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Executive Summary 
This report presents findings from a billing analysis evaluation of select Bonneville 
Power Administration (Bonneville) residential heating, ventilation, and air conditioning 
(HVAC) measures that contributed to the fiscal year 2015 and 2016 (FY2015 and 
FY2016) Unit Energy Savings (UES) portfolio. The residential HVAC measures evaluated 
in this report include a ductless heat pump (DHP) replacing an electric forced air 
furnace (eFAF), a DHP replacing electric zonal heating, and prescriptive duct sealing in 
single-family and manufactured homes.  

Background 

Bonneville, along with its utility partners, acquires energy savings from a full portfolio 
of energy efficiency programs and measures. The majority of Bonneville’s total 
reported savings comes from UES measures. UES measures use a constant deemed 
savings value for each measure application. In 2015, the evaluation team developed a 
plan to gain insight into Bonneville’s energy efficiency programs through impact 
evaluation. The evaluation team systematically selected UES measures for evaluation 
based on their contribution to Bonneville’s annual energy efficiency savings and their 
perceived importance among stakeholders. During that process, the evaluation team 
identified select HVAC and envelope measures for a multiphase and multiyear billing 
analysis evaluation that would provide the appropriate balance of evaluation rigor and 
resources for these measures. The HVAC measures included in the second phase of the 
billing analysis evaluation include DHP and prescriptive duct sealing measures, which 
are the primary focus of this evaluation and report.   

Impact Evaluation Objectives 

The team identified several objectives for this phase of the billing analysis evaluation: 

• Evaluate the energy savings achieved for consistency with the reported savings 
and most recent UES. 

• With the available data, assess the cost-effectiveness of the evaluated savings 
using ProCost1 and the updated Seventh Plan inputs. 

• When possible and applicable, use available data to begin to understand the 
drivers for unexpected evaluation results. 

Methodology 

                                                           
1 ProCost is a model developed by the Northwest Power and Conservation Council and is used by the 
Regional Technical Forum (RTF) to estimate the cost-effectiveness of efficiency measures. 
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The evaluation team conducted billing analysis for residential DHP and prescriptive 
duct sealing measures. Additionally, the team collected data on participant behaviors, 
equipment, and building characteristics from a participant survey (completed for a 
sample of DHP replacing eFAF participants) and from installation forms available for 
both DHP measures. The team compared results from the billing analysis to two 
vintages of UES (one at the time of delivery and an updated vintage) and also 
calculated the total resource benefit-cost ratio (B/C) using the evaluation results. 

To ensure the billing analysis methodology was robust, the evaluation team shared 
drafts of the proposed methodology, held meetings, and incorporated input from 
regional experts and stakeholders, including the Regional Technical Forum (RTF) 
contract analyst staff. The team also addressed lessons learned from previous efforts 
in the region and leveraged the approach Navigant used in the 2017 residential 
windows and insulation phase one billing analysis evaluation.  

Results 

As summarized in Table ES-1, the team’s impact evaluation found lower than expected 
savings for DHP replacing eFAF, reasonably close savings for DHP replacing zonal, and 
variable but low savings for prescriptive duct sealing. 

Table ES-1: Reported and Evaluated Savings by Measure  

Measure 
Reported 

Savings per 
Site* (kWh/year) 

Savings per Site 
based on 

Version 6.0** 
(kWh/year) 

Evaluated Savings 
per Site (kWh/year) 

Realization 
Rate*** (%) 

DHP Replacing 
eFAF 

5,684 4,722 2,375 ± 436 50.3 ± 9.2 

DHP Replacing 
Zonal 

3,790 2,026 1,709 ± 200 84.3 ± 9.9 

Prescriptive 
Duct Sealing 

1,588 503 -132 ± 347 -26.2 ± 69.0 

*UES value referenced from Bonneville’s deemed measure list during time of measure delivery. 

**UES value referenced from Bonneville’s deemed measure list Version 6.0, effective October 2017. 
***Realization rate is the ratio between the evaluated savings and the UES value from Bonneville’s deemed 
measures list Version 6.0.  

Source: Navigant analysis 

Findings and Recommendations 

The evaluation team presents the following findings and recommendations for DHP 
replacing eFAF and DHP replacing zonal heating:  

• The evaluation team found that the current UES may be high for DHP 
replacing eFAF.  
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• The evaluation team found that the current UES are close to evaluation results 
for DHP replacing zonal heat on average, but may be slightly high.  

• Navigant recommends Bonneville coordinate with the RTF about including 
these results when the RTF conducts its scheduled review of DHP UES. The 
RTF will review DHP in September 2018.  

• Navigant recommends Bonneville continue to use the most current UES to 
track and report these measures, and use the existing protocols to update its 
UES in response to any measure changes resulting from the RTF process. 
Using Bonneville’s current protocols, if the RTF makes any updates to the 
measures before January 2019, the updated UES may take effect in October 2019; 
if the RTF makes any updates after January 2019, the updates will take effect in 
October 2021. 

• Navigant recommends Bonneville consider additional opportunities to save 
energy through DHP, such as by separately tracking DHP installed with better 
controls that can enable greater displacement of resistance heating. The 
evaluation team found that changes in cooling load appear to have a limited 
effect on DHP savings. However, for DHP replacing eFAF, the team found that 
evaluated savings were higher and close to current UES for program participants 
who did not continue to use eFAF as their primary heating and for participants 
who did not use DHP to displace non-electric heating, such as wood heat.   

The evaluation team presents the following findings and recommendations for 
prescriptive duct sealing:  

• The evaluation team found variable savings estimates for prescriptive duct 
sealing. While the results have high uncertainty, the evaluation team found 
savings statistically lower than the current UES. 

• Navigant does not consider it a high priority for the RTF to include these 
results when the RTF conducts its scheduled review of prescriptive duct 
sealing UES given the high uncertainty. The RTF will review this measure for 
single-family homes in September 2018.  

• Navigant recommends Bonneville continue to use the most current UES to 
track and report these measures and use the existing protocols to update its 
UES in response to any measure changes resulting from the RTF process. 
Using Bonneville’s current protocols, if the RTF makes any updates to the 
measure before January 2019, the updated UES may take effect in October 2019; 
if the RTF makes any updates after January 2019, the updates will take effect in 
October 2021. 

• Navigant recommends that any future prescriptive duct sealing impact 
evaluation studies include pre-/post-site visits, contractor interviews, or 
submetering as part of the evaluation study. Monthly energy use data provides 
limited value for impact evaluation when savings are variable, savings are a 
relatively small percentage of whole home energy use, and when the participant 
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population is small. Given these limitations, future studies should include 
additional data collection (e.g., from site visits) to better understand the variable 
savings from prescriptive duct sealing. Post-installation site visits could be used 
to confirm if the duct sealing work was completed to specifications and whether 
the ducts are in unconditioned space; pre-installation site visits could be used to 
verify that duct sealing was warranted; and customer interviews could be used 
to understand if customers used supplemental heating for marginally operable 
duct systems. 
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1. Introduction  

This report provides the results from the billing analysis impact evaluation of select 
residential heating, ventilation, and air conditioning (HVAC) measures. These measures 
were outlined in the Bonneville Power Administration’s (Bonneville’s) Unit Energy 
Savings (UES) Portfolio Evaluation Plan for calendar year 2017 (CY2017) activities. 

2. Background 

Prior to launching the billing analysis, the evaluation team analyzed Bonneville’s UES 
portfolio, systematically identified measures to include in the evaluation plan, and 
reviewed previously collected data. In addition, Navigant and Bonneville developed an 
evaluation approach through collaboration with stakeholders and piloted the approach 
using the 2013 Performance Tested Comfort Systems (PTCS) billing analysis dataset. 
For the first phase of the impact evaluation, the team requested billing data and 
performed a billing analysis for residential window and insulation measures based on 
fiscal year (FY)2014-FY2015 tracking data. In addition, the team analyzed the heat 
pump conversions and performance duct sealing measures included in the PTCS 
dataset from FY2009-FY2011 tracking data.2 The second phase of the impact 
evaluation, detailed in this report, includes a billing analysis of prescriptive duct 
sealing and ductless heat pump (DHP) measures replacing either zonal or electric 
forced air furnaces (eFAF). This billing analysis leverages tracking data from Interim 
Solution 2.0 (IS2.0), billing data, installation forms, and participant surveys of FY2014-
2016 participants. This section provides more detail on the steps taken before 
completing phase two of the billing analysis. 

2.1. FY2016 UES Portfolio Summary 
Bonneville, with its utility partners, acquires savings from a portfolio of energy 
efficiency programs and measures. The majority of Bonneville’s total reported savings 
comes from UES measures,3 which use a constant deemed savings value for each 
measure application.  

UES measures fall into several categories of residential, commercial, and industrial 
equipment. As seen in Figure 2-1, HVAC measures are the second largest contributors 
to residential UES savings, providing the FY2016 UES residential portfolio with 4.95 
MW. 

                                                           
2 This analysis is presented in the previous report, which can be found here: 
https://www.bpa.gov/EE/Utility/research-
archive/Documents/Evaluation/1802_BPA_Residential_Impact_Evaluation_Final_Report.pdf.   
3 In FY2016, 87% of the total savings in the BPA tracking database (Interim Solution 2.0 or IS2.0) were from 
UES measures. 

https://www.bpa.gov/EE/Utility/research-archive/Documents/Evaluation/1802_BPA_Residential_Impact_Evaluation_Final_Report.pdf
https://www.bpa.gov/EE/Utility/research-archive/Documents/Evaluation/1802_BPA_Residential_Impact_Evaluation_Final_Report.pdf
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Figure 2-1: FY2016 UES Portfolio Summary 

 

Source: Summarized from Bonneville’s IS2.0 database 

2.2. Bonneville UES Portfolio Evaluation Plan for CY2016 and 
CY2017 Activities 

In 2015, the evaluation team developed a plan to gain insight into Bonneville’s energy 
efficiency programs through impact evaluation. The team systematically selected UES 
measures for evaluation based on their contribution to Bonneville’s annual energy 
efficiency savings and their perceived importance among stakeholders. The evaluation 
team also identified the appropriate methods to evaluate these measures, while 
balancing strategic considerations including a measure’s status, contribution to 
savings, uncertainty in claimed savings, and programmatic importance.  

As a part of the CY2016 evaluation planning, the evaluation team identified the 
following residential measures, among others, for billing analysis evaluation: 

• DHP replacing eFAF 

• DHP replacing zonal heating 

• Prescriptive duct sealing 

The evaluation team determined that billing analysis would provide the appropriate 
balance of rigor and evaluation resources for these measures given their importance to 
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future program planning and contribution of savings for each measure (as seen in 
Figure 2-1). 

In 2016, Bonneville and Navigant collected and analyzed billing data consistent with 
Bonneville’s evaluation plan4 for residential HVAC and envelope measures. In the 
evaluation plan, it was envisioned that additional data collection and analysis would 
be required if energy savings were not being achieved as expected and if the collectable 
data warranted the associated evaluation resources. In planning its 2017 evaluation 
activities,5 Bonneville determined additional research was required to understand the 
results for residential prescriptive duct sealing and DHP measures. Thus, the 
evaluation team collected additional opt-in billing data, reviewed the installation 
forms, and conducted a survey of participants for the DHP replacing eFAF measure. 
Table 2-1 outlines the tasks completed for each measure group as part of both phases 
of the impact evaluation. 

Table 2-1: Evaluation Tasks Completed for Each Measure Group 

Impact 
Evaluation 
Study 

Measure Group 

 

Billing Analysis 

Base Models 
and 

Exploratory 
Models 

Install 
Forms 

Survey 
Utility-
Specific 
Results 

Phase One  
(Winter 
2017/2018) 

PTCS 
Performance DS  - - - 

HP Conversions  - - - 

Wx* 
Insulation  - -  

Windows  - -  

Phase Two  

(September 
2018) 

Residential  

HVAC 

Prescriptive DS  - -  

DHP Zonal   -  

DHP eFAF     

* The auhors abbreviate residential weatherization (e.g., insulation and windows) with Wx. 

Source: Bonneville’s UES Portfolio Evaluation Plan for CY2017 activities 

3. Methodology 

This section provides an overview of the methodology used to evaluate Bonneville’s 
DHP replacing eFAF, DHP replacing zonal heating, and prescriptive duct sealing 
measures. 

                                                           
4 The CY2016 evaluation plan can be found here: https://www.bpa.gov/EE/Utility/research-
archive/Documents/Evaluation/BPA_UES_Evaluation_Plan_FINAL_04012016_V3.pdf  
5 The CY2017 evaluation plan can be found here: https://www.bpa.gov/EE/Utility/research-
archive/Documents/Evaluation/170307_DRAFT_UES_Portfolio_Evaluation_Plan.pdf  

https://www.bpa.gov/EE/Utility/research-archive/Documents/Evaluation/BPA_UES_Evaluation_Plan_FINAL_04012016_V3.pdf
https://www.bpa.gov/EE/Utility/research-archive/Documents/Evaluation/BPA_UES_Evaluation_Plan_FINAL_04012016_V3.pdf
https://www.bpa.gov/EE/Utility/research-archive/Documents/Evaluation/170307_DRAFT_UES_Portfolio_Evaluation_Plan.pdf
https://www.bpa.gov/EE/Utility/research-archive/Documents/Evaluation/170307_DRAFT_UES_Portfolio_Evaluation_Plan.pdf


 

Bonneville Power Administration  
Impact Evaluation of Residential Ductless Heat Pump and Prescriptive Duct Sealing Measures 4 

3.1. Methodology Development 
To ensure the methodology was robust, the evaluation team shared drafts of the 
proposed methodology, held meetings, and incorporated input from regional experts 
and stakeholders (RTF contract analyst staff, RTF Statistical Methods subcommittee, 
and Bonneville’s Residential HVAC team). The team also addressed lessons learned 
from previous efforts in the region and leveraged the approach Navigant used in the 
2017 residential windows and insulation evaluation.  

3.2. Data Collection and Billing Analysis 
Figure 3-1 outlines the overall process, and Appendix E provides the detailed 
methodology. 

Figure 3-1: Outline of Billing Analysis Methodology 

 

Data Collection 

• Collected Bonneville tracking data, weather data, RTF workbooks, and billing 
data 

• Collected data from a representative sample of utilities rather than the 
population of participants to reduce burden 

• Collected additional opt-in billing data, installation forms, and conducted a 
survey 

• Used a uniform tool to collect billing data 
• Validated dataset using visualization and quality checks, incorporating 
feedback from RTF 

Comparison 
Group 

Development 

• Developed a comparison group using matching based on home type, heat 
zone, and pre-upgrade energy use 
 

Regression 
Modeling 

• Used pooled multivariate regression models to estimate savings 
• Ran additional models to serve as robustness checks on results 
• Investigated savings based on guidance from regional experts and 
stakeholders 

Cost-
Effectiveness 

• Calculated the cost-effectiveness using ProCost and the evaluated savings 
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3.3. Additional Data Collection  
The evaluation team identified that additional research would aid the evaluation of the 
DHP and prescriptive duct sealing measures. To fulfill this task, the team collected opt-
in billing data and DHP installation forms, and conducted a survey targeting sites with 
DHP replacing eFAF (see Table 3-1).  

The team acquired opt-in billing data with the intention of achieving adequate sample 
size to perform a billing analysis for each of the three measures. To limit the difficulty 
of this task for utilities, the evaluation team requested billing data for sites that 
installed any of the three measures on a volunteer basis, instead of requesting data for 
a specific sample of sites. This process and data set are referred to as opt-in billing data 
throughout this report. 

The evaluation team collected DHP installation forms to supply additional data, such 
as the number of indoor heads and home size, which added insight around factors 
driving the savings for the installed equipment. The team requested that utilities 
provide installation forms for any sites with DHPs for which they were also providing 
billing data. The survey was only conducted on sites with DHP replacing eFAF, and 
provided insight into participant behaviors that may be responsible for driving the 
savings results.  

Table 3-1. Additional Data Collected in 2017 by Measure 

Measure 
Opt-In Billing Data 

to increase sample size 
and improve precision 

Installation 
Forms 

to provide additional 
insight into savings 

Survey Results 

to provide additional 
insight into savings 

DHP Replacing eFAF    

DHP Replacing Zonal    

Prescriptive Duct 
Sealing    

Source: Bonneville’s UES Portfolio Evaluation Plan for CY2017 activities 

4. Results 

In this section, the evaluation team provides the results for the residential DHP and 
prescriptive duct sealing measures’ representativeness, cost-effectiveness, and 
evaluated energy savings. 

4.1. Sample and Representativeness 
Table 4-1 shows the utilities that provided data for the DHP and prescriptive duct 
sealing measures. For this analysis, 21 utilities supplied DHP billing data and 15 
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utilities provided prescriptive duct sealing data. Additional information can be found in 
Sections 5 and 6 of the CY2017 Evaluation Plan.6 

Table 4-1: Utilities in the Billing Dataset for DHP and Prescriptive Duct Sealing 

DHP Replacing eFAF and DHP Replacing 
Zonal 

Prescriptive Duct Sealing 

Central Electric Lincoln Blachly-Lane Glacier  

Central Lincoln Mason Central Electric  Grays Harbor  

Clallam Midstate Central Lincoln  Inland  

Clark  Northern Wasco Clallam Klickitat 

Columbia River Peninsula Clark  Snohomish 

Cowlitz  Port Angeles Columbia River  Tacoma 

Eugene Seattle Eugene  Tillamook 

Flathead Snohomish Flathead   

Grays Harbor Tacoma   

Inland Tillamook   

Lewis    

Source: Navigant analysis 

In addition to the billing data, the evaluation team also conducted a participant survey 
for DHP replacing eFAF and collected installation forms for both DHP measures. Table 
4-2 lists the number of installation forms or surveys requested and the number of 
forms received or surveys completed for each measure. 

Table 4-2: Forms and Surveys Completed per Measure 

Measure 
Forms 

Requested 
Forms 

Received 
Surveys 

Requested 
Survey 

Completes 

DHP Replacing eFAF 487 478 487 172 

DHP Replacing Zonal 1,265 1,203 N/A N/A 

Prescriptive Duct Sealing N/A N/A N/A N/A 

Source: Navigant analysis 

Table 4-3 shows the final number of participant sites included in the model after data 
cleaning. Sites are broken out by measure, heat zone (HZ), and home type. For all 
measures, most installations occurred in HZ 1. Most sites with DHP replacing eFAF are 
in HZ 1, with sites split fairly evenly between single-family and manufactured homes. 

                                                           
6 The CY2017 evaluation plan can be found here: https://www.bpa.gov/EE/Utility/research-
archive/Documents/Evaluation/170307_DRAFT_UES_Portfolio_Evaluation_Plan.pdf 

https://www.bpa.gov/EE/Utility/research-archive/Documents/Evaluation/170307_DRAFT_UES_Portfolio_Evaluation_Plan.pdf
https://www.bpa.gov/EE/Utility/research-archive/Documents/Evaluation/170307_DRAFT_UES_Portfolio_Evaluation_Plan.pdf
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Almost all DHP replacing zonal sites are in singlefamily homes in HZ 1, while most 
prescriptive duct sealing sites are in manufactured homes in HZ 1. 

Table 4-3: Distribution of DHP and Prescriptive Duct Sealing Measures  

Measure 
All 

Sites 

Single-Family Manufactured Homes 

HZ 1 HZ 2 HZ 3 HZ 1 HZ 2 HZ 3 

DHP Replacing eFAF 603 266 38 8 240 37 14 

DHP Replacing Zonal 1,738 1,708 17 1 2 1 0 

Prescriptive Duct 
Sealing 

486 20 5 0 453 4 3 

Note: The sum of the number of sites in each subcategory does not sum to the total number of sites 
because information on home type and HZ was not available for all participants. 
Source: Navigant analysis 

4.2. Savings 
Overall, the team’s impact evaluation found lower than expected savings for DHP 
replacing eFAF, reasonably close savings for DHP replacing zonal, and variable but low 
savings for prescriptive duct sealing, as seen in Table 4-5.7  

Table 4-4: Reported and Evaluated Savings by Measure  

Measure 
Reported 

Savings per Site* 
(kWh/year) 

Savings per Site 
based on 

Version 6.0** 
(kWh/year) 

Evaluated Savings 
per Site (kWh/year) 

Realization 
Rate*** (%) 

DHP Replacing 
eFAF 

5,684 4,722 2,375 ± 436 50.3 ± 9.2 

DHP Replacing 
Zonal 

3,790 2,026 1,709 ± 200 84.3 ± 9.9 

Prescriptive Duct 
Sealing 1,588 503 -132 ± 347 -26.2 ± 69.0 

*UES value referenced from Bonneville’s deemed measure list during time of measure delivery. UES 
savings are the average of more granular UES measures at the heating and cooling zone level. 
**UES value referenced from Bonneville’s deemed measure list Version 6.0, effective October 2017. 
***Realization rate is the ratio between the evaluated savings and the UES value from Bonneville’s deemed 
measures list Version 6.0. 
Source: Navigant analysis 
 
The evaluated savings for DHP replacing eFAF are approximately half of the UES (based 
on Bonneville’s deemed measure list Version 6.0), and savings for DHP replacing zonal 
are about 84% of UES. While both the UES and evaluated savings are lower for DHP 
replacing zonal than for DHP replacing eFAF, the evaluated savings do not support 
such a large difference in UES between the eFAF and zonal baselines. The UES value for 
DHP replacing eFAF is more than twice the value for DHP replacing electric zonal. 
                                                           
7 Information on cost-effectiveness can be found in Appendix C. 
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However, the evaluated savings for DHP replacing eFAF is less than 40% higher 
compared to the evaluated savings for DHP replacing electric zonal. 

Also, both of the evaluated DHP measures have savings that align with a recent 
evaluation conducted by the Energy Trust of Oregon (ETO) on DHPs installed in Oregon 
in multifamily homes.8 ETO estimated the savings per DHP to be 1,768 kWh ± 757 kWh 
at a 90% confidence interval. The confidence interval (i.e., the error bounds) from the 
ETO study encompasses the evaluated savings from this study for DHP replacing eFAF 
and zonal. ETO did not split the savings based on baseline heating technology, but 
assumed mostly electric zonal heating.  

Prescriptive duct sealing evaluated savings had large error bands, but demonstrate low 
savings on average. While the error band is too large to provide an indication of the 
measure’s cost-effectiveness, it does indicate that further research may be warranted 
because the results on average are statistically lower that the most recent UES.  

In the following subsections, the team provides additional context for the results of the 
impact evaluation for DHPs and prescriptive duct sealing. 

4.2.1. Referenced UES 

The evaluation team references reported savings (i.e. the UES values used during the 
time of measure delivery) and current savings (i.e. UES values in Bonneville’s deemed 
measure list Version 6.0, effective October 2017) for comparison to the evaluation 
findings. In all cases, the UES reflect savings at the site as opposed to at the busbar. 
Savings at the busbar include the additional savings from avoided line losses, whereas 
savings at the site reflect savings from the energy consumed at the site and at the 
customer meter. 

• Reported savings: Reported savings reference UES values included in 
Bonneville’s deemed measure list during the time of measure delivery. These 
UES represent the best estimate of savings at the time and were used for 
Bonneville’s reporting and tracking. The evaluation team provides these savings 
to facilitate a comparison of whether the reported savings were achieved. 

• Current savings: The evaluation team also compared evaluated savings to the 
UES included in Bonneville’s deemed measures list Version 6.0, effective October 
2017. The team provides this comparison to help Bonneville understand how the 
most current savings estimates align with the evaluated savings. This difference 
reflects an effort to increase accuracy rather than an effort to adjust savings in 
response to changes to the implementation manual.  

4.2.2. DHP Replacing eFAF 

The team evaluated the savings for the DHP replacing eFAF measure, using data from 
IS2.0, installation forms, billing data, and a sample of participant surveys. This 

                                                           
8 Energy Trust of Oregon. Utility Billing Analysis of 2013-2014 Multifamily Ductless Heat Pump Retrofits. 2018. 
https://www.energytrust.org/wp-content/uploads/2018/08/MF-DHP-Billing-Analysis-Final-Report3.pdf  

https://www.energytrust.org/wp-content/uploads/2018/08/MF-DHP-Billing-Analysis-Final-Report3.pdf
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measure refers to the incentivized installation of a DHP in a home heated by an electric 
forced air furnace. Sites that installed a DHP replacing eFAF were split fairly evenly 
between single-family and manufactured homes. Of the sites with additional data, 
about half were less than 1,500 square feet (SF) and most installed single-head units 
(Table 4-6). 

Table 4-5: Characteristics of DHP Replacing eFAF Participants 

Measure 

Home Type Home Size Number of Heads 

Single-Family 
Manufacture

d Homes 
<1,500 SF 

>1,500 
SF 

Single-
Head 

Multi-
Head 

DHP Replacing 
eFAF 

312 291 180 168 381 75 

Note: The sum of the number of sites in each subcategory does not sum to the total number of sites (603) 
because information on home type, home size, and number of heads was not available for all participants. 
Source: Navigant analysis 

Navigant investigated savings for three savings groups based on responses to the 
survey related to eFAF displacement from DHP (Table 4-7). The participants with the 
highest savings are those that indicated full eFAF displacement. Full eFAF 
displacement is defined as customers who previously used an electric furnace as their 
primary heating source and then completely stopped using the furnace after the DHP 
was installed. The evaluated savings for this group are not statistically different than 
the UES. The group with partial eFAF displacement—those that indicated continued 
use of the eFAF or some displaced non-electric heat—had slightly lower savings than 
the full displacement group. The final group that indicated little-to-no eFAF 
displacement made up the smallest fraction of all participants and had the lowest 
evaluated savings. These sites indicated that they had either primarily used non-
electric heat and switched to DHP or did not use DHP for heating once installed. These 
results indicate that customers’ continued use of eFAF and previous use of non-electric 
heat strongly affect savings. 

Table 4-6: DHP Replacing eFAF Evaluated Savings by Savings Group 

Savings Group 
Number of 

Participants 

Savings per Site 
based on Version 
6.0* (kWh/year) 

Evaluated 
Savings per Site 

(kWh/year) 
Precision 

All Sites 603 4,722 2,375 ± 436 18% 

Full eFAF 
Displacement 

64 4,856 4,009 ± 970 24% 

Partial eFAF 
Displacement 

60 4,433 2,190 ± 872 40% 

Little-to-No eFAF 
Displacement 

27 4,602 -450 ±1,284 286% 

*UES value referenced from Bonneville’s deemed measure list Version 6.0, effective October 2017. 
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Note: The sum of the number of sites in each subcategory does not sum to the total number of sites (603) 
because survey responses were not received for all participants. 
Source: Navigant analysis 

One benefit of replacing an eFAF with a DHP is that the participant can add cooling to 
their home if they did not previously have cooling (a DHP provides both heating and 
cooling). The survey results indicated that prior to the DHP installation, only 15% of 
participants cooled their home, but after the installation, 88% of participants used 
cooling. Navigant investigated monthly energy savings to identify if this increase in 
cooling increased the cooling load on average. Table 4-8 provides the evaluated savings 
for each month of the year. Also, the evaluation team used a comparison group, which 
may account for general trends of increased AC outside the influence of the program. 

Table 4-7: DHP Replacing eFAF Monthly Evaluated Savings per Site 

Month 
Evaluated Savings per Site 

(kWh/month) 
Precision 

January 397 ± 70 18% 

February 359 ± 70 19% 

March 296 ± 55 18% 

April 223 ± 48 21% 

May 128 ± 36 28% 

June 79 ± 32 40% 

July 15 ± 28 191% 

August 29 ± 28 98% 

September 8 ± 27 353% 

October 64 ± 33 52% 

November 190 ± 47 25% 

December 334 ± 71 21% 

Source: Navigant analysis 

The monthy savings results show impacts are highest in the winter months, and are 
not statistically different than 0 kWh in the summer months of July, August, and 
September. This indicates that increased air conditioning (AC) use is not a clear driver 
of lower savings. Also, whether cooling impacts are negative or positive, they appear to 
be small relative to heating impacts for the participants included in this analysis. 

The team also investigated the effect of home type and HZ combination on the 
evaluated savings result. Table 4-9 shows the evaluated savings per site for the DHP 
replacing eFAF measure for all sites and by home type and HZ, when data permits. 
More detailed results are not presented where the sample size was small (i.e. less than 
40 sites) or where the error bounds on the savings estimate are greater than the 
estimate of average savings (i.e. precision greater than 100%). Single-family home and 
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manufactured home participants in HZ 1 are the only subsets of DHP replacing eFAF 
participants that meet these criteria. 

Table 4-8: DHP Replacing eFAF Measures Evaluated Savings by Home Type and Heat 
Zone  

Home Type and 
Heat Zone 

Number of 
Participants 

Savings per Site 
based on 

Version 6.0* 
(kWh/year) 

Evaluated 
Savings per Site 

(kWh/year) 
Precision 

All Sites 603 4,722 2,375 ± 436 18% 

Single-Family/HZ 1 266 3,813 2,550 ± 651 26% 

Single-Family/HZ 2 38 Excluded due to less than 40 sites 

Single-Family/HZ 3 8 Excluded due to less than 40 sites 

Mnf. Homes/HZ 1 240 5,696 3,119 ± 530 17% 

Mnf. Homes/HZ 2 37 Excluded due to less than 40 sites 

Mnf. Homes/HZ 3 14 Excluded due to less than 40 sites 

*UES value referenced from Bonneville’s deemed measure list Version 6.0, effective October 2017. 
Note: The sum of the number of sites in each subcategory does not sum to the total number of sites (603) 
because home type and HZ were not received for all participants. 
Source: Navigant analysis 

The team investigated the effect of home size and the number of heads installed on the 
evaluated savings result for DHP replacing eFAF. Table 4-10 shows the evaluated 
savings per site for all participants, for small and large home sizes, and for single- and 
multi-head units. Larger homes saw slightly higher savings, but the difference is not 
statistically significant.  

The savings estimate for sites with multi-head units are statistically different and 
lower than for sites with single-head units. However, in the current program design 
and based on survey results, customers with multi-head installations were a different 
customer set than those with single-head installations. With different incentive 
structures, the program may reach different customers for multi-head installations 
and the savings for those customers may differ from the results presented in this 
report. The related survey results are presented in more detail in Appendix D.  
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Table 4-9: DHP Replacing eFAF Measures Evaluated Savings by Home Size and 
Number of Heads 

Home 
Characteristics 

Number of 
Participants 

Savings per Site 
based on Version 
6.0* (kWh/year) 

Evaluated Savings 
per Site 

(kWh/year) 
Precision 

All Sites 603 4,722 2,375 ± 436 18% 

<1,500 SF 180 4,833 2,616 ± 599 23% 

>1,500 SF 168 4,586 3,236 ± 938 29% 

Single-Head 
Units 

381 4,822 3,031 ± 508 17% 

Multi-Head 
Units* 

75 4,273 438 ± 1,286 293% 

*These results are above the precision cutoff for other analyses but are presented here to provide context 
on the variability of the results. 
Source: Navigant analysis 

In conclusion, for DHP replacing eFAF, the evaluation team found the following: 

• Savings are lower than expected. 

• Lower savings are mostly driven by some continued use of the eFAF or 
displacement of non-electric heat. 

• Savings are highest during the heating months. 

• The results do not indicate that DHP is causing cooling load to increase 
significantly on average. 

• Results indicate a small increase in savings (if an increase at all) for 
manufactured home participants compared to participants in  single-family 
homes. 

• Savings are slightly higher for larger homes, but it is not statistically different 
than the estimate for smaller homes.  

• Savings for sites with multi-head units are lower and statistically different than 
for sites with single-head units. However, customers with multi-head 
installations were a different customer set than those with single-head 
installations and changes to incentive designs could affect this result.  

4.2.3. DHP Replacing Zonal 

The team evaluated the savings for the DHP replacing zonal measure, using data from 
IS2.0, installation forms and billing data. This measure refers to installation of a DHP in 
a home heated by electric baseboard or zonal heating. Almost all of the DHP replacing 
zonal sites were single-family homes, as seen in Table 4-11. For sites where additional 
data was available, most homes had less than 1,500 SF and only installed single-head 
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units (Table 4-11). Few of the sites included were manufactured homes. This 
distribution of home type for DHP replacing zonal sites is similar to other DHP 
replacing zonal programs in the Northwest.9 

Table 4-10: Characteristics of DHP Replacing Zonal Participants 

Measure 

Home Type Home Size Number of Heads 

Single-
Family 

Manufacture
d Homes 

<1,500 SF >1,500 SF 
Single-
Head 

Multi-
Head 

DHP 
Replacing 
Zonal 

1,726 3 109 63 98 80 

Note: The sum of the number of sites in each subcategory does not sum to the total number of sites (1,738) 
because information on home type, home size, and number of heads was not available for all participants. 
Source: Navigant analysis 

Navigant did not have survey results for DHP replacing zonal participants to indicate 
whether cooling use increased after installation of the DHP. However, due to the high 
increase in cooling use seen from the survey for the DHP replacing eFAF participants, 
the evaluation team investigated cooling load impacts on the DHP replacing zonal sites. 
Table 4-12 shows the evaluated savings for each month. 

Table 4-11: DHP Replacing Zonal Monthly Evaluated Savings Results per Site 

Month 
Evaluated Savings 

per Site 
(kWh/month) 

Precision 

January 337 ± 34 10% 

February 266 ± 37 14% 

March 238 ± 30 12% 

April 128 ± 23 18% 

May 65 ± 19 29% 

June 0 ± 16 4364% 

July -12 ± 16 137% 

August -10 ± 19 198% 

September -12 ± 18 152% 

October 17 ± 19 109% 

November 135 ± 25 18% 

December 264 ± 35 13% 

Source: Navigant analysis 

                                                           
9 Cadmus. Comparison of Ductless and Ducted Heat Pump Retrofits in Manufactured Homes.  January 5, 2018. 
https://www.energytrust.org/wp-content/uploads/2018/04/XMH-DHP-Billing-Analysis_Final_wSR.pdf  

https://www.energytrust.org/wp-content/uploads/2018/04/XMH-DHP-Billing-Analysis_Final_wSR.pdf
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Similar to the DHP replacing eFAF monthly results, the savings in the winter months 
are highest. Also, savings in the summer months of June, July, August, and September 
are not statistically different than 0 kWh. This indicates that increased AC use has a 
minor effect on savings if at all. Also, similar to DHP replacing eFAF, any cooling 
impacts appear to be small relative to heating impacts for the participants included in 
the analysis.  

Table 4-13 provides the evaluated savings for DHP replacing zonal measures for all 
sites by home type and HZ, when data permits. More detailed results are not presented 
where the sample size was small (i.e. less than 40 sites) or where the precision was 
unacceptable (i.e. greater than 100%). Single-family home participants in HZ 1 is the 
only subset of DHP replacing zonal participants that meets these criteria. Almost all 
DHP replacing zonal sites fall into this category, leading to similar results to the full 
sample. 

Table 4-12: DHP Replacing Zonal Measures Evaluated Savings by Home Type and 
Heat Zone 

Home Type and 
Heat Zone 

Number of 
Participants 

Savings per Site based 
on Version 6.0* 

(kWh/year) 

Evaluated Savings 
per Site 

(kWh/year) 
Precision 

All Sites 1,738 2,026 1,709 ± 200 12% 

Single-Family/HZ 1 1,708 2,023 1,713 ± 200 12% 

Single-Family/HZ 2 17 Excluded due to less than 40 sites 

Single-Family/HZ 3 1 Excluded due to less than 40 sites 

Mnf. Homes/HZ 1 2 Excluded due to less than 40 sites 

Mnf. Homes/HZ 2 1 Excluded due to less than 40 sites 

Mnf. Homes/HZ 3 0 Excluded due to less than 40 sites 

*UES value referenced from Bonneville’s deemed measure list Version 6.0, effective October 2017. 
Note: The sum of the number of sites in each subcategory does not sum to the total number of sites (1,738) 
because information on home type and HZ was not available for all participants. 
Source: Navigant analysis 

The team also investigated the effect of home size and the number of heads installed 
on the evaluated savings result for DHP replacing zonal. Table 4-14 lists the evaluated 
savings per site for all participants, small and large home sizes, and single- and multi-
head units. Larger homes saw slightly higher savings, but the difference is not 
statistically significant. The saving estimate for sites with multi-head units is slightly 
higher than for sites with single-head units, but they are not statistically different. 
While these results on the effect of home size and number of heads provide some 
context for the DHP replacing zonal savings, the differences are small and there is 
limited additional information to support program recommendations derived from 
these results (e.g., from surveys). 
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Table 4-13: DHP Replacing Zonal Measures Evaluated Savings by Home Size and 
Number of Heads 

Home 
Characteristics 

Number of 
Participants 

Savings per Site 
based on 

Version 6.0* 
(kWh/year) 

Evaluated 
Savings per Site 

(kWh/year) 
Precision 

All Sites 1,738 2,026 1,709 ± 200 12% 

<1,500 SF 109 2,204 743 ± 695 94% 

>1,500 SF* 63 2,374 1,164 ± 1,419 122% 

Single-Head Units 98 2,011 905 ± 797 88% 

Multi-Head Units 89 2,579 1,100 ± 1,086 99% 

*These results are above the precision cutoff for other analyses but are presented here to provide context 
on the variability of the results. 
Source: Navigant analysis 

In conclusion, the evaluation team found the following: 

• Evaluated savings are close to current UES, but slightly lower; the upper error 
bound of the evaluation results is 6% lower than the average current UES. 

• Savings are highest during the heating months. 

• The results do not indicate that DHP is causing cooling load to increase 
significantly on average. 

• Savings are close to the savings found from the DHP replacing eFAF measure. 

• Savings are slightly higher for larger homes, but it is not statistically different 
than the estimate for smaller homes.  

• Savings are slightly higher for participants with multi-head DHP, but it is not 
statistically sinificant.  

4.2.4. Prescriptive Duct Sealing 

Most participants with prescriptive duct sealing were manufactured homes in HZ 1 
(Table 4-15). 

Table 4-14: Prescriptive Duct Sealing Home Characteristics 

Measure All Sites 
Single-Family Manufactured Homes 

HZ1 HZ2 HZ3 HZ1 HZ2 HZ3 
Prescriptive Duct 
Sealing 

486 20 5 0 453 4 3 

Note: The sum of the number of sites in each subcategory does not sum to the total number of sites (486) 
because information on home type was not available for all participants. 
Source: Navigant analysis 



 

Bonneville Power Administration  
Impact Evaluation of Residential Ductless Heat Pump and Prescriptive Duct Sealing Measures 16 

Table 4-16 shows the evaluated savings for prescriptive duct sealing measures for all 
sites by home type and HZ, when data permits. More detailed results are not presented 
where the sample size was small (i.e., less than 40 sites).  

Savings results are variable, but appear to be lower than expected on average and are 
statistically different than the current UES on average. One reason there may be 
significant variation in the duct sealing results is  due to differences in the existing 
duct conditions in manufactured homes. The criteria to be eligible for prescriptive duct 
sealing is that at least 30% of the ducts must be in an unconditioned space, and the site 
must not have participated in a duct sealing program previously. Unlike PTCS duct 
sealing, no duct testing is required to qualify for a prescriptive duct sealing incentive. 
Therefore,  many sites that were treated may have had little savings potential 
available. Additionally, in cases where the ducts were marginally operable, customers 
may have used space heaters or other supplemental heat before receiving duct sealing; 
if the ducts were not being used for heating (because the ducts weren’t operable), duct 
sealing would lead to low savings. 

Table 4-15: Prescriptive Duct Sealing Measures Evaluated Savings by Home Type 
and Heat Zone  

Home Type and 
Heat Zone 

Number of 
Participants 

Savings per Site 
based on 

Version 6.0* 

(kWh/year) 

Evaluated 
Savings per Site 

(kWh/year) 
Precision 

All Sites 486 503 -132 ± 347 -263% 

Single-
Family/HZ 1 

20 Excluded due to less than 40 sites 

Single-
Family/HZ 2 

5 Excluded due to less than 40 sites 

Single-
Family/HZ 3 

0 Excluded due to less than 40 sites 

Mnf. Homes/HZ 
1 

453 472 -26 ± 344 -133% 

Mnf. Homes/HZ 
2 

4 Excluded due to less than 40 sites 

Mnf. Homes/HZ 
3 

3 Excluded due to less than 40 sites 

*UES value referenced from Bonneville’s deemed measure list Version 6.0, effective October 2017. 
Note: The sum of the number of sites in each subcategory does not sum to the total number of sites (486) 
because information on home type and HZ was not available for all participants. 
Source: Navigant analysis 

In conclusion, the evaluation team found the following: 

• Results are variable and unclear, but they are statistically different than the 
UES. 
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• Prescriptive duct sealing has potential for higher savings if implemented in the 
appropriate conditions, such as those where the ducts are poorly sealed, are 
located in unconditioned spaces, and were used as part of the primary heating 
system.  

• The available information indicates that additional research is warranted. 

5. Recommendations 

In this section, the evaluation team provides program recommendations and future 
research recommendations in this section. 

5.1. Program Recommendations 
The evaluation team presents the following findings and recommendations for DHP 
replacing eFAF and DHP replacing zonal heating:  

• The evaluation team found that the current UES may be high for DHP 
replacing eFAF.  

• The evaluation team found that the current UES are close to evaluation results 
for DHP replacing zonal heat on average, but may be slightly high.  

• Navigant recommends Bonneville coordinate with the RTF about including 
these results when the RTF conducts its scheduled review of DHP UES. The 
RTF will review DHP in September 2018.  

• Navigant recommends Bonneville continue to use the most current UES to 
track and report these measures, and use the existing protocols to update its 
UES in response to any measure changes resulting from the RTF process. 
Using Bonneville’s current protocols, if the RTF makes any updates to the 
measures before January 2019, the updated UES may take effect in October 2019; 
if the RTF makes any updates after January 2019, the updates will take effect in 
October 2021. 

• Navigant recommends Bonneville consider additional opportunities to save 
energy through DHP, such as by separately tracking DHP installed with better 
controls that can enable greater displacement of resistance heating. The 
evaluation team found that changes in cooling load appear to have a limited 
effect on DHP savings. However, for DHP replacing eFAF, the team found that 
evaluated savings were higher and close to current UES for program participants 
who did not continue to use eFAF as their primary heating and for participants 
who did not use DHP to displace non-electric heating, such as wood heat.   
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The evaluation team presents the following findings and recommendations for 
prescriptive duct sealing:  

• The evaluation team found variable savings estimates for prescriptive duct 
sealing. While the results have high uncertainty, the evaluation team found 
savings statistically lower than the current UES. 

• Navigant does not consider it a high priority for the RTF to include these 
results when the RTF conducts its scheduled review of prescriptive duct 
sealing UES given the high uncertainty.. The RTF will review this measure for 
single-family homes in September 2018.  

• Navigant recommends Bonneville continue to use the most current UES to 
track and report these measures and use the existing protocols to update its 
UES in response to any measure changes resulting from the RTF process. 
Using Bonneville’s current protocols, if the RTF makes any updates to the 
measure before January 2019, the updated UES may take effect in October 2019; 
if the RTF makes any updates after January 2019, the updates will take effect in 
October 2021. 

• Navigant recommends that any future prescriptive duct sealing impact 
evaluation studies include pre-/post-site visits, contractor interviews, or 
submetering as part of the evaluation study. Monthly energy use data provides 
limited value for impact evaluation when savings are variable, savings are a 
relatively small percentage of whole home energy use, and when the participant 
population is small. Given these limitations, future studies should include 
additional data collection (e.g., from site visits) to better understand the variable 
savings from prescriptive duct sealing. Post-installation site visits could be used 
to confirm if the duct sealing work was completed to specifications and whether 
the ducts are in unconditioned space; pre-installation site visits could be used to 
verify that duct sealing was warranted; and customer interviews could be used 
to understand if customers used supplemental heating for marginally operable 
duct systems. 

5.2. Future Evaluation and Research Recommendations 
Navigant recommends the following future evaluation and research tasks for the DHP 
measures: 

• Because DHP technology is improving such that more of the DHPs installed 
can be integrated with a central thermostat and controlled programmatically 
instead of manually, Navigant recommends further research to identify if 
these technological improvements are leading to more or less eFAF or zonal 
displacement. If these improvements do indicate more displacement, then 
using the savings results for the higher displacement category may be more 
justified moving forward. 

Navigant recommends the following future evaluation and research tasks for the 
prescriptive duct sealing measure: 
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• Navigant recommends conducting any future evaluation work using 
participants from FY2018 or later since many programmatic changes were 
made to the prescriptive duct sealing measure program during FY2016 and 
FY2017 that may have affect savings.  

• Navigant recommends that any future prescriptive duct sealing impact 
evaluation studies include pre-/post-site visits, contractor interviews, or 
submetering as part of the evaluation study. Monthly energy use data provides 
limited value for impact evaluation when savings are variable, savings are a 
relatively small percentage of whole home energy use, and when the participant 
population is small. Given these limitations, future studies should include 
additional data collection (e.g., from site visits) to better understand the variable 
savings from prescriptive duct sealing. Post-installation site visits could be used 
to confirm if the duct sealing work was completed to specifications and whether 
the ducts are in unconditioned space; pre-installation site visits could be used to 
verify that duct sealing was warranted; and customer interviews could be used 
to understand if customers used supplemental heating for marginally operable 
duct systems. 
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Appendix A: Glossary 

Coefficient of Variation (CV) 

A normalized measure of dispersion of a probability distribution and defined as the 
ratio of the standard deviation, 𝜎𝜎, to the mean, 𝜇𝜇: 

 

Delivery Verification: RTF Guidelines stipulate that impact evaluation may be 
accomplished using delivery verification to estimate savings for proven Unit Energy 
Savings) measures, i.e., savings equal the verified delivery quantity multiplied by the 
proven UES savings value. Delivery verification may also be useful in measure 
development and providing feedback to programs. The RTF Guidelines provide the 
following additional definition: 

“Delivery verification involves physical inspection of measures or documentation of 
measures at the location where the program operator delivers them. For measures 
delivered to an end use, this involves collecting data from the end user facility to confirm 
that equipment conforms to the measure specifications. For measures delivered upstream 
of the end use, for example efficient bulbs sold through retailers, this might involve 
inspection of retailer or end user records of bulb sales or purchases.”10 

Evaluation Measure Group: To design an efficient evaluation, the evaluation team defined 
subsets within sectors as a group of measures that have similar end-uses, measure 
statuses, and/or that use similar program delivery methods. 

Impact Evaluation 

Impact evaluation is used to estimate savings from energy efficiency measures. 
According to the RTF Guidelines, “program impact evaluations estimate savings from a 
period of program operation. Program impact evaluations involve the analysis of a 
reliable sample of program participants (and possibly non-participants) to determine 
the savings.” The RTF Guidelines generally refer to evaluation of a portfolio or program, 
but are flexible in how evaluators define “program.”  

Measure Status: In the RTF Guidelines, a measure’s category defines the savings 
estimation that should be used to evaluate savings. The RTF approves four measure 
categories within the UES portfolio: Proven, Small Saver, Provisional, and Other.  

                                                           
10 Details of the delivery verification strategies included in the 2016 UES evaluation approaches are 
discussed in detail for each domain in the appendices. 
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Other UES 

This includes measures that fall into the RTF Small Saver and Planning categories, as 
well as UES measures that have been created by program operators but are not 
recognized by the RTF, such as Bonneville-qualified measures. Savings estimation 
methods for these measures require conducting one or more studies that may require 
site-specific data collection and analyses. 

Realization Rate (RR) 

The term is used in several contexts in the development of reported program savings. 
The primary applications include the ratio of project tracking system savings data (e.g., 
initial estimates of project savings) to savings that (1) are adjusted for data errors and 
(2) incorporate evaluated or verified results of the tracked savings. In the Updated 
Guidelines, the realization rate does not include program attribution. 

Relative Precision 

Measures the expected error bound of an estimate on a normalized basis. It must be 
expressed for a specified confidence level. The relative precision (rp) of an estimate at 
90% confidence is: 

𝑟𝑟𝑟𝑟 = 1.645 
𝑐𝑐𝑐𝑐
√𝑛𝑛

�1 −
𝑛𝑛
𝑁𝑁

 

where n is the sample size, N is the population size, and the coefficient of variance is cv 
= standard deviation / estimate mean value. The square root expression at the end of 
the equation is the finite population correction factor, which becomes inconsequential 
and unnecessary for large populations. 

RTF Proven 

The RTF has determined that savings estimation methods are proven and reliable for 
these measures. 

Savings Realization Rate (RR) 

The ratio of the field of evaluation energy savings to the program’s claimed savings. 
The realization rate represents the percentage of program-estimated savings that the 
impact evaluation team estimates as being achieved based on the results of the 
evaluation measurement and verification (M&V) analysis. 

Savings Validation 

Savings validation uses impact evaluation to compare savings for a measure or group 
of measures to the deemed UES values. For the purposes of this document, existing 
measure savings validation is considered a measure development activity in that it 
informs savings estimates associated with a measure. If the savings validation shows a 
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significant deviation from the deemed savings estimates, additional measure 
development may be needed. 
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Appendix B: Unit Energy Savings 

In this appendix section, the evaluation team discusses UES, the difference between 
reported UES and UES as of December 2016, and outlines the team’s approach for 
assigning UES. 

B.1 Unit Energy Savings 

UES reflect the expected savings per unit from rebating certain efficiency measures. 
The RTF provides these values as deemed savings values for program administrators to 
plan for future years and to track their rebated savings. On pre-established timelines, 
the RTF reviews UES and may update values based on evaluation findings and other 
research. 

For example, insulation is typically rebated per square foot installed, and as such, the 
RTF provides UES for insulation as annual energy savings per square foot of insulation 
installed. 

B.1.1 Reported UES vs. UES as of December 2016 

When the RTF updates UES, the updated values only affect future years and the 
changes are not retroactive to previously rebated projects. As such, there is generally a 
delay from when the RTF updates UES to when program administrators use the 
updated UES as the value in program tracking and planning. In this evaluation, the UES 
were recently updated, and the evaluation team was specifically interested in whether 
the updated UES were applicable to the Bonneville programs. As a result, the 
evaluation team put a greater emphasis on comparing the evaluated savings to the UES 
as of December 2016 than to the UES at the time the measures were installed. 

B.1.2 Assigning UES 

While reported UES were readily available in Bonneville’s tracking data, the evaluation 
had to assign UES as of December 2016 to each site to compare the evaluated savings 
to the most recent UES. 

UES were assigned to each site included in the billing analysis by mapping the 
individual characteristics of each home and measure to the variables that defined a 
given UES value. Table B-1 identifies the relevant variables for each measure. 
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Table B-1: Variables Used to Assign UES by Measure Analyzed 

Installation Site 
Variable 

DHP Replacing eFAF DHP Replacing Zonal 
Prescriptive Duct 

Sealing 

Home Type X X X 

Heating Zone X X X 

Cooling Zone X X  

Heating Type (eFAF, 
Electric Zonal, Any 
Electric Heat) 

X X X 

Count of Measures 
Installed 

X X  

Number of Meads 
(Multi- or Single-
Head) 

X X  

Source: Navigant analysis 

For the DHP measures, the evaluation team did not always have information on the 
number of heads installed. For these few cases, the team would assign a number of 
heads based on the most prevalent case for that measure. For both the DHP replacing 
eFAF and the DHP replacing zonal measures, the most common number of heads was 
one (single head). Savings for the single-head install was used for all cases when the 
number of heads was unknown and where the UES had a distinction between the 
multi-head and single-head install; this was only for single-family homes.  
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Appendix C: Cost-Effectiveness 

The evaluation team does not present cost effectiveness in this report due to the 
following: 

• These evaluation findings will go through a process including RTF measure 
updates and an evolving BPA strategy for residential HVAC measures 

• BPA measures cost effectiveness at the Technology Activity Practice (TAP) level 
for the whole DHP portfolio weighted to program activity, BPA does not measure 
cost effectiveness at the individual measure level 

• It is unknown how the RTF will decide to use the findings from this evaluation 

• BPA recently conducted an analysis of how energy efficiency measures benefit 
the BPA system as part of its Resource Program 

• Resource program findings indicate that residential heating and cooling 
measures are valuable to the BPA system 
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Appendix D: Detailed DHP Replacing eFAF 
Survey Results 

In this appendix section, the evaluation team provides detailed ductless heat pump 
(DHP) replacing electric forced air furnace (eFAF) survey results for the 172 survey 
respondents. 

In summary, in the current program design, customers with multi-head installations 
were a different customer set than those with single-head installations. With different 
incentive structures, the program may reach different customers for multi-head 
installations and the savings for those customers may differ from the results presented 
in this report. 

The first set of results look at the purchase decision and the differences between 
single-head and multi-head installations (Figure D-1). Customers with multi-head 
installations were less likely to have purchased their DHP to save energy and more 
likely to have purchased the DHP for added comfort. 

Figure D-1: Reasons for Purchasing the DHP 
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Source: Navigant analysis 

The second set of results look at the use of supplemental heat post-installation. These 
results are split into respondents that indicated using electric or non-electric 
supplemental heat and by the number of heads installed. The percentages in Figure 
D-2 indicate the average percentage of time customers use the different heating 
methods. Some respondents did not indicate any use of supplemental heat post-
installation and are not represented in Figure D-2. Customers who installed multi-head 
DHP were more likely to have switched from non-electric heat to DHP and were 
somewhat more likely to continue to use existing electric heat systems. 

Figure D-2: Use of Supplemental Heat Post-Installation of DHP 
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Appendix E: Billing Analysis Methods 

Billing Analysis Methodology 
To: BPA 

Subject: Methods memo 

Submitted: August 19, 2016 

As a part of the 2016 impact evaluation of Bonneville Power Administration’s (BPA) 
Unit Energy Savings (UES) portfolio, Navigant will collect billing data for a 
representative sample of utilities and use a pooled regression model with a comparison 
group to estimate measure level savings for select residential HVAC and envelope 
measures. Navigant's analysis will include robustness checks, data visualization, and 
statistical tests to validate the results.  

This document presents the proposed methods, although minor changes may occur as 
the project progresses. The following items will be specifically addressed in detail: 

• Task 1: Data collection and preparation 

• Task 2: Data validation and processing 

• Task 3: Primary regression analysis 

• Task 4: Secondary analysis 

• Task 5: Reporting 

E.1 Task 1: Data Collection and Preparation 

This section discusses the data collection and preparation methodology for the billing 
data, weather data, Interim Solution 2.0 data (IS2.0), and the Regional Technical 
Forum’s (RTF’s) Unit Energy Savings (UES) data. 

E.1.1 Billing Data 

To limit the burden on BPA’s utility customers, Navigant uses a sampling design that 
yields a representative sample for the region while minimizing the number of utilities 
from which Navigant will request billing data. For the sampled utilities, Navigant will 
request a census of participant billing data (from two years prior and everything 
following the measure installation) for all evaluation measure groups. The sampled 
utilities include 22 utilities that are used to represent the region. The evaluation 
measure groups include four measures: 
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• Performance and prescriptive duct sealing (performance duct sealing data will 
come from BPA’s already collected data for its evaluation of PTCS measures in 
2013) 

• Ductless heat pumps (DHP) replacing electric forced air furnaces (eFAF) 

• Windows 

• Insulation 

Details of the sample designs for the residential envelope and HVAC domains are 
provided in Table E-1 and Table E-2, and additional information can be found in 
Sections 5 and 6 of the Bonneville Power Administration UES Portfolio Evaluation Plan 
CY2016 Activities document.11 

Table E-1: Draft 2016 Sample Size for the Residential Envelope Domain 

Measure 
Group Strata 

Assumed 
CV 

Number of 
Utilities 

Target Number 
of Projects* 

Confidence 
and Precision 

Targets 

Insulation 

Large 
Contributors 

0.8 4 
Census of billing 

data for each 
utility** 90/15 

Medium 
Contributors 

0.8 4 

Small 
Contributors 

0.8 2 

Subtotal  10 ~1,700 

Windows 

Large 
Contributors 

0.8 2 
Census of billing 

data for each 
utility** 90/15 

Medium 
Contributors 

0.8 10 

Small 
Contributors 

0.8 3 

Subtotal   15 ~2,500 
* This value represents the target number of projects for which the evaluation team requires usable data. 
In order to reach this number, the team will need to request billing data for roughly twice as many 
projects. 
** Evaluation will target a census of energy consumption data for sampled utilities; a sample may be drawn 
where this is infeasible.  
Source:  Navigant Analysis 

                                                           
11 https://www.bpa.gov/EE/Utility/research-
archive/Documents/Evaluation/BPA_UES_Evaluation_Plan_FINAL_04012016_V3.pdf  

https://www.bpa.gov/EE/Utility/research-archive/Documents/Evaluation/BPA_UES_Evaluation_Plan_FINAL_04012016_V3.pdf
https://www.bpa.gov/EE/Utility/research-archive/Documents/Evaluation/BPA_UES_Evaluation_Plan_FINAL_04012016_V3.pdf
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Table E-2: Draft 2016 Sample Size for the Residential HVAC Domain 

Measure 
Group 

Strata Assumed 
CV 

Number 
of 

Utilities 

Target Number 
of Projects* 

Confidence 
and 

Precision 
Targets 

Prescriptive 
Duct Sealing 

Large 
Contributors 

0.8 5 
Census of 

participant billing 
data** 

90/15 

Medium 
Contributors 

0.8 3 
Census of 

participant billing 
data** 

Small 
Contributors 

0.8 2 
Census of 

participant billing 
data** 

Subtotal  10 ~500 

DHP 
Replacing 
eFAF 

Large 
Contributors 

0.8 6 
Census of 

participant billing 
data** 

90/15 
Medium 
Contributors 

0.8 6 
Census of 

participant billing 
data** 

Medium and 
Small 
Contributors 

0.8 2 
Census of 

participant billing 
data** 

Subtotal  14 ~800 
* This value represents the target number of projects for which the evaluation team requires usable data. 
In order to reach this number, the team will need to request billing data for roughly twice as many 
projects. 
**Navigant does not estimate sampling error or a sample size for these measure groups, because the 
evaluation team plans to collect data on the census of these projects within the sampled utilities. 
Source:  Navigant Analysis 

The data Navigant will request includes the required and optional data listed in Figure 
E-1. Navigant will request this data from each of the 22 utilities using a standardized 
data template in Excel. 
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Figure E-1: Required and Optional Data Requested from Utilities 

 
Source:  Navigant  

E.1.2 Weather Data 

Navigant will gather two sets of weather data (actual and typical year) that will be used 
to control for varying weather conditions in the analysis and to calculate weather-
normalized savings (i.e., savings during a typical meteorological year (TMY)). Navigant 
will use the study participants’ zip codes to match their locations to weather stations 
in the National Oceanic and Atmospheric Administration’s National Climatic Data 
Center12 database of historical weather data. Navigant will ensure that each zip code 
provided by the utilities is reasonable given each utility’s service territory. Navigant 
will also ensure that each matched weather station has adequate weather data and 
provides TMY data from the National Renewable Energy Lab’s National Solar Radiation 
Database13. The analysis requires historical weather data during the study period and 
in the study location to properly correlate participants’ historical energy consumption 
with weather conditions. TMY data is then used to adjust savings to show expected 
savings for typical years.  

E.1.3 IS2.0 Data 

BPA’s Interim Solution 2.0 database (IS2.0) includes all measures incentivized by and 
reported to BPA. The IS2.0 database will be queried to identify all efficiency measures 
installed at study participant sites during the evaluation period and when those 
measures were installed. Navigant will use this data to ensure their billing analysis 
does not double count savings and to ensure that their analysis accounts for real world 
measure interaction. Double counting in this context refers to attributing all energy 
savings at a site, which often come from multiple measures, to a single measure. 
Knowing all the measures installed at each study participant site enables Navigant to 
attribute savings to single measures more accurately. Navigant uses the term “measure 
interaction” to refer to the diminishing savings from installing multiple measures at a 

                                                           
12 http://www.ncdc.noaa.gov/cdo-web/  
13 http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/  

http://www.ncdc.noaa.gov/cdo-web/
http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/
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single site. For example, converting a home from an electric forced air furnace to a 
heat pump increases the heating efficiency of that home. Installing attic insulation at 
the same time now yields lower savings attributable to insulation than the insulation 
would have achieved if the site hadn’t converted to a heat pump. The overall site-level 
savings is higher, but the savings attributable to insulation is likely lower when 
installed simultaneously with a HP conversion. 

E.1.4 RTF UES Measures Data 

Navigant will use the Regional Technical Forum’s (RTF’s) Unit Energy Savings (UES) for 
the following points of comparison against the regression estimates of savings from 
this billing analysis: 

• Claimed savings – the UES at the time of installation and associated with the 
study participants will serve to answer the question, did these efficiency measures 
save as much energy as originally anticipated on average? 

• Most recent savings – the most recent UES associated with the relevant 
measures will serve to answer the question, do the savings from previous 
participants corroborate the most recent UES proposed by the RTF to track savings for 
future participants for these measures on average? 

E.2 Task 2: Data Validation and Processing 

This section discusses the methods Navigant will use to process and validate the 
requested billing data. Navigant will track the learnings from these analyses with 
additional variables in the dataset rather than removing the data outright. This 
approach will enable future investigations of the effect on savings from different data 
filtering strategies. Navigant describes the proposed approach in the following 
subsections: 

• Billing data clarification and processing 

• Utility, BPA, and weather data – validation and summary 

• Initial outlier analysis to further understand dataset 

• Data filtering 

E.2.1 Task 2a: Billing Data Clarification and Processing 

After receiving the requested billing data, Navigant will conduct standard data quality 
checks and follow up with the sampled utilities with any questions. These follow up 
questions will ensure that Navigant interprets the data accurately and understands the 
program approach, which may influence some analyses. Navigant will check for 
duplicate meter reads, negative meter reads, short or long billing periods, unexpected 
read codes, low and high energy consumption, overlapping billing periods, and other 
standard data quality investigations. Navigant outlines each check in greater detail in 
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E.6.2, along with examples of the outputs used to identify these issues. When data 
anomalies are identified, the utility will be contacted so the evaluation team can 
determine the cause of the anomaly (e.g., if it is due to erroneous data, 
misinterpretation of the data, etc.) and to ensure Navigant uses the data accurately.  

Finally, Navigant will process the data (including any adjustments based on the 
responses to the follow up questions) so it is ready to be used in the billing analysis. 

E.2.2 Task 2b: Utility, BPA, and Weather Data – Validation and Summary 

After Navigant conducts standard data quality checks on the received billing data, 
including any follow up with the sampled utilities, Navigant will compile the billing 
data, weather data, and IS2.0 data. Navigant will validate this data at a high-level with 
the following summary checks: 

1. Summarize sample size by home type and measure. 

2. Summarize energy consumption, heating degree days (HDD), and cooling degree 
days (CDD) by month and year for pre-and post-installation data. 

3. Compare participants’ energy data by bill month to weather data and EIA-82614 
data (see Figure E-2 for an example) to verify the received data is the expected 
order of magnitude. 

An example of the graph Navigant produced during a preliminary analysis for the third 
summary step is provided in Figure E-2. In this graph, participant energy consumption 
is based on billing data and is shown in red as average daily energy consumption 
(kWh/day) for each calendar month. The grey line corresponds to the average daily 
energy consumption per household for each calendar month based on the EIA-826 data 
(kWh/day). The weather data is represented by the yellow line and shows average HDD 
per day for this anonymous utility territory. 

This graph allowed Navigant to compare data from different sources, identify expected 
trends and unexpected discrepancies, and ultimately to validate that no systematic 
errors occurred in collecting this data. The difference in participant and EIA-826 energy 
consumption is expected, because the participant group primarily consists of electric 
heat customers while the EIA-826 data has a much higher penetration of non-
electrically heated customers. 

                                                           
14 The EIA-826 data comes from a database provided by the Energy Information Administration (EIA) that 
includes publicly available residential retail electricity sales by utility and month, and the number of 
customers in each utility 
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Figure E-2: Validation of Energy and Weather Data 

 
Source:  Navigant Analysis  

E.2.3 Task 2c: Initial Outlier Analysis to Further Understand Dataset 

Navigant will conduct an initial outlier analysis to further refine the dataset by 
identifying any sites or bills that require additional investigation. Navigant will identify 
outliers by graphing participants’ actual average energy consumption against their 
modeled energy consumption using a simplified econometric model based on site 
specific energy consumption and weather conditions. Navigant will identify outliers 
with a visual approach rather than a quantitative method for identifying outliers. 
When outliers are identified, Navigant will review the available data at these sites and 
bills, and propose methods to resolve any discovered issues. Possible issues to resolve 
are likely to include: 

• Poorly estimated bills with substantial corrections 

• Unexpected read codes 

• Short bill periods (e.g., 1 day) 

• High prevalence of bills with 0 kWh usage 

Figure E-3 shows an example of the outlier analysis conducted during a preliminary 
analysis for this project for an anonymous utility. Additional investigation of the five 
bills circled in blue enabled Navigant to justify removing these five bills from the 
analysis. 
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Figure E-3: Average Daily Consumption Outliers 

 
Source:  Navigant Analysis 

E.2.4 Task 2d: Data Filtering 

After identifying all discovered anomalies, Navigant will track potential causes for data 
removal using additional variables in the dataset rather than removing the data 
outright. This approach will enable future investigations of data filtering’s effect on 
savings estimates. Example data filters could include the following and please see the 
table in E.6.6 for proposed data filters for the primary regression analysis. 

• Minimum number of bills before and after measure installation 

• Verifiable heat signature (before and after measure installation) using a site-
specific R-squared threshold 

• Verifiable heat signature (before and after measure installation) using a site-
specific root mean squared error (RMSE)  

• Quality comparison group match (when using Euclidean matching) as measured 
by RMSE 

• Bills deemed erroneous due to read code or magnitude of consumption (e.g., 10 
times the median) 

• Bills indicating vacancy 
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• Homes with an indication of net metering (e.g., through rate class) 

• No longer relevant applications of a measure  

• Homes experiencing very large increases or decreases in consumption (e.g., 50% 
or more) 

E.3 Task 3: Primary Regression Analysis 

Navigant will use a pooled regression model with a comparison group to estimate 
measure level savings for the relevant HVAC and envelope measures.  

Navigant will compare estimated savings from the billing analysis to both claimed UES 
values, and to the most recent UES values available in the RTF’s interim workbooks. 
The evaluation team will present these results as absolute savings and as realization 
rates (RR), where: 

𝑅𝑅𝑅𝑅 =  
𝑅𝑅𝑅𝑅𝑅𝑅𝑟𝑟𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑛𝑛 𝑅𝑅𝑅𝑅𝑒𝑒𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒𝑅𝑅 𝑅𝑅𝑜𝑜 𝑅𝑅𝑒𝑒𝑐𝑐𝑅𝑅𝑛𝑛𝑅𝑅𝑅𝑅 �𝑘𝑘𝑘𝑘ℎ

𝑦𝑦𝑟𝑟 �

𝐶𝐶𝐶𝐶𝑒𝑒𝑅𝑅𝑒𝑒𝑅𝑅𝐶𝐶 𝑅𝑅𝑟𝑟 𝑒𝑒𝑅𝑅𝑅𝑅𝑒𝑒 𝑟𝑟𝑅𝑅𝑐𝑐𝑅𝑅𝑛𝑛𝑒𝑒 𝑈𝑈𝑈𝑈𝑈𝑈 𝑅𝑅𝑅𝑅𝑒𝑒𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒𝑅𝑅 𝑅𝑅𝑜𝑜 𝑅𝑅𝑒𝑒𝑐𝑐𝑅𝑅𝑛𝑛𝑅𝑅𝑅𝑅 �𝑘𝑘𝑘𝑘ℎ
𝑦𝑦𝑟𝑟 �

 

Realization rates are a useful comparison because they help account for the diversity 
among participants and measures. In addition, comparing the savings estimates with 
existing deemed values will help identify measures that may need updates or further 
research. 

The evaluation team will also use these savings results to estimate the cost-
effectiveness of these measures. In the subsections below, Navigant discusses the 
following in further detail.  

• Robustness checks 

• Comparison groups 

• Regression models 

• Weather normalization 

E.3.1 Task 3a: Robustness Checks 

Due to unverifiable assumptions inherent in any savings approach, Navigant proposes 
to conduct a recommended approach to estimate savings as well as multiple alternate 
approaches to serve as robustness checks. Navigant uses the term “robustness check” 
to refer to savings estimated through alternate methods that verify the robustness of 
the results to the relevant assumptions. Each method has a different set of 
assumptions. If the savings are similar across these checks, it is likely that any 
assumptions are held true and the results can be considered accurate. If the results 
differ, some assumptions may not hold true. In advance of finding inconsistent results, 
Navigant will propose their preferred approach in this document to avoid any 
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perceived “cherry-picking” of results.15 Only the final and recommended results are 
shared in the final report to avoid confusion, but BPA can provide additional details 
upon request.  

E.3.2 Task 3b: Comparison Group 

Navigant will use a comparison group (in this case pre-measure-installation electric 
usage from future participants) to isolate the effects of the program on energy 
consumption and to exclude any non-program related changes in energy consumption, 
such as changes in energy consumption due to economic conditions. Figure E-4 
provides a conceptual diagram to demonstrate the value of a comparison group. 
Furthermore, in preliminary analyses for BPA, Navigant found that accounting for non-
program related changes in energy consumption had a statistically significant effect on 
the estimate of savings (Figure E-6). 

Figure E-4: Conceptual Diagram of the Value from a Comparison (or Control) Group 

 
Source:  Navigant  

While randomized experimental designs are the ideal approach to account for non-
program related changes in energy consumption, that type of study design is not 
feasible at this time (see E.6.5 for more information). Instead of conducting a 
randomized experiment, Navigant develops a comparison group by selecting sites from 
future participants’ pre-measure-installation energy usage (also referred to as “pre-
usage”), such that the comparison group and evaluated participants share similar pre-
usage. Navigant supports this approach as an alternate to an experimental design for 
the following reasons: 

                                                           
15 It is important to note that all the proposed methods are subject to self-selection bias, which can only be 
addressed using an experimental design. Please refer to Section E.6.5 for more information on this topic. 
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• To reduce the burden on utilities – implementing an experimental design or 
requesting non-participant energy consumption with 20+ utilities would put 
substantial burden on the utilities running these programs 

• Recommended in Uniform Methods Project (UMP)16 – using future participant 
pre-usage is a recommended approach in the UMP  

• Reasonable results in preliminary analysis – in preliminary analyses, non-
participants and future participants performed similarly when used as 
comparison group sources or reservoirs (Figure E-5 and Figure E-6). Figure E-6 
shows that savings were not statistically different when non-participants and 
future participants (orange and green columns) served as the comparison group 
reservoirs, but savings were statistically different when no comparison group 
was used (red column). It was only possible to collect non-participant data for 
study 1 and, as such, there is no green column. 

Figure E-5: Pre and Post Energy Usage for Participants and Various Comparison 
Groups 

 
Source:  Navigant Analysis  

                                                           
16 http://energy.gov/sites/prod/files/2013/11/f5/53827-8.pdf   

http://energy.gov/sites/prod/files/2013/11/f5/53827-8.pdf
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Figure E-6: Average Realization Rates Across Measures 

 
Source:  Navigant Analysis  

For this study, Navigant will validate the comparison group by using graphing 
techniques (as demonstrated in Figure E-5 and Figure E-6) and statistical tests for all 
proposed methods. 

E.3.3 Task 3c: Estimating Savings 

This section will describe the following methods to estimate savings in more detail:17 

• Post-only model with Euclidean matching (recommended approach) 

• Variation-in-adoption model (robustness check) 

• Difference-in-difference model (robustness check) 

• Variable based degree days (robustness check) 

Navigant chooses the post only model as the recommended approach because of its 
demonstrated success in randomized control trial (RCT) evaluations (e.g., Opower 
evaluations) and its ability to control for unobservable, non-program related changes in 
energy consumption, such as economic changes. 

E.3.3.1 Post-Only Model with Euclidean Matching (Recommended Approach) 

This model uses pre-usage as an independent variable to predict post-installation 
energy usage (also referred to as “post-usage”). This model gets its name because pre-
usage shows up on the right-hand side of the regression equation (as an independent 
variable) rather than on the left-hand side. Savings then corresponds, in a simplified 
interpretation, to the difference in energy consumption between the participants’ 

                                                           
17 Navigant will also estimate savings using a site fixed effects model without a comparison group as an 
additional point of reference to understand the impact of a comparison group on the savings estimate. 
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actual and predicted post-usage. Controlling for monthly fixed effects and having a 
balanced comparison group and participant group ensures that the model’s estimated 
savings refers only to the change in energy consumption due to the program and not 
from other effects, such as economic conditions.18 Navigant discusses this method in 
greater detail in E.6.4, including a basic model specification. 

Navigant ensures that the groups are balanced by using exact matching based on pre-
usage, heat zone, and home type. Each matched comparison group site receives a 
pseudo measure installation date from its matched participant site. In summary, exact 
matching selects sites from the comparison group reservoir that best represents 
participants. More details on this comparison group approach are provided in E.6.3.  

In summary, the model: 

• Estimates average post-usage of customers as a function of pre-usage, monthly 
fixed effects and other factors. 

• Estimates savings as the impact on post-usage of being a participant (as opposed 
to being one of the matched comparison sites) or, in a sense, the difference 
between participants’ predicted and actual post-usage.  

E.3.3.2 Variation-in-Adoption Model (Robustness Check) 

The VIA method relies only on program participants to develop the counterfactual19 
(i.e., the energy participants would have consumed had they not participated in the 
program). Customers who participate in the program at a later date serve as the 
comparison group for the customers who participate in the program early on. The 
main assumption of the VIA model is that after controlling for both customer and 
monthly fixed effects neither average energy use in a month nor energy savings each 
month after participation is correlated with the timing of program entry, or in other 
words program participant savings and consumption are similar regardless of when 
customers participate. For example, weather effects on energy consumption would 
violate this assumption (consumption would be higher after participating in October as 
heating systems turn on) without controlling for weather using monthly fixed effects. 
The model tests this assumption with specific independent variables that should 
ideally have not statistically significant coefficients. A basic model specification is 
provided in E.6.4. 

                                                           
18 Ho, Daniel E., Kosuke Imai, Gary King, and Elizabeth Stuart. 2007. “Matching as nonparametric 
preprocessing for reducing model dependence in parametric causal inference.” Political Analysis 15(3): 199-
236. 
19 Description of VIA starts on page 16 of Harding, Matthew and Hsiaw, Alice, "Goal Setting and Energy 
Conservation" (2014). Economics Department Working Papers. Paper 166. 
http://crossworks.holycross.edu/econ_working_papers/166  

http://crossworks.holycross.edu/econ_working_papers/166
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E.3.3.3 Difference-in-Difference Model (Robustness Check)  

The DID model estimates savings based on the change in energy consumption at the 
time of participation for the participants minus the change in consumption at the time 
participants participated for the comparison group (Figure E-7).  

Figure E-7: Illustration of DID Model 

 
Source:  Navigant  

For this study, Navigant will use FY2014 participants as the “participants” and FY2015 
participants’ pre-usage as the comparison group. Constructing comparison groups 
based on future participants is a recommended approach in the UMP.20 A basic model 
specification and a more detailed discussion of DID is provided in E.6.4. In summary, 
the DID model:  

• Calculates the average difference in consumption between the pre-and post-
periods for the participants. 

• Calculates the average difference in consumption between the pre-and post-
periods (as defined by the participants’ measure installation dates) for the 
comparison group. 

• Subtracts these two differences to estimate the net energy savings (Figure E-7 
illustrates the net savings for a two-period model). 

E.3.3.4 Variable Base Degree Days (Robustness Check) 

The Variable Base Degree Day (VBDD) method fits a model that reflects the specific 
energy consumption dynamics for each site’s pre-and post-installation energy 
consumption one at a time. This approach optimizes the balance temperature (for HDD 
and CDD) for each model.21 Figure E-8 provides an example of a VBDD model fit to just 
HDD with anonymous data.  

The evaluation team will calculate savings with a VBDD approach to serve as an 
additional robustness check. Navigant will compare its VBDD results to the VBDD 
results from an open-source package developed by Ecotope and RTF staff to ensure 
there are no substantial deviations in methodology. 
                                                           
20 http://energy.gov/sites/prod/files/2013/11/f5/53827-8.pdf  
 

 

Change in 
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Change in 
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http://energy.gov/sites/prod/files/2013/11/f5/53827-8.pdf
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Figure E-8: Example of VBDD 

 
Source:  Navigant  

E.3.4 Task 3d: Weather Normalizing Savings 

Navigant will estimate the weather-normalized average measure-level energy savings 
(kWh) by interacting HDD and CDD with the savings term. In the dataset, HDD and 
CDD will reflect actual weather conditions. Their corresponding coefficients will then 
be applied to TMY HDD and CDD to reflect typical weather year savings. 

The model specification below (Equation E-1) provides a conceptual example of a post-
only model that can yield weather normal savings. 

Equation E-1: Post-Only Regression Model with Weather Adjustment  

 

Where: 

 The average daily usage in kWh for customer k during billing cycle t. This is 

the dependent variable in the model. 

3
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4
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k t k k
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VBDD Example with Anonymous Data 
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 A binary variable taking a value of 1 when j=t and 0 otherwise.22 

 Customer k’s energy use in the same calendar month of the pre-program 

year as the calendar month of t. 

 A binary variable indicating whether customer k is in the participant 

group (taking a value of 1) or in the control group (taking a value of 0). 

Heating degree days in a given month t. 

Cooling degree days in a given month t.  

 The cluster-robust error term for customer k during billing cycle t. Cluster-robust 

errors account for heteroscedasticity and autocorrelation at the customer level. 

E.4 Task 4: Secondary Analysis 

In this step of the project the evaluation team will attempt to provide more 
information on the savings to (1) help explain why the savings are at their current level 
and (2) further understand the impact of analysis decisions on results. As shown in 
Figure E-9 increasing the level of effort and investigation for this project can increase 
the information provided to BPA and its relevant stakeholders, allowing BPA and its 
stakeholders to reach more informative conclusions. Delivery verification can reveal 
discrepancies between the number of measures tracked as being installed and the 
actual number installed, a billing analysis can estimate the real-world savings from the 
installed measures, and additional investigation through phone surveys, calibrating 
models, etc. can help explain why the savings are at their current level. 

 

                                                           
22 If there are T post-program months, there are T monthly dummy variables in the model, with the 
dummy variable Monthtt the only one to take a value of 1 at time t. These are, in other words, monthly 
fixed effects.  

jtMonth =

ktADClag =

kParticipant =

tHDD =

tCDD =

ktε =
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Figure E-9: Increased Effort Can Lead to More Informative Conclusions 

 
Source:  Navigant  

This analysis may include some of the components outlined in Figure E-10 and the 
evaluation team will work with BPA and its stakeholders to determine both the 
initiation, type of analysis and timing of the second stage approach. The analysis will 
at least run 10 additional models with the already collected data, where BPA and 
relevant stakeholders will provide guidance for the models to run, and compare total 
consumption between SEEM outputs and the collected billing data. If the billing 
analysis results are significantly different than the RTF best-available savings 
estimates, the evaluation team may develop an analysis plan to further explain the 
savings results. Staging this second piece of analysis will allow BPA and its 
stakeholders to minimize burden on sampled customer utilities, while still providing 
the opportunity to gain insight into why estimated savings may vary from claimed 
savings.  
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Figure E-10: Components of Navigant's Optional Second Stage Outlier Analysis 

 
Source:  Navigant  

E.5 Task 5: Reporting 

This section discusses Navigant’s final deliverables and the schedule to complete the 
billing analysis. 

E.5.1 Deliverables 

Navigant’s work will result in five final deliverables: 
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1. Report, which will include a discussion of data filtering and the final model 
specifications used in the analysis 

2. Final savings results and detailed modeling results (by coefficient) in Excel 
spreadsheet format 

3. One-hour webinar with slide deck 

4. Highlights document (i.e., one-pager) with high-level results 

5. Analysis dataset (including some flexibility for alternate data filtering options) 

E.5.2 Schedule 

Table E-3 shows the task and deliverables schedule to complete Navigant’s billing 
analysis of residential HVAC and envelope measures.  

Table E-3: Project Task and Deliverable Schedule 

Task Approximate Completion Date 

Task 1: Data collection and preparation August 15, 2016 

Task 2: Data validation and processing October 3, 2016 

Task 3: Primary regression analysis January 15, 2017 

Task 4: Secondary analysis (w/o additional data 
collection) 

February 1, 2017 

Task 5: Final report, presentation, results, data set and 
highlights document 

March 1, 2017 

Task 4: Secondary analysis (w/ additional data 
collection) 

Ongoing 

Source:  Navigant  
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E.6 Billing Analysis Methods Appendices  

E.6.1 Data Collection Processes 

Navigant will support the data collection by using an efficient and organized system 
and will provide a staff member who is friendly and helpful to be the primary point of 
contact for questions on the evaluation and data collection process. The evaluation 
team will also maintain a log of communication with utility staff and maintain a record 
of the status of the data collection process with each utility. The team will offer 
multiple methods for data collection and transfer, including a secure file transfer 
protocol, mailing flash drives or paper documents, and going onsite to support data 
collection. Navigant may be requested by individual utilities to negotiate a non-
disclosure agreement for data privacy.  

Navigant realizes that some utilities may have difficulty pulling the requested number 
of billing records—e.g., for small utilities with large participation. In these cases, the 
evaluation team will work closely with BPA staff to either assist with billing data 
extraction, set a lower target than the census, or select a replacement utility as 
necessary. For large contributors, the team needs to be especially diligent in getting as 
many participants as possible. Additionally, BPA will request volunteers for utilities 
outside of the sample to increase sample sizes. 

Navigant may also request a small sample of utility customer files to support the 
evaluation approach of the residential envelope and HVAC domains. Although it would 
be ideal to receive customer files for all projects in the sample, the evaluation team 
realizes that this could represent a significant burden to utilities. Instead, at the initial 
sample stage, the team will accept customer project files from utilities who voluntarily 
agree to provide this data (e.g., those that have an easy system for pulling this 
information). However, Navigant may request a sub-sample of customer files for select 
outlier projects after completing the second stage outlier analysis. The evaluation team 
will request project files at that time. Additionally, the team will work individually with 
utilities to support the easy provision of customer files.  
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E.6.2 Initial Data Quality Control 

Navigant will initially explore the data received from each utility to ensure the quality 
of the data is adequate to complete the remainder of the analysis. The evaluation team 
provides examples of its quality control checks below by topic:  

1. To verify that Navigant received the requested data: 

Number of Sites Requested Number of Sites 
Received 

350 349 

 
2. To review the number of observations per site:
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3. To determine the number of sites for which there are enough bills for billing 
analysis: 

 

 

 



 

Bonneville Power Administration  
Impact Evaluation of Residential Ductless Heat Pump and Prescriptive Duct Sealing Measures  E-25 

4. To determine the range of the change in energy consumption before and after 
the measure installation: 

 

 

5. To determine the range of read days included in each meter read: 
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E.6.3 Detailed Discussion of Comparison Group Approach 

A perfect comparison group reflects what participants would have looked like without 
the program (i.e., the counterfactual). In this case, a perfect comparison group would 
reflect participants’ energy use had they not participated in the program. The effect of 
the program is then the difference between the average difference in consumption 
between pre-and post-periods for the treatment group and the average difference in 
consumption between the pre-and post-periods for the comparison group:  

 

In practice, this is difficult to accomplish without the experimental design. Thus, 
Navigant will employ the quasi-experimental design approaches listed below to 
construct a comparison group using a sample of future participants pre-usage and 
validate whether the comparison group is appropriate for the regression analysis to 
estimate savings from the program. Any non-experimental design is imperfect, and 
Navigant discusses this topic in greater detail in Section E.6.5. 

• Exact or Euclidean distance matching 

• VIA 

• Future participants without matching, refinement, or sub-setting 

E.6.3.1 Exact or Euclidean Distance Matching (Matching on Customer Pre-Usage)  

This matching method attempts to simulate random sampling of treatment and 
comparison groups by matching each treatment customer with a comparison group 
best match based on the customer pre-usage. This matching method is widely 
accepted as a reasonable alternative method to construct a comparison group when an 
experimental design is not an option.23 

Matching methods rely on constructing a set of matched comparison households to 
estimate program savings.24 The basis of the comparison is the difference in monthly 
energy use between a participant and a potential match, DPM (Difference between 
Participant and potential Match). The quality of a match is denoted by the Euclidean 
distance to the participant over the values of the monthly DPM used for matching. In 
this case the DPM refers to monthly pre-usage, and Euclidean distance is measured as 
the RMSE between a given participant’s and potential match’s pre-usage over the same 
time period. The non-participant customer with the shortest Euclidean distance to a 
participant is chosen as the matched comparison for the participant. Navigant may use 
certain filters for this study, including heat zone and home type, where single-family 
homes can only match to other single-family homes and homes in heat zone (HZ) 1 can 
                                                           
23 State and Local Energy Efficiency Action Network. 2012. Evaluation, Measurement and Verification (EM&V) of 
Residential Behavior-Based Energy Efficiency Programs: Issues and Recommendations. Prepared by A. Todd, E. 
Stuart, S. Schiller, and C. Goldman, Lawrence Berkeley National Laboratory. 
24 Alcott, H, and T. Rodgers. “The Short-run and Long-Run Effects of Behavioral Interventions: 
Experimental Evidence from Energy Conservation.” American Economic Review, 104(10): 3003-37. 2014. 

Impact ( ) ( )pre post prepostTreat Treat Comparison Comparison= − − −
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only match to other homes in HZ 1, etc. Matching for this study will be done with 
replacement, and the standard error will account for this by using a robust standard 
error that clusters the error around the individual at every instance of each individual. 

Navigant will use “future participants” (i.e., future participants’ pre-usage) as opposed 
to non-participants to construct the comparison group. More specifically, the basic 
logic of matching is to balance the participant and future-participant samples by 
matching on the exogenous covariates known to have a high correlation with the 
outcome variable, which is monthly post-program period energy usage. Doing so 
increases the efficiency of the estimate and reduces the potential for model 
specification bias. The fundamental assumption on matching is that the distribution of 
the observed covariates (“pre-usage”) is the same for treatment and control 
observations, which reduces potential model specification bias while gaining statistical 
power to estimate savings. In practice Navigant finds that pre-usage is very highly 
correlated with post-usage. 

E.6.3.2 VIA Model  

Controlling for customer and time fixed-effects, the VIA model relies on the 
assumption that neither energy use in month t, nor energy savings s months into the 
program, is correlated with the timing of program entry. In a sense, this model takes 
advantage of other participants’ consumption in a program with rolling participation. 
Within the model it is common to use independent variables that check this 
assumption. Navigant will use the VIA analysis as a robustness check for the matching 
effort.  

E.6.3.3 Future Participants without Matching, Refinement, or Sub-Setting 

When non-participant billing data is not available to construct a comparison group, 
future participants (without matching) may serve as a representative comparison 
group and may provide an adequate estimate of the counterfactual for the evaluated 
participants within a DID model framework. This comparison group will serve as a 
robustness check for the matching effort, but is considered less preferable as there is 
no effort to ensure the comparison group is representative of the evaluated 
participants. 
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E.6.4 Basic Regression Model Specifications  

In this section Navigant provides basic model specifications and detailed descriptions 
for the post-only, VIA, and DID models. 

E.6.4.1 Post-Only Model  

The post-only model assures that the distributions of the explanatory variables (e.g., 
average daily energy consumption) for participants are the same as those for the 
comparison group. In this approach the development of a matched comparison group 
is viewed as a useful pre-processing step in a regression analysis to assure that the 
distributions of the covariates (i.e., the explanatory variables on which the output 
variable depends) for the treatment group are the same as those for the comparison 
group. This minimizes the possibility of model specification bias.  

The post-only model combines both cross-sectional and time series data in a panel 
dataset. This model uses the post-program data for the dependent variable (average 
daily energy consumption) and uses lagged energy use for the same calendar month of 
the pre-program period to control for any small systematic differences between the 
participant and control customers. Energy use in calendar month t of the post-program 
period is a function of both the participant variable and energy use in the same 
calendar month of the pre-program period. The underlying logic is that systematic 
differences between participants and controls will be reflected in differences in their 
past energy use, which are highly correlated with their current energy use. Navigant 
includes an interaction term of pre-program energy use and monthly fixed effects to 
allow pre-program usage to have a different effect on post-program usage in each 
calendar month. A basic, conceptual model specification is provided in Equation E-2 

and is the estimate of average daily energy savings due to the program.  

Equation E-2: Post-Only Regression Model 

 

Where: 

 The average daily usage in kWh for customer k during billing cycle t. This is 

the dependent variable in the model. 

 A binary variable taking a value of 1 when j=t and 0 otherwise.25 

                                                           
25 If there are T post-program months, there are T monthly dummy variables in the model, with the 
dummy variable Monthtt the only one to take a value of 1 at time t. These are, in other words, monthly 
fixed effects.  
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1 2 3kt k
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 Customer k’s energy use in the same calendar month of the pre-program 

year as the calendar month of t. 

 A binary variable indicating whether customer k is in the participant 

group (taking a value of 1) or in the control group (taking a value of 0). 

 The cluster-robust error term for customer k during billing cycle t. Cluster-robust 

errors account for heteroscedasticity and autocorrelation at the customer level. 

E.6.4.2 VIA 

The VIA method relies only on program participants to develop the counterfactual 
within the model,26 which is made possible due to the program’s rolling participation. 
Navigant will use the VIA analysis as a robustness check for the matching effort. A 
basic example regression specification of the VIA model is provided in Equation E-3:  

Equation E-3:  Baseline VIA Regression Model 

  

 = Average daily or hourly energy use by household k in month t. 

 = Household-specific constant (fixed effect). 

 = Month-/year-specific constant (fixed effect). 

 = A 0/1 indicator variable, taking a value of 1 if month t is the jth month 

before/after household k installs the measure of interest. Month is the month 
before enrollment. 

 = Coefficient on the indicator variable . 

 = Model error term. 

 

E.6.4.3 DID  

A basic model specification for the DID method is provided in Equation E-4, and 𝛼𝛼3 is 
the estimate of average daily energy savings due to the program. 

                                                           
26 Harding, M. and A. Hsiaw. “Goal Setting and Energy Conservation.” July 2013. Available at: 
http://www.stanford.edu/~mch/resources/Harding_Goals.pdf. 
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Equation E-4: DID Regression Model 

 

Where: 

 The average daily usage in kWh for customer k during billing cycle t. This is 

the dependent variable in the model. 

 Customer fixed effects. 

 A binary variable indicating whether the calendar month t is before or after 

the measure install (taking a value of 1 after measure install and taking the value of 0 
before measure install for each participant). 

 A binary variable indicating whether customer k is in the participant 

group (taking a value of 1) or in the control group (taking a value of 0). 

 The cluster-robust error term for customer k during billing cycle t. Cluster-robust 

errors account for heteroscedasticity and autocorrelation at the customer level.27 

  

                                                           
27 Ordinary Least Squares (OLS) regression models assume that the data is homoscedastic and not auto 
correlated. If either of these assumptions is violated, the resulting standard errors of the parameter 
estimates are incorrect (usually underestimated). A random variable is heteroscedastic when the variance 
is not constant. A random variable is auto correlated when the error term in one period is correlated with 
the error terms in at least some of the previous periods.  

0 2 31 t tk tt k kkADC Post Participant Post Participantα α α α ε= + + ⋅ ++

ktADC =

0α =

tPost =

kParticipant =

ktε =
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E.6.5 Comparison Group Limitations 

Randomized experiments are the ideal method to control for non-program related 
changes in energy consumption and to specifically capture the savings from a given 
program, because they account for self-selection bias among program participants. 
However, randomized experiments require specific program designs up front and can 
be expensive to implement. When a randomized experiment is not possible, like in this 
study, researchers use a variety of approaches to simulate a randomized experiment 
(i.e., quasi-experimental), which is an active area of research. Regardless of the 
approach, a non-experimental design will be subject to self-selection bias. 

Quasi-experimental approaches are often conducted using non-participants as a 
“reservoir” for selecting a comparison group. A comparison group is then selected as a 
subset from the reservoir of non-participants such that the selected non-participants 
are those that best represent the participants of interest (e.g. similar monthly energy 
consumption before program participation). There are various approaches for selecting 
a comparison group, which are all less preferable to a randomized experiment. Because 
these quasi-experimental approaches are imperfect, Navigant will choose one method 
for selecting a comparison group to serve in the final analysis of savings (in this case 
the post-only model with Euclidean matching), and Navigant will use additional 
methods for selecting a comparison group to serve as robustness checks on those 
results.  
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E.6.6 Proposed Data Filtering 

In this section Navigant proposes a final set of data filters and arguments for the 
proposed filtering. However, and as mentioned earlier in this methods document, the 
methods may change as the project progresses. 

Table E-4: Proposed Data Filtering 

Filter 
Proposed Filter 
for Primary 
Analysis 

Argument 

Non-Electric-
Heat Sites 

No filter 
Sites with other heating fuels represent real world 
reductions in electric savings for BPA. 

RMSE at some 
maximum 
threshold from 
VBDD fit 

No filter 

Removing sites based on data from their various heat 
signatures inherently removes sites who consume 
energy in an unexpected manner (e.g., less clear heat 
signature). Removing these sites leads to evaluation 
results that are more “prototypical” than real world. 
For example, efficiency measures may yield more 
comfort at the sacrifice of savings or some sites’ 
consumption may be affected by “winterizing” 
vacation homes and Navigant intends to capture these 
unobservable effects in their evaluation results.  

R2 at some 
minimum 
threshold from 
VBDD fit 

No filter 

R2 is higher for sites with larger slopes (R2 is the 
proportional improvement compared to a flat line). As 
such, this filter would bias the population to sites with 
higher heating consumption and, presumably, higher 
savings. 

Single vs Multi-
Measure 
Installation Sites 

No filter 
Depreciating returns from multiple efficiency 
measures represent real world reductions in electric 
savings for BPA. 

Sites w/ Net 
Metering 

No filter 
Installing efficiency measures at homes with on-site 
generation represents real world reductions in electric 
savings for BPA. 

Sites w/ 0-kWh 
Bills No filter 

Based on utility feedback, bill periods with 0 usage 
typically represent vacant homes, most of which are 
due to “winterizing” vacation homes. This represents 
real world reductions in electric savings for BPA. 

Filtered to Bills 
w/ <10x Median 
Usage 

Yes filter 
Sometimes meters are read wrong. This filter is 
expected to remove far fewer than 1% of bills. 

Filtered to Bills 
Corresponding 
to Person & 
Place of 
Installation 

Yes filter 

Change of occupant can have an unexpected effect on 
consumption. Although the comparison group 
approach may account for this to some degree, 
Navigant supports this filter for the sake of simplicity. 

Filtered to Sites 
w/ >=10 Months 
of Pre- and Post-
Usage 

Yes filter 

Estimating saving as  
per HDD and per CDD enables Navigant to provide 
annual savings estimates without 12 months of data 
for every site. That said, too little data causes large 
error bands when extrapolating to the year. 
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Filter 
Proposed Filter 
for Primary 
Analysis 

Argument 

Filtered to Sites 
w/ Quality 
Comparison 
Match 

Yes filter 

Without an experimental design, Navigant will use 
matched comparison sites to estimate the energy 
participants would have consumed without the 
program. In some cases, quality matches may be hard 
to find. 

Filtered to Sites 
w/ Currently 
Available 
Application of 
Measure 

Yes filter 

With an emphasis on making forward looking 
improvements to the current UES, Navigant proposes 
to focus on sites that reflect currently eligible 
applications for the measures of interest. 

Filtered to Sites 
w/ <50% 
Increase/ 
Decrease in 
Usage 

No filter 

Navigant proposes to use the comparison group to 
account for these drastic changes in energy 
consumption. Without more information on these 
sites, removing the outliers may lead to analyst bias, 
where results reflect the analyst’s expectations rather 
than the actual data, especially given the arbitrary 
nature of setting such a threshold. Furthermore, these 
sites could receive further attention as a part of the 
secondary analysis. 

Filtered to Sites 
w/o Missing 
Periods of Usage 

No filter 
Given the nature of the data collection process it is 
possible that bill periods were lost due to clerical 
error. 
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Appendix F: Changes to Measures over Time  

Billing Analysis Methodology – Measure 
Changes over Time 
To: BPA 

Subject: Measure Changes over Time 

Submitted: October 14, 2016 

As a part of the 2016 impact evaluation of Bonneville Power Administration’s (BPA) 
Unit Energy Savings (UES) portfolio, Navigant will further investigate savings from the 
data collected for the PTCS evaluation in 2013. This dataset includes PTCS duct sealing, 
commissioning controls and sizing and heat pump (HP) conversions. In this document 
Navigant outlines the major changes to these measures over time (as well as for 
ductless heat pumps, insulation and windows) and proposes approaches to address 
any significant changes. 

F.1 Duct Sealing (DS) 

Duct sealing has gone through several changes over the time period of received data. 
The bullets below contain the primary changes and a more detailed (although not 
exhaustive) list of changes can be found in Table F-1.  

• Specifications – two versions of prescriptive and two versions of PTCS duct 
sealing specifications have been introduced over this time frame, although 
Navigant has primarily received data for which only one version of the 
prescriptive specification applies and one version of the PTCS specification 
applies. As such, no adjustments will be made to account for these changes and 
this will be considered a limitation of the received data for estimating future 
participant savings. 

• Application – separate measures in the Implementation Manual were developed 
for duct sealing for new construction (single family or manufactured homes) 
and for low income manufactured homes. As such, Navigant will remove these 
applications when estimating savings for future participants. 

• QA/QC – the extent of quality control on duct sealing installations appears to 
have changed over time. As these effects may have a lagging influence on 
savings (which would be hard to differentiate) Navigant proposes to compare 
savings for utilities with extensive and long-term QA/QC vs utilities with more 
limited QA/QC. 
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Table F-1: Duct Sealing Measure Changes over Time 

Effective 
Date 

Implementation Manual (IM) Change 

Apr. 2010 Pre-installation test for DS no longer required for SF new construction 

Oct. 2011 DS no longer labeled as "unbundled" 

Apr. 2012 DS installation to comply with April 2009 version of “PTCS® Duct Technical 
Specifications” 

Apr. 2012 DS measure for MH NC no longer included in IM 

Apr. 2012 
Duct systems sealed with aerosol sealant equipment according to the BPA-
provided specifications will be considered PTCS-compliant 

Apr. 2012 QA/QC on 10% of sites 

Apr. 2013 No mention of QA/QC 

Oct. 2013 IM allows2 DS measures per home for homes with 2 systems 

Oct. 2014 Explicit mention of QA/QC again 

Oct. 2014 Prescriptive DS described in IM 

Oct. 2015 
PTCS and Prescriptive DS measures for New Construction Single-Family homes 
expire  

Apr. 2015 
PTCS DS measures for manufactured homes (low income) will no longer be 
available 

Apr. 2016 
Prescriptive and PTCS to comply with DS specification dated April 1, 2015 
rather than the 2014 version for Prescriptive and the 2009 version for PTCS 

Apr. 2016 Pre–installation test requirements for DS no longer mentioned in IM 

Source:  Navigant  

F.2 Commissioning Controls and Sizing (CCS) 

CCS has gone through several changes over the time period of received data. The 
bullets below contain the primary changes and a more detailed (although not 
exhaustive) list of changes can be found in Table F-2.  

• Specifications – three versions of CCS specifications have been introduced over 
this time frame, although Navigant has primarily received data for which only 
one version of the specification applies. As such, no adjustments will be made to 
account for these changes and this will be considered a limitation of the 
received data for estimating future participant savings. 

• Application – CCS is no longer applicable for new construction in manufactured 
homes. As such, Navigant will remove these applications when estimating 
savings for future participants. 

• QA/QC – the extent of quality control on CCS installations appears to have 
changed over time. As these effects may have a lagging influence on savings 
(which would be hard to differentiate) Navigant proposes to compare savings for 
utilities with extensive and long-term QA/QC vs utilities with more limited 
QA/QC. 
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Table F-2: CCS Measure Changes over Time 

Effective 
Date 

Implementation Manual (IM) Change 

Apr. 2010 CCS for new construction MH expires 

Apr. 2010 HP’s must meet federal requirements for HSPF and SEER 

Apr. 2011 No longer explicit mention that CCS can be installed in unlimited numbers per 
home 

Oct. 2011 CCS no longer labeled explicitly as "unbundled" 

Oct. 2011 Aux. lockout changed from 30 to 35F 

Apr. 2012 CCS can no longer be bundled w/ HVAC measures other than DS 

Apr. 2012 CCS installations to comply with ASHP installation specs 2007 

Apr. 2012 

Additional settings criteria are added to IM (new items are underlined) - The 
PTCS technician must correctly size the system to a 30-35 degree balance point, 
test for sufficient air flow across the coils and install an auxiliary heat lockout 
for when the outdoor temperature is above 35 degrees Fahrenheit. Exception: If 
the minimum setting on the thermostat is 40 degrees, 40 degrees may be used 

Oct. 2013 CCS installations to comply with ASHP installation specs 2011 

Oct. 2014 CCS installations to comply with ASHP installation specs 2013 

Apr. 2015 CC relabeled as CCS 

Apr. 2016 IM explicitly mentions QA/QC requirement 

Apr. 2016 
Explicit mention that HP can be replaced in a home "with or without air 
conditioning" 

Apr. 2016 Explicit mention of limit to 2 per home (with certain size & system criteria) 

Oct. 2016 
Explicit mention that refrigerant charge is added to the list of specs (e.g., aux. 
lockout temp) although details are not given in the IM itself 

Source:  Navigant  

F.3 Heat Pump (HP) Conversion 

HP conversions have gone through several changes over the time period of received 
data. The bullets below contain the primary changes and a more detailed (although not 
exhaustive) list of changes can be found in Table F-3.  

• Specifications – three versions of HP conversion specifications have been 
introduced over this time frame and minimum HSPF requirements were 
introduced. Unfortunately, however, Navigant has primarily received data for 
which only one version of the specification applies and this data was collected 
before the HSPF requirements were introduce. As such, no adjustments will be 
made to account for these changes and this will be considered a limitation of 
the received data for estimating future participant savings. 

• Application – Historically duct sealing could be installed with HP conversions as 
two measures or as a bundled measure (e.g., “HP Conversion w/ DS”). Navigant 
proposes to address this change by treating “HP Conversion w/ DS” the same as 
a HP conversion where duct sealing is also performed. 
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• QA/QC – the extent of quality control on duct sealing installations appears to 
have changed over time. As these effects may have a lagging influence on 
savings (which would be hard to differentiate) Navigant proposes to compare 
savings for utilities with extensive and long-term QA/QC vs utilities with more 
limited QA/QC. 

Table F-3: HP Conversion Measure Changes over Time 

Effective 
Date Implementation Manual (IM) Change 

Oct. 2009 Explicitly mentions replacing eFAF (could have potentially replaced zonal 
before this date) 

Apr. 2010 

DS required if 50% (rather than 75%) of ducts are in unconditioned space, 
unless the ducts were previously certified or a PTCS duct leakage test indicates 
that the pre-existing duct leakage is too low to qualify for the PTCS duct sealing 
reimbursement 

Apr. 2010 No longer explicit mention of CC requirement in conjunction w/ HP conversion 

Oct. 2011 HP required at 8.5 HSPF to 9.0 HSPF depending on application 

Apr. 2012 Aerosol sealant required on PTCS work 

Apr. 2012 HP installations to comply with ASHP installation specs 2007 

Oct. 2013 HP installations to comply with ASHP installation specs 2011 

Apr. 2014 Electric hydronic baseboard allowed to count as eFAF for HP conv. 

Apr. 2014 or 
Oct. 2014 

HP conv. becomes a stand-alone measure w/o duct testing – i.e., eFAF can be 
converted to HP w/o duct testing, where it used to be required and contractors 
were required to seal ducts if tests indicated it was needed 

Oct. 2014 HP installations to comply with ASHP installation specs 2013 

Apr. 2015 
PTCS HP measures with “ducts required” will no longer be available - e.g., HP 
conv w/ DS; but I *believe* HP conv. w/o DS can be done at a site where a 
separate DS measure is also done 

Apr. 2016 Explicit mention of CC requirement in conjunction with HP conv 

Apr. 2016 QA/QC mentioned as a requirement 

Apr. 2016 Explicit mention that HP can replace a home "with or without air conditioning" 

Source:  Navigant  

F.4 Ductless Heat Pumps (DHP) Replacing Electric 
Forced Air Furnaces (eFAF) 

Ductless heat pump measures have gone through minor changes over the time period 
of received data. The bullets below contain the primary changes and a more detailed 
(although not exhaustive) list of changes can be found in Table F-4.  

• Application – the implementation manual states that this measure is not 
applicable for new construction. As such, Navigant will remove these 
applications when estimating savings for future participants. 



 

Bonneville Power Administration  
Impact Evaluation of Residential Ductless Heat Pump and Prescriptive Duct Sealing Measures  F-5 

Table F-4: Changes for Ductless Heat Pumps Replacing Electric Forced Air Furnaces 

Effective 
Date 

Implementation Manual (IM) Change 

Apr. 2014 DHP added as a low-income measure 

Oct. 2014 
DHP meet a HSPF requirement of 9.0 for single head systems and 8.0 for multi-
head systems 

Apr. 2015 IM no longer states that DS with DHP must meet min leakage requirements and 
must report if DS was done as '”DS-ASHP” 

Apr. 2016 IM explicitly mentions for existing SF/MH only - no NC 

Apr. 2016 
IM no longer explicitly mentions requirement for contractor to receive training 
from manufacturer 

Apr. 2016 IM no longer explicitly mentions limit for DHP of 1 per home 

Source:  Navigant  

F.5 Insulation 

Insulation measures have gone through minor changes over the time period of received 
data. The bullets below contain the primary changes and a more detailed (although not 
exhaustive) list of changes can be found in Table F-5.  

• Specifications – two versions of the insulation installation specifications have 
been introduced over this time frame, and Navigant has received data for 
participants with installations using the 2014 specifications and the prior 
specifications. As such, Navigant will compare savings for these two groups to 
decide whether any adjustments are needed to reflect future participant 
savings. 

• Application – the implementation manual states that this measure is not 
applicable for new construction. As such, Navigant will remove these 
applications when estimating savings for future participants. 

Table F-5: Insulation Measure Changes over Time 

Effective 
Date Implementation Manual (IM) Change 

Oct. 2013 Insulation not offered in all heat zones 

Oct. 2014 
Requires insulation to be installed to 2014 BPA Residential Weatherization 
Specifications 

Oct. 2014 Open cavity or unfinished framed walls (e.g. knee walls in attics) must fill to a 
minimum of R-13 rather than R-15 

Apr. 2016 
IM provides flexibility with final R-value reported - "final R-value for reportable 
measure or max possible" 

Oct. 2016 
Requires insulation to be installed to 2016 BPA Residential Weatherization 
Specifications 

Source:  Navigant  
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F.6 Windows 

Windows measures have gone through minor changes over the time period of received 
data. The bullets below contain the primary changes and a more detailed (although not 
exhaustive) list of changes can be found in Table F-6.  

• Specifications – two versions of the windows installation specifications have 
been introduced over this time frame, and Navigant has received data for 
participants with installations using the 2014 specifications and the prior 
specifications. As such, Navigant will compare savings for these two groups to 
decide whether any adjustments are needed to reflect future participant 
savings. 

• Application – the implementation manual states that changes may have 
occurred to this measure when applied to multi-family. As multi-family is 
outside the scope of this evaluation, Navigant will make no adjustments to their 
analysis to reflect these IM changes. 

Table F-6: Windows Measure Changes over Time 

Effective 
Date 

Implementation Manual (IM) Change 

Oct. 2014 
Requires insulation to be installed to 2014 BPA Residential Weatherization 
Specifications 

Apr. 2016 IM no longer explicitly states "Multifamily does not qualify for 0.22 windows or 
0.30 patio doors at this time" 

Oct. 2016 
Requires insulation to be installed to 2016 BPA Residential Weatherization 
Specifications 

Source:  Navigant  
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Appendix G: Memo on Ductless Heat Pump 
Expanded Models with Survey, 
Installation Form, and Billing Data 

Ductless Heat Pump Expanded Models with 
Survey, Installation Form, and Billing Data 
To: Allegra Hodges, Phillip Kelsven; Bonneville Power Administration 

From: Pace Goodman, Jes Rivas, Marilla Yaggie, Ariel Esposito; Navigant 

Subject: High-Level Approach to Incorporate Survey Data and Installation Form Data 
with Billing Data to Provide Additional Insight into DHP Measures 

Submitted: August 27, 2018 

In this memo, Navigant outlines its approach to integrate data collected from 
installation forms and participant surveys with billing and project data to conduct 
additional analysis of savings for DHP replacing electric forced air furnaces (eFAF) and 
DHP replacing zonal projects. This approach incorporates feedback from BPA and RTF 
staff. 

G.1 Background 

In 2016, BPA and Navigant collected and analyzed billing data, consistent with its 
evaluation plan28, for residential HVAC and envelope measures. In the evaluation plan, 
it was envisioned that additional data collection and analysis would be required if 
energy savings were not being achieved as expected and if the collectable data 
warranted the associated evaluation resources. In planning its 2017 evaluation 
activities,29 BPA determined additional research was required to understand the results 
for residential prescriptive duct sealing and DHP measures. 

BPA, Navigant, and regional stakeholders determined that the data as outlined in Table 
G-1 could provide valuable insight for these measures in addition to the already 
planned analysis (e.g., providing average savings by measure and average savings as a 
percent of heating and cooling energy use). 

                                                           
28 https://www.bpa.gov/EE/Utility/research-
archive/Documents/Evaluation/BPA_UES_Evaluation_Plan_FINAL_04012016_V3.pdf  
29 https://www.bpa.gov/EE/Utility/research-
archive/Documents/Evaluation/170307_DRAFT_UES_Portfolio_Evaluation_Plan.pdf  

https://www.bpa.gov/EE/Utility/research-archive/Documents/Evaluation/BPA_UES_Evaluation_Plan_FINAL_04012016_V3.pdf
https://www.bpa.gov/EE/Utility/research-archive/Documents/Evaluation/BPA_UES_Evaluation_Plan_FINAL_04012016_V3.pdf
https://www.bpa.gov/EE/Utility/research-archive/Documents/Evaluation/170307_DRAFT_UES_Portfolio_Evaluation_Plan.pdf
https://www.bpa.gov/EE/Utility/research-archive/Documents/Evaluation/170307_DRAFT_UES_Portfolio_Evaluation_Plan.pdf
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Table G-1: Additional Data Collected in 2017 by Measure 

 
Opt-In Billing Data 

to increase sample size 
and improve precision 

Installation Forms 

to provide additional 
insight into savings 

Survey Results  

to provide 
additional insight 

into savings 

Prescriptive Duct Sealing    

DHP Replacing Zonal    

DHP Replacing eFAF    

Source: Bonneville’s UES Portfolio Evaluation Plan for CY2017 activities   

G.2 Survey Data of DHP Replacing eFAF 

Navigant surveyed DHP replacing eFAF participants to learn more about the measure 
and its savings. The goal of incorporating survey results with billing data is to 
corroborate the underlying theme of the survey responses and to determine whether 
subsets of the population (differentiated by survey responses) save energy differently. 

G.2.1 Survey Background 

BPA and Navigant developed the survey with valuable input from stakeholders, and the 
team delivered the survey to maximize the response rate and to achieve the highest 
sample size possible. At a response rate of 36%, the team completed 172 surveys. 
Navigant considers this sample size small, but believes some additional analysis could 
lead to statistically significant results.  

G.2.2 Survey Findings 

In summary, customers responded to the survey indicating they use DHPs such that 
savings should be lower than expected in most cases. Figure G-1 identifies four primary 
responses indicating lower than expected savings. For example, increased AC use will 
increase overall energy consumption and lower savings from the installation of a DHP. 
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Figure G-1: DHP Replacing eFAF Survey Responses Indicating Lower than Expected 
Savings 

 
 Source: Navigant analysis 

 

G.2.3 Analysis Approach 

Navigant plans to incorporate the survey findings into the billing analysis with six 
main components: 

• Provide evidence indicating that the billing analysis results are not confounded 
by a high persistence of life changes and home renovations 

• Provide evidence indicating whether the program is causing load building from 
added AC use 

• Provide results indicating the degree comfort take-back affects savings 
• Compare savings for groups of customers whose responses indicated distinct 

savings levels 
• Isolate savings for participants who responded to the survey indicating that they 

use their DHP to displace a substantial amount of eFAF heating 
• Compare savings for DHP installed in different locations 

G.2.3.1 Life Changes and Home Renovations 

Survey responses indicated that life changes and major renovations did not coincide 
with DHP installations in a surprising level (e.g., about 8% of respondents each). 
Navigant will include this information when presenting billing analysis results to 

Low 
Savings 

Continued Use of 
eFAF 

Increased AC Use 

Switched from 
Programmable to 

Manual 
Thermostats 

Displaced Non-
Electric Heating 
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provide evidence that the results are not confounded by a high persistence of life 
changes and home renovations.  

G.2.3.2 Cooling Related Savings 

Survey responses indicated that 85% of customers did not previously have AC and 88% 
use their DHP for cooling. These results indicate that rebated DHP installations may be 
causing increases in cooling energy use. In parallel, and as part of the already planned 
exploratory modeling task, the team will look at cooling related savings and monthly 
savings. In addition, the team will provide monthly savings estimates for participants 
in heat zone 2, where cooling use may be more substantial and easier to identify with 
monthly energy usage data. Together, the billing analysis and survey results in 
combination will provide insight into the effect of DHP on cooling energy use.  

G.2.3.3 Comfort Take Back 

Survey responses are available regarding customers’ change in comfort from the DHP 
as well as customers’ proportion of DHP use for heating. The evaluation team will 
include these results in final deliverables to provide information about the degree to 
which comfort take-back may be affecting savings.  

G.2.3.4 Compare Savings for Three Groups 

The main challenge for incorporating survey data into the regression modeling of the 
billing analysis is that each added layer of complexity reduces sample size, which can 
lead to non-statistically significant results. Since the survey sample size is small (e.g., 
172 sites), Navigant will conduct analysis aimed at maximizing sample size and aimed 
at differentiating savings only where the expected effect on savings is large. More 
specifically, Navigant proposes to estimate savings separately for three groups of 
roughly equal proportions, but where survey responses indicated three distinct levels 
of savings. These three groups are defined in Figure G-2.  
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Figure G-2: Definition of Three Customer Groups with Roughly Equal Proportions 
and Distinct Savings30 

 
Source: Navigant analysis 

G.2.3.5 eFAF Displacement 

RTF staff is developing a measure that integrates controls with DHP. In the current 
DHP measure, customers often use a thermostat to control the eFAF and a separate 
remote control for the DHP. The proposed measure differs from the current DHP 
measure, because the added control will control both the eFAF and DHP, facilitating 
greater eFAF displacement. The evaluation team will isolate savings for customers 
whose survey responses indicate substantial eFAF displacement in an effort to inform 
the RTF’s measure development.  

G.2.3.6 Compare Savings for DHP Location 

Navigant will investigate whether there is a discernable difference in savings between 
DHP installed in main living areas as compared to bedrooms and other spaces. 

G.3 Installation Forms for DHP Replacing eFAF and DHP 
Replacing Zonal 

Navigant and BPA collected installation forms for both DHP replacing eFAF and DHP 
replacing zonal projects to gather additional information on the units installed. The 
goal of this work is to better understand whether certain installation characteristics 
drive high or low savings, such as installing multi-head DHP. 

                                                           
30 Navigant does not consider air conditioning use nor baseline thermostat type in defining its three 
customer groups because these added complexities may negatively affect the sample size while having a 
limited effect on savings. Regarding air conditioning use, 85% of customers responded that they did not 
previously have air conditioning and 88% responded that they use the DHP for cooling. At such a high 
proportion, Navigant expects the already planned exploratory analysis that will be conducted on the 
population of DHP participants will provide adequate corroboration of these survey responses. Regarding 
baseline thermostat type, the effect on energy use from thermostats is behavior-driven and can be hard to 
model with small sample sizes and without hourly or sub-hourly energy use data. 

Zero or Negative 
Savings  

(18% of respondents) 

• Primarily used non-
eletric heat before using 
DHP heat (16%) 

• Do not use DHP for 
heating (2%) 

Positive but Low 
Savings  

(39% of respondents) 

• Used some non-electric 
heat before using DHP 
heat (11%) 

• Continue to use eFAF 
after installing DHP (28%) 

High Savings  
(44% of respondents) 

• Fully replaced eFAF with 
DHP heat (44%) 



 

Bonneville Power Administration  
Impact Evaluation of Residential Ductless Heat Pump and Prescriptive Duct Sealing Measures  G-6 

G.3.1 Installation Form Background 

Navigant focused its data collection effort on data points that were expected to have 
large effects on savings. The installation forms typically included the following data 
points: 

• Baseline heating type 
• Installation site characteristics such as home type, home size, and home age 
• The number of heads installed 
• Contractor technician name 
• DHP efficiency in HSPF 

Of the billing data collected in 2017, the team received installation forms for 95% of 
DHP replacing zonal sites (1,203 forms) and 98% of DHP replacing eFAF sites (478 
forms). While a high proportion of forms were received, there are gaps in the data due 
to different vintages of forms, illegible handwriting, and incomplete forms. The use of 
different vintages of the installation forms created some challenges for data 
consistency. Some of the forms didn’t have certain fields and some collected fields 
differently. For example, home age ranges were often not collected, or when they were, 
the age ranges were inconsistent and overlapped between the different forms. 

G.3.2 Installation Form Findings 

Some of the data fields are available in both the installation forms and BPA’s electronic 
project data. In these cases, the entries in the installation forms aligned well with BPA’s 
electronic project data. The primary data points from the installation forms that were 
not available in BPA’s electronic project data include home size, the number of heads 
installed, contractor name, and DHP efficiency. These results are summarized in Table 
G-2.  

Table G-2:  Summary of Installation Form Data 

  DHP replacing eFAF DHP replacing Zonal 

Home Size 
<1,500 sq ft 732 sites (62 %) 188 sites (52 %) 

>1,500 sq ft 455 sites (38 %) 173 sites (48 %) 

Number of Heads 

1 399 sites (84 %) 683 sites (56 %) 

2 55 sites (12 %) 329 sites (27 %) 

>2 22 sites (4 %) 206 sites (17 %) 

Contractor Name 
Average # of 

projects 
3.96 N/A* 

DHP Efficiency 

<10 83 sites (17 %) N/A** 

10-12 319 sites (67 %) N/A** 

>12 74 sites (16 %) N/A** 

*Data on contractor name was not collected for DHP replacing zonal measures. 
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**Data on DHP efficiency was not collected for DHP replacing zonal measures. 

Source: Navigant analysis 

Overall, for both DHP replacing eFAF and replacing zonal, more than half of the units 
were installed in homes with less than 1,500 square feet. Also, most of the installations 
included only one head, but there were many that included two or more. On average, 
across the more than 120 contractors, each contractor installed 3.96 DHP replacing 
eFAF units. Finally, the majority of the DHP replacing eFAF units had efficiencies 
between 10-12 HSPF. 

G.3.3 Analysis Approach 

Navigant proposes to incorporate the installation form data into the billing analysis 
with three main components: 

• Provide evidence validating BPA’s electronic project data 
• Provide context for the participant group. Relevant data includes contractor 

name and the DHP efficiency. 
• Compare savings for groups of customers whose installation forms could 

indicate distinct savings levels. The differentiating characteristics include home 
size and number of heads, described in further detail below.  

G.3.3.1 Comparing Electronic Project Data to Installation Forms 

After review of the installation forms, Navigant determined the information aligns with 
the electronic project data on home type and baseline heating system. For example, of 
the DHP replacing eFAF sites that returned installation forms, 92% of forms (440 total) 
indicated the baseline primary heating type was an eFAF. Based on this result, only 8% 
of these sites did not match the measure classification in BPA’s electronic data, 
indicating good alignment. 

G.3.3.2 Provide Context to Describe the Participants 

Navigant will summarize contractor name and DHP efficiency when presenting billing 
analysis results to provide additional information about participants. Navigant plans to 
provide the average and range of HSPF of installed DHP as well as the distribution of 
the number of installations by contractor. 

Given that there were more than 120 contractors that participated in the program with 
3.96 installations per contractor on average, the team is not able to compare savings 
between individual contractors using billing data.  

Similarly, the efficiency in HSPF for DHPs replacing eFAF varied from less than 9 HSPF 
to more than 13 HSPF. Furthermore, almost 70% of installations were between 10-12 
HSPF. Due to the narrow range of efficiency values, Navigant will provide the average 
HSPF of installed DHP as further context on the evaluated savings, but will not 
differentiate savings for different categories of HSPF. 
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G.3.3.3 Compare Savings between Customer Groups 

Navigant recommends investigating the effect on savings from home size and the 
number of heads installed. Navigant believes there is adequate sample size for these 
investigations to be valuable, whether they identify statistically significant differences 
or not.  

G.4 Home Size 

For both DHP replacing eFAF and DHP replacing zonal measures, the team will 
compare the savings between homes with greater than or less than 1,500 conditioned 
square feet. As indicated in Table G-2, there are comparable proportions of participants 
with greater than or less than 1,500 conditioned square feet. 

G.5 Number of Heads 

For both DHP replacing eFAF and DHP replacing zonal measures, Navigant will 
compare the savings between participants with single head and multi-head DHPs 
installed. Because multi-head DHP are typically installed in larger homes, Navigant 
may also consider whether any difference in savings between single and multi-head 
units is related to home size.  
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