteria and their models typically had lower calibration variance than other contractors. 

¶ Summary By ANSI/BPI-2400 Calibration ï the small fraction of projects that passed the ANSI/BPI-2400 

calibration criteria had a median natural gas RR of 1.32 for the 2007-2008 dataset and 0.85 for the 2009-

2011 dataset.  This may suggest that non-program factors independent of resident changes or behavior are 

the cause for this large difference between program years.  An example of non-program factors across all 

residents would be an increase in fuel cost and/or economic downturn affecting post-retrofit usage 

patterns. 

¶ Summary By Project Has Heat Equipment Upgrade 

¶ Summary By Project Has Only Heat Equipment Upgrade 

¶ Summary By Project Has Only Insulation Upgrade 

¶ Summary By Project Has Only Insulation and Airsealing Upgrades 

¶ Summary By Project Has At Least Insulation, Airsealing & Heat Equip Upgrades 

¶ Summary By Projects With and Without Airsealing Upgrade 
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5 Recommendations (QA and Program Policy) 

 Automated Checks and In -Model Feedback  5.1

Automating significant portions of the file review process greatly reduces staff time, and allows for automated 

incentive approvals. Accelerating desktop review through automation of model review will help provide information 

to the contractor and homeowner earlier in the process, and according to Program staff, delays in review have been a 

barrier to closing more retrofit projects.  The following recommendations come from analyzing the datasets, and 

taken together can provide a comprehensive review of every file submission without costing staff time.  The 

automated process assumes these data fields are made available through HPXML compliant file submissions or will 

be available in a future version of HPXML. 

There is Department of Energy funded research occurring to improve the ability to build quality assurance checks 

into energy simulations.  Much of this activity is related to the OpenStudio development platform built on top of the 

EnergyPlus simulation. PSD is working with the National Renewable Energy Lab (NREL) to help deploy this 

technology and is NRELôs first national training partner for OpenStudio. 

 Verification of ANSI/BPI -2400 Standard Compliance  5.1.1

The most important recommendation is to implement model calibration following the ANSI/BPI-2400 standard.  In 

order to do this, the verification of the criteria in this standard needs to be part of the model submission process.   

Billing Data Quality Check  

Calibration is not relevant if the billing data used for the regression analysis does not meet some basic billing data 

criteria.  ANSI/BPI-2400 has a method for testing the quality of the billing data.  These data quality metrics can be 

automatically checked if the monthly billing data are made available in the output submission file.  The current 

issues are: 

¶ For simulation tools that do not have built-in billing regression analysis, there is no way for the simulation 

tool to produce this data quality check.  

¶ Program Administrators will likely need to take on the burden of running the billing regression for all 

projects for consistency and accuracy. 

Baseline Simulation Model Calibration Check  

Calibration is an iterative process and the calibration variance from the billing data is very important feedback to the 

modeler.  Ideally, this feedback would be in the simulation tool or at least through a quick online platform that 

would determine the calibration variance for the modeler so they can iterate changes to their model and know when 



 
 

NYSERDA Home Performance with ENERGY STAR Realization Rate Attribution Study   33 

it is calibrated before submitting their project to the Program Administrator for review.  The verification that the 

model has met the calibration criteria could be done in one of the following ways: 

¶ The simulation tool would have to perform the billing analysis regression, calculate the calibration 

variance, and export this result as part of the file submission.   

¶ The raw billing data has to be part of the submission process to the program, which could be submitted 

either by the modeler via HPXML or via separate submission to Program Administrator from utilities as 

evaluation function or via utility participation in Green Button or similar process.  The program would 

have to perform the billing analysis regression, calculate the calibration variance, and determine if the 

model passes or fails.   

¶ TREAT provides both the calibration variance feedback as well as records the variance by fuel type and 

end-use in the TREAT Tracker xml output file.  HPXML standard supports both the reporting of the raw 

monthly billing data and the ANSI/BPI-2400 calibration metrics.  

Significance tests of the median project-level RR between those models that passed and those that failed the 

ANSI/BPI-2400 input constraints were performed.  No significant differences in project-level RR were found for 

most of the input constraints except for the minimum ceiling R-value and minimum distribution efficiency, however 

in both cases, there were only about 10 observations in the failed groups.  Since all but a very small group of models 

were not calibrated, the impact of applying the input constraints was not truly tested. 

Nonetheless, input constraints are still very important when calibrating the baseline simulation model as they 

prevent pushing input values too far and should inform the user that they need to check other areas of their model.  

When these modeling constraints are used in conjunction with the ANSI/BPI-2400 baseline model calibration 

criteria, it becomes increasingly difficult to over-predict energy savings.   

The data fields to support these constraint checks are not in the current version of HPXML and would have to be 

added in order to include these checks in the automated file review. 

 Standardize Desktop Review  5.1.2

Software independent standards for the review of submitted energy models should be established.  These standards 

should encourage the use of simplified modeling approaches.  For example, simplified modeling approaches exist in 

TREAT but are not used widely due partly to early practices to modeling complex home geometries and current 

reviewer focus on TREATôs complex modeling detail capability.   Model detail in more complex software tools 

should be an option and not a requirement, unless there is a specific and pre-established need for using that level of 

detail. Once standards for model review exist, both modelers and reviewers can be trained in that standard.  

 Contractor -Reported Savings Threshold Check  5.1.3

Even after calibrating the baseline simulation model well, the inputs to the proposed improvements may not reflect 

performance that is possible given the constraints of the home or technology installed.  While the last section 
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recommends a few improvement types to automatically check, it would be very difficult to come up with automated 

checks for all improvement types.  An elegant approach to determining if the predicted natural gas savings are 

reasonable is to set a threshold between the contractor-reported savings and the pre-retrofit natural gas usage 

intensity.  Contractor-reported savings above this threshold would be flagged for manual review.  The threshold for 

future program QA should be established based on historic program data of actual natural gas savings intensity to 

pre-retrofit natural gas usage intensity.  The threshold line, or slope, could include all projects from the dataset in 

this study that met the data cleaning requirements or it could go a little more conservative and remove some portion 

of the highest savers such as removing the 95th percentile, for example.  

The series of figures below shows an example of this approach using the 2009-2011 natural gas dataset.  Notice how 

the threshold, the dashed red line which is the same in all three figures, would flag a huge portion of the projects for 

manual review (Figure 14), but this would be too onerous.  However, notice in Figure 15 how few projects would be 

flagged for manual review if the program also required that all savings estimates come from models that met the 

ANSI/BPI-2400 calibration standard.  The calibration process eliminates most of the over-predictions. In this 

example, the relationship is Threshold = 0.5 * EUI  -  5, all in units of kBtu/Sq.Ft.  Interestingly, this same threshold 

equation works well for the 2007-2008 natural gas data. 

 

 

Figure 13:  This plot shows the actual natural gas savings against the pre-retrofit natural gas usage from the 2009-
2011 dataset.  This relationship becomes the basis for the threshold on the contractor-reported savings.  The dashed 
red line represents one possible threshold, which could be made more or less conservative by adjusting the line to 
include all or a portion of the projects in the historical dataset. 


