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Disclaimer  

The contents of this report are offered as guidance. Neither the Washington State University 

(WSU) Energy Program nor any technical source or organization referenced in this report makes 

any warranty, express or implied, or assumes any legal liability or responsibility for the 

accuracy, completeness or usefulness of any information, apparatus, product or process 

disclosed in this report, or represents that its use would not infringe upon privately owned 

rights. Reference herein to any specific commercial product, process or service by trade name, 

trademark, manufacturer, or otherwise does not necessarily constitute or imply its 

endorsement, recommendation or favor by the WSU Energy Program. 
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Executive Summary  

The objective of this project conducted for National Institute of Standards and Technology 

(NIST) was to evaluate various approaches to measuring energy use and energy savings 

associated with short- and long-term energy-related repairs, retrofits, remodeling and 

rehabilitation in existing single-family homes.  

The Washington State University (WSU) Energy Program developed an advisory team of 
residential building science experts and other important stakeholders to assess promising new 
measurement technology and performance metrics using the analytical techniques discussed in 
the report. The report also provides an overview of past, present and future directions in single-
family energy audits and retrofits from a national group of experts involved in the home 
performance contracting and heating, ventilating and air conditioning (HVAC) industries.  

¢ƘŜ ǳǎŜ ƻŦ άwƻǳƴŘ wƻōƛƴέ under this grant to assess auditing efforts may serve as a catalyst to 

improve energy auditing and retrofit practices within organizations such as Residential Energy 

Services Network (RESNET), Building Performance Institute (BPI) and U.S. Department of Energy 

(DOE) retrofits and/or research programs such as the DOE Building America Program. These 

efforts allowed for the inclusion of many different program approaches to energy auditing, and 

suggest considerable variability in audits and work scope recommendation.  
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Introduction  

This assessment of residential research measures seeks to improve the energy efficiency, 

durability and indoor air quality (IAQ) of existing residential single-family existing housing stock 

in the United States.  

This report describes: 

¶ Grant-implemented efforts to assess the measurement of building energy performance, 

¶ Promising techniques to improve that measurement, and 

¶ Implementation of energy audits and retrofits undertaken by the audit 

¶ Home Performance Contracting (HPC), which follows a multi-disciplinary systems 
engineering approach that encompasses building envelope; heating, ventilating and air 
conditioning (HVAC) systems; and IAQ and ventilation.  

The project focused on: 

1. Creating an advisory group and meeting with advisory group members to guide project 

direction and assist with the final report.  

2. Meeting with stakeholders involved in residential retrofits at federal government 

agencies industry: 

¶ U.S. Department of Energy (DOE),  

¶ U.S. Department of  Housing and Urban Development (HUD),  

¶ U.S. Environmental Protection Agency (EPA) Building America teams,  

¶ Residential Energy Services Network (RESNET),  

¶ Energy & Environmental Building Alliance (EEBA),  

¶ Affordable Comfort Inc. (ACI) 

¶ Air Conditioning Contractors of America (ACCA),  

¶ American Society of Heating, Refrigerating and Air Conditioning Engineers 

(ASHRAE),  

¶ Northwest Energy Efficiency Alliance (NEEA),  

¶ Bonneville Power Administration (BPA), and  

¶ California Energy Commission/Lawrence Berkeley National Laboratory 

(CEC/LBNL).  

The meeting goals were to avoid duplication of efforts and solicit guidance in project 

planning. These meetings identified these key research focus areas: 

¶ Round robin testing and presentation of testing results and  

¶ Survey of building science community at the BSC Westford Symposium. 

3. Developing, implementing and analyzing the results of two round robin pilots at: 

¶ ACI PNW regional conference in Portland, Oregon,  

¶ The ACI 2011 National Conference in San Francisco, California, and  

¶ RESNET 2012 national conference in Austin, Texas.  
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These round robins involved multiple energy auditors who conducted energy audits and 

developed work plans on identical homes at national and regional building science 

conferences. Results were compared and differences analyzed to identify the type and 

possible cause of problems and potential strategies to promote consistency. Round 

robin and other related grant activity findings have been submitted for publication in a 

2012 Home Energy article developed under this grant activity.    

 
This report is in part a scoping study that provides input from key advisory group members 

involved with building retrofit, remodeling and new construction. These experts were asked to 

document past, present and future directions in residential energy auditing and post-retrofit 

performance related to market-based energy efficiency home retrofits and government- and 

utility-sponsored low-income weatherization in New York, Alaska, Oregon and Canada. The 

report also includes contributions related to Home Performance Contracting efforts supported 

by organizations such as BPI, ACCA and RESNET. An overview of DOEΩǎ on-going evaluation of  

IAQ and a discussion of fault detection for residential HVAC are also provided to assist in 

assessing audit-related efforts.  

Stakeholder discussions focus on four major subjects related to energy auditing: 

¶ Energy simulation modeling software tools 

¶ Utility billing analysis tools 

¶ Building science field testing/training tools 

¶ Home and equipment energy feedback tools  
 
WSU Energy Program staff utilized resources from this grant to engage stakeholders and 
document feedback associated with the following activities:  

¶ RESNET Technical Committee activities with Home Energy Raters (HERs) Guidelines and 
Standards 

¶ ACCA Quality Installation Standards and ACCA manuals S 2011-12 updates 

¶ American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE) TC 
6.3, TC 9.5, RP1449, Std. 193, Std. 62.2, Std. 119, and Std. 136 

¶ California Energy Commission Research Roadmap on IAQ in residential buildings 

¶ Participation in Affordable Comfort 2011 and 2012 National Conference programs 
Participation in the EEBA 2011 National Conference programs  

¶ Participation in the 2011 Westford Summer Study  
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Home Performance Testing Measurement Tools  

As the home performance contracting industry grows, so does the use of building diagnostic 

field test tools by home performance contractors (HPC). The tools discussed below are the 

primary tools employed by the energy auditor and/or the contractor conducting energy 

efficiency improvements as part of the work scope implementation. Links to manufacturer 

information, specifications, and operations and maintenance manuals for common equipment 

are provided at the end of this section.  

Diagnostic field test tools are typically employed to:    

¶ Provide education and training to HPC so they are better prepared to identify the 

appropriate energy retrofit measures and other related health and safety issues.  

¶ Provide quality assurance that work was implemented as intended in the work scope. 

¶ Identify energy efficiency, durability and health and safety improvement opportunities to 

the homeowner, lender or utility, including but not limited to: 

À Air leakage pathways in the building envelope 

À Anomalies in thermal envelope insulation, including: 

¶ Voids 

¶ Compression    

¶ Missing insulation 

À Leakage of centrally ducted thermal distribution systems, including: 

¶ Leaks at supply and return registers, 

¶ Leaks in the system not located near registers of equipment, 

¶ Leaks close to the HVAC system equipment and plenums, or 

¶ [Ŝŀƪǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ άǇŀƴƴŜŘ Ƨƻƛǎǘǎέ ŀƴŘ ƻǘƘŜǊ ŀǊŜŀǎ ǿƘŜǊŜ ǘƘŜ ōǳƛƭŘƛƴƎ 

framing serves as the return duct. This may also include wall cavities, chases, 

cavities under stairways, HVAC equipment support platforms and other 

building framing used as ductwork.  

À Potential moisture problems that may cause mold and durability issues, including:  

¶ Roof leaks, 

¶ Wind-driven rain in walls,  

¶  Condensation in above- and below-grade walls, ceilings, crawlspace and at 

slabs, and 

¶ Pressure imbalances induced by HVAC system duct leakage and system 

design.  

À Inadequate air flow rates of HVAC systems, including: 

¶ Bathroom and kitchen exhaust fans, 

¶ Air flow at supply or return AC/HP coil, 
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¶ Individual supply and/or return registers, 

¶ Total supply or exhaust flow rates of Heat Recovery Ventilation (HRV) 

systems, and 

¶ Individual supply and exhaust flow rates of HRV systems.  

¶ Utilize test results as inputs to the models used to estimate energy savings of measures 

proposed in the work scope. 

¶ Utilize test results as inputs to the energy savings models used to provide Home Energy 

Ratings. 

¶ Assist the HPC to prioritize specific areas in the work scope developed for the client. 

¶ Identify health and safety (H&S) issues that include, but are not limited to:  

À Back drafting and combustion safety issues associated with naturally vented water 

heaters and other combustion devices due to: 

¶ Inadequate exhaust flue design or installation, 

¶ Excess negative pressure induced by the operation of exhaust fans or HVAC 

system, 

¶ Gas piping leaks, or 

¶ CO measurements of combustion equipment such as domestic hot water, 

furnace or oven to identify proper operation.  

À Radon  

À Lead paint  

À Indoor environmental quality (IEQ) pollutants associated with household products 

used by the occupants or components of the building and furnishings. 

¶ tǊƻǾƛŘŜ ƻŎŎǳǇŀƴǘ ŜŘǳŎŀǘƛƻƴ ŀƴŘ ŜƴƎŀƎŜƳŜƴǘ ǘƻ ŀǎǎƛǎǘ ƛƴ άǎŜƭƭƛƴƎ ǘƘŜ ƧƻōΣέ ǎǳŎƘ ŀǎ άǎƘƻǿ 

ŀƴŘ ǘŜƭƭέ ǘƻ ƛŘŜƴǘƛŦȅ ǎǇŜŎƛŦƛŎ ŜƴŜǊƎȅ ŀƴŘ Iϧ{ ƛǎǎǳŜǎΦ 

Measurement Tool A pplication s  

Building Envelope Leakage   

The Blower Door  

The typical approach to assess building envelope leakage is to conduct a blower door test. A 

blower door is a calibrated fan installed in an exterior door used to measure the amount of air 

leaking into or out of the home in pressurized or depressurized conditions (typically 

depressurized). This data is used to determine an approximate annualized natural air change 

rate and assess the benefits of envelope air sealing to reduce air infiltration. In some cases, the 

results are used to determine if ς and how much ς mechanical ventilation is warranted to 

ensure compliance with ASHRAE Standard 62.2 or other mechanical ventilation guidelines.  
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The blower door is often used as a simple diagnostic tool, and is sometimes used in conjunction 

with smoke sticks and/or thermal imaging cameras to help identify the location of air leaks to 

be sealed. A blower door is also used after air sealing as a QA measure to confirm the air sealing 

was effective in specific areas of concern.  

Blower door reference standards and protocols include: 

¶ ASTM E779, Standard Test Method for Determining Air Leakage Rate by Fan 
Pressurization,  

¶ ASTM E1827 Standard Test Methods for Determining Airtightness of Buildings Using an 
Orifice Blower Door, and 

¶ RESNET Chapter 8, RESNET Standards for Performance Testing and Work Scope: 
Enclosure and Air Distribution Leakage Testing.  

 
RESNET and BPI standards provide more specific guidance on how to conduct the test as part 
of the audit/rating. Blower door testing is conducted at one or more reference pressures 
(typically 50 Pascals, or Pa), based on the standard used. The ASTM standard is the most 
extensive but least practical of these standards without the use of a computer to take multiple 
readings at each reference pressure.  
 
Tests generally fall into three categories: multipoint regression testing (E779), two-point tests 
(1827) and one point tests (E1827 and RESNET): 

¶ Multipoint regression testing involves testing the leakage of the building envelope 
across a wide range of pressures (higher pressures than buildings experience most 
hours of the year) to allow extrapolation down to typical pressures.  

¶ Two-point testing has the same goal but focuses on one high pressure and one low 
pressure in order to measure the response of leakage versus pressure.  

¶ One-point testing focuses on a single, high pressure to characterize the leakage and 
assumes the response versus pressure to have a default value.  

 

Proponents of single-point testing argue that it is simple, quick and repeatable and that this 

outweighs potential loss of accuracy at predicting low-pressure leakage. Furthermore, leakage 

of an individual building under normal operation is notoriously difficult to measure, negating 

some of the accuracy benefits of the multipoint test. Proponents of multipoint testing argue 

that accuracy is critical even if repeatability is compromised. This remains a vigorous debate 

that is also mirrored in ongoing discussions of duct leakage testing techniques. 

Two major U.S. manufacturers offer blower doors designed for single-family home retrofits: 

The Energy Conservatory (TEC) and Retrotec. The test standards reference the need for 

calibration based on blower door manufacturer recommendations. Manufacturers suggests 

periodic field checking of the blower door pressure taps and hoses to identify blockage and 

verify alignment.  
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The original blower doors relied on mechanical analog pressure gauges with limited readability, 

repeatability and accuracy. The introduction of digital pressure gauges allowed for more 

accurate and repeatable results. The digital gauge can conduct multiple quick-and-easy 

measurements to reduce uncertainty when used in conjunction with manufacturer-supplied 

software. This improves the accuracy and repeatability of the tests, especially when gusty winds 

are present during testing or when small leakage rates are measured. This gauge is also used 

with the other tools discussed below to measure duct leakage and HVAC flow rates and to 

assess combustion safety and zonal pressure imbalances. 

Periodic calibration of pressure gauges is recommended.  

¶ Figure 1 and Figure 2 present the results of recalibration of a sample of more than 2,000 

digital pressure gauges for one manufacturer. Figure 1 shows the percent of errors on 

channel A with negative pressures applied before recalibration. Figure 2 shows the 

percent of errors on channel B with positive pressures applied before recalibration. The 

applied test pressures varied from 15 to 1,220 PA. Calibration typically improves 

pressure gauge accuracy by about .2 percent after one year for this manufacturer.  
 

¶ Figure 3 presents channel A negative pressure sensor drift as a function of time between 

calibrations. This figure presents a time series looking at the impact of the calibration 

intervals for all gauges recalibrated by the manufacturer over a seven-year period, 

indicating errors as high as 1.5 to 2.5 percent and shows errors increasing over time. 

Note that this is largely because most of the instruments shown in this data set have not 

been recalibrated at the recommended interval (one year). Results for other 

manufacturers may be significantly different. 

Discussions with manufacturers suggest that, while it is important to conduct periodic pressure 

gauge factory calibration, field calibration checks and instrument inspection is even more 

critical. The issue of blower door testing accuracy is especially important when the equipment is 

used for QA programs or for software models used to estimate energy savings from air leakage 

control measures. When blower door technicians are responsible for determining a surface 

area or volume for use in normalizing the measured blower door flows, the largest error in the 

normalized parameters is often the area or volume.  
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Figure 1. Channel A Negative Pressure Recalibration Errors 
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Figure 2. Channel B Positive Pressure Recalibration Errors 
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Figure 3. Channel A Negative Pressure Sensor Drift as a Function of Time Between Calibrations 

 

HVAC Duct Leakage  

The typical approaches for measuring HVAC thermal distribution duct leakage rates are duct 

leakage testers and pressure pans. Another test method, Delta Q, has not seen widespread use.  

Residential Duct Leakage Tester 

Duct leakage testers measure the leakage of ducts at a typical induced static reference pressure 

of 25 Pa. The test involves sealing off all HVAC registers and pressurizing and/or depressurizing 

the ductwork and HVAC equipment. Testing is typically conducted before duct sealing to 

determine if the home is a good candidate for this measure and after duct sealing for QA.  

The pre- and post-test data can also be used to estimate energy savings with computer 

simulation modeling. To estimate energy savings, it is necessary to estimate only the leakage to 

outside. This is done by operating a blower door to pressurize the house to the same pressure 

as the duct. Total leakage ς measured without the blower door ς provides an assessment of the 

overall duct tightness, which may be important to the HVAC system distribution efficacy and 

indoor air quality.  
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Not much work has been done to study repeatability of fan pressurization duct leakage tests, 

possibly because there is not much concern about their repeatability. 

When interpreting data from the duct leakage tests, we typically utilize ASHRAE Standard 152 

equations to determine HVAC distribution system efficiency and HPC software models to 

estimate the energy savings from sealing HVAC ductwork as part of the retrofit. One limitation 

of this modeling is that Standard 152 is a steady-state model (designed around the idea of a 

system that is running continuously in heating or cooling mode). Typical annual duty cycles for 

HVAC equipment are somewhere in the range of 15-25 percent, which may impact the 

predictive power of modeling methods such as found in ASHRAE Standard 152. Standard 152 

does include an equipment efficiency degradation factor that includes some effects of cycling, 

but other off-cycle effects, such as thermosiphoning or infiltration through duct leaks during 

fan-off periods, are not treated. Also, ASHRAE 152 requires separately measuring the leakage 

and operating pressures on the supply and return sides of the duct system. This is usually not 

done for field testing due to the time involved. Assumptions are made to simplify procedures in 

most non-research field situations. 

Blower Door Subtraction   

Before duct blasters were available, many HPCs relied on ǿƘŀǘ ƛǎ ŎŀƭƭŜŘ ǘƘŜ άōƭƻǿŜǊ ŘƻƻǊ 

ǎǳōǘǊŀŎǘƛƻƴ ƳŜǘƘƻŘέ ǘƻ ƳŜŀǎǳǊŜ ŘǳŎǘ ƭŜŀƪŀƎŜΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ƛǎ ƴƻǘ ŀǎ ŀŎŎǳǊŀǘŜΣ ǊŜǇŜŀǘŀōƭŜ ƻǊ 

quantifiable for modeling as the duct blaster test, but it does not require the additional Duct 

Blaster® equipment. Using this approach, a blower door test is conducted with all HVAC 

registers sealed and then unsealed; the difference is the duct leakage estimate. For simple 

subtraction to work, the leaks to the inside must be small. Otherwise, corrected blower door 

subtraction should be used. For example, if all of the ducts are outside, then the leakage to 

inside is zero and this is a case where simple subtraction works.1 Ecotope found that corrected 

blower door subtraction, using high-precision blower door measurements, worked fine.  

Pressure Pans  

Pressure pans are typically used in conjunction with a blower door to help estimate the 

magnitude and location of duct leakage to outside. Pressure pans have been used in large 

manufactured housing duct sealing programs as part of an efficient test and repair protocol, 

where there is already agreement about the cost effectiveness of duct sealing measures in this 

type of housing stock. This method provides feedback on the relative location of duct leakage 

areas to focus the retrofit work scope. 

This approach does not provide air leakage rates and so does not feed into energy savings 

models. It also does not require the additional Duct Blaster equipment or that each register be 

                                                      
1
 See work by Francisco, et al., for ASHRAE in the duct leak management references for this chapter. 
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sealed, so there is substantially less test set-up time required and this method can be employed 

when register sealing is impractical. This approach is most practical when the focus is on 

identifying leakage locations, not on quantifying energy savings estimates. 

Delta Q  

This approach uses the blower door to measure duct leakage by running the blower door with 

and without the HVAC operating and with the house pressurized and depressurized (for a total 

of four blower door tests). A series of mathematical equations is then used to determine the 

duct leakage. The benefit of Delta Q is that it does not require a duct blaster and each register 

does not need to be sealed. Unlike the duct blaster or blower door subtraction methods that 

measure leakage under static reference pressures, Delta Q estimates duct leakage at HVAC 

operating pressures.  

The primary drawback to the Delta-Q test is that it is more sensitive to wind, which can 

introduce noise that is of the same size or larger than the signal, especially in leaky houses or 

houses with tight ducts.  

Studies have shown that the results of Delta Q tests are affected by wind-induced pressure 

fluctuations. It is also challenging, if not impractical, to apply this method without automated 

software and data acquisition equipment. These drawbacks may be limiting its use. In response, 

one manufacturer has provided automated software for performing this test. The author of 

that software does not feel that the method belongs in ASTM E1554 and further states that he 

ŦŜŜƭǎ ǘƘŜ ŎƭŀƛƳŜŘ ōŜƴŜŦƛǘǎ ƛƴ άŀŎŎǳǊŀŎȅ ƛƴ ƳŜŀǎǳǊƛƴƎ ƻǇŜǊŀǘƛƴƎ ƭŜŀƪŀƎŜέ ŀǊe found to be illusory 

when considering a real-world scenario and are, therefore, no compensation for the poor 

precision of the method. Other researchers disagree, noting that their research suggests 

sufficient accuracy as an audit tool.2  

HVAC Flow Measurements  

Plastic Bags  

The bag inflation method requires the use of a bag of a known volume, a method to hold the 

bag open (typically a lightweight frame of wood, plastic or metal wire), a shutter to start the air 

flow and a stopwatch. The estimate of air flow is determined by the volume and the time it 

takes to fill the bag. This method can be used to measure supply or exhaust air flow, but is 

typically used for supply HVAC registers. While this is often a good, simple, low-cost method, it 

may change the static pressure in the duct upstream of a supply register more than with a 

standard or powered capture hood. Some researchers feel that insertion losses are small and 

should not significantly impact the audit measurement. ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ άƛƴǎŜǊǘƛƻƴ ƭƻǎǎέ could 

be more with this method.  

                                                      
2
 See work by Walker, et al., in the Delta Q references for this chapter. 
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Toilet Paper   

One simple, low-cost screening method to determine if exhaust ventilation fans are operating is 

to place a piece of toilet paper on the grill and see if the fan can hold it in place. This approach 

is described in ASHRAE 62.2 guideline 24. This is less a measurement method and more of a 

simple check of the presence of some flow, with uncertain accuracy. 

Fan Curve Data and External Static Pressure (ESP)  

This approach utilizes the HVAC blower fan engineering data along with field measures or 

assumed duct design parameters to determine the overall system flow rate. The approach is 

employed more frequently by the HVAC industry than by HPCs. There are questions regarding 

the location to measure ESP3 and the variability of using design data, which is often lower than 

anticipated in the field as a result of poor design, installation, or high filter or coil pressure 

drops resulting from poor maintenance. If the parameters that impact this measurement 

approach are just due to high loss elements, then the fan curve works well. However, in the real 

ǿƻǊƭŘΣ άǎȅǎǘŜƳ ŜŦŦŜŎǘǎέ ƻŦǘŜƴ ŎŀǳǎŜ ǘƘŜ Ŧŀƴ ŎǳǊǾŜ ǘƻ ōŜ ŀŦŦŜŎǘŜŘ ōȅ ǘƘŜ ǾŜƭƻŎƛǘȅ ŘƛǎǘǊƛōǳǘƛƻƴ 

going into the blower. Fan curves for air handlers are developed using long sections of straight 

ducts on both ends of the air handler and air goes straight into the end of the air handler. When 

there is a right-angle entrance into the air handler or a right-angle bend just before the 

entrance, the fan curve may be different than the one measured in the laboratory and 

published by the manufacturer. 

Velocity Traverse  

This approach measures air velocity in the duct or at a termination grill/register using a variety 

of handheld devices, including hot wire anemometers, Pitot tubes and rotating vane 

anemometers (RVA). Measurement techniques are described in the ASHRAE Handbook and a 

variety of other HVAC training manuals. The use of these measurement devices and the overall 

approach to measuring velocity may have significant uncertainty related to the uniformity of 

flow over the cross-sectional area. Taking numerous measurements in a grid pattern improves 

accuracy. Taking the measurements within a section of straight ductwork (difficult to find 

and/or access in residential HVAC systems) is required when conducting in-line duct 

measurements. Manufacturer engineering data is used when measuring at registers and other 

terminal devices.  

It is difficult to make correct calculations if the velocity sensor is not oriented properly with 

respect to the local direction of the flow ς which is something you cannot see ς when taking 

velocity in-duct measurements. RVAs are extraordinarily unreliable for termination 

measurements, and were not generally deigned for field measurements of typical small 

                                                      
3 The idea that factory-installed pressure taps may help improve this measurement is discussed in HVAC section of this report  
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residential systems. Some practitioners have had reasonable success using handheld RVA at 

return grills; however, more research may be needed on this with the smaller residential 

systems.    

Flow Capture Hoods    

This equipment is designed to fit over a supply or exhaust register termination fitting to directly 

measure the air flow rate through the hood while compensating for any addition pressure drop 

caused by the hood that may affect the measurement. Some equipment compensates while 

other devices do not.  

A number of flow capture hoods are typically used for higher HVAC flow rates in commercial 

HVAC systems. These products have become part of the HPC tool kit, and discussions are 

occurring within the HPC and HVAC communities regarding accuracy at lower flow rates and 

through smaller registers that are common in residential systems, room-to-room balancing and 

measuring ventilation systems as required in ASHRAE 62.2.  

Powered capture hoods can accurately measure flows from a wider range of register sizes and 

designs and at lower flow rates because they can have built-in flow conditioners before the 

flow measurement section that assures that the velocity distribution in the flow measurement 

section is the same ς or close to it ς as when the device was calibrated. They can also force a 

small flow through a small flow measuring section to get higher velocities that can be more 

accurately measured. A fan is used to compensate for any additional pressure drop associated 

with the flow conditioners and high velocity measurement sections.  

There is some uncertainty with each measurement of individual flow rate, which is additive as 

more registers are measured. Considerable uncertainty may exist when adding the individual 

register flow rates to determine overall system airflow. In addition, there is uncertainty 

associated with duct leakage between the HVAC blower and the register. This uncertainty goes 

up with higher duct leakage. These two factors can lead to uncertainties that may impact the 

ability to measure overall airflow at the coil to determine if the CFM/ton design guidelines are 

achieved with AC and heat pump coils.  

Because typical HVAC equipment is available in half-ton sizing increments, there is some limit to 

the level of accuracy needed. For example, higher accuracy may be required for the installation 

of a ducted energy or heat recovery whole-ƘƻǳǎŜ ǾŜƴǘƛƭŀǘƛƻƴ ǎȅǎǘŜƳΣ ŀǎ ƛƴ ŀ άŘŜŜǇ ŜƴŜǊƎȅ 

ǊŜǘǊƻŦƛǘΣέ4 where the overall design flow rate may be 50 CFM split between three to five rooms. 

                                                      
4 Deep energy retrofit is a term developed by the Thousand Home Challenge: http://thousandhomechallenge.com/.  

 

http://thousandhomechallenge.com/
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Infrared Thermal Imaging   

Infrared (IR) thermal imaging, or thermography, detects surface temperature. Temperature 

changes are recorded by making repeat measurements (or images) over time. These changes 

allow the HPC to discover problems associated with insulation and/or air sealing as part of the 

quality control process associated with energy audits and retrofits. Manufacturer-provided 

software is available to assist the operator in developing reports and conducting further 

analysis based on thermal camera images. The images of specific heat loss/gain problem areas 

provide useful information to the homeowner as part of the audit and/or when work has been 

completed, and may help sell the job.  

Significant price reductions in the cost of IR equipment have resulted in more HPCs adding 

thermal imaging cameras to their field testing toolbox.  

The referenced international standards have been used as a normative guideline in establishing 

these IR testing protocols and standards: 

ω ANSI/ASNT CP-105-2011 American National Standard Institute ASNT Standard Topical - 
Outlines for Qualification of Nondestructive Testing Personnel (referred to here as the 
Standard) 

ω ASNT Recommended Practice Number SNT-TC-1A Personnel - Certification and 
Qualification (2011) 

ω ASTM C 1060-90 (2003): Standard Practice for Thermographic Inspection of Insulation 
Installations in Envelope Cavities of Frame Buildings 

ω ASTM E 1186-03: Standard Practices for Air Leakage Site Detection in Building Envelopes 
and Air Barrier Systems 

ω ISO 6781: Thermal Insulation ς Qualitative Detection of Thermal Irregularities in Building 
Envelopes ς Infrared Method 

ω Canadian General Standards Board, Document 149-GP-2MP, Manual for Thermographic 
Analysis of Building Enclosures. 

ω British Standard: Thermal performance of buildings, qualitative detection of thermal 
irregularities in building envelopes, infrared method. 

ω ISO6781:1983 modified 
ω Canadian National Master Specifications (NMS), Section 02 27 13 

 
RESNET has interim guidelines for thermographic inspections of buildings that utilize the above 

standards. The Standard provides guidance on the use of IR thermography for the thermal 

examination of low-rise (three stories or less) wood- or steel-framed residential and light 

commercial buildings. The StandardΩǎ purpose is to provide: 

¶ A recommended path by which those wishing to obtain certification in IR thermography 

can do so,  
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¶ Examination and analysis guidance in using IR thermography for air intrusion and 

insulation inspections, and  

¶ A substitute for Grade II and Grade III insulation examinations on a new building, where 

the insulation installation was not viewed before the drywall was applied. The Standard 

is a RESNET requirement for inspecting a building enclosure using an IR imaging system 

to locate defective insulation installations, framing issues, air leakage or thermal 

bypasses.  

This Standard also includes information for: 

¶ Using an IR imaging system to determine differences associated with surface 
temperature variations.  

¶ Determining whether the areas being viewed meet the specifications in this Standard.  

¶ Documenting the type and extent of any observed thermal anomalies. 

¶ Locating areas needing more examination, such as thermal bridging, thermal bypasses 
and air infiltration. 

¶ Providing a thermal indication of insulation performance and continuity. 

¶ Identifying areas of air leakage when an IR imaging system is used in combination with 
blower door operation. 

HPC Building Science Field Testing  Tools 
The following links are to manufacturer product information typically employed by the HPC and 

HVAC industries. This list does not to include all commercially available equipment nor is it an 

endorsement of any specific manufacturer or product. 

Envelope and Duct Leakage 

¶ The Energy Conservatory: http://www.energyconservatory.com/products/products1.htm 

¶ Retrotec: http://www.retrotec.com/ 

¶ Infiltec: http://www.infiltec.com/  

HVAC Air-Flow  

¶ Alnor: http://www.alnor-usa.com/ 

¶ Shortridge Instruments, Inc.: http://www.shortridge.com/ 

¶ The Energy Conservatory: http://www.energyconservatory.com/products/products1.htm 

¶ TSI: http://www.tsi.com/Products/ 

¶ TESTO: http://testohvac.blogspot.com/p/airflow.html 

Infrared Thermography  

¶ Fluke: http://www.fluke.com/fluke/usen/products/categoryti 

¶ FLIR Thermography: http://www.flir.com/thermography/americas/us/ 

  

http://www.energyconservatory.com/products/products1.htm
http://www.retrotec.com/
http://www.infiltec.com/
http://www.alnor-usa.com/
http://www.shortridge.com/
http://www.energyconservatory.com/products/products1.htm
http://www.fluke.com/fluke/usen/products/categoryti
http://www.flir.com/thermography/americas/us/
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Forced Air Cooling SystemsΦέ ASHRAE Trans., Vol. 109, Pt.1, 2003, pp. 503-512, ASHRAE. LBNL 

50008. 
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Siegel, J. and I.S. WalkerΦ άLƴǘŜƎǊŀǘƛƴƎ 5ǳŎǘǎ ƛƴǘƻ ǘƘŜ /ƻƴŘƛǘƛƻƴŜŘ {ǇŀŎŜΥ {ǳŎcesses and 

ChallengesΦέ Proc. Architectural Engineering Institute Conference, Austin TX, September 2003. 

Walker, I.S., M. Sherman, J. Siegel, D. Wang, C. Buchanan, and M. Modera. άLeakage Diagnostics, 

Sealant Longevity, Sizing and Technology Transfer in Residential Thermal Distribution Systems, 

Part II.έ CIEE Residential Thermal Distribution Systems Phase VI Final Report, December 1998, 

LBNL 42691. 

Pressure Pan Testing  

Siegel, J. and B. aŀƴŎƭŀǊƪΦ άtǊŜǎǎǳǊŜ tŀƴǎΥ bŜǿ ¦ǎŜǎ ŀƴŘ hƭŘ CǳƴŘŀƳŜƴǘŀƭǎΣέ Home Energy, 

January/February 1998. Viewed online 7/25/2012: 

http://www.homeenergy.org/show/article/nav/auditing/page/8/id/1363 
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Utility Billing Analysis  
To improve the energy efficiency, durability and indoor air quality of existing residential single-

ŦŀƳƛƭȅ ƘƻǳǎƛƴƎ ǎǘƻŎƪ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ǿŜ ƴŜŜŘ ǘƻ άŎƭƻǎŜ ǘƘŜ ƭƻƻǇέΤ ǘƘŀǘ ƛǎΣ ǳǎŜ ǘƘŜ 

measured results of energy efficiency retrofits to inform how performance can be improved. A 

key aspect of retrofit performance is indicated in utility bills, which are the richest source of 

actual residential energy data. We need to get better at employing this data to help identify 

best practices that improve performance. In this section, we make some observations5 about 

the need for more utility billing data analysis, outline issues that need to be addressed and 

identify key outcomes. 

The Need for Utility Billing Data Analysis  
Why do we need to get better at taking advantage of utility billing data? We offer two 

observations about our current reality that illustrate this need: 

1. The energy models used to determine what retrofit work should be done and estimate 

the resulting energy savings have significant limitations and need further testing and 

refinement based on empirical data. 

2. Many evaluations of residential retrofit programs do not make effective use of utility 

billing data or have problematic evaluation methods that limit their value.6 

Building Energy Models  

Energy modeling, often done as part of the energy audit process for individual homes, can play 

a key role in determining what measures are installed in a residential energy efficiency retrofit.  

The energy models are typically used to estimate the energy savings from each measure, 

identify which measures are most cost effective and create guidelines or requirements for the 

measures. 

While energy models can be useful tools, they have limitations in estimating the energy savings 

from energy efficiency measures that limit the accuracy of estimates about the cost-

effectiveness of retrofit options. Studies based on actual energy use data have shown that 

                                                      
5
 Many of the observations made in this section are based on the work of Michael Blasnik, which has been presented at various 

conferences over the years, most recently at ACI 2012.  
6 
After completing this chapter, the authors learned of the Uniform Methods Project being led by the U.S. Department of 

Energy. The goal ƛǎ ǘƻ άǎǘǊŜƴƎǘƘŜƴ ǘƘŜ ŎǊŜŘƛōƛƭƛǘȅ ƻŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎ ōȅ ƛƳǇǊƻǾƛƴƎ 9ǾŀƭǳŀǘƛƻƴΣ aŜŀǎǳǊŜƳŜƴǘ ŀƴŘ 
±ŜǊƛŦƛŎŀǘƛƻƴ ό9aϧ±ύΣ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ŎƻƴǎƛǎǘŜƴŎȅ ŀƴŘ ǘǊŀƴǎǇŀǊŜƴŎȅ ƻŦ Ƙƻǿ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ ŀǊŜ ŘŜǘŜǊƳƛƴŜŘΦέ hƴŜ ƻŦ ǘƘŜ ǇǊƻǘƻŎƻƭǎ 
being drafted is on Whole Building Retrofits (primarily residential buildings). This draft protocol gives a very complete 
ǘǊŜŀǘƳŜƴǘ ƻŦ ǳǘƛƭƛǘȅ ōƛƭƭƛƴƎ ŀƴŀƭȅǎƛǎΣ ƴƻǘƛƴƎ ƛǘ ƛǎ ǘƘŜ ǊŜŎƻƳƳŜƴŘŜŘ ŀǇǇǊƻŀŎƘ ŦƻǊ ǿƘƻƭŜ ōǳƛƭŘƛƴƎ ǊŜǘǊƻŦƛǘǎΦ {ŜŜΥ ά²ƘƻƭŜ-Building 
Retrofit Protocol, Uniform Methods Project,έ YŜƴ !ƎƴŜǿ ŀƴŘ Mimi Goldberg, DNV KEMA for U.S. DOE, June 2012. 
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energy models frequently over-predict energy savings from common retrofits. A report by Oak 

Ridge National Laboratory7 noted: 

ά9ƳǇƛǊƛŎŀƭ Řŀǘŀ ŎƻƳǇŀǊƛƴg estimated energy savings to the actual savings 

achieved by weatherization efforts came from several different reports (Brown 

and Mihlmester, 1995; Nadel and Keating, 1991; Gettings et al., 1998). The 

documents reviewed suggest that an adjustment factor of 0.60 is appropriate to 

use for residential direct assistance programs, because actual savings typically 

ŀƳƻǳƴǘ ǘƻ ŀōƻǳǘ сл ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǇǊŜŘƛŎǘŜŘ ǊŜŘǳŎǘƛƻƴ ƛƴ ŜƴŜǊƎȅ ǳǎŀƎŜΦέ 

 

The National Energy AudiT (NEAT),8 developed by ORNL in 1993, is widely used in the National 

Weatherization Assistance Program (WAP). NEAT employs standard algorithms for estimating 

energy savings from retrofits and has been the subject of several studies9,10,11 that compared 

model-predicted savings to billing analysis results. These studies found that measured savings 

typically range from 50 percent to 70 percent of the model prediction. One of the studies (New 

York, 1998) also modeled the homes using DOE-2 and found very similar results, indicating that 

the problem occurred when the researchers used the algorithms employed by NEAT and when 

they used a state-of-the-art hourly simulation model.  

ORNL also developed the Manufactured Home Energy Audit (MHEA) for energy modeling of 

mobile homes in WAP. A study12 ƻŦ aI9!Ωǎ ǎŀǾƛƴƎǎ ǇǊƻƧŜŎǘƛƻns found that savings measured 

from billing data analysis averaged just 34 percent of the modeled savings. Pre-retrofit energy 

use was over-estimated by 33 percent while post-retrofit energy use was accurately predicted.   

Many other studies of retrofit programs have found billing analysis savings that are much lower 

than projections. A billing analysis of the New York Home Performance with ENERGY STAR 

program13 found gas savings that averaged just 38 percent of projected savings. The analysis 

attributed this low savings realization rate to unrealistically high savings projections; projected 

savings exceeded 60 percent of pre-program gas use in more than one-third of homes analyzed, 

and sometimes exceeded pre-program use by 100 percent.  

                                                      
7
 Martin Schweitzer and Joel F. Eisenberg. άaŜŜǘƛƴƎ ¢ƘŜ /ƘŀƭƭŜƴƎŜΥ ¢ƘŜ tǊƻǎǇŜŎǘ ƻŦ !ŎƘƛŜǾƛƴƎ ол tŜǊŎŜƴǘ 9ƴŜǊƎȅ {ŀǾƛƴƎǎ 

Through the Weatherization Assistance Program.έ hŀƪ wƛŘƎŜ bŀtional Laboratory, ORNL/CON-479, May 2002. 
8
 See http://weatherization.ornl.gov/assistant.shtml.    

9
 Gettings, Michael B., L.G. Berry, M.A. Beyer, and WΦ.Φ aŀȄǿŜƭƭΦ ά±ŀƭƛŘŀǘƛƻƴ ƻŦ ǘƘŜ bŀǘƛƻƴŀƭ Energy Audit (NEAT) with Data from 

a Gas Utility Low-Income Residential Weatherization Program in New York {ǘŀǘŜΦέ hwb[κ/hb-457, January 1998. 
10

 Sharp, T. R. ñThe North Carolina Field Test: Field Performance of the Preliminary Version of an Advanced Weatherization 
!ǳŘƛǘ ŦƻǊ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅϥǎ ²ŜŀǘƘŜǊƛȊŀǘƛƻƴ !ǎǎƛǎǘŀƴŎŜ tǊƻƎǊŀƳΦέ hwb[κ/hb-362, 1994. 
11

 Dalhoff, GΦ ά!ƴ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ tŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ b9!¢ !ǳŘƛǘ ŦƻǊ ǘƘŜ Lƻǿŀ [ƻǿ-LƴŎƻƳŜ ²ŜŀǘƘŜǊƛȊŀǘƛƻƴ tǊƻƎǊŀƳΦέ 
International Energy Program Evaluation Conference, Chicago, IL, 1997. 
12

 Ternes, M.PΦ ά±ŀƭƛŘŀǘƛƻƴ ƻŦ ǘƘŜ aŀƴǳŦŀŎǘǳǊŜŘ IƻƳŜ 9ƴŜǊƎȅ !ǳŘƛǘ όaI9!ύΦέ hwb[κ/hb-501, November 2007. 
13

 Herndon, J. ŀƴŘ 5Φ DƻǿŀƴǎΦ άaϧ± 9ǾŀƭǳŀǘƛƻƴΥ IƻƳŜ tŜǊŦƻǊƳŀƴŎŜ ǿƛǘƘ 9b9wD¸ {¢!wϯ Cƛƴŀƭ wŜǇƻǊǘΦέ bŜȄŀƴǘΣ b¸{9w5!Σ WǳƴŜ 
2007. 

http://weatherization.ornl.gov/assistant.shtml
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Other studies14,15 have found that energy models that seem to perform fairly well at estimating 

the energy use of newer and more efficient homes significantly over-estimate the energy use of 

inefficient (i.e., poorly insulated and leaky) homes. The Oregon study found that REM/Rate ς 

the most popular RESNET-approved HERS rating software ς over-estimated natural gas use by 

76 percent on average in 86 homes built before 1960, yet over-estimated use by only 17 

percent in the 41 homes built after 1989. That study found less dramatic, but similar, results 

using the Home Energy Saver model (an on-line front-end to DOE-2, built by LBNL), which over-

estimated gas use by 41 percent in older homes and by 13 percent in newer homes.  

The Wisconsin study used REM/Rate to analyze existing homes and found that heating energy 

use was severely over-estimated in inefficient homes, as shown in Figure 4. 

 
Figure 4. Over-Estimation of Heating Energy Use Using REM/Rate 

 

The Wisconsin researchers observed:  

ά¢ƘŜ ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜ ŀ ǎȅǎǘŜƳŀǘƛŎ ŜǊǊƻǊ ƛƴ ǘƘŜ ŜǎǘƛƳŀǘŜǎ ƻŦ ƘŜŀǘƛƴƎ ŜƴŜǊƎȅ ǳǎŜΥ 

the greater the predicted heating energy intensity, the greater the error. For 

most homes, the error is a moderate over-prediction in heating use (on the 

order of 20 percent), but the software substantially overestimates heating use 

for a minority of homes that are predicted to have high heating energy intensity. 

These are mostly homes that have some combination of large un-insulated wall 

or ceiling areas, high measured air leakage, or heating systems with low 

estimated seasonal efficiency. 

                                                      
14

 Pigg, S. and M Nevius. ñEnergy and Housing in Wisconsin ς A Study of Single-Family Owner-hŎŎǳǇƛŜŘ IƻƳŜǎΦέ 9ƴŜǊƎȅ /ŜƴǘŜǊ 
of Wisconsin, ECW 199-1, 2000. 
15

 ά9ƴŜǊƎȅ tŜǊŦƻǊƳŀƴŎŜ {ŎƻǊŜ нллу tƛƭƻǘΣέ 9ŀǊǘƘ !ŘǾŀƴǘŀƎŜ LƴǎǘƛǘǳǘŜ ŀƴŘ /ƻƴǎŜǊǾŀǘƛƻƴ {ŜǊǾƛŎŜǎ DǊƻǳǇΣ Energy Trust of Oregon, 
2009. 
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άIt has been suggested that the difference might arise from a tendency for 

people who live in older inefficient homes to keep their thermostat set lower to 

save on their heating bills (these homes are indeed more likely to be occupied by 

low-income households). The questionnaire data show just the opposite, 

however: people in older homes keep their thermostat set somewhat higher, 

probably to overcome comfort problems associated with drafts and cold wall 

ǎǳǊŦŀŎŜǎΦέ   

The over-ŜǎǘƛƳŀǘƛƻƴ ƻŦ ǎŀǾƛƴƎǎ ƛǎ ƻŦǘŜƴ ōƭŀƳŜŘ ƻƴ ƻŎŎǳǇŀƴǘ ōŜƘŀǾƛƻǊ όǘƘŜ άǘŀƪŜ-ōŀŎƪέ ŜŦŦŜŎǘύΣ 

but available data does not support this hypothesis. In addition to the Wisconsin findings on 

thermostat settings, the current national WAP evaluation found that monitored indoor 

temperatures were essentially unchanged after weatherization, indicating no take-back effect 

for heating. It appears that the problem with savings predictions may lie more with the model 

assumptions or algorithms than with occupant behavior.  

There are a number of reasonable hypotheses for why models over-predict retrofit energy 

savings: 

¶ Assumptions/defaults biased toward low existing efficiency: Many model default 

values and assumptions ς particularly for the effective R-values of un-insulated building 

components and the seasonal efficiency of older HVAC equipment ς appear to 

underestimate the true efficiency of the component and represent something closer to 

a worst-case scenario than a typical value.  

¶ Auditor bias: Auditors want to be able to specify retrofits and often have to make 

judgment calls about existing conditions, such as the effective R-value of an attic with 

varying levels of insulation or the estimated seasonal efficiency of an older furnace. 

These judgment calls often seem to be made in a way that increases estimated retrofit 

savings and qualifies more measures as cost-effective.   

¶ Algorithm errors: Some commonly employed algorithms for complex phenomena such 

as air leakage and duct system efficiency appear to over-estimate energy losses. For 

example, careful research16 found that the LBNL/Sherman-Grimsrud infiltration model 

over-states the impact of wind, leading to over-estimated infiltration rates. In addition, 

field technician judgment about wind exposure and defaults in most software appear to 

over-estimate wind exposure of many homes, which exacerbates the over-estimation. In 

the 20 years since the research was published, the model has not been revised and 

warnings about field-estimated exposure values have not been made.  

                                                      
16

 Palmiter, L. and T. Bond. "Modeled and Measured Infiltration: ! 5ŜǘŀƛƭŜŘ /ŀǎŜ {ǘǳŘȅ ƻŦ CƻǳǊ 9ƭŜŎǘǊƛŎŀƭƭȅ IŜŀǘŜŘ IƻƳŜǎΦέ 
Electric Power Research Institute, RP 2034-40, Report CU-7327, 1991. 
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¶ Interactive effects: Buildings can have complex interactive effects between heat 

transfer mechanisms and system efficiencies that tend to lead to less overall energy use 

than otherwise modeled. For example, air leakage through poorly insulated buffer zones 

can lead to the regain of conductive and distribution system losses in complex ways.  

¶ No reality check: Model results are not usually compared to utility bills or other 

benchmarks to determine if the results are reasonable. Recent efforts to address this 

issue include the new standard BPI-2400-S-нлмм ά{ǘŀƴŘŀǊŘƛȊŜŘ vǳŀƭƛŦƛŎŀǘƛƻƴ ƻŦ ²ƘƻƭŜ 

IƻǳǎŜ 9ƴŜǊƎȅ {ŀǾƛƴƎǎ 9ǎǘƛƳŀǘŜǎΣέ ǿƘƛŎƘ ƭƛƳƛǘǎ ǇǊƻƧŜŎǘŜŘ ǎŀǾƛƴƎǎ ŎƭŀƛƳǎ ŀƴŘ ŘŜŦƛƴŜǎ 

methods to calibrate models to utility bills.  

It is tempting to address these problems with modeling by using more sophisticated models 

with more data inputs or more exacting measurements. However, the Oregon study cited 

previously indicated that simpler models based on fewer inputs may perform as well or better 

than more complex models. As the number of data inputs grows, so do the possibilities for 

things to go wrong. Other researchersΩ Parker/Mills ACEEE 2012 work suggests this is an issue of 

contention within the building science community.  

Regardless of the sophistication of the algorithms, model accuracy is always limited by our 

ability to measure the required inputs accurately as well as fundamental limitations in our 

ability to model complex phenomena. Some challenges and limitations for model accuracy 

include: 

¶ Solar gain through windows depends on shading, which involves knowing about 

occupant use of interior shades and curtains, the colors and fit of those shades, exterior 

shading from foliage that varies by season and over time, the cleanliness of the windows 

and screens, and other factors.  

¶ Heat transfer through basement walls depends on soil properties and ground water 

levels, which are not well known for any given site.  

¶ Duct system efficiency involves estimating leakage rates under operating conditions, 

identifying leakage locations, and quantifying regain effects as duct losses in buffer 

zones, such as basements and crawlspaces, alter the temperatures of those zones, 

which affects conduction and infiltration gains and losses. 

¶ Air infiltration rates depend on knowing not just the leakage area of the home (which 

can be tested with a blower door), but also the distribution of leaks and the actual wind 

speeds at the house over the course of the year.  

¶ In poorly insulated and leaky homes, conductive and distribution system losses into 

basements and crawlspaces can be regained by infiltrating air. Exfiltrating air leaving 

through attics can warm the attic space, reducing conductive losses.  



 

Final Report to NIST, WSU Energy Program ς revised January 2013                                               24 
 

These complex effects impose some fundamental limitations to modeling accuracy. In addition, 

attempts to collect more ς and more accurate ς inputs for use in more complex models can add 

significantly to the cost of delivering retrofits: more time is required to perform the energy 

audit and additional training and skill levels are required for staff and auditors. In addition, time 

spent on tedious data collection and entry into software applications can detract from the 

ŀǳŘƛǘƻǊΩǎ ŀōƛƭƛǘȅ ǘƻ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ǘƘŜ ƘƻƳŜƻǿƴŜǊΣ ǎŜƭƭ ǘƘŜ ƧƻōΣ ŀƴŘ ǇƻǘŜƴǘƛŀƭƭȅ ƛŘŜƴǘƛŦȅ ŀ ōŜǘǘŜǊ 

understandiƴƎ ƻŦ ǘƘŜ άōƛƎ ǇƛŎǘǳǊŜέ ŀǘ ŀ ƎƛǾŜƴ ƘƻƳŜ.   

These observations suggest the need for simple tools that provide reasonably unbiased 

estimates of energy use and retrofit savings and that have been optimized to match empirical 

results. Utility billing analysis can be used to assess the performance of large numbers of 

houses so we can learn from actual field experience and use the results to inform the simple 

tools and models. The results of the analysis can also help identify the important things we 

need to get right.  

Evaluations  

Residential retrofit programs run by utility companies and government agencies sometimes 

have independent evaluations performed to assess how well the program is meeting its goals, 

including energy savings. Many of these evaluations do not use large-scale analysis of actual 

ŜƴŜǊƎȅ ǳǎŜ ŘŀǘŀΣ ƛƴǎǘŜŀŘ ǊŜƭȅƛƴƎ ƻƴ άŘŜŜƳŜŘέ ƻǊ ŎŀƭŎǳƭŀǘŜŘ ǎŀǾƛƴƎǎ ōŀǎŜŘ ƻƴ ƳƻŘŜƭƛƴƎ 

software or pre-calculated values for estimated typical conditions. Often, evaluations that 

analyze actual billing data employ methods that provide only limited insights into the 

performance of retrofits.  

The lack of sound empirical results about the program and the effectiveness of retrofit 

measures limits the value of these evaluations for improving program performance (i.e., closing 

the loop). We believe there are several reasons for this trend: 

¶ Limited focusΥ 9Ǿŀƭǳŀǘƛƻƴǎ ŀǊŜ ŘŜǎƛƎƴŜŘ ǘƻ ǎŀǘƛǎŦȅ ǘƘŜ ǇǊƻƎǊŀƳΩǎ ŀǳǘƘƻǊƛȊƛƴƎ 

stakeholders, such as the utility company or state public service commission. Thus, they 

tend to focus more on assessing overall cost-effectiveness than providing insights into 

the performance of the specific retrofit measures or approach. 

¶ Less reliance on actual energy usage data: The trend in evaluation seems to be toward 

deemed savings estimates or some other engineering calculation to estimate energy 

savings from program tracking information. This is a simple and practical approach to 

estimate savings, but gives no indication of actual energy savings.  

¶ /ƻƳǇƭŜȄ άōƭŀŎƪ ōƻȄέ ƳŜǘƘƻŘǎ: The state of the art in billing data analysis appears to be 

pooled econometric modeling. These pooled regression models are easier and quicker to 

implement than house-level billing analyses, but they rarely provide sufficient detail for 

understanding the results and identifying opportunities for program improvement. The 
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models often involve complex specifications that lead to many potential avenues for 

analytical mistakes. The results are often impenetrable to readers, sometimes even to 

authors.  

The methodological problems17 in energy program evaluation have led to evaluation results 

that sometimes make no sense and defy explanation. Major problems with analyses are often 

identified when studies are carefully scrutinized by third parties, especially those with access to 

the raw data. One outcome of this scrutiny is that results can change dramatically. When the 

Energy Trust of Oregon became frustrated by program evaluation results that varied wildly 

from year to year, they began to assess the evaluation methods. This included evaluating the 

same program data using multiple evaluators and then exploring the differences. As a result, 

the Energy Trust moved most impact evaluation work internally, where they employ fairly clear 

and consistent house-level weather normalization models followed by measure level regression 

modeling. Evaluation results are used to adjust assumptions about retrofit savings going 

forward, helping to complete the feedback loop of designŸ implementationŸ evaluationŸ 

redesign. 

Clear and consistent approaches are needed that involve house level weather normalization of 

utility billing data followed by statistical analysis of savings from each implemented measure. 

The overall approach employs a quasi-experimental design using a difference-in-differences 

analysis. 

¶ First, gross savings are calculated as the difference between pre- and post-program 

weather normalized energy usage for participants. The same analysis is conducted for a 

comparison group selected to match the participants as closely as possible. The role of 

the comparison group is to reflect non-program changes in energy usage that may be 

due to general demographic or technical trends in the population (e.g., greater use of 

DVRs, laptops and tablet computers) as well as weather effects that are not captured 

properly by the weather normalization. The net18 program savings are then calculated as 

the gross savings for the participants minus the gross savings for the comparison group.  

¶ The house-level savings results are then further analyzed to look for patterns in the 

savings across homes related to program measures, housing characteristics and other 

factors. The savings from individual measure can be estimated using regression 

modeling based on measure level indicator (dummy) variables or measure quantities 

(e.g., square feet of insulation), or by using projected savings for each measure (referred 

to as SAE ς Statistically Adjusted Engineering analysis).  

                                                      
17 For a discussion of some of these statistical issues, see Blasnik, M. ά¢ƘŜ bŜŜŘ ŦƻǊ {ǘŀǘƛǎǘƛŎŀƭ !ƴŀƭȅǎƛǎ ŀƴŘ wŜǇƻǊǘƛƴƎ 
wŜǉǳƛǊŜƳŜƴǘǎΥ {ƻƳŜ {ǳƎƎŜǎǘƛƻƴǎ ŦƻǊ wŜƎǊŜǎǎƛƻƴ aƻŘŜƭǎΣέ Proceedings of Energy Program Evaluation Conference, Chicago, 
1995. 
18

 Further adjustments to net savings are sometimes made to adjust results for free-riders and spillover effects. 
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The advantages of the house level utility billing analysis compared to pooled econometric 

models are: 

¶ wŜǎǳƭǘǎ Ŏŀƴ ōŜ άǎŜŜƴΣέ ŘƛǎǘǊƛōǳǘƛƻƴǎ ƻŦ ǎŀǾƛƴƎǎ ŦǊƻƳ ƘƛƎƘ ǘƻ ƭƻǿ Ŏŀƴ ōŜ ŜȄŀƳƛƴŜŘΣ ŀƴŘ 

outliers can be identified. 

¶ Results can be directly and more easily broken out by factors such as treatment, housing 

characteristics and demographics.  

¶ Relationships can be explored with graphs and statistics. 

¶ The analysis can identify and explicitly deal with outliers, unoccupied homes, and homes 

with misclassified heating or water heating fuels. 

The primary analytical advantage of the pooled econometric modeling approach is that by 

pooling the monthly bills across homes, month-specific temporal effects may be estimated, 

which may better control for seasonal usage fluctuations unrelated to degree day variables.19 

However, the pooled models do not control for weather as well as house-level models because 

they employ a fixed degree day balance point temperature for all homes and also estimate a 

pooled average temperature dependence, which is meant to represent an average across all 

ƘƻƳŜǎ ǘƻ ŀǾƻƛŘ ƘŀǾƛƴƎ ǘƻ ƳƻŘŜƭ ŜŀŎƘ ƘƻƳŜΩǎ ǳƴƛǉǳŜ ǿŜŀǘƘŜǊ ŘŜǇŜƴŘŜƴŎŜ ǇŀǘǘŜǊƴΦ  

Issues that Need to be Addressed 
There are some challenges related to conducting a house level utility billing analysis. To improve 

utility billing analysis efforts, the following issues need to be considered and addressed: 

¶ Data quantity and quality: Getting good utility data is often difficult and expensive. 

Privacy issues must be addressed. For evaluations that are not sponsored by the utility, 

homeowners will typically need to sign a release form before the utility will provide the 

data to the evaluator. Collecting and verifying account information and release forms 

for each home can be tedious and time intensive. Getting electronic data in a usable 

form can sometimes be a challenge. Data quality issues include missed meter readings 

(estimated readings) and occupant turn-over (or not enough historical pre-retrofit data). 

In addition, program tracking information usually needs to match the utility data, which 

requires some identifying information. Smart meters and other technology (like the Nest 

thermostat) have the potential to make household energy usage data more accessible.  

¶ Privacy concerns: Policies and procedures that allow large batches of data to be 

collected while addressing privacy concerns could make it much easier to collect and 

analyze utility billing data. 

                                                      
19

 Agnew and Goldberg, 2012, recommended pooled models when utility billing data are limited (bi-monthly or 
missing readings) or there is no valid control group and they describe the conditions for obtaining reliable results. 
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¶ Participant group and control group and bias: It is rarely possible to have an 

experimental design where the participants (treatment group) are randomly selected 

and the control group reflects what would have happened without the treatment. 

Because participants usually choose to have their houses retrofitted, they are not 

άǘȅǇƛŎŀƭέΥ ǘƘŜȅ ƳƛƎƘǘ ōŜ ƳƻǊŜ ŀŦŦƭǳŜƴǘΤ ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ ōŜ ƘƻƳŜƻǿƴŜǊǎΤ Ƙave older, less 

efficient houses; or be better educated. Finding a control group that matches the 

participants is a significant challenge and becomes even more difficult if utility release 

forms are needed to access their data. This challenge is often addrŜǎǎŜŘ ōȅ ǳǎƛƴƎ άŦǳǘǳǊŜ 

ǇŀǊǘƛŎƛǇŀƴǘǎέ ŀǎ ǘƘŜ ŎƻƴǘǊƻƭ ƎǊƻǳǇΦ LŘŜŀƭƭȅΣ ǘƘŜǊŜ ǿƻǳƭŘ ōŜ ƭŀǊƎŜ Ǉƻƻƭǎ ƻŦ ǳǘƛƭƛǘȅ Řŀǘŀ όƻǊ 

panels of households) available to use as control groups.  

¶ Small samples and/or small savings and outliers: Because of the challenges noted 

above, utility billing analyses are often hampered by small samples. This is a problem 

because outliers can have a significant impact on the results, particularly if the sample is 

small. Deciding when an outlier should be removed can be difficult and can also bias the 

results. Small energy savings can be difficult to identify when the variation in the data is 

comparable to the size of the savings (signal to noise ratio).  

¶ Need to incorporate building science into the analysis: Evaluators can have a limited 

understanding of the science of building energy use and or retrofit performance. 

Econometric modeling problems and outliers may lead to statistical conclusions that 

make no physical sense. A lack of subject matter expertise allows analytical errors and 

problems to go undetected and can lead to program managers making decisions based 

on erroneous information. The famed quality control guru Edward Deming said, 

ά{ǘŀǘƛǎǘƛŎŀƭ ǎƛƎƴƛŦƛŎŀƴŎŜ ōȅ ƛǘǎŜƭŦ ƛǎ ƴƻǘ ŀ Ǌŀǘƛƻƴŀƭ ōŀǎƛǎ ŦƻǊ ŀŎǘƛƻƴΦέ20 For evaluation 

results to be reliable and useful for improving programs, people with strong technical 

understanding are needed to participate throughout the evaluation process to help 

interpret results and guide potential avenues of exploration.   

For sound and reliable utility billing analysis to become more common and robust, the 

collection of utility bill data and the creation of control groups needs to be made easier and 

automated to the extent possible. We need to take advantage of advances in hardware and 

software to more efficiently obtain data in large batches. Policies need to be created that 

address privacy concerns in a way that does not make it too difficult to collect the data. We also 

need to be sure that statisticians and building science experts are working together to produce 

robust results. 

  

                                                      
20

 5ŜƳƛƴƎΣ ²Φ 9ŘǿŀǊŘǎΦ ά{ǘŀǘƛǎǘƛŎŀƭ !ŘƧǳǎǘƳŜƴǘ ƻŦ 5ŀǘŀΦέ bŜǿ ¸ƻǊƪΥ 5ƻǾŜǊ tǳōƭƛŎŀǘƛƻƴǎΣ мфпоΦ 
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Key Outcomes 
aƻǊŜ ŜŦŦŜŎǘƛǾŜƭȅ ǳǎƛƴƎ ƳŜŀǎǳǊŜŘ Řŀǘŀ ǘƻ άŎƭƻǎŜ ǘƘŜ ƭƻƻǇέ ǿƻǳƭŘ ǊŜǎǳƭǘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 

outcomes:   

¶ Improved service delivery: We will have better decision-making tools to determine what 

work needs to be done to deliver the best value and quality. Program results can inform 

guidelines for appropriate measures and testing, effective techniques and methods, and 

efficient delivery processes.  

¶ Sound policy: We will have results that demonstrate the public benefit from policies that 

support widespread application of retrofits in existing residential housing. This includes 

policies that support public funding for retrofit programs such as the DOE Low Income 

Weatherization Program, discussed earlier in this report, which is an example of how an 

evaluation using utility billing analysis will influence policy.   

¶ Financing: We will have the data to show the value of a residential retrofit and what 

level of investment is justified. This will help generate the financing necessary to support 

residential retrofits on a wide scale. In a recent study commissioned by Deutsche Bank21, 

231 affordable housing multi-family retrofit projects in New York were analyzed to 

provide lenders with the data they need to assess the risk associated with lending 

against energy savings projections. Pre- and post-project energy use was assessed, the 

reliability of predicted savings was analyzed, and an approach for incorporating energy 

savings projections (modified based on empirical data) into underwriting was developed. 

This underwriting tool is intended to help unlock the billions of dollars necessary to 

realize the energy savings potential in low-income residential buildings.  

We will not begin to make significant progress to improve the energy efficiency, durability and 

indoor air quality of the existing residential housing stock until we measure the actual value of 

these retrofits and use that information to continuously improve that value.  

  

                                                      
21

 {ǘŜǾŜƴ ²ƛƴǘŜǊ !ǎǎƻŎƛŀǘŜǎ ŀƴŘ Iwϧ! !ŘǾƛǎƻǊǎΦ άwŜŎƻƎƴƛȊƛƴƎ ǘƘŜ .ŜƴŜŦƛǘǎ ƻŦ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ ƛƴ aǳƭǘƛŦŀƳƛƭȅ ¦ƴŘŜǊǿǊƛǘƛƴƎΣ 
DeuǘǎŎƘŜ .ŀƴƪΦέ нлмнΦ https://www.db.com/usa/img/DBLC_Recognizing_the_Benefits_of_Energy_Efficiency_01_12.pdf 

 

https://www.db.com/usa/img/DBLC_Recognizing_the_Benefits_of_Energy_Efficiency_01_12.pdf
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Energy Simulation  Software   

Since the early 1970s, energy modeling was used primarily by national laboratories and utility 

programs to estimate energy savings in new and existing single-family residences. Software 

programs were developed by DOE government laboratories such as Las Alamos and Solar 

Energy Research Institute (SERI) on larger mainframe high-speed computers. The programs 

typically utilized weather data and information based on ASHRAE steady-state heat loss 

calculations, thermal mass, thermostat setpoints, internal gains and solar gains to predict 

monthly and annual energy use for space heating and cooling.  

These programs were also used to develop estimates of energy savings from standard design, 

typically focused on passive solar, solar sunspace and direct gain in the design of new homes. 

The programs often assume the home to be a single-zone model and annualize space 

conditioning energy use based on hourly, daily or time-step intervals as part of the annual 

simulation. In some cases, thousands of simulations were conducted to develop simplified 

tables based on large parametric analysis of weather, home type and efficiency levels as curve 

fits, which could then be used by designers who did not have access to these simulation tools.    

Energy simulation software programs were developed in the 1990s. Two programs that were 

used frequently by low-income agencies in support of federal and state low-income residential 

weatherization programs were the National Energy Audit Tool (NEAT) and Targeted Retrofit 

Energy Analysis Tool (TREAT). Approved software such as TREAT and/or NEAT are required by 

DOE in low-income weatherization programs when software is used to verify that the savings-

to-investment ratio (SIR) is greater than one for any energy efficiency measure installed. In 

some cases, energy analysis software was used by program designers to prescriptively 

determine cost-effective energy efficiency retrofit measures, in lieu of requiring case-by-case 

simulations using approved software.        

Today, with the ready availability of modern computers, energy simulation software is more 

available to those working with low-income weatherization programs and to a broader group of 

users such as HPCs, energy auditors, home energy raters and even homeowners. The two most 

popular software programs believed to be used by HPCs and associated with RESNET are 

REM/Rate and Energy Gauge USA. HPCs working with RESNET HERS use these programs for 

energy rating of new and existing home retrofits.22  

 

  

                                                      
22

  "Home Energy Rating System Building Energy Simulation Test (HERS BESTEST)," Vol. 1 and 2, NREL/TP-472-7332. National 

Renewable Energy Laboratory, Golden, Colorado.  Available at: http://www.nrel.gov/publications.  

 

http://www.nrel.gov/publications
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The energy software used to rate homes must be approved using the BESTEST and RESNET 

process. A list of nationally accredited rating software and discussion of BESTEST may be found 

at RESNET Accredited Rating Software Tools:  

http://www.resnet.us/professional/programs/providers/directory.aspx. 

A directory sponsored by the DOE Energy Efficiency and Renewable Energy (EERE) program 

provides software tools to help researchers, designers, architects, engineers, builders, code 

officials and others involved in the building lifecycle to evaluate and rank potential energy-

efficiency technologies and renewable energy strategies in new or existing buildings. Many of 

the 50 tools in the first version (August 1996) were sponsored by DOE at some point in their 

lifecycle. This directory currently provides information on 406 building software tools for 

evaluating energy efficiency, renewable energy and sustainability in buildings. The energy tools 

listed in this directory23 include databases, spreadsheets, component and systems analyses, and 

whole-building energy performance simulation programs. A short description is provided for 

each tool, along with other information including expertise required, users, audience, input, 

output, computer platforms, programming language, strengths, weaknesses, technical contact 

and availability. 

Numerous studies have shown that the ability of these residential energy simulation software 

programs to predict energy savings is affected by the potential uncertainties of input 

assumptions associated with accurately characterizing the home thermal envelope, HVAC 

system, appliances, DHW and other electric loads. Most important are the assumptions about 

occupant behavior, which can drive the two key variables of internal gain and thermostat 

setting. These uncertainties limit the ability to estimate pre/post energy use and savings. 

Savings can also be impacted when assumptions change from pre- to post-retrofit scenarios.   

There seems to be an evolving discussion within the HPC industry and DOE regarding the use of 

utility data to adjust the pre-retrofit model and to determine if savings estimates from software 

analysis are realized (provided in the Utility Billing Analysis section of this report). DOE-

approved weatherization software programs can adjust (sure-up) the pre-retrofit estimates 

using utility data, as is required in DOE low-income weatherization programs when software is 

used to estimates SIR.  

Other emerging software tools such as SIMPLE utilize basic information about the home and 

occupant lifestyle to estimate energy use and savings based on correlations with large empirical 

utility data sets. These tools have been shown to predict energy use as well as ς if not better 

than ς many software simulation programs.  

                                                      
23

 DOE EERE Building Energy Software Tools Directory: http://apps1.eere.energy.gov/buildings/tools_directory 

http://www.resnet.us/professional/programs/providers/directory.aspx
http://apps1.eere.energy.gov/buildings/tools_directory
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Many HPCs utilize predicted energy savings in selling and financing HPC services to customers; 

the customers then utilize the savings to make their loan payments on the energy efficiency 

improvements that were financed. The cost to conduct energy simulation analyses varies from 

less than $100 to over $400 per home. Given these costs and questions regarding the reliability 

of the energy savings predictions, significant discussions are occurring regarding the usefulness 

and programmatic cost effectiveness of requiring energy simulation analysis in homes receiving 

energy efficiency retrofit improvements. Discussions are also underway regarding the need to 

assess predicted energy savings with real-world utility savings realized at the meter, and to 

adjust the energy simulation models based on those empirical data findings.  

Table 1 provides links to ǎƻŦǘǿŀǊŜ ǇǊƻŘǳŎŜǊǎΩ ǿŜōǎƛǘŜǎΦ  

Table 1. Links to Software Products 

REM/ Rate http://www.archenergy.com/products/remrate  

EnergyGauge USA  http://energygauge.com/usares/default.htm  

TREAT http://www.psdconsulting.com/software/treat  

NEAT http://weatherization.ornl.gov/assistant_features.shtml  

Home Energy Score http://www1.eere.energy.gov/buildings/homeenergyscore/  

Energy Performance Score   http://energy-performance-score.com/  

SEEM  http://www.ecotope.com/ssframe.html  

AKWarm  http://www.ahfc.us/reference/akwarm.cfm  

BEOPT  http://beopt.nrel.gov/  

 

REM/Rate 
REM/Rateϰ ǎƻŦǘǿŀǊŜ ƛǎ ǳǎŜŘ ōȅ ƻǊƎŀƴƛȊŀǘƛƻƴǎ that operate HERS. HERS rates the energy 

efficiency of homes to identify cost-effective improvements and provide energy-efficient 

mortgages. Climate data is available for cities and towns throughout North America.  

REM/Designϰ ǎƻŦǘǿŀǊŜ ŎŀƭŎǳƭŀǘŜǎ ƘŜŀǘing, cooling, DHW, lighting and appliance loads, 

consumption, and costs based on a description of the home's design and construction features 

as well as local climate and energy cost data. Additionally, REM/Design is DOE-approved for 

weatherization assistance programs in all states.  

REM/Rate is a user-friendly, yet highly sophisticated residential energy analysis, code 

compliance and rating software program developed specifically for HERS providers. REM/Rate 

software calculates heating, cooling, hot water, lighting and appliance energy loads, 

consumption and costs for new and existing single- and multi-family homes. Climate data is 

available for cities and towns throughout North America. REM/Rate complies with National 

Home Energy Rating Standards as promulgated by RESNET. REM/Rate has many unique 

http://www.archenergy.com/products/remrate
http://energygauge.com/usares/default.htm
http://www.psdconsulting.com/software/treat
http://weatherization.ornl.gov/assistant_features.shtml
http://www1.eere.energy.gov/buildings/homeenergyscore/
http://energy-performance-score.com/
http://www.ecotope.com/ssframe.html
http://www.ahfc.us/reference/akwarm.cfm
http://beopt.nrel.gov/
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features including a simplified input procedure, extensive component libraries, automated 

energy efficient improvement analysis, duct conduction and leakage analysis, latent and 

sensible cooling analysis, lighting and appliance audit, and active and passive solar analysis. The 

software has a user-defined reference home feature that enables the HERS provider to create 

other reference homes (reflecting local construction practices and local codes) that can be 

compared to the rated home. It also has an export database feature that creates a database of 

inputs and outputs for statistical analysis, archiving ratings and custom report generation. 

EnergyGauge USA 
This user-friendly but highly sophisticated home energy simulation software tool was designed 

to easily and accurately evaluate home energy efficiency. The software uses the powerful and 

widely respected DOE 2.1-E hourly building energy simulation software to simulate and 

evaluate energy use alongside the financial impacts of energy-efficiency improvements in 

existing and new high-performance homes.  

EnergyGauge USA complies with all requirements of the International Energy Conservation 

Code (IECC) for energy code compliance calculations and reporting and with all national 

accreditation procedures and technical guidelines for HERS, including the HERS BESTEST 

procedures.  

EnergyGauge USA was developed specifically to allow the easy and accurate calculation of 

energy use and demand in residential buildings. In the past, most residential energy analysis 

tools have used simplified methods to calculate residential building energy performance. 

EnergyGauge USA takes advantage of personal computer technology and DOE-2.1E software to 

complete an hourly annual simulation in under 30 seconds.  

The software has been used to simulate homes that have been monitored in detail in the field 

with excellent results. The EnergyGauge USA BESTEST Report24 is on permanent file with 

RESNET, the nation's accreditor of HERS Providers and Rater Training Providers. As a HERS tool, 

EnergyGauge USA offers, compliance with the National Renewable Energy Laboratory's HERS 

BESTEST4 procedures. HERS is in full compliance with the Mortgage Industry National Home 

Energy Rating System Standards as adopted by the National Association of State Energy Officials 

Standard DOE-2 reports, including hourly reports. 

                                                      
24

 Validation of EnergyGauge USA against monitored field data can be accessed on-line at: 
http://www.fsec.ucf.edu/en/publications/html/FSEC-CR-1670-00/index.htm. 
 
Documentation of EnergyGauge USA compliance within the HERS BESTEST can be accessed on-line at: 
http://www.fsec.ucf.edu/en/publications/html/FSEC-RR-55-00/index.htm. 
 

http://www.fsec.ucf.edu/en/publications/html/FSEC-CR-1670-00/index.htm
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Weatherization Assistant  
The Weatherization Assistant is a family of easy-to-use but advanced energy audit computer 

programs that identify the cost-effective energy-efficiency retrofit measures for a home after 

taking into account local weather conditions, retrofit measure costs, fuel costs and construction 

details of the home. The Weatherization Assistant is designed to help states and local 

weatherization agencies implement the DOE Weatherization Assistance Program, although it is 

also used by utilities and other home energy professionals.  

NEAT and MHEA  

The Weatherization Assistant serves as the umbrella program for two programs: the National 

Energy Audit Tool (NEAT) for site-built single-family homes and the Manufactured Home Energy 

Audit (MHEA) for mobile homes. A third program addressing small multi-family buildings is 

planned for the future.  

NEAT, developed by the Oak Ridge National Laboratory, was formally introduced in the summer 

of 1993 and was already being used by local weatherization agencies in 20 states by 1994. 

During 1995, NEAT was used by approximately 500 local weatherization agencies in 30 states to 

make retrofit decisions for more than 80,000 low-income dwellings.  

The unique construction characteristics of mobile homes require evaluating and installing 

measures specifically designed for such homes so weatherization efforts save energy and 

money.  

NEAT and MHEA evaluate each home individually, after taking into account local weather 

conditions, retrofit measure costs, fuel costs and specific construction details of the home. 

After describing envelope components, heating and cooling systems, and base load equipment 

(e.g., refrigerators, water heaters, lighting), NEAT and MHEA produce a prioritized list of cost-

effective weatherization measures customized for the dwelling being evaluated. The output 

includes estimates of the projected energy savings, savings-to-investment ratios (SIRs), 

installation costs, a list of the major materials necessary to perform the recommended 

weatherization retrofits, and design heating and cooling loads needed to size any replacement 

equipment.  

NEAT and MHEA use engineering calculations and weather data from one of 216 weather cities 

in the U.S. to compute the annual heat loss and heat gain of the home, and the annual space-

heating and space-cooling energy consumption required to keep the home at a specific 

thermostatic set point. Both programs calculate heat loss and heat gain on a monthly basis 

using a variable-base degree-day method and ten-year average weather data for the selected 

city.  
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Home Energy Saver 
The Home Energy Saver, the first Internet-based tool to help homeowners reduce energy use in 

their homes, quickly computes a home's energy use. By simply changing one or more features 

of the home, users can estimate potential energy savings of energy-efficiency improvements.  

Home Energy Saver is designed for the layperson, but is also useful to energy analysts, utilities, 

residential builders and equipment/service vendors. This web-based approach has several 

advantages over the traditional process of designing and deploying energy tools, such as a 

dynamic web-based information network and low-cost, immediate software distribution. 

The website serves as a do-it-yourself home energy audit, helping homeowners identify the 

best energy upgrades, providing information to help implement these upgrades, and 

connecting users to an expanding array of websites that provide information on energy-

efficient products, home builders, residential utility programs, newsletters, energy software 

and other useful topics. 

The site is being developed as part of the EPA ENERGY STAR Program for reducing CO2 

emissions from homes. Separate modules are provided for heating/cooling, DHW, lighting, 

appliances and miscellaneous uses. Energy consumption is estimated using state-of-the-art 

models and data developed at Lawrence Berkeley National Laboratory, most notably the DOE-2 

building simulation model for the heating/cooling module. A coordinated system of software 

and hardware makes this program easy to use, and an interactive database is accessible 

through common gateway interface (CGI) scripts.  

Energy Performance Score  
Energy Performance Score (EPS) is an exciting new tool that provides a standardized estimate of 

a homeΩs energy use and associated carbon emissions. The EPS allows you to compare the 

energy use of one home to another without the influence of varying occupant behavior. 

Homeowners can also use the tool to compare the typical energy use in the house in its current 

state versus what it could be like after energy upgrades.  

EPS is being used by utility programs, local and state governments, community-based 

organizations and independent energy assessors across the nation. As a homeowner or energy 

assessor, you can access specific information about a program in your community and create 

your own EPS account. Energy efficiency programs funded by DOE in coordination with state 

governments and local utilities are utilizing the EPS technology platform. In addition, 

homeowners, contractors, and auditors in Alabama, Massachusetts, Virginia, Washington and 

Oregon can access the EPS technology platform through existing energy efficiency programs. 
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The software is based on Michael BlasƴƛƪΩǎ {Lat[9 ƳƻŘŜƭΣ ǿƘƛŎƘ ǳǘƛƭƛȊŜǎ ƭŀǊƎŜ ǎŜǘǎ ƻŦ ǳǘƛƭƛǘȅ 

data and basic information about the home in lieu of a simulation model. 

SEEM 
The SEEM program, designed to model small-scale residential building energy use, consists of 

an hourly thermal simulation and an hourly moisture (humidity) simulation that interacts with 

duct specifications, equipment and weather parameters to calculate the annual heating and 

cooling energy requirements of the building. It is based on algorithms consistent with current 

ASHRAE, AHRI and International Organization for Standards (ISO) calculation standards.  

SEEM simulations do not require extensive training or technical sophistication in building 

thermal modeling, and have become standard design tools in many localities in the Pacific 

Northwest. SEEM is used extensively in the Northwest to estimate conservation measure 

savings for regional energy utility policy planners. It is the simulation engine used to provide 

heating and cooling energy savings estimates for the residential sector in the National Research 

Council's (NRC) Power Plan, for the Performance Tested Comfort System (PTCS) incentive 

program, the Northwest ENERGY STAR for Homes program and other utility program offerings.  

SEEM was developed by Ecotope and has been greatly enhanced by Larry Palmiter as its 

primary author. This program was developed by and for the NRC and NEEA. SEEM is also used 

to support state building energy code revisions including the Washington and Oregon state 

energy codes.  

To create a simulation, SEEM takes a number of input parameters including those for 

occupancy, equipment, ducts, envelope, foundation and infiltration. The input structure makes 

the program flexible and allows it to model a diverse set of building construction types, such as 

split-level, heated basements, slab-on-grade and cantilevered floors. SEEM generates a number 

of outputs including building UA, heating load, heating equipment input requirements, cooling 

load and cooling equipment input requirements.  

SEEM offers a number of advantages over other simulation programs. The step-by-step hourly 

calculations accurately model air temperature and mean radiant temperature using a state-of-

the-art algorithm. Heat pumps and air conditioners are modeled on real performance data from 

maƴǳŦŀŎǘǳǊŜǎΩ ŎŀǘŀƭƻƎs. SEEM also provides the capability to use multiple control strategies and 

thermostat setups for the equipment. SEEM also closely tracks duct losses to user-specified 

zones (inside, outside, crawl, attic) and accurately models their impacts. Additionally, SEEM 

contains a comprehensive below-grade heat loss algorithm to model building/ground contact 

through slabs, crawl spaces and basements. Weather data for the simulation comes from the 

widely used typical meteorological year (TMY) datasets. 
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AKWARM 
AHFC released AkWarm in 1996 as a software tool for builders, designers, energy raters, 

lenders and homeowners. The software can be used for energy design or retrofit, or to 

determine an energy rating.  

AkWarm accesses a wide range of Alaska-specific databases for weather, fuel, utility and 

material costs in more than 200 locations. On-screen calculators and input wizards make data 

entry simple and accurate. AkWarm will allow the user to create house data files, analyze 

energy use, calculate design heat load, easily make changes to the description of any energy 

component, compare energy performance and energy costs, and compute the savings of 

individual energy-conservation measures.  

AkWarm is certified to show compliance with the State of Alaska's BEES and the Municipality of 

Anchorage's heat loss calculations, eliminating the need for additional energy analysis. AkWarm 

is accepted by AHFC, FHA, VA, Fannie Mae and Freddie Mac for their energy-efficiency financing 

programs  

BEOPT 
¢ƘŜ .9ƻǇǘϰ ό.ǳƛƭŘing Energy Optimization) software was developed by NREL in support of the 

DOE Building America program goal to develop market-ready energy solutions for new and 

existing homes.  

This program evaluates residential building designs and identifies cost-optimal efficiency 

packages at various levels of whole-house energy savings along the path to zero net energy. 

BEopt provides detailed simulation-based analysis based on specific house characteristics such 

as size, architecture, occupancy, vintage, location and utility rates. Discrete envelope and 

equipment options, reflecting realistic construction materials and practices, are evaluated. 

BEopt can be used to analyze new construction and existing home retrofits through evaluating 

single building designs, parametric sweeps and cost-based optimizations.  

BEopt uses existing, established simulation engines (currently DOE2.2 or EnergyPlus). 

Simulation assumptions are based on the Building America House Simulation Protocols. The 

sequential search optimization technique used by BEopt finds minimum-cost building designs at 

different target energy-savings levels and identifies multiple designs, allowing for equivalent 

solutions based on builder or contractor preference.    

  

http://www.nrel.gov/
http://www.buildingamerica.gov/
http://www1.eere.energy.gov/buildings/building_america/house_simulation_protocols.html
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Home and Equipment Energy Feedback Tools  

Overview  
Like the fuel gauge indicator on a Prius or a heart rate/pulse monitor attached to your finger, 

both of these devices are providing you with valuable information that will tell you what to do 

in the near future. As with both technologies, there are displays or indicators that help guide or 

even change your behavior. With energy feedback monitors, there too lies a potential 

opportunity to adjust how we as energy consumers behave when we see our utility costs rise 

with feedback. The increased market penetration of energy feedback tools  is being driving 

primarily by behavior change programs and smart grid/meter capabilities while leveraging the 

ǘŜŎƘƴƻƭƻƎȅ ƛƴŘǳǎǘǊȅΩǎ όƘƛƎƘ-tech) fast pace as the platform to push opportunities out to 

consumers. Moreover, this evolution has created prospects in the behavior arena that is being 

capitalized beyond that provided by utilities, and includes commercial businesses, organizations 

and individual innovators, which may ultimately provide long-term and sustained energy 

savings. 

The intention of several commercial, large and small scale firms to promote the idea of 

changing home ƻǿƴŜǊκǊŜƴǘŜǊΩǎ ōŜƘŀǾƛƻǊǎ ŀǎ ƛǘ ǊŜƭŀǘŜǎ ǘƻ ǘƘŜƛǊ ŜƴŜǊƎȅ ǳǎŜ Ƙŀǎ ŜȄǇŀƴŘŜŘ ƛƴ ǘƘŜ 

past few years. There are complex systems requiring licensed electricians to the simpler, do-it-

yourself system, all of which have some information feedback component for the consumer. 

Additionally, several organizations and the telecom industry have come into the fold with 

programs and/or services that can be implemented quickly, and with recent initiatives such as 

Green Button and Smart Grid, there will be continued growth in this arena on the feedback 

effort.  

Understanding the information that is provided through feedback devices is one variable of the 

large equation: sustained energy conservation = feedback devices + education/awareness + 

behavior change + electricity rates + reliability + demographics + incentives. While data 

collection tools are the key to unlocking potential, it is the functionality or analysis and the 

appearance of the user interface that will ultimately steer the consumer in the direction that is 

needed to either change behaviors (long term) or install energy efficiency measures (short 

term). There are many web-based user interfaces that aggregate energy data and provide 

useful information to the consumer, however,  the trend appears to be moving in the direction 

of mobile phone/device based applications for the energy audit process (input) and energy 

efficiency retrofit recommendations (output), as well as the program deployment approach for 

comprehensive evaluations (input, output, implementation and evaluation). 

The oldest of such tools that provides home occupants the ability to enter data and analyze this 

information is the web-based Home Energy Saver, developed by the U.S. Department of 
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9ƴŜǊƎȅΩǎ [ŀǿǊŜƴŎŜ .ŜǊƪŜƭŜȅ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅΦ ¢Ƙƛǎ ǘƻƻƭ Ƙŀǎ ōŜŜƴ updated and expanded to 

include a more comprehensive analysis and has features for the trade professionals to access 

the tool as an energy audit provider. This web-based tool has both a simple and comprehensive 

information collection format. The more details that are provided by the homeowner or energy 

auditor, the more useful the tool becomes and therefore the results on energy use estimates, 

recommendations, and the energy savings from those suggestions will become more valuable. 

This tool uses the modeling engine, DOE2, to analyze the information collected to produce 

results and recommendations. While there is no current integration of smart meter data, Green 

.ǳǘǘƻƴ Řŀǘŀ ƻǊ ǳǘƛƭƛǘȅ ŀŎŎŜǎǎ όǘƘŜ ǳǎŜǊ Ƴǳǎǘ ƛƴǇǳǘ ǘƘƛǎύΣ ƛǘ ǇŀǾŜŘ ǘƘŜ ǿŀȅ ŦƻǊ aƛŎǊƻǎƻŦǘΩǎ ŀƴŘ 

GƻƻƎƭŜΩǎ ŜŦŦƻǊǘ ǿƛǘƘ ǘƘŜƛǊ ŜƴŜǊƎȅ ǳǎŜ ŜǾŀƭǳŀǘƛƻƴ ǇǊƻƧŜŎǘǎΦ 

With Hohm, Microsoft utilized (and licensed) the same framework as the Home Energy Saver, 

to better assess opportunities for efficiency improvements and attempted to dig further to 

make this tool more relevant. WSU supported Microsoft by providing guidance on the use of 

the tool; the need to have better integration with utility providers, their incentive programs & 

local contractors; and fresh content to reflect the current state of opportunities for the 

dwelling. After a few successful attempts to partner with utility providers, engage with 

manufacturers of tools that collect energy use data (BlueLine), create a collaboration with Ford 

ŀƴŘ ǘƘŜƛǊ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ ŀƴŘ ƛƴǾƻƭǾŜ ǘƘŜ ŎƻƴǘǊŀŎǘƻǊǎΩ ƻǊƎŀƴƛȊŀǘions, the benefits and interests 

to the company seemed to wane and hence, the project was scrapped. Similarly, the Goolgle 

project, Google Power Meter, a competitor in this area suffered the same fate. 

Google Power Meter was also off to a promising start, having incorporated a data collection 

tool earlier in their process to develop a useful interface for consumers to help save energy 

and/or monitor energy production from renewable energy systems. The use of The Energy 

Detective (TED) as the primary tool to ŀƎƎǊŜƎŀǘŜ ŀƴŘκƻǊ ǎŜǇŀǊŀǘŜ ŀ ƘƻƳŜΩǎ ŜƴŜǊƎȅ Řŀǘŀ ŀƴŘ 

provide relevant information to the occupant of the home proved to be of value. This endeavor 

for Google provided the energy consumer a live stream of their energy use. Additionally, the 

user interface provided cost data, historical and comparison options as well as the capability to 

access and share data from anywhere with web access. Additionally, they, too, successfully 

partnered with a handful of utilities to integrate this platform for their customers. Their 

interface and open integration capabilities also spawned a new industry in which several 

companies have capitalized on. Unfortunately, this tool is no longer available. 

Some organizations moved onward more successfully utilizing similar concepts mentioned 

above. Opower is one entity that implemented a program approach for utilities by integrating 

energy use data from the energy provider, which is pushed through their analytics engine with 

the resultant outputs of suggestions for improving energy efficiency, community comparisons 

to encourage behavior changes, and an energy alert functionality through mobile 
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communications and email. This program has been consistent in their approach and energy 

savings. Their focus is geared around creating social norms by comparing neighbors to enlighten 

consumers and change the energy consumption patterns through the use of their feedback 

tools. The approach they have taken has shown consistent energy savings of 1.5-3.5%. 

Energy Savvy, another program implementer, takes a slightly different approach. Rather than 

focus on behavior changes, their efforts are specific to getting the energy consumer to 

implement changes or measures into their living spaces. Their tool uses a specific algorithm to 

determine which measures or recommendations to implement in the home. The basis of the 

ŀƭƎƻǊƛǘƘƳ ǳǘƛƭƛȊŜǎ aƛŎƘŀŜƭ .ƭŀǎƴƛƪΩǎ {ƛƳǇƭŜ ǘƻƻƭΣ ǿƘƛŎƘ ǇǊƻǾƛŘŜǎ ŀ ǾŜǊȅ Ŝŀǎȅ ǳǎŜǊ ƛƴǘŜǊŦŀŎŜ ŀƴŘ ŀ 

small amount of consumer time to input data. The purpose and objective of the tool is to get 

early acceptance of energy efficiency technologies and implement the suggested measures. The 

success rate of the Energy Savvy model is quite high with 80% of users completing the on-line 

audit process (input). 

The Green Button initiative enables participants whose utility has incorporated standards and 

protocols to allow energy use data to be shared with third party application developers. These 

developers utilize this data to provide the owner/renter of the home to be more engaged with 

their energy use. The data is visualized via an array of user interfaces that include web portals 

and mobile applications. The purpose of this initiative is to inform the consumer of his/her 

energy use, provide suggestions or actionable tips to conserve energy and improve comfort, 

create a competitive environment by comparing your use to others in the community, verify 

retrofit measure savings and provide external information about the home to others (e.g. real 

estate transactions, energy efficiency contractors). The basis of the initiative is to create a 

common platform or data language that can be interpreted easily for utility program efforts or 

research organizations. 

Most of the above mentioned programs are taking data from the customer or utility, analyzing 

this information and providing suggestions or feedback on opportunities to save energy. How 

they provide this information to the consumer and the ease of implementing a suggestion or 

recommendation is of a considerable weight that will determine the basis of long-term energy 

savings.  

Monitoring Devices: Equipment and Tools  
There is a host of monitoring devices on the market. These are to be distinguished from home 

energy management systems that actually control energy use. Home energy monitors such as 

The Energy Detective (TED) provide feedback on energy use to home occupants. According to a 

recently completed survey of studies by the American Council for an Energy Efficient Economy 

(ACEEE), the range of energy savings from feedback is ranged from 0-19.5%, with average 
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savings across the pilots of 3.8%. The largest savings came from the replacement of pre-existing 

prepayment meters in Northern Irish homes with new prepayment meters having a real-time 

display. The smallest savings were observed in two pilots, which found no aggregate effect of 

real-time feedback on overall electricity consumption. One of the most promising results is that 

a small percentage of households in several of the pilots had large savings of up to 25%. 

(Source: Results from Recent Real-Time Feedback Studies, B. Foster, S. Mazur-Stommen, ACEEE, 

Report B122, 2012.) 

In addition to the TED system, some of these devices report energy use to smart phones, 

allowing some enthusiasts to track their energy use wherever they are. The utilization of these 

tools by consumers may be an indicator of the motived and engaged energy consumers, and 

indicates a trend that can probably be encouraged ς especially if energy use tracking could be 

linked to social media/marketing, thus making energy monitoring and low energy use άŎƻƻƭ.έ 

¢Ƙƛǎ ŎƻƴǎǳƳŜǊ ōŜƘŀǾƛƻǊ ƻǊ άŎƻƳǇŀǊŜ ǘƘȅ ƴŜƛƎƘōƻǊέ ǘǊŜƴŘ ƳƻŘŜƭǎ ǘƘŜ ǊŜŎȅŎƭƛƴƎ ŜŦŦƻǊǘ ƛƴ ǘƘŜ 

1980s and Ψ90s, pressuring those who do not have their cart out on their driveway to do so. The 

norming of the recycling behavior provides the path energy conservation is currently on.  

Other monitoring tools that have more comprehensive functionality include the recent 

intelligent thermostat NEST. This thermostat not only allows for the programming of heating or 

cooling set points for the home, but monitors mƻǘƛƻƴ ŀƴŘ ŜƴŜǊƎȅ ǳǎŜ ǇŀǘǘŜǊƴǎ ǘƻ άƭŜŀǊƴέ ŀōƻǳǘ 

ǘƘŜ  ƻŎŎǳǇŀƴǘΩǎ ōŜƘŀǾƛƻǊǎ ŀǎ ƛǘ ǊŜƭŀǘŜǎ ǘƻ ŎƻƳŦƻǊǘΣ ŀƴŘ ƭŜǎǎ ǎƻ ƻƴ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎΦ IƻǿŜǾŜǊΣ it 

also serves as a feedback device, because it records temperature and energy use and reports it 

to the internet where it can be accessed by the home occupantτand by Nest for mass impact 

analysis if the homeowner does not elect to prevent anonymous sharing of energy use data. By 

making the thermostat smarter, the intervention of the human input is removed.  

Smart Meters (Utilities-Smart Grid): may enable the utility or third parties to provide 

consumption data with specific suggestion to improve the home or change behavior. As with 

many of the energy monitoring tools available, the implementation of smart meters may be 

another opportunity to provide real-time feedback, warning or alert notifications and suggested 

approaches for energy conservation to the consumer. A smart meter or automated metering 

infrastructure (AMI) provides information to both the consumer and utility; however, there 

continue to be concerns regarding the privacy of the information or the control of the provided 

electricity. 

Many of the more comprehensive home energy management systems tend to be expensive 

and complex requiring professional installation and programming. These systems are less likely 

to be cost effective however, bundled packages or services from telecommunication companies 

who are taking advantage of this gap, are providing energy monitoring services and home 

security packages with the energy monitoring feature. With inexpensive monitoring devices or 
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services and utilities piloting smart meters, energy management for a homeowner may become 

more acceptable and less sophisticated, allowing for those who seek an efficient and effective 

way to engage in their use of energy. 

There are many other tools or devices available that have similar capabilities by searching the 

web (e.g. TED, Envi, BlueLine, ZigBee-based products, etc.) Some of these are do-it-yourself 

installs from plug-based devices to more comprehensive installations that may require a 

licensed electrician.  

Behavior Change Using Feedback Tools 
The Energy Audit and Retrofit Survey highlighted in this report shows that the building science 

community (practitioners and researchers) feel there is an opportunity for consumers to save 

energy by using feedback tools. While the energy consumption information may be readily 

ŀǾŀƛƭŀōƭŜΣ ǘƘŜ ƳŜŎƘŀƴƛǎƳ ƻŦ άŦŜŜŘōŀŎƪέΣ ǊŜƎŀǊŘƭŜǎǎ ƻŦ Ƙƻǿ ƛǘ ƛǎ ŎƻƳƳǳƴƛŎŀǘŜŘΣ ǿƛƭƭ ǎǘƛƭƭ ŦŀŎŜ ǘƘŜ 

persistent barrier of ŀ ŎƻƴǎǳƳŜǊΩǎ ŀŎŎŜǇǘŀƴŎŜ ǘƻ ōŜƘŀǾƛƻǊ ŎƘŀƴƎŜΦ 

While there are significant efforts being implemented throughout the country, many studies 

indicate varying ranges of energy savings using feedback tools. Most have no direct correlation 

with feedback tools, but rather a combined effort (retrofits/measure implementation and 

education/awareness) with the devices and a high cost of implementing such programs. 

The long-ǘŜǊƳ ŎƘŀƴƎŜǎ ǘƘŀǘ ŀǊŜ ƴŜŎŜǎǎŀǊȅ ǘƻ ŎƘŀƴƎƛƴƎ ƻƴŜΩǎ ōŜƘŀǾƛƻǊǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜƛǊ ŜƴŜǊƎȅ 

use can be summed up by the following actions: 

¶ Relevance and correlation between consumer and what is being consumed 

(electricity/gas cannot be seen)  

¶ Cost-effective tools to provide real-time information about specific actions 

¶ Significant increase in costs for electricity or gas for higher energy consumers 

There are vast amounts of research on the behavior aspects within energy conservation, 

adoption of energy efficiency or renewable energy technologies and the like. Many of the 

studies indicate several factors the can guide the appropriate approach to take based on 

regional or climate differences, cost of electricity and income, as well as cultural or societal 

values that may reflect successful adoption of behavior changes related to energy use. Through 

the use of feedback tools, there are many opportunities to make the next leap in the right 

direction and show long-term or persistent changes that will be part of our daily lives. 

(reference to attached bibliography on feedback devices) 
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Future Direction  
With current trends on the smart grid front and the deployment of innovative devices, 

applications, services and initiatives, the penetration of building feedback tools will further be 

integrated into our lives with our smartphones and perhaps allow for the increased adoption of 

what were once considered behavior change concepts for early adopters to creating norms 

which may be inherent to our behaviors. 

As feedback tools become more prominent in the energy field, there will be further 

opportunities to cost-effectively evaluate technologies or measures implemented in homes for 

weatherization programs, retrofit-programs or behavior-based initiatives. The energy use data 

will continue to be of value, however the inconsistency of analytics or standards that are in 

place to evaluate implementation will continue to be debated with regards to accuracy. As the 

devices or monitoring tools evolve to allow for disaggregation of specific data points (e.g. water 

heaters, lighting, plug-loads) or have the capability of monitoring multiple circuits, the accuracy 

of analytical tools or modeling engines may be moot. 

The identification of the proper monitoring tool (s), accuracy of data collection methodologies 

and a consistent and standardized process to evaluate the data will be the only necessary 

actions to justify which measures or technologies need to be implemented and thus so, 

recomputing the changes made will provide clear results to any and all who follow this 

standardization. 

It is difficult to see there being a common ground on the analysis process in the near future and 

it is suggested that future research and collaboration take place to determine the appropriate 

path for analysis of energy data. As monitoring devices (smart meters) or services, and data 

collection (Green Button, NEST) become a commonplace for the energy consumer or 

researcher, the analysis debate can be put on a shelf. While practices in the field are inherent 

to human errors, the continuation of quality assurance within organizations that provide 

training, the education process should continue to find ways of improving. This suggestion on 

the research front would be secondary, but would inherently need to integrate the consistent 

use of the same analytical tools to represent accurate and consistent feedback to the energy 

consumer. 

With consistency amongst those who analyze data, factual results may lead to a truer 

understanding for both consumer and provider and allow for feedback mechanisms to be more 

successful. Early adopter behaviors may become societal norms and energy conservation will be 

as simple as breathing. 
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ά!ǳǘƻƳŀǘŜŘ IƻƳŜ 9ƴŜǊƎȅ aŀƴŀƎŜƳŜƴǘ 9ȄǇŜǊǘ aŜŜǘƛƴƎΦέ .ǳƛƭŘƛƴƎ !ƳŜǊƛŎŀΣ 99w9 .ǳƛƭŘƛƴƎ 

Technologies Program, October 2009. 

http://www1.eere.energy.gov/buildings/building_america/ahem_expert_mtg.html  

2008  

ñSmart Metering and Consumer Feedback: What Works ŀƴŘ ²Ƙŀǘ 5ƻŜǎƴΩǘΦέ !/999 {ǳƳƳŜǊ 

Study, 2008. http://eec.ucdavis.edu/ACEEE/2008/data/papers/2_252.pdf 

άtƛƭƻǘ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ 9ƴŜǊƎȅ {ŀǾƛƴƎǎ ŦǊƻƳ wŜǎƛŘŜƴǘƛŀƭ 9ƴŜǊƎȅ 5ŜƳŀƴŘ CŜŜŘōŀŎƪ 5ŜǾƛŎŜǎΦέ ІC{9/-

CR-1742-08, Florida Solar Energy Center, January 2008. 

http://www.fsec.ucf.edu/en/publications/pdf/FSEC-CR-1742-08.pdf 

Schembri, J. ñThe Influence of Home Energy Management Systems on the Behaviours of 

wŜǎƛŘŜƴǘƛŀƭ 9ƭŜŎǘǊƛŎƛǘȅ /ƻƴǎǳƳŜǊǎΥ !ƴ hƴǘŀǊƛƻΣ /ŀƴŀŘŀ /ŀǎŜ {ǘǳŘȅΦέ ¢ƘŜǎƛǎ ǇǊŜǎŜƴǘŜŘ ǘƻ ǘƘŜ 

University of Waterloo in fulfillment of the thesis requirements for the degree of Master of 

Environmental Studies in Environment and Resource Studies, 2008. 

http://www.environment.uwaterloo.ca/research/greenpower/projects/documents/SchembriT

hesis2008.pdf 

άwŜǎƛŘŜƴǘƛŀƭ 9ƴŜǊƎȅ 5ƛǎǇƭŀȅ 5ŜǾƛŎŜǎΥ ¦ǘƛƭƛǘȅ tƛƭƻǘ ¦ǇŘŀǘŜΦέ ІмлмслууΣ 9ƭŜŎǘǊƛŎ tƻǿŜǊ wŜǎŜŀǊŎƘ 

Institute (EPRI), 2008. Description only, cost $2,375 for full report. 

http://my.epri.com/portal/server.pt?space=CommunityPage&cached=true&parentname=ObjM

gr&parentid=2&control=SetCommunity&CommunityID=404&RaiseDocID=00000000000101608

8&RaiseDocType=Abstract_id 

2007  

Robinson, JΦ ά¢ƘŜ 9ŦŦŜŎǘ ƻŦ 9ƭŜŎǘǊƛŎƛǘȅ-Use Feedback on Residential Consumption: A Case Study 

ƻŦ /ǳǎǘƻƳŜǊǎ ǿƛǘƘ {ƳŀǊǘ aŜǘŜǊǎ ƛƴ aƛƭǘƻƴΣ hƴǘŀǊƛƻΦέ ¢ƘŜǎƛǎ ǇǊŜǎŜƴǘŜŘ ǘƻ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 

Waterloo in fulfillment of the thesis requirement for the degree of Master of Environmental 

Studies in Environment and Resource Studies, 2007. 

http://www.environment.uwaterloo.ca/research/greenpower/projects/documents/Robinson-

finalthesis.pdf 

http://opower.com/uploads/library/file/3/residential_energy_use_behavior_change_pilot.pdf
http://opower.com/uploads/library/file/4/residential_electricity_use_feedback.pdf
http://www1.eere.energy.gov/buildings/building_america/ahem_expert_mtg.html
http://eec.ucdavis.edu/ACEEE/2008/data/papers/2_252.pdf
http://www.fsec.ucf.edu/en/publications/pdf/FSEC-CR-1742-08.pdf
http://www.environment.uwaterloo.ca/research/greenpower/projects/documents/SchembriThesis2008.pdf
http://www.environment.uwaterloo.ca/research/greenpower/projects/documents/SchembriThesis2008.pdf
http://my.epri.com/portal/server.pt?space=CommunityPage&cached=true&parentname=ObjMgr&parentid=2&control=SetCommunity&CommunityID=404&RaiseDocID=000000000001016088&RaiseDocType=Abstract_id
http://my.epri.com/portal/server.pt?space=CommunityPage&cached=true&parentname=ObjMgr&parentid=2&control=SetCommunity&CommunityID=404&RaiseDocID=000000000001016088&RaiseDocType=Abstract_id
http://my.epri.com/portal/server.pt?space=CommunityPage&cached=true&parentname=ObjMgr&parentid=2&control=SetCommunity&CommunityID=404&RaiseDocID=000000000001016088&RaiseDocType=Abstract_id
http://www.environment.uwaterloo.ca/research/greenpower/projects/documents/Robinson-finalthesis.pdf
http://www.environment.uwaterloo.ca/research/greenpower/projects/documents/Robinson-finalthesis.pdf
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2006  

ά9ŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ 5ƛǎǇƭŀȅƛƴƎ 9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴ 5ŀǘŀ ƛƴ wŜǎƛŘŜƴǘƛŀƭ .ǳƛƭŘƛƴƎǎΥ ¢ƻ Yƴƻǿ ƛǎ ǘƻ 

/ƘŀƴƎŜΦέ ACEEE Summer Study, 2006. 

http://www.aceee.org/sites/default/files/publications/proceedings/SS06_Panel7_Paper22.pdf 

ά¢ƘŜ 9ŦŦŜŎǘǎ ƻŦ IƻǳǎŜƘƻƭŘ /ƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ 9ƴŜǊƎȅ ¦ǎŜ /ƻƴǎŎƛƻǳǎƴŜǎǎ ƻƴ ǘƘŜ 9ŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ 

Real-Time 9ƴŜǊƎȅ ¦ǎŜ CŜŜŘōŀŎƪΥ ! tƛƭƻǘ {ǘǳŘȅΦέ ACEEE Summer Study, 2006. 

http://www.aceee.org/sites/default/files/publications/proceedings/SS06_Panel7_Paper01.pdf 

ά¢ƘŜ 9ŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ CŜŜŘōŀŎƪ ƻƴ 9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴΥ ! wŜǾƛŜǿ ŦƻǊ 59Cw! ƻŦ ǘƘŜ [ƛǘŜǊŀǘǳǊŜ 

ƻƴ aŜǘŜǊƛƴƎΣ .ƛƭƭƛƴƎ ŀƴŘ 5ƛǊŜŎǘ 5ƛǎǇƭŀȅǎΦέ 9ƴǾƛǊƻƴƳŜƴǘŀƭ /ƘŀƴƎŜ LƴǎǘƛǘǳǘŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ hȄŦƻǊŘΣ 

April 2006. 

http://www.eci.ox.ac.uk/research/energy/downloads/smart-metering-report.pdf 

άIƻǿ aǳŎƘ 9ƴŜǊƎȅ !ǊŜ ²Ŝ ¦ǎƛƴƎΚ tƻǘŜƴǘƛŀƭ ŦƻǊ 9ƴŜǊƎȅ 5ŜƳŀƴŘ CŜŜŘōŀŎƪ 5ŜǾƛŎŜǎΦέ ACEEE 

Summer Study, 2006. 

http://www.aceee.org/sites/default/files/publications/proceedings/SS06_Panel1_Paper19.pdf 

Woodridge Energy Study & Monitoring Pilot, Whirlpool Corporation, 2006. 

http://uc -ciee.org/downloads/Woodridge_Final_Report.pdf 

  

http://www.aceee.org/sites/default/files/publications/proceedings/SS06_Panel7_Paper22.pdf
http://www.aceee.org/sites/default/files/publications/proceedings/SS06_Panel7_Paper01.pdf
http://www.eci.ox.ac.uk/research/energy/downloads/smart-metering-report.pdf
http://www.aceee.org/sites/default/files/publications/proceedings/SS06_Panel1_Paper19.pdf
http://uc-ciee.org/downloads/Woodridge_Final_Report.pdf
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Home Performance /H VAC Contractor  Experiences  

Building Performance Institute  
The Building Performance Institute, Inc. (BPI) operates as a non-

profit, building performance credentialing, quality assurance and 

national standards-setting company in North America. It develops 

technical standards for home performance and weatherization 

retrofit work. BPI supports the development of the building 

performance industry through individual and organizational 

credentialing and quality assurance programs.  

BPI was founded in New York in 1993 as part of an effort to establish minimum standards for 

professionals working in the weatherization industry. Defining skillsets and mitigating risk 

through credentialing and QA were early goals. Over the next 10 

years, BPI became a de facto standard for retrofit weatherization 

across North America. BPI standards became widely used by low-

income weatherization programs and the emerging home 

performance industry, supporting programs such as Home 

Performance with ENERGY STAR. The process culminated in 2004, 

when requirements for QA of all certified contractors were added, 

which provided increased accountability for the industry and homeowners. 

A period of rapid expansion occurred from 2009 -2011 as federal stimulus dollars spurred a ten-

fold increase in low-income weatherization activity and the home performance industry 

speculated about the possibƛƭƛǘȅ ƻŦ άIƻƳŜ {ǘŀǊέ ƭŜƎƛǎƭŀǘƛƻƴΦ  

BPI develops standards using an open, transparent, consensus-based process built on building 

science. From these standards, BPI has developed professional credentials for individuals and 

accreditation for contracting companies ς including quality assurance programs. Current BPI 

credentials for individual technicians include building analyst, heating, AC/heat pump, 

shell/envelope and multi-family designations. Since 2010, BPI has been recognized as an ANSI 

standards development organization and is currently updating and reviewing all of their existing 

standards. 

BPI has developed rigorous written and field exams based on their nationally recognized 

standards. Through a network of affiliate test centers, exams are currently delivered in all 50 

states and five foreign countries in compliance with ANSI testing protocols. With support from 

DOE, BPI is currently piloting the roll out of new certifications for field workers in support of the 

http://www.bpi.org/
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newly developed Standard Work Specifications for the National Guidelines for Home Energy 

Efficiency Retrofit Workforce. 

Current Standards  

¶  BPI-104: Envelope Professional ς Technical standard outlining the scope of envelope 
diagnostics. 

¶  BPI-2400-S Standardized Qualification of Whole House Energy Savings Estimates ς
This standard specifies a process for calculating standardized estimated savings: a 
difference (delta simulation) between the modeled energy usage before an energy 
upgrade (or set of upgrades) and the modeled energy use after an upgrade (or set of 
upgrades), using approved building energy use simulation software. 

¶  Building Analyst Professional ς The technical standards applied by a BPI Building 
Analyst Professional in conducting a residential energy audit, including development of 
a recommended scope of work. 

¶  (Amended) BA Clarification of CAZ Depressurization Limits ς Defines more clearly 
the definition of an orphaned naturally drafted DHW heater for the purpose of 
establishing a combustion zone depressurization limit. 

¶  Heating Professional ς Technical standard applied by a BPI Heating Professional 
during the evaluation and/or installation of heating equipment. 

¶  Manufactured Housing Professional ς Technical standards applied by a BPI 
Manufactured Housing Professional during the inspection or installation of energy 
performance measures in manufactured housing. 

¶  Multifamily Building Analyst Professional ς Procedural outline of the required steps 
in conducting a BPI multi-family building energy audit. 

¶  Multifamily Energy Efficient Building Operator ς Technical standards applied by a 
BPI Multifamily Building Operator to assure safe energy efficient operation. 

¶  Multifamily Hydronic Heating Professional ς Technical standards applied by a BPI 
Multifamily Hydronic Heating Professional for the design and installation of energy 
efficient hydronic heating systems in multi-family housing.  

Standard  Under Review  

¶  BPI-1100-T-2010 (formerly BPI-101): Home Energy Auditing Standard ς Defines the 

scope of a BPI home energy audit. 

Looking to the F uture  

BPI board members and supporters have articulated a number of challenges that focus 
primarily on expanding the home performance industry: 

¶ Continue to expand the awareness of the value of BPI accreditation to contractors and 
consumers. This is necessary to ensure the stability of BPI as an organization and to 
promote the growth of the home performance industry in an open marketplace by 
contributing to the accountability of contractors. 

http://www.bpi.org/tools_downloads.aspx?selectedTypeID=1&selectedID=3
http://www.bpi.org/tools_downloads.aspx?selectedTypeID=1&selectedID=88
http://www.bpi.org/tools_downloads.aspx?selectedTypeID=1&selectedID=2
http://www.bpi.org/files/pdf/BA_Clarification_of_CAZ_Depressurization_Limits_v2.pdf
http://www.bpi.org/tools_downloads.aspx?selectedTypeID=1&selectedID=4
http://www.bpi.org/tools_downloads.aspx?selectedTypeID=1&selectedID=5
http://www.bpi.org/tools_downloads.aspx?selectedTypeID=1&selectedID=6
http://www.bpi.org/tools_downloads.aspx?selectedTypeID=1&selectedID=7
http://www.bpi.org/tools_downloads.aspx?selectedTypeID=1&selectedID=8
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¶ Following the implementation of BPI Standard 2400, which establishes a standard for 
making creditable estimates of energy savings from home performance measures, 
establish consistent methodologies to verify and count actual energy savings. Verifying 
actual performance is the final step in providing accountability to consumers and 
program implementers. 

¶ Determine a process to monetize actual savings in the marketplace. In the final analysis, 
the motivation and ability to make comprehensive improvements to the energy 
performance of existing homes depend on the creditable demonstration of value to the 
consumer. 

¶ Establish a database of energy retrofit data and a jobs registry that is creditable and 
recognized by the players in the capital markets. Based on variability of climates, 
housing types and energy resource costs, the analysis of creditable data on actual 
performance can streamline the audit process and mitigate risk for capital. 

Residential Energy Services Network  
The Residential Energy Services Network (RESNET; 

www.resnet.org) is an industry-formed, not-for-

profit corporation established in 1995 to develop a 

national market for home energy rating systems 

and energy efficient mortgages. RESNET's 

standards are officially recognized by the federal 

government for verification of building energy performance for federal tax incentives, the EPA 

ENERGY STAR program and the DOE Building America Program. RESNET standards are also 

recognized by the U.S. mortgage industry for capitalizing a building's energy performance in the 

mortgage loan and certifying ά²ƘƛǘŜ ¢ŀƎǎέ ŦƻǊ ǇǊƛǾŀǘŜ ŦƛƴŀƴŎƛŀƭ ƛƴǾŜǎǘƻǊǎΦ w9{b9¢ ƛǎ ŀ ƳŜƳōŜǊ 

of the United Nations Sustainable Buildings and Climate Initiative.   

ACCA and RESNET Team Up  

RESNET and ACCA each identified specific portions of the building performance market that 

were within their areas of expertise. Each organization focused on their core competencies and 

worked on whole-house retrofits for energy savings. However, neither association had 

adequate breadth to execute a whole-house energy solution.  

RESNET and ACCA realized the value of providing homeowners with a team of skilled 

technicians that uses an integrated approach and leverages the training and strengths of team 

members. Recognizing the complimentary nature of their organizations, ACCA and RESNET are 

now collaborating to launch a comprehensive, whole-house building performance platform. 

Together, the organizations have in their collective arsenals the standard practices and training 

regimes that position industry practitioners to perform a whole-house performance evaluation, 

design and upgrade.  
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ACCA and RESNET have defined how a home performance team is to operate and is 

credentialed, and the specific responsibilities of each team member. The goal is to ensure that 

home performance improvements are predictable and achievable.  

w9{b9¢Ωǎ 9ƴŜǊƎȅ {ƳŀǊǘ IƻƳŜ tŜǊŦƻǊƳŀƴŎŜ teams bring all of the ingredients needed to provide 

homeowners with a comprehensive and verifiable turnkey energy-saving retrofit. Additionally, 

the completed jobs will include an independent third-party verification designed to protect the 

ƘƻƳŜƻǿƴŜǊΩǎ ƛƴǘŜǊŜǎǘǎ ŀƴŘ ǘƘŜ ƛƴǘŜƎǊƛǘȅ ƻŦ ǘƘŜ ƘƻƳŜ ǇŜǊŦƻǊƳŀƴŎŜ ŜŦŦƻǊǘ. Homeowners can 

now benefit from a multi-disciplinary team approach to whole-house diagnostics and upgrades. 

Vital for implementing a whole-home performance team concept is establishing an industry-

developed method for conducting an audit, identifying opportunities, executing the work 

authorized by the homeowner and verifying that the upgrades were undertaken properly. The 

ACCA 12 QH ς 201x (Existing Home Evaluation and Performance Improvement) standard 

supports a multi-industry team approach for energy auditing experts, weatherization 

professionals, HVAC participants and other trade contractors.  

RESNET Auditors Ensure Quality 

RESNETΩǎ Energy Smart Home Performance teams will audit, prioritize opportunities and 

complete home improvements using the ACCA 12 QH Standard. The team will be comprised of 

a project manager and the trade professionals necessary to complete the project. HVAC-related 

work will be complete by a quality-assured HVAC contractor recognized by ACCA. Insulation-

related work will be performed by an insulation installer certified by the Insulation Contractor 

Association of America. The teams will be monitored by a RESNET Contractor Education and 

Qualification (CEQ) provider. 

The first step in the team-based approach is to provide homeowners with a complete energy 

audit and a performance improvement plan. Recommendations on insulation, HVAC 

repair/replacement, air sealing and window upgrades are prioritized based on a benefit vs. cost 

analysis. After the homeowner authorizes the specific remediations to be undertaken, the 

specially trained project leader oversees the work performed by the different trades.  

Upon completion of the improvements to energy use, durability and IAQ, the work is audited by 

an independent, third-party rater. The rater examines the contract specifications and verifies 

that the work is completed as specified. (Auditing and rating standards used by RESNET energy 

auditors are noted in the RESNET Resources section.) 

!##!ȭÓ 1ÕÁÌÉÔÙ !ÓÓÕÒÅÄ #ÏÎÔÒÁÃÔÏÒÓ -ÁËÅ ÔÈÅ $ÉÆÆÅÒÅÎÃÅ 

Traditional home performance improvement programs fail to properly address the 

performance of the HVAC system. HVAC systems are responsible for 40 percent or more of a 
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ƘƻƳŜΩǎ ŜƴŜǊƎȅ ǳǎŀƎŜ. In addition to potentially wasting energy, ignoring HVAC systems can lead 

to health and safety issues from combustion appliances, contaminants and moisture.  

To respond to this need, ACCA has developed a recognition program for HVAC contractors that 

observe industry-recognized standards. To participate in the QA contractor program for existing 

homes, HVAC contractors must follow industry-recognized standards as confirmed by third-

party verifications. QA contractors do not need to be ACCA members to participate. 

ACCA and EPA Support ENERGY STAR Programs  

Quality Installation Standards  Set the Path 

9t!Ωǎ ENERGY STAR HVAC Quality Installation (QI) program provides guidance to local sponsors 

(such as electric or gas utilities) on how to install replacement HVAC systems in residential 

applications for optimized energy savings and occupant comfort. This program uses the 

ANSI/ACCA 5 QI Standard to ensure proper equipment sizing, duct sealing, balanced airflows 

and refrigerant charges. A growing number of utilities are embracing this ENERGY STAR 

program, which was implemented in 2009. 

Quality Assured Contractor Recognition Program  

Lƴ ǎǳǇǇƻǊǘ ƻŦ 9t!Ωǎ ǊŜǾŀƳǇŜŘ 9t! ENERGY STAR for Qualified New Homes Program, ACCA has 

established the QA contractor recognition program. Key aspects of the program are that HVAC 

contractors are to observe the requirements in the ANSI/ACCA 5 QI Standard and maintain 

written policies/procedures (as identified in the QA Essential Elements) to ensure that quality is 

consistently achieved in the field. Per the ENERGY STAR requirements, RESNET HERS raters 

undertake in-field verifications and report to the homebuilder on the outcome of those 

inspections. 

The QA Program recognition effort helps: 

¶ Raise the professionalism of the U.S. HVAC industry,  

¶ Homebuilders identify quality contractors, and  

¶ Program administrators find quality HVAC contractors for their incentive programs.  

Sensitivity Studies on HVAC Quality Installation and Quality Maintenance  

It is widely recognized that residential and commercial heating and cooling equipment suffer 

significant performance loss (i.e., capacity and efficiency) depending on how the components 

are sized, matched, installed and maintained. The International Energy Agency (IEA) is 

evaluating how installation and/or maintenance deficiencies cause comfort-conditioning 

systems to perform inefficiently and waste energy. The agency sought to determine the 

significance of operational deviations, if the combined deviations have an additive effect on 
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equipment performance, and if some deviations (among country-specific equipment types and 

locations) have larger impacts than others. 

International Research Effort  

The IEA Annex 36 (Quality Installation/Quality Maintenance Sensitivity Studies), established in 

2010, is a new international research effort based on the ANSI/ACCA 4 QM and ANSI/ACCA 5 QI 

Standards. Annex 36 participating countries are France, Sweden, United Kingdom and the 

United States; ACCA, NIST (an agency of the U.S. Department of Commerce) and Oak Ridge 

National Laboratory (a DOE laboratory) are serving as cooperating agents for the initiative. The 

purpose of Annex 36 is to evaluate how deficiencies in the installation and/or maintenance of 

heating and cooling systems can cause inefficient performance and energy waste. The annex is 

scheduled to run through November 2013. Annex 36 activities are described in Table 2.  

Table 2. Annex 36 Activities 

Task Activity Dates Effort 

1 Critical literature 
survey 

Nov 2010 ς 
Apr 2011 

Literature review and critical analysis of results from prior 
research to identify QI & QM metrics and to secure quantitative 
and qualitative impacts of various deviations from the specified 
levels recommended in relevant QI & QM standards. 

2 Identify sensitivity 
parameters 

May 2011 ς 
Oct 2011 

Identify participant-specific QI & QM elements to be included in 
the pŀǊǘƛŎƛǇŀƴǘΩǎ ǎŜƴǎƛǘƛǾƛǘȅ ƛƴǾŜǎǘƛƎŀǘƛƻƴ 

3 Modeling, lab-
controlled 
measurements, 
and/or in-situ 
investigations 

Nov 2011 ς 
Jul 2012 

Undertaken to verify the results provided by earlier researchers, 
fill in holes regarding quantifying the impacts of QI & QM vs. 
non-QI & QM applications, and better understand the singular 
and additive impacts on equipment effectiveness 

4 Simulations on 
seasonal impacts 

Aug 2012 ς 
Apr 2013 

Determine the role that seasonal temperature differences have 
on the varied QI & QM elements and the resultant impact on 
heat pump performance. 

5 Country reporting 
and information 
dissemination 

May 2013 ς 
Nov 2013 

Each country participant is to report the results of these tasks 
and the U.S. operating agents will consolidate this information 
into a final report for subsequent dissemination. 

NIST Undertaking QI Analysis 

NIST, a U.S. Commerce Department laboratory, undertook a sensitivity analysis of the ACCA QI 

Standard elements in 2011. The NIST contribution is in two main areas: 

¶ Laboratory investigations: Cooling and heating tests with imposed faults that include 

duct leakage (to unconditioned space), supply airflow misbalance (room to room), HVAC 

equipment over- and under-sizing, indoor coil airflow (over and under design), 

refrigerant charge (over and under requirements), electrical voltage (over- and under-

rated) and expansion device mismatch. 
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¶ Modeling: Seasonal analysis modeling include effects of different single-family house 

types (slab vs. basement foundations, etc.) and climates (hot-humid, hot-dry, mixed, 

and heating dominated) in the assessment of various faults on heat pump performance.  

Examples of Third -Party QI  & QM Interest and Involvement in the U.S. 

The ANSI/ACCA 4 QM and ANSI/ACCA 5 QI Standards are embraced by the industry, as 

described in Table 3. 

Table 3. Examples of QI/QM Adoption by Others 

Organization Activity 

EPA ¶ ENERGY STAR HVAC Quality Installation Program uses the ANSI/ACCA 5 QI 
Standard as the basis for HVAC equipment installations. 

¶ ENERGY STAR Qualified New Homes Program uses the ANSI/ACCA 5 QI 
Standard as the basis for HVAC equipment installations. 

DOE ANSI/ACCA 5 QI is recommended by the DOE Builders Challenge program 

USGBC LEED for Homes 
rating system 

ANSI/ACCA 5 Q is a prerequisite for certification (draft version pending public 
comment) 

California Public 
Utilities Commission 
(CPUC) 

Requires its investor-owned utilities to undertake activities that promote QI 
and QM in the field. ANSI/ACCA 4 QM and ANSI/ACCA 5 QI are specifically 
recognized. 

Consortium for Energy 
Efficiency (CEC) 

Has adopted the ANSI/ACCA 5 QI Standard as a recommended requirement for 
its utility members with energy programs 

National Association of 
Homebuilders (NAHB) 

ENERGY STAR HVAC Quality Installation Program homes are automatically 
accepted at the bronze level in the 2012 Green Building Standard 

Outside Equipment 

Manufacturers (OEMs) 

Require that their dealer base install HVAC systems per the ANSI/ACCA 5 QI 

Standard 

Utilities Numerous utilities have incorporated elements of the QI & QM Standards into 

their incentive programs 

Net-Zero Energy Homes  

As homes become more efficient and on-site electricity generation equipment (e.g., solar 

panels, fuel cells, micro-turbines and windmills) become more reliable and cost-effective, there 

will be a need for practitioners who know how to help homeowners progress towards net-zero 

energy buildings. With the development of its quality standards, ACCA is positioning contractors 

to undertake net-zero energy building implementations in addition to their current offerings 

related to health, safety, IAQ, energy and water conservation improvements. This complements 

the efforts currently being undertaken by the EPA, DOE and others to encourage efficiency and 

operation improvements in heating, ventilation and air conditioning systems; water heating 

systems; lighting and the building envelope. 

Significant reductions in home heating and cooling loads will become evident as home 

envelopes become tighter, insulation levels improve, internal loads are reduced and ducts are 
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relocated to the conditioned space. Air conditioners can be dramatically downsized; one ton of 

refrigeration effect will be adequate for approximately 2,000 square feet of conditioned living 

area. Compare this with air conditioning requirements in ǘƻŘŀȅΩǎ ƘƻǳǎƛƴƎ ǎǘƻŎƪ:  

¶ One ton of refrigeration effect is needed for every 400 to 600 square feet in homes built 

before the 1980s.  

¶ One ton of refrigeration effect is needed for every 900 to 1,200 square feet in homes 

built to a relatively recent version of the energy code. 

The following will be needed: 

 Equipment: 

¶ Air conditioning equipment and control strategies for conventional systems that are 
18,000 Btu/h and less. 

¶ Heating equipment and control strategies for conventional systems that are 35,000 
Btu/h and less. 

¶ Redesigned low-flow grilles and registers that provide proper throw and air mixing. 

¶ Cost-effective alternative equipment, components and controls. 

¶ Tools and instrumentation that are even more accurate for measuring reduced 
capacities, airflow, refrigerant charges, etc. 
 

Initially, OEMs might offer packaged equipment that contains a small coil with a big 

blower in a bypass cabinet. ! ǎƳŀƭƭ ƘŜŀǘ ŜȄŎƘŀƴƎŜǊΩǎ /Ca ƛǎ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ŀ ǎƳŀƭƭ 

load, and bypass air plus conditioned air is compatible with the mixing effectiveness 

needs for the conditioned space. 

 Guidance: 

¶ Updated building parameters so load calculations can address newer building 
approaches and applications. 

¶ Revised equipment selection procedures based on the new equipment to be offered to 
the field. 

¶ New HVAC designs and information on how to get at least haƭŦ ƻŦ ǘƻŘŀȅΩǎ ƘƻƳŜ ŀƛǊŦƭƻǿ 
throughout a net-zero energy house when the equipment is at one-fifth the capacity. 

¶ Alternative strategies for ventilation and moisture/humidity control. 
 
w9{b9¢Ωǎ ƻǊƛƎƛƴŀƭ ŦƻŎǳǎ ǿŀǎ ƻƴ ǘƘŜ ŜȄƛǎǘƛƴƎ ƘƻǳǎƛƴƎ ƳŀǊƪŜǘΦ ¢ƘŜ ŦƻŎǳǎ ǎƘƛŦted to new homes 

with the incorporation of RESNET standards in the EPA ENERGY STAR program, state code 

compliance and federal tax incentives. But with the recent downturn in the new construction 

industry and increased focus on the need to retrofit existing housing stock, RESNET has once 

again identified existing homes as a high priority 
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As a national standards-setting organization in North America, RESNET develops and maintains 

the Home Energy Rating System (HERS) standards for new and existing home inspections and 

evaluation, and establishes criteria for software analysis tools. As of 2012, RESNET is an ANSI 

Standard Development Organization, responsible for creating standards using a consensus-

based development and amendment process that includes formal public review and comment.  

RESNET accredits organizations (providers) to train and oversee RESNET-developed 

certifications; while RESNET does not certify individuals, it does administer online certification 

exams and oversees the quality assurance efforts for each provider.  

w9{b9¢Ωǎ ƳŜƳōŜǊǎƘƛǇ ƛǎ ŎƻƳǇƻǎŜŘ ƻŦ ǊŀǘŜǊκŀǳŘƛǘƻǊǎΣ ŎƻƴǘǊŀŎǘƻǊǎΣ ǇǊƻǾƛŘŜǊǎ ŀƴŘ ŀǎǎƻŎƛŀǘŜ 

members. RESNET is governed by a 17-member board of directors elected by the membership. 

The RESNET Board of Directors has established the following standing committees, each of 

which provides the Board with policy, implementation and technical guidance: 

¶ Accreditation ς Responsible for the oversight of RESNET's accreditation application 
review process and accreditation procedures. 

¶ Quality Assurance ς wŜǎǇƻƴǎƛōƭŜ ŦƻǊ ƛǎǎǳƛƴƎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴǎ ƻƴ w9{b9¢Ωǎ ǉǳŀƭƛǘȅ 
assurance standards and provider quality assurance program. 

¶ Ethics and Appeals ς Responsible for review and determination of quality assurance 
appeals and ethics violations. 

¶ Training and Education ς wŜǎǇƻƴǎƛōƭŜ ŦƻǊ ƛǎǎǳƛƴƎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴǎ ƻƴ w9{b9¢Ωǎ ǘǊŀƛƴƛƴƎ 
ǎǘŀƴŘŀǊŘǎΣ ƳŀƛƴǘŜƴŀƴŎŜ ƻŦ w9{b9¢Ωǎ ŎŜǊǘƛŦƛŎŀǘƛƻƴ ŜȄŀƳǎΣ ŀǇǇǊƻǾŀƭ ƻŦ ŀƭƭ w9{b9¢ 
education programs and maintenance of RESNET rater certification categories. 

¶ Technical ς Responsible for interpretation of technical standards, procedures and 
guidelines; technical evaluation of issues and programs; and continuing maintenance of 
technical standards. 

¶ Standards ς wŜǎǇƻƴǎƛōƭŜ ŦƻǊ ŀǎǎǳǊƛƴƎ ǘƘŀǘ w9{b9¢Ωǎ ǎǘŀƴŘŀǊŘǎ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ 
maintenance meet ANSI requirements. 

Homes aǎǎŜǎǎŜŘΣ ƻǊ άǊŀǘŜŘΣέ ǳƴŘŜǊ ǘƘŜ w9{b9¢ ǎǘŀƴŘŀǊŘǎ ǳƴŘŜǊƎƻ ŀ Ǉƭŀƴ 

review and visual inspection by a home energy rater. The homes also receive 

a rating, or assessment, of their energy performance. This rating is generated 

from a software program; a full list of qualifying programs is available at 

http://www.resnet.us/professional/programs/energy_rating_software. The 

rating is indexed so that a rating of 100 is representative of a home with 

layout, siting and orientation identical to a home built to the 2004 

International Energy Conservation Code. A rating higher than 100 represent a 

home with higher energy use; a rating lower than 100 represent a home with 

lower energy use. 

http://archive.resnet.us/about/committees/committee.aspx?CommitteeID=13
http://www.resnet.us/professional/about/quality-assurance-committee
http://www.resnet.us/professional/about/ethics-appeals-committee
http://www.resnet.us/professional/about/training-and-education-committee
http://www.resnet.us/professional/about/technical-committee
http://www.resnet.us/professional/about/standards-committee
http://www.resnet.us/professional/programs/energy_rating_software
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As of 2010, the RESNET standards provide a framework for an energy audit process for existing 

homes. The audit standard allows for three approaches: 

¶ A Home Energy Survey (HES) ς A general assessment of the condition of the home with 
respect to energy performance, conducted either by a DOE- or RESNET-approved 
computerized online survey or by a (provider-certified) Home Energy Survey Professional 
(HESP). 

¶ A Building Performance Audit (BPA) ς A comprehensive assessment of the performance 
characteristics of the home, including leakage testing for building envelopes and ducts, 
and combustion safety testing (similar to BPI requirements). A work order for the home 
is also included. These audits are administered by (provider-certified) Building 
Performance Auditors. 

¶ A Comprehensive HERS Rating (CHER) ς Includes all of the elements of a BPA, above, as 
well as a complete rating using RESNET-approved software. 

RESNET maintains standards for RESNET EnergySmart contractors and teams. EnergySmart 

contractors receive training in building science, combustion safety and work scopes from a 

Contractor Education and Qualification (CEQ) provider, who also administers a certification 

exam. EnergySmart teams are composed of a program manager, certified EnergySmart and 

ACCA QI contractors and raters or Building Performance Auditors. (For more information on the 

w9{b9¢κ!//! ǇŀǊǘƴŜǊǎƘƛǇΣ ǎŜŜ άACCA and RESNET Team UpΣέ ōŜƭƻǿΦ) 

In addition to the standards for inspections and evaluation, RESNET provides credentials for the 

following provider organization types: 

¶ Accredited Rating Providers ς Provide oversight and quality assurance for home energy 
raters. 

¶ Accredited Home Energy Audit (HEA) Providers ς Provide oversight and quality 
assurance for Home Energy Survey Professionals and Building Performance Auditors. 

¶ Accredited Rating Sampling Providers ς Provide oversight for raters applying RESNET 
sampling protocols for ratings. 

¶ Accredited Rater Training Providers ς Administer training to RESNET-defined minimum 
competencies and provide testing for home energy raters. 

¶ Approved Contractor Education and Qualification (CEQ) Providers ς Administer training 
to EnergySmart contractors. 

 

w9{b9¢Ωǎ ŦǳǘǳǊŜ ŜŦŦƻǊǘǎ ƛƴ ǘƘŜ ŜȄƛǎǘƛƴƎ ƘƻǳǎƛƴƎ ƳŀǊƪŜǘ ǿƛƭƭ ŦƻŎǳǎ ƻƴ ŜȄǇŀƴŘƛƴƎ ǘƘŜ ǳǎŜ ƻŦ 

EnergySmart contractors and teams to provide comprehensive upgrades to existing homes, and 

advocating for federal action on tax credits and financing the improvements of building energy 

performance. RESNET will also continue to foster strategic partnerships with organizations such 
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as ACCA, thŜ bŀǘƛƻƴŀƭ wŜƳƻŘŜƭƛƴƎ LƴŘǳǎǘǊȅ !ǎǎƻŎƛŀǘƛƻƴ ŀƴŘ ǘƘŜ Lƴǎǳƭŀǘƛƻƴ /ƻƴǘǊŀŎǘƻǊΩǎ 

Association of America.  

ACCA Resources for Residential Applications  

ACCA Quality Standards 

ANSI/ACCA 4 QM (Maintenance of Residential HVAC Systems) 

ANSI/ACCA 4 QM prescribes basic maintenance inspection tasks and offers recommended 

corrective actions to maintain residential HVAC systems. It provides guidance for the inspection 

of typical residential HVAC systems to improve heat transfer, energy efficiency, durability, 

indoor air quality and comfort and provides recommended maintenance procedures. 

Equipment checklists detail the minimum visual inspections, performance tests and 

measurements to be performed. 

ANSI/ACCA 5 QI (HVAC Quality Installation Specification) 

ANSI/ACCA 5 QI focuses on the actual installation and how the system is selected, installed and 

commissioned. For this standard, core areas that characterize a quality installation include 

specific aspects related to design, air and water distribution, equipment installation and system 

documentation and owner education. For each aspect, the standard proscribes the tolerance, 

acceptable procedures, and acceptable documentation. 

ANSI/ACCA 6 QR (Restoring the Cleanliness of HVAC Systems)  

Recognizing that maximum benefit is achieved when the system is addressed in its entirety, the 

ANSI/ACCA 6 QR standard details a methodology to restore the cleanliness of a complete HVAC 

system (e.g., heat exchangers, airside surfaces, ducts). The standard proscribes cleaning 

methods and procedures that focus on improving the overall indoor air quality and 

safeguarding building occupants through comprehensive restoration practices. The standard 

also provides direction to assess the economic viability of replacing HVAC components or 

systems versus restoring them. 

ANSI/ACCA 9 QIvp (HVAC Quality Installation Verification Protocols)  

ANSI/ACCA 9 QIvp provides the verification protocols to ensure that the ANSI/ACCA 5 QI 

elements are properly performed. The QIvp standard positions program administrator to 

protect the value and integrity of their QI programs through qualified and objective 

examination of specific HVAC system installations. The QIvp Standard details the elements to be 

verified, tolerances, sampling routines and documentation requirements. 

ACCA 12 QH (Existing Home Evaluation and Performance Improvement)  

ACCA 12 QH provides guidance to the varied organizations involved in home retrofit and energy 

renovation. It establishes the minimum criteria by which deficiencies in existing homes are 

identified by audit, improvement opportunities are assessed, scopes of work are finalized, work 
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is performed in accordance with industry-recognized procedures and improvement objectives 

are met.  

ACCA Design Manuals 

ANSI/ACCA 1 Manual D (Residential Duct Systems) 

Manual D® provides the procedures for designing residential air duct systems. It includes 

information about constant volume and variable volume systems, system performance 

characteristics, duct materials, blower performance, airside components and airway sizing 

procedures. The manual also includes information about duct system efficiency and synergistic 

interactions between the duct system, the building envelope, the HVAC equipment, the supply 

and return vents, and the household appliances. Indoor air quality, noise control, testing and 

balancing are also discussed. Manual D is specified in the national building codes and enforced 

by many local code jurisdictions. 

ANSI/ACCA 2 Manual J (Residential Load Calculations) 

The eighth edition of Manual J (Manual Jуϰύ estimates heating and cooling loads for all types of 

residential, low-rise structures. Once the heating and cooling loads are known, the proper HVAC 

equipment can be selected and the duct system can be designed to deliver the correct amount 

of air to all of the rooms in the home. In practice, Manual J8 ǇǊƻŘǳŎŜǎ άǘƘŜ ǎƳŀƭƭŜǎǘ ŘŜŦŜƴǎƛōƭŜ 

ƭƻŀŘέ ŦƻǊ ŜǉǳƛǇƳŜƴǘ ǎƛȊƛƴƎ ƛƴ ƻǊŘŜǊ ǘƻ ƻǇǘƛƳƛȊŜ ǎȅǎǘŜƳ ǇŜǊŦƻǊmance, minimize operating costs 

and maximize customer satisfaction. Manual J is specified in the national building codes and 

enforced by many local code jurisdictions. 

ANSI/ACCA 3 Manual S (Residential Equipment Selection) 

Manual S illustrates how to select and size heating and cooling equipment to meet Manual J 

loads based on local climate and ambient conditions at the building site. Manual S addresses 

sizing strategies for all types of cooling and heating equipment, as well as how to use 

ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǇŜǊŦƻǊƳŀƴŎŜ Řŀǘŀ ƻƴ ǎŜƴǎƛōƭŜΣ ƭŀǘŜƴǘΣ ƻǊ ƘŜŀǘƛƴƎ ŎŀǇŀŎƛǘȅ ŦƻǊ 

various operating conditions. Manual S is specified in the national building codes and enforced 

by many local code jurisdictions. 

ANSI/ACCA 10 Manual SPS (HVAC Design for Swimming Pools and Spas) 

Manual SPS provides the information needed for buildings that contain indoor pools and spas, 

addressing the unique moisture, temperature and equipment requirements for these uses. 

ANSI/ACCA 11 Manual Zr (Residential HVAC System Zoning) 

Manual Zr provides guidance for designing zoned comfort systems for low-rise, residential 

buildings. Detailed are zonal load calculations; zoning strategies and protocols (diversity issues, 

multi-level construction, diverse floor plans, winter/summer room and zone CFM variations, 

etc.); zoned systems types/attributes (multiple furnaces or refrigeration cycle units, central 
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heating-cooling with variable air volume (VAV) dampers, split coil refrigeration cycle with 

multiple indoor coils); controls and control strategies (damper sizing; multi- or variable-speed; 

airflow management, bypass air); and zonal duct design elements. 

ACCA Manual T (Air Distribution Basics for Residential and Small Commercial 

Buildings)  

Manual T provides information on sizing, selecting, and locating supply air diffusers, grilles and 

registers and the return grilles. Manual T content minimizes the drafts and stagnant air 

problems caused by improper application of these terminal units. 

RESNET Resources for Residential Applications  

2006 Mortgage Industry National Home Energy Rating System Standards  

The Home Energy Rating System Standards ς developed by a joint NASEO/RESNET Accreditation 

Task Force ς provide the methodology to ensure that accurate and consistent home energy 

ratings are performed. This document contains the procedures for accrediting home energy 

rating providers and technical standards by which home energy ratings shall be conducted so 

results will be acceptable to public and private sector industries that may require an objective, 

cost-effective, sustainable home energy rating process.  

700 RESNET National Standard for Home Energy Audits 

Home Energy Audits provides uniform, comprehensive home energy surveys, audits and ratings 

for existing residential buildings. A certified auditor, an accredited provider and/or a program 

administrator would apply this standard to improve the energy performance of existing homes. 

The standard encourages investments by building owners and ensures that energy 

improvement recommendations are portrayed with reasonable and consistent projections of 

energy savings.  

RESNET ENERGY STAR Homes Program Accreditation Procedures for Builder Option 

Package Providers 

The Accreditation Procedures provide the methodology for accrediting Building Option Package 

(BOP) providers and was developed by the EPA. The procedures are used by homebuilders to 

demonstrate compliance to the ENERGY STAR Homes Program. The BOPs have been 

ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƻ ƳŜŜǘ ǘƘŜ IƻƳŜ 9ƴŜǊƎȅ wŀǘƛƴƎ ǎŎƻǊŜ ус Ǉƻƛƴǘ ǘƘǊŜǎƘƻƭŘ ǳƴŘŜǊ άǿƻǊǎŜ ŎŀǎŜέ 

scenarios. The procedures involve the same building performance inspection elements as a 

home energy rating. The accreditation criteria are based on the Mortgage Industry National 

Home Energy Rating System Accreditation Standard.  

Rating and Home Energy Survey Ethics and Standards of Practice 

The Energy Survey Ethics details principles and rules of conduct for home energy raters and 

providers in order to deliver quality and professional service. RESNET follows specific 
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ǇǊƻŎŜŘǳǊŜǎ ŎƻƴǘŀƛƴŜŘ ƛƴ ƛǘǎ !ŎŎǊŜŘƛǘŀǘƛƻƴ {ǘŀƴŘŀǊŘǎ ǘƻ ŜƴŦƻǊŎŜ ǘƘƛǎ ΨŎƻŘŜ ƻŦ ŜǘƘƛŎǎΩ ǘƘŀǘ 

addresses professional conduct, representations of services and fees, and conflicts of interest.  

Procedures for Verification of International Energy Conservation Code Performance 

Path Calculation Tools RESNET Publication No. 07-003 

The IECC Performance Calculation Tools, created with support from DOE through NREL, 

calcuƭŀǘŜǎ ŀ ƘƻƳŜΩǎ ŜƴŜǊƎȅ ǇŜǊŦƻǊƳŀƴŎŜ ǘƻ ŘŜǘŜǊƳƛƴŜ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ 

requirements of the International Energy Conservation Code (IECC, §404). The IECC 

performance path is comparative (proposed home as compared with the standard reference 

design home) and requires software modeling tools that comply with this RESNET publication 

for accuracy and comparability purposes. 

RESNET EnergySmart Contractors Guidelines 

The EnergySmart Contractor Guidelines define a framework for designating contractors as 

RESNET EnergySmart Contractor participants and defines recognition measures for 

EnergySmart Home Performance Teams. It details the approval of CEQ providers, the oversight 

organizations through which a contractor may receive designation as a RESNET EnergySmart 

contractor. It also details the process by which an alliance of RESNET EnergySmart contractors 

working in partnership with a certified Comprehensive Home Energy Rater (CHERS Rater) or 

Building Performance Auditor may become RESNET-recognized as an EnergySmart Home 

Performance Team. 

Air Conditioning Contractors of America  
by Glenn Hourahan 

The Air Conditioning Contractors of America (ACCA; www.acca.org) is a non-profit trade 

association serving more than 60,000 professionals and 4,000 businesses in the HVACR 

community. ACCA seeks to promote professional contractors that install energy efficient 

ŜǉǳƛǇƳŜƴǘ ǘƻ ǇǊƻǾƛŘŜ ƘŜŀƭǘƘȅΣ ŎƻƳŦƻǊǘŀōƭŜ ƛƴŘƻƻǊ ŜƴǾƛǊƻƴƳŜƴǘǎΦ ¢ƘŜ ŀǎǎƻŎƛŀǘƛƻƴΩǎ Ǌƻƻǘǎ 

stretch back to the early 1900s, and ACCA is well known for developing industry-recognized 

guidelines, manuals and standards. As an American National Standards Institute (ANSI) 

{ǘŀƴŘŀǊŘǎ ŘŜǾŜƭƻǇƳŜƴǘ ƻǊƎŀƴƛȊŀǘƛƻƴΣ ŀ ƴǳƳōŜǊ ƻŦ !//!Ωǎ Ƴŀƴǳŀƭǎ ŀƴŘ ǎǘŀƴŘŀǊŘǎ ƘŀǾŜ 

undergone the ANSI review process. 

Positioning for Whole -House Performance  

For years, industry professionals have envisioned innovative approaches to provide whole-

home energy savings by applying the latest technologies and the best home performance 

practices. Unfortunately, the multi-trade skill sets required to complete a comparative cost-

benefit analysis have been elusive. Worse, the complexity of coordinating the multi-trade 
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design and installation tasks necessary for cohesive whole-house retrofits make actual, 

achieved energy savings elusive in practice.  

The traditional piecemeal method to home performance provided mixed results and left many 

homeowners without any real energy savings. Homeowners were forced to pick and choose 

from a multitude of tradesmen, each touting their individual products and services. Achieving 

sound results from this non-integrated approach was mostly wishful thinking.  

HVAC Fault Detection and Diagnostics for Residential HVAC Systems  
By Roy Crawford 

Fault detection and diagnostics (FDD) for residential HVAC systems is typically performed 

manually by a service technician with a limited amount of measurement equipment. FDD 

provides equipment performance data and ŘƛŀƎƴƻǎǘƛŎ ǊǳƭŜǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǘŜŎƘƴƛŎƛŀƴΩǎ ǘǊŀƛƴƛƴƎ 

and experience. Attempts to improve this process with better measurement equipment and 

automated diagnostic algorithms have not gained widespread use for various reasons.  

A summary of past and current FDD equipment and algorithms is given below, along with 

suggestions for future directions. This discussion is limited to forced-air HVAC systems. 

Typical Requirements  

Most needs for FDD are in the following areas: 

¶ Refrigerant charge: Either the system was not charged properly during installation or 
after a repair, or refrigerant has leaked. 

¶ Supply airflow rate: The system is not supplying the proper airflow rate due to an 
improper set up during installation or repair, or the ductwork is too restrictive for the 
required system capacity. Improperly serviced air filters can also restrict airflow rate. 

¶ Component malfunctions: Failure of various fan motors, compressors, relays, expansion 
valves, etc. 

¶ Outdoor coil fouling: Dirt, grass or other debris collect on the outdoor coil and impede 
airflow and heat transfer. 

¶ Incomplete combustion: Lack of combustion supply air, restricted flue gas flow or 
improper fuel flow. 

Manual FDD 

Most residential HVAC FDD has been and still is performed by service technicians using some of 

the following equipment: 

¶ Multi-meter: measures electrical voltage, current, and resistance 

¶ Refrigerant gauges: measures low- and high-side refrigerant pressure 

¶ Temperature sensors: measure refrigerant line surface, air or flue gas temperatures 

¶ Humidity sensors: measure air humidity (typically relative humidity or wet-bulb 
temperature) 



 

Final Report to NIST, WSU Energy Program ς revised January 2013                                               64 
 

¶ Manometer: measures duct pressures 

¶ Anemometer: measures air velocities, typically in ducts 

¶ Combustion analyzer: measures concentrations of various flue gas components 
 

With these instruments, a trained and experienced technician can usually determine if an 

operating system is performing as expected, or why a failed system will not operate. This is 

especially true for single-capacity equipment with simple electro-mechanical controls because 

most of the aforementioned sensing equipment is analog in nature and most equipment 

manufacturers use similar components and control methodologies.  

As HVAC equipment becomes more sophisticated in terms of capacity control and other 

efficiency improvements, electronic controls are typically required. The electronic components 

are not easily diagnosed with generic sensing equipment and their design varies widely across 

different manufacturers. The market failure of variable-speed compressor systems in the U.S. 

during the 1990s is often attributed to the failure of service technicians to properly diagnose 

electronic problems. 

Automa ted FDD 

Although equipment with electronic components and controls is difficult to diagnose with 

simple sensing equipment, it does provide the opportunity to embed the necessary sensing 

capability and diagnostic algorithms within the equipment itself. However, this usually requires 

higher hardware costs for any additional sensors and user interfaces as well as additional 

software costs for the necessary algorithms. Some systems have been introduced in the past 

that use flashing LEDs or simple error codes as a low-cost user interface for displaying system 

faults. Because no industry-wide protocols were developed for this type of interface, and 

instructions for interpreting these signals were typically lost after installation, these interfaces 

never gained widespread acceptance. Some manufacturers have developed systems with more 

sophisticated user interfaces that are more self-explanatory to the service technician, but these 

have had limited acceptance due to their high costs. 

One attempt at providing built-in ŀǳǘƻƳŀǘŜŘ C55 ƛǎ ǘƘŜ /ƻǇŜƭŀƴŘ ά/ƻƳŦƻǊǘ !ƭŜǊǘέ ŘƛŀƎƴƻǎǘƛŎǎ 

system. This is an electronic module that monitors various thermostat signals and compressor 

inputs for systems using Copeland scroll compressors. Faults are displayed with a bank of 

flashing LEDs. This feature has been incorporated in the higher efficiency air conditioners and 

heat pumps from Lennox. 

Because the additional sensors and user interface required for effective FDD systems appear to 

still be cost prohibitive when permanently installed with most equipment, attempts have been 

made to develop and market hand-held FDD equipment that can be applied in the field by 

technicians during equipment servicing. Although these systems cannot provide any proactive 
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FDD, they can be useful as periodic maintenance and repair tools. Several manufactures now 

sell electronic refrigerant pressure/temperature sensors that can give direct measurement of 

refrigerant superheat or subcooling. Although this is a useful input for FDD, these instruments 

do not provide any direct diagnostics.  

Another company, Field Diagnostics Services, Inc., has taken this concept further with an HVAC 

Service Assistant tool that measures several refrigerant and air temperatures on an air 

conditioning system and then analyzes this data to detect possible faults and provide diagnostic 

information. This device has been on the market for over 10 years but has been primarily 

applied to the commercial rooftop air conditioning market. 

One OEM (Trane) has developed a diagnostic system called Charge Assist, which uses factory-

installed refrigerant pressure and temperature sensors to determine when the proper amount 

of refrigerant has been added to the system. This feature can only be used by a technician while 

servicing the equipment and does not provide any automated diagnostic information during 

normal equipment operation.  

FDD Issues 

Contrary to popular belief, the widespread use of FDD in residential HVAC systems is probably 

not limited by a lack of technical knowledge in this area. The primary issues are applied cost 

and reliability. Equipment installers and homeowner do not seem to wish to pay much for this 

capability. In addition, equipment manufacturers have to be careful that the additional 

complexity of FDD sensors and electronics do not result in lower system reliability. Thus, these 

systems require significant development costs in terms of algorithm development and testing. 

Currently, most residential HVAC OEMs have decided to develop their own propriety control 

and FDD systems for competitive reasons. Since this is a highly fragmented industry, this results 

in higher applied costs. Furthermore, technicians typically service equipment from any 

manufacturer, so having many different types of control and FDD systems causes further 

complications in the field. 

Third-party vendors have tried to provide aftermarket controls and/or FDD systems that might 

work on equipment from multiple OEMs. Not only is it unlikely that these systems will perform 

satisfactorily on all equipment, there may also be reliability and safety issues if these systems 

alter the OEMs control systems. 

FDD Opportunities  

Standard Refrigerant -Charging Methods   

There currently is no consistent refrigerant-charging method across the industry. Each 

manufacturer has its own variations, but most are based on measuring the amount of 
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refrigerant sub-cooling at the condenser outlet. If the OEMs could agree on a standard method 

via a possible AHRI, ACCA or ASHRAE standard, this could make it easier for technicians to 

service the wide range of equipment in the field, and could also be used to develop consistent 

third-party tools. Although a simple, standard charging method would probably be limited to 

lower-efficiency, single-capacity systems, these types of systems still deliver the highest sales 

volumes for most OEMs. 

Standard Static Pressure Ports 

The difficulty in measuring the static pressure rise across an air handler is in selecting the 

appropriate locating for the pressure taps. If OEMs built these taps into their air handlers, it 

would simplify this measurement. The OEMs could also develop a graph and/or equation for 

converting this static pressure measurement to airflow for their equipment and make that 

information available to the service technicians. This type of static pressure measurement 

would also be useful for diagnosing undersized or restricted ductwork. 

Variable -Speed Air Handlers 

Air handlers with electronic variable-speed blowers (e.g., ECM or ICM motors) have significant 

potential for embedded airflow and static pressure diagnostics. The nature of the flow control 

algorithms typically used in this equipment can provide information on the predicted blower 

power and static pressure rise along with the desired airflow rate without additional sensors. If 

this information were made available to the service technician, it could be used to give 

additional FDD information. 

OBD for HVAC 

By law, all automobiles built since 1996 must incorporate a communication protocol called 

OBD-II (On-Board Diagnostics, version II), which can be used for diagnosing engine problems. 

This requirement was primarily for meeting EPA emission requirements, but it used for many 

other FDD functions also. The FDD functions are built into the automobile and OBD-II provides a 

standard hardware connection, communication protocol, and set of fault codes that can be 

used by anyone for developing a user interface for viewing and interpreting these fault codes. 

This protocol was developed to protect the independent auto mechanic and has resulted in the 

development of code readers that cost less than $50. Perhaps a similar protocol could be 

developed for HVAC equipment so that equipment installers and service technicians could use a 

single tool for servicing this equipment. LŦ ǘƘŜ h9aΩǎ Ƨƻƛƴǘƭȅ ŘŜǾŜƭƻǇŜŘ ǘƘƛǎ ǇǊƻǘƻŎol, it could be 

voluntarily applied to their equipment with the goal of getting incentives from various utilities 

or government agencies who believe in the value of improved FDD.  
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Round Robin Pilot Energy Audits  

NIST Round Robin Report  
With growing market interest in the benefits of residential retrofits to improve the energy 

performance of homes, consumers are looking for professional guidance to establish priorities 

and evaluate cost and benefits of a growing number of measures promising improved energy 

efficiency. Better energy performance gained with window replacement; added insulation and 

improved efficiency of HVAC equipment has long been at least a contributing factor in 

ƘƻƳŜƻǿƴŜǊǎΩ ŘŜŎƛǎƛƻƴǎ ŘǳǊƛƴƎ ƳŀƛƴǘŜƴŀƴŎŜ ŀƴŘ ǊŜƳƻŘŜƭƛƴƎ ǇǊƻƧŜŎǘǎ. With growing concerns 

about the cost of energy; energy independence on a national level and ultimately the 

sustainability of energy resources, everyone from individuals to utilities to policy makers has 

been looking for improved efficacy in the process of upgrading the performance of our housing 

stock. 

Over the last 15 years, a growing infrastructure of trained energy professionals focused on 

residential energy performance has emerged, encouraged by government policy, utility 

program requirements and market forces. The most prevalent model on a national level 

consists of trained individuals certified by private non-profit organizations setup to develop and 

maintain consensus standards within the housing industry (such as BPI and RESNET). These 

organizations have joined other trades based organization such as ACCA and NATE who focus 

on HVAC in offering quality assurance, guidance on best practices and overall professionalism in 

the residential construction and retrofit markets. 

In order to gauge the effectiveness of energy assessments being conducted in the market, it 

was decided to have trained professionals conduct independent energy audits on the same 

house and compare the results. In 2011 audit sites in Portland, Oregon, and Berkeley, 

California, were chosen in conjunction with the West Regional ACI conference in Portland 

February 1-2 and the National ACI conference in San Francisco March 28 thru April 1. By 

conducting the audits in conjunction with the ACI conferences access to a large pool of 

potentially experienced auditors from different backgrounds and working in a variety of 

markets was assured. The Portland site was seen in part as a trial run for the event in Berkeley 

which anticipated wider national participation. 

In both cases the homes were evaluated by an expert panel to establish a baseline for the 

conditions as found. Participants were only instructed to test and evaluate the homes as they 

deemed necessary to characterize the homes and prepare recommendations to improve the 

energy performance. At the Berkeley site, participants were further asked to prioritize their 

recommendations based on budgetary limits of $8,000 and $16,000 and create two separate 

proposals for upgrading the energy performance. In both cases, participants were given utility 
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energy bills for a full year and feedback from the occupants about comfort issues, perceived 

IAQ and occupant behavior. 

The following equipment was available to all participants: 

¶ Blower door (Minneapolis model 3 or Retrotec model 2000) 

¶ Duct tester (Minneapolis model B or Retrotec model DU200) 

¶ Digital manometers (Minneapolis  DG700 or Retrotec  DM2) 

¶ IR cameras (Fluke Ti32 [320x240, 50mK]; FLIR i7 [120x100, 100mK]) 

¶ Gas leak detector (Bacharach junior) 

¶ Combustion Gas Analyzer (Bacharach ) 

 

The participating auditors were also allowed to use any other equipment that they could 

provide themselves. 

The emphasis at the Portland site was on diagnostic results used as thŜ ōŀǎƛǎ ŦƻǊ ǘƘŜ ŀǳŘƛǘƻǊǎΩ 

recommendations. Comparisons provided here include both the diagnostic results and the 

ŀǳŘƛǘƻǊǎΩ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ. For the Berkeley site the emphasis was placed on developing a 

scope of work in a format normally presented to the homeowner at two different price points. 

Portland  
The home studied in Portland, Oregon, is shown in Figure 5, alongside a thermographic image 

indicating heat loss from the windows and doors. Energy use and the floor plan of the Portland 

home are provided in Figure 6 and Figure 7, respectively. Inspection protocols used by the 

participating inspectors are listed in Table 4. 

 

 
Figure 5. Portland Home 
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Figure 6. 2010 Energy Use from Utility Bills for Portland Home 

 

 
Figure 7. Floor Plan of Portland Home 
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Table 4. Inspection Protocols Used by Participating Auditors 

 

Performance Testing Results  

¶ Results differed depending on if the auditors included the basement as part of 
conditioned space. 

¶ Most auditors tested the envelope under both scenarios. 

¶ Two auditors did not perform duct leakage tests (see Table 5), but evaluated duct sealing 
and condition by visual inspection. One also performed pressure pan tests. 

¶ Each of the auditors determined that the home had high levels of leakage based on 
blower door testing. The average reported ACH50 was close to 25, as seen in Figure 8. 

 

 
Figure 8. House Tightness 
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