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Disclaimer

The contents of this report are offered as guidandeitherthe Washington State University
(WSU Energy Program nor any technical source or orgdiom referen@d in this reportmakes
any warranty, express or implied, or assumes any legal liability or responddoifibe
accuracy, completeness usefulness of anyformation, apparatus, produatr process
disclosed in this report, or represents that its useuhd not infringe upon privately owned
rights. Reference herein to any spécicommercial product, process service by trad name,
trademark, manufacturemr otherwise does not necessarily constitute or imipdy
endorsement, recommendatioar favor bythe WSU Energy Program.
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Executive Summary

The objectiveof this project conductedior National Institute of Standards and Technology
(NISTwas to evaluate various approaches to measgenergy use and energy savings
associated with shortand longterm energyrelated repairs, retrofits, remodeling and
rehabilitation in existing singlamily homes

The Washington State Universit}/ §U Energy Programeveloped an advisory team of
residential building science experts and other important stakeholdeessespromisingnew
measurement technology and performance metmussng theanalytical techniques discussed in
the report The report also provides an overvi@ipast, present and future directions in single
family energy audits and retrofits from ati@nal group of experts involved in the home
performance contracting andeating, ventilating and air conditioning (HVA@)ustiies.

¢KS dzaS 27T undelthiz/gint tovadsess wuditing effortaay serve as a catalyst to
improve energy auditing ad retrofit practices within organizatiorsich aResidential Energy
Services NetworkRESNE; TBuilding Performance Institut@Pl)and U.S Department of Energy
(DOEYetrofits and/or research programs such &g DOE Building Amerid&rogram 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

Thisassessment ofesidentialresearchmeasures seks toimprove the energy efficiency,
durability and indoor air qualitifAQ)of existing residentiadinglefamily existinghousing stock
in the United States

Thisreport describes:
1 Grant-implemented efforts to asseshe measurement of building energy performance
1 Promising techniqueso improve that measurementand
1 Implementation of energy audits and retrofits undertaken by the audit
1 Home Performance Contracting (HPC), wihdadlows a multi-disciplinary systems
engineering approacthat encompasseluildingenvelope heating, ventilating and air
conditioning HVAQ systemsand|AQand ventilation.

The project focused on:

1. Creathgan advisory groupndmeetingwith advisory group membet® guide project
direction and assist with the final report
2. Meeting withstakeholdersnvolved in residential retrofitat federal government
agencies industry:
1 U.S. Departmendf Energy (DOE)
U.S. Department oHousing and Urban DevelopmeiyD,
U.S.Environmental Protection AgenclgRA Building America teams
Residential Energy Services Netw(RESNB;T
Energy & Environmental Building Alliar(E&BA
Affordable Comfort Inc(ACI)
Air Conditioning Contractors éfmerica(ACCA
American Soety of Heating, Refrigerating and Air Conditioning Engineers
(ASHRAE
Northwest Energy Efficiency Alliand¢HEA
Bonneville PoweAdministration(BPA, and
1 California Energy Commissidrawrence Berkeley National Laboratory
(CE@.BNLD.
The meeting galswereto avoid duplication of effortand solicit guidancen project
planning These meetingslentified thesekey research focus areas
1 Round robin testingand presentation ofestingresults and
1 Surveyof building science community #te BSC Westiad Symposium.
3. Developng, implemening andanalying theresults d two round robinpilots at:
1 ACI PNW regional conference in Portlantcegon
9 TheACI 2011 National Conference in San Francisdpia,and
1 RESNET 2012 national conference in AL&xas.

= =4 =4 4 -4 -5 -2

= =4
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These round robins involvedultiple energy auditorsvho conduced energy audis and
developedwork plans on identical homes at national and regional building science
conferencesResultsvere compared and differences analyzedidentify the typeand
possible cause giroblemsand potential strategieto promote consistencyRound
robin and other related grardctivity findingshave been submitted for publication a
2012Home Energutrticle developed under thigrant activity

Thisreport isin part ascoping studyhat providesinput from keyadvisorygroupmembers
involved withbuilding retrofit, remodeling and new constructionhese experts were asked to
documentpast present and future directions in residential energy auditamgl postretrofit
performancerelated to marketbased energy efficiency home retrofits and governmemid
utility-sponsored lowincome weatherization New YorkAlaska Oregonand Canadarhe
report also includesontributions related taHome Performance Contrang efforts supported
by organizations such as BRCCANdRESNERn overview of DOB@n-going evaluation of
IAQand a discussion of fault detection for residential H\&#¢Calso providedo assist in
assesmgaudit-related efforts

Sakeholder disassiondocus on four majosubjects related t@nergy auditing
1 Energysimulation modelingsoftware tools
9 Utility billing analysistools
1 Buildingsciencefield testingtrainingtools
1 Home andequipmentenergyfeedbackools

WSUEnergy Program statftilized resources from this grant emgage stakeholders and
document feedback associated with the following activities:

1 RESNET Technical Committee activities Wime Energy RaterslER) Guidelines and
Standards
ACCA Quality Installation Standards andA@@nuals S 20112 updates
American Society of Heating, Refrigerating and Air Conditioning EngiA&HREE C
6.3, TC 9.5, RP1449, S183, Std62.2, Std. 119, and Sttl36
California Energy Commission Research Roadmaf@miresidential buildings
Participation in Affordable Comfort 2011 and 2012 National Conference programs
Participation inthe EEBA 2011 National Conference programs
1 Participation in the 2011 Westford Summer Study

T
T

= =4
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Home Performance Testing Measurement Tools

As the homeerformance 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 typibaemployed to:

1 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.
1 Provide quality assurance that work was implemented as intended in trk scope.
1 Identify energy efficiency, durability and health and safety improvement opportunities to
the homeowner, lender or utility, including but not limited to:
A Air leakage pathways in the building envelope
A Anomalies in thermal envelope insulation, lining:
1 Voids
1 Compression
1 Missing insulation
A Leakage of centrally ducted thermal distribution systems, including:
1 Leaks at supply and return registers,
1 Leaks in the system not located near registers of equipment,
1 Leaks close to the HVAC system equipnaerat plenums, or
s[ SF14a Faaz20AlrGdSR gAGK LI YYySR 22Aatat
framing serves as the return duct. This may also include wall cavities, chases,
cavities under stairways, HVAC equipment support platforms and other
building framingused as ductwork.
A Potential moisture problems that may cause mold and durability issues, including:
1 Roof leaks,
1 Wind-driven rain in walls,
1 Condensation in abovend belowgrade walls, ceilings, crawlspace and at
slabs, and
1 Pressure imbalances induckgt HVAC system duct leakage and system
design
A Inadequate air flow rates of HVAC systems, including:
1 Bathroom and kitchen exhaust fans,
1 Air flow at supply or returliAC/HFcoll,

Final Reporto NISTWSUEnergy Program revised January 2013 3



1 Individual supply and/or return registers,
1 Total supply or exhaust flow rate$ Heat Recovery Ventilation (HRV)
systems, and
1 Individual supply and exhaust flow rates of HRV systems.
i Utilize test results as inputs to the models used to estimate energy savings of measures
proposed in the work scope.
1 Utilize test results as inputs the energy savings models used to provide Home Energy
Ratings.
1 Assist the HPC to prioritize specific areas in the work scope developed for the client.
1 Identify health and safety (H&S) issues that include, but are not limited to:
A Back drafting and combush safety issues associated with naturally vented water
heaters and other combustion devices due to:
1 Inadequate exhaust flue design or installation,
1 Excess negative pressure induced by the operation of exhaust fans or HVAC
system,
1 Gas piping leaks, or
1 COmeasurements of combustion equipment such as domestic hot water,
furnace or oven to identify proper operation.
A Radon
A Lead paint
A Indoor environmental quality (IEQ) pollutants associated with household products
used by the occupants or components of thgltding and furnishings.
T t NEPOARS 200dzLJ yi SRdzOlI GA2Y |yR Sy3lF3asSySyi
FYyR Stfé¢ (G2 ARSYyi(GATe aLISOATAO SySNHeée IyR

Measurement Tool A pplication s

Building Envelope Leakage

The Blower Door

The typical pproach 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 conditionsétypi

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 determinedfand how much; mechanial 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 imagicgmeras 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:
1 ASIM E779Standard Test Method for Determining Air Leakage Rate by Fan
Pressurization
1 ASTM E182%tandard Test Methods f@retermining Airtightness of Buildings Using an
Orifice Blower Doognd
1 RESNET ChapterRESNET Standards for Performance Testidd\fork 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
(typically50 Pascals, or Pa), based on the standard used. The ASTM standard is the most
extensive but least practical of these standavdthout the use of a computer to take multiple
readings at each reference pressure

Tests generally fall into three categori@sultipoint regression testing (E779), twimint tests
(1827) and one point tests (E1827 and RESNET):
1 Multipoint regression testing involves testing the leakage of the building envelope
across a wide range of pressures (higher pressures than buildingsemqeemost
hours of the year) to allow extrapolation down to typical pressures.
1 Twopoint 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.
1 Onepoint testing focses on a single, high pressure to characterize the leakage and
assumes the response versus pressure to have a default value.

Proponents of singkpoint testing argue that it is simple, quick and repeatable and that this
outweighs potential loss of accuraat predicting lowpressure 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 acairacy 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 sfagddy home retrofis:

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 idenitkduje and
verify alignment.

Final Reporto NISTWSUEnergy Program revised January 2013 5



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 thggauge can conduct multiple quiekd-easy
measurements to reduce uncertainty when used in conjunction with manufacsupplied

software. This improves the accuracy and repeatability of the tests, especially when gusty winds
are present during testingr 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 isommended.

1 Figurel andFigure2 present the results of recalibration of a sample of more than 2,000
digital pressure gauges for one manufactutéigurel shows the percent oérrors on
channel A with negative pressures applied before recalibratagure2 showsthe
percent of errors on channel B with positive pressures applied before recalibration. The
applied test pressures varied from 15 to 1,220 Ealibration typically improves
pressure gauge accuracy by about .2 percent after one year for this manufacturer.

1 Figure3 presentschannel A negative pressure sensor drift as a function of time between
calibrations. This fige presents a time series looking at the impact of the calibration
intervals for all gauges recalibrated by the manufacturer over a sgean period,
indicating errors as high as 1.5 to 2.5 percent and shows errors increasing over time.
Note that this idargely 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 ingmbito 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 sofine 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 @arameters is often the area or volume.
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Channel A Negative Mean Error Histogram

Average of Channel A Recalibration Errors for All Pressure Stations -15 Pa to -1220 Pa

From 6-1-2009 to 8-3-2010

600

OFrequency

500

400

o
(=]
™

Kouanbaiy

200

100

%000°€
%008°C
%009°C
%00%°C
%002
%0002
%008}
%009}
%007}
%002’}
%000’}
%0080
%0090
%00%°0
%0020
%0000
%0020~
%00%°0-
%0090~
%0080~
%000}~
%002 -
%00%"L-
%009}~
%008}~
%0002~
%002°¢-
%00%°C-
%009°¢-
%008°¢-
%000°¢-

Bin

Figurel. Channel A Negative Pressure RecalibratioroEs
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Channel B Positive Mean Error Histogram

Average of Channel B Recalibration Errors for All Pressure Stations 15 Pa to 1220 Pa

From 6-1-2009 to 8-3-2010
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Figure2. Channel B Positive Pressure Recalibratioroks
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Ch A Sensor Drift as a Fxn of Time
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Figure3. ChannéA Negative Pressure Sensor Drift as a FunctioniwfelBetweenCalibrations

HVAC Duct Leakage
The typical approaches for measuring HVAC thermal distribution duct leakage rates are duct
leakage testerand pressure pangnothertest 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 posttest data can also be used to estimate energy savings wittpater

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 leakagemeasured without the blower abr ¢ 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 repeatabilityaof pressurizatiomuct leakage tests
possibly becase 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 energyavings from sealing HVAC ductwork as part of the retrOfite limitation

of this modeling is thaBandard 152 is a steadstate model (designed around the idea of a
systemthat is running continuously in heating or cooling mode). Typical annual dusdyxl
HVAC equipment are somewhere in the range eRbPpercent,which may impact the

predictive power of modeling methods such as found in ASHRAE Standa®tdi@ardl 52

does include an equipment efficiency degradation factor that includes sofeet®bf cycling,

but other off-cycle effectssuch 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 sidethe duct system. This is usually not
done for field testing due to the time involved. Assumptions are made to simplify procedures in
most nonresearch field situations.

Blower Door Subtraction

Before duct blasters were available, many HPCs reliesign- ¢ A & OF f §t SR GKS aof
ddz0 UNF OG A2y YSUK2Ré¢ (G2 YSIadaNB’ RdzO0G fSI{F3aSo
guantifiable for modeling as the duct blaster test, but it does not require the additional Duct

Blastef’ equipment Using this apprach, 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 shoulde usedFor example, if all of the ducts are outsidken the leakage to

inside is zero and this is a caskere simple subtraction worksEcotope found that corrected

blower door subtraction, using higbrecision blowedoor measurements, workefine.

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 aneftitest and repair protocol,
where there is already agreement about the cost effectiveness of duct sealing measuhés
type of housing stocklhis method provides feedback on the relative location of duct leakage
areas to focus the retrofit work scep

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

! See work byranciscoet al.,for ASHRAE in the duct leak management references for this chapter.
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sealed, so there is substantially less testigetime required ad 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 die@kage 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 @felta 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 Dela 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 thresults of Delta Q tests are affected by wiimdiuced 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

TSSta GKS Ot AYSR 0S8SySTada Ay eéfodddaeliuéoey Ay YS

when considering a realorld scenario and argherefore, no compensation for the poor
precision of the methodOther researchers disagree, noting that their research suggests
sufficient accuracy as an audit tdol.

HVAC Flow Measurements

Plastic Bags

Thebaginflation 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 stopwatchThe estimate of airdlw is determined by the@olume 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, simpleosvwmethod, it

may change the stec pressure in the duct upstream of a supply register more than with a
standard or powered capture hoo&ome researchers feel that insertion losses are small and
should not significantly impact the audit measuremehtK A & A Y RA Ol ( S & coll& I G
be more with this method

2 seework byWalker, et al.,in the Delta Qreferences for this chapter.
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Toilet Paper

One simple, lowcost 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 describedn 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 engineeringalatey 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 E3&nd the variabity 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 maintenanck the parameters that impact this measurement
approach are just deito high loss elements, then the fan curve works well. However, in the real
g2NI R aaeaiasSy SF¥SOdaéd 2F¥GSy OFrdzaS GKS Fry O
going into the blower. Fan curves for air handlers are developed using long seaft&trasight

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

there is a rightangle entrance into the air handler or a riggnigle bend just before the

entrance, the fan curve may be different than the oneasured 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

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 rekatéioe uniformity of

flow over the crossectional 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 reduuhen conducting Hiine duct

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

It isdifficult to make correct calculatiorithe velocity sensor isot oriented properly with
respect to the lgal direction othe flow ¢ whichis something/ou camot see¢ when taking
velocity induct measurementsRVAsare extraordinarily unreliable for termination
measurements, andere not generally deigned fdield measurements of typical small

3 The idea that factornnstalled pressure taps may help improve this measurement is discus$€dAC section of this report
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residentialsystems 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 embaegister 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 measuremé&uame equipment compensates while

other devices do not.

A number & 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, sfmmom 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 anat lower flow rates because they can have biuilflow conditioners before the

flow measurement section that assures that the velocity distribution in the flow measurement
section is the same or close to it as when the device was calibratélthey caralso 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 measuremeanttions.

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 airflowabidition, 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 ahé coil to determine if the CFM/ton design guidelines are
achieved with AC and heat pump coils.

Because typical HVAC equipment is available intbal§izing increments, there is some limit to

the level of accuracy needed. For example, higher accuragyomaequired for the installation

of a ducted energy or heat recoverywhéfe2 dza S @GSy GAf I GA2y aedadsSy:
NG i NBvAefe the dverall design flow rate may be 50 CFM split between three to five rooms.

4 Deep energy retrofit is a term developeg the Thousand Home Challengétp://thousandhomechallenge.com/
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Infrared Thermal Imaging

Infrared (R) 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 a$ et
quality control process associated with energy audits and retrofits. Manufachrmnded

software is available to assist the operator in developing reports and conducting further
analysis based on thermal camera images. The images of specifio$s&ghin 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 referencednternationalstandards have been used as a normative guideline in establishing
theselR testing protocols andandards:

w ANSI/ASNT CB52011 American National Standalrestitute ASNT Standar@iopicak
Outlines for Qualification of Nondestructive Testing Persomedérred to here as the
Standard)

w ASNT Recommended Practice Number-$8TA Personnel Certification and
Qualification (2011)

w ASTM C 10600 (2003): Standard Practice for Thermeggic Inspection of Insulation
Installations in Envelope Cavities of Frame Buildings

w ASTM E 11863: Standard Practices for Air Leakage Site Detection in Building Envelopes
and Air Barrier Systems

w 1SO 6781: Thermal InsulatigrQualitative Detection of Thienal Irregularities in Building
Envelopeg; Infrared Method

w Canadian General Standards Board, DocumertGRAMP, Manual for Thermographic
Analysis of Building Enclosures.

w British Standard: Thermal performance of buildingsalitative detection of thermha
irregularities in building envelopemfrared method.

w 1SO6781:1983 modified

w Canadian National Master Specifications (NMS), Section 02 27 13

RESNET has interim guidelines for thermographic inspections of buildings that utilize the above
standards. Thet&ndard provide guidance on the use tRthermography for thehermal
examination of lowrise (three stories or legavood- or steetframed residential and light

commercial buildingsTheSandardQ @urpose § to provide:

1 Arecommended path by which theswishing to obtain certification ilRthermography
cando so,
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1 Examination and analysis guidance in udiRthermography for air intrusion and
insulation inspectionsand

1 Asubstitute for Grade Il and Grade Ill insulation examinations on a new byhdiege
the insulation installation was natiewedbefore the drywall was applied. The Standard
is a RESNET requirement for inspecting a building enclosure udiRgraaging system
to locate defective insulation installations, framing issues, air leakagigermal
bypasses.

This Standard also includes information for:

1 Using anRimaging 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 examinatisach as thermal bridging, thermal bypasses
and air infiltration
Providing a thermal indication of insulation performance and continuity
Identifyingareasof air leakagevhen anlRimagingsystem is used in combination with
blower door operation.

E

= =

HPC Building Science Field Testing Tools

The following links are to manufacturer product information typically employed by the HPC and
HVAC industries. THist does not to include all commercially available equipment nor is it an
endorsement of any specific manufacturer or product.

Envelope and Duct Leakage
1 The Energy Conservatoittp://www.energyconservatory.com/products/productsi1.htm
Y Retrotec:http://www.retrotec.com/
1 Infiltec: http://www.infiltec.com/

HVAC Air-Flow

Alnor: http://www.alnor-usa.com/

Shortridge Instruments, Indattp://www.shortridge.com/

The Energy Conservatohttp://www.energycongrvatory.com/products/productsl.htm
TSlhttp://www.tsi.com/Products/

= =4 4 A4

TESTittp://testohvac.blogspot.com/p/airflow.html

Infrared Thermography
1 Fluke:http://www.fluke.com/fluke/usen/products/categoryti

1 FLIR Thermographittp://www.flir.com/thermography/americas/us/

Final Reporto NISTWSUEnergy Program revised January 2013 15


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/

References

Modified BD Subtraction

Palmiter, L. and P.W. Francisdoa S| & dzZNAy 3 5dz00 [ St FielAS A GK |
w S & d#Rrdcéedirigs of the 2002 ACEEE Summer Study on Energy Efficiency in,Buildings
Washington, D.C., 2002.

Delta-Q

Dickerhoff, Darryl, lain Walker. Evaluation of the Repeatability of the Delta Q Duct Leakage
Testing Technique Including Investiion of Robust Analysis Techniques and Estimates of
Weather Induced Uncertainty. LBMIPO9E, August 2008.
http://www.osti.gov/scitech/serviets/purl/943511

Dickerhoff, D.JI,S. Walkerand M.HShermanadValidating and Improvipthe Delta Q Duct
[ SI 1 I 3 ASHRAETiadsactiovisl. 110, Pt. 22004, pp.744751, ASHRARtlanta, GA.
LBNL 53959.

CNI yOA&a 023 t ®2 ®3IA FRietd Condpaisbh of the/TRIQT et fon Duédt Pedk@g ¢
to Other Test Method® Broceedings of the 30AIVC/4' BUILDAIR Conferenderlin,
Germany, 2009

Francisco, P.WJnderstanding and Reducing Uncertainties in the B@IfBest during Field
Testing Prepared for the Ohio partment of Development and.S.DOE 2009.

Francisco, P.Wield Evaluation of an Updated Del@aTestPrepared for the Ohio &artment
of Development and U.S. DO06.

Walker, I.S.M.H. ShermanandD.J. DickerhofffReducing uncertainty fahe Delta Q duct
f SI 1 I™ocASHRAEIOE/BTECC Thermal Performance of the Exterior Envelopes of
Buildings IXASHRAER2004. LBNL 53549.

Walker, I.S. anM.H. Shermand ! y 9 aA SNJ 2 | @ (2EomeéSEngrgizNE 5 dzOdG [
Magazine Vol. 19, No. 5, September/October 2002.

Walker, 1.S.D.J Dickehoff, andM.H. Sherma® a ¢ KS 5SSt 4F v aSGiK2R 2F ¢
of Ductsb Proc. ACEEE Summer Study 28@2erican Council for an Energy Efficient Economy,
Washington, D.C. LBNL 49749.

Walker,l.S., M.HSherman, J. Wempen, D. Wang. McWA f f A YA X 5 Oewdopnedt fh SNK2 FT O
bS¢ 5dz0G [SI1F3aAS ¢S&DY 5StdF voé [.b[ nTtonys:
http://uc -ciee.org/downloads/NewDuctLeakageTest.Sherman.pdf

Final Reporto NISTWSUEnergy Program revised January 2013 16


http://www.osti.gov/scitech/servlets/purl/943511
http://uc-ciee.org/downloads/NewDuctLeakageTest.Sherman.pdf

Walker, I.S., M.H. Shean, J. Wempen, D. Wang, McWilliams, and D.J. DickerhaiDevelopment of
a New Duct Leakage Test: Delta (BNE47305, 2001.

Duct Leakage Measurement

Delmotte, C., J.  GSNBHS® GLYGSNIIFO062NF{i2NE ¢Sada F2N G4KS
ReprodDA OAf AGe 2F . dzZAf RAY3I 120NIAIKGYyS&da aSl adzNBY
Francisco, P.W., L. Palmiter, E. Kruse, and B. Ba®i@ | f dzt G A2y 2F ¢62 bS6 5c¢
aSlkadaNBYSyil aSiKARSRRBAEN@NSGCHoAODL YSa dé

Francisco, P.W., L. Palmiter, E. Kruse BaridlavisField Evaluation of Improved Methods for
Measuring the Air Leakage of Duct Systems Under Normal Operating Conditions in 51
HomesPrepared for U.S. DOE003.

Francisco, P.W., L. Palmiter,and B.Davis.y 4 A 3Kia Ay (2 L YLINEWER 2| &4
Duct Leakage ASHRAE Transactio2603

CNIyOA&aO02: tod2dy [P tIfYAGSNE YR . ® 51 QAaD a
[ SI 11 3S aS|I| adzNB Préegaiings & D&A002 INGEER Suénmer Study on Energy
Efficiency in Building®Vashington, D.C., 2002.

Francisco, PL. Palmiter, and B. Davisproved Ways to Measure Residential Duct Leakage
Final ReportASHRAE2002.

WdzY LI 5 Ld{d 2} f{1{SNE yR adt az2RSN}I® aaSl addz
Improvements in 25 Sacrameéht | 2 dASBRAE drangol. 104, 1996b. ASHRAE, Atlanta, GA.

WdzY LI 5! & LP{Pd 2} f1SNE YR adtd® a2RSNI & aCA
9FFSOUAGBSYSaa Ay wSaAaRSY (Rroct ACEEBENIIGFumrhek Htddp A a 0 N.
Vol.1 pp. 147156. American Council for an Energy Efficient Ecgndiashington, D.C. LBNL

38537.

Kruse, E., P. Francisco, L. Palmiter, and B. Ba&iS | 4 dzZNBER 5dz0G [ SF{1F3S i
I 2y RAGA 2y a Pkogeedings of tife $ODAATEEE Summer Study @y Eificiency in
Buildings 2004.

Pigg, S. and P. Francisadrield Study of Exterior Duct Leakage in New Wisconsin
Homes Prepared for Focus on Energy, 2008.

Siegel, J.AJ.A. McWilliamsandI.S. WalkeraComparison Between Predicted Duct

Effectiveress from Proposed ASHRAE Standard 152P and Measured Field Data for Residential
Forced Air Cooling SystemASHRAE Trans., Vol. 189.1, 2003, pp. 50812, ASHRAE. LBNL
50008.

Final Reporto NISTWSUEnergy Program revised January 2013 17



Siegel, J. andS. Walkeb a Ly 0 S3INI GAYy 3 5dz00a& aegséstandi KS [/ 2y RA
Challenge® Proc. Architectural Engineering Institute Conferengastin TXSeptember 2003.

Walker, IS, M. ShermanJ. SiegeD. WangC. BuchanarandM. Modera.d_eakage Diagnostics,
Sealant Longevity, Sizing and Technology Transfersiddtgial Thermal Distribution Systems,

Part ll€¢ CIEE Residential Thermal Distribution Systems Phase VI Final Report, December 1998,
LBNL 42691.

Pressure Pan Testing

Siegel, J.andB.l Yy Of  N] ® dat NBaadz2NB t I yayHomg&nelggSa | yR
January/February 1998. Viewed online 7/25/2012:
http://www.homeenergy.org/show/article/nav/auditing/page/8/id/1363

Final Reporto NISTWSUEnergy Program revised January 2013 18


http://www.homeenergy.org/show/article/nav/auditing/page/8/id/1363

Utility Billing Analysis

To improve the energy effiarey, durability and indoor air quality of existing residential single
FlLYAf@ K2dzaAy3d adz201 Ay GKS !yAGSR {GalridSaxz ¢S
measured results of energy efficiency retrofits to inform how performance can be improved. A
keyaspect 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 makeesobservationsabout

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 d&t&?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 v&lue.

Building Energy Models

Energy modeling, often done as parttbé 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 whidh 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 estimabesit the cost
effectiveness of retrofit options. Studies based on actual energy use data have shown that

° Many of the observations made in this section are basedhenaork of Michael Blasnik, which has been presented at various

conferences over the years, most recently at ACI 2012.

® After completing this chapter, the authors learned of the Uniform Methods Project being led by the U.S. Department of

Energy. Thegodla (2 &aaiGNBy3aGKSy GKS ONBRAOAtAGE 2F SySNHé STFFTFAOASYyO
+SNATAOIGARZ2Y 069a3+0X AYONBIFaAya GKS O2yaraidsSyode yR (NI yaLl N
being drafted is on WholBuilding Retrofits (primarily residential buildings). This draft protocol gives a very complete

GNBIFGYSyld 27F dziAtAde oAfftAy3d Ftylfearar y20dAy3 A dBuillidg 6KS NBO2
Retrofit Protocol, Uniform Metbds Projecé Y Sy | MimBGolddend, NV KEMA for U.S. D@iBe 2012.
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energy models frequently ovegaredict energy savings from common retrofits. A report by Oak
Ridge National Laboratorpoted:

G 9 YLIA NA O f glRdtiniated éd@rgy kavilgk tg the actual savings
achieved by weatherization efforts came from several different reports (Brown
and Mihimester, 1995; Nadel and Keating, 1991, Gettings et al., 1998). The
documents reviewed suggest that an adjustment factb® 60 is appropriate to
use for residential direct assistance programs, because actual savings typically

FY2dzyd G2 162dzi cn LISNOSydG 2F GKS LINBRAOGS

The National Energy AudiT (NEA@&veloped by ORNL in 1993, is widely useithe National
Weatherization Assistance Program (WAP). NEAT employs standard algorithms for estimating
energy savings from retrofits and has been the subject of several std@itéshat compared
modelpredicted savings to billing analysis results. Tretgdies found that measured savings
typically range from 50 percent to 70 perceasftthe model prediction. One of the studies (New
York, 1998) also modeled the homes using 2Q@i&d found very similar results, indicating that
the problem occurred when theesearchers used the algorithms employed by NEAT and when
they used a statef-the-art hourly simulation model

ORNL also developed the Manufactured Home Energy Audit (MHEA) for energy modeling of
mobile homes in WAP. Astudg ¥ al 9! Q& & IngFuyioRhat shiNG Brxé&aduied 2
from billing data analysis averaged just 34 percent of the modeled savingetRyfit energy

use was oveestimated by 33 percenvhile postretrofit energy use was accurately predicted

Many other studies of retrofit ppgrams have found billing analysis savings that are much lower
than projections. A billing analysis of the New York Home Performance with ENERGY STAR
progrant? found gas savings that averaged just 38 peradmirojected savings. The analysis
attributed this low savings realization rate to unrealistically high savings projections; projected
savings exceeded 60 percesftpre-program gas use in more than otterd of homes analyzed,
and sometimes exceeded pprogram use by 100 percent

" Martin Schweitzer and Joel F. Eisenbérgg SSd Ay 3 ¢KS / KFffSy3asSy ¢KS tNRraLSoOd 27 ! OK
Through the Weatherization Assistance Progam h | {  tiohaR|ZSoratorly, ORNL/CEN9, May 2002.

8 Seehttp://weatherization.ornl.gov/assistant.shtml

® GettingsMichael B.L.G. Berry, M.A. BeyandW®. ® al Eg St f ® @ + | Hndrdy Aublih (REAT)avith DAtKI®mb | G A 2 y I
a Gas Ultility Lovincome Residential Weatherization Program in New Yokl ( S ® ¢ -46W Baphuarft39&

10 Sharp T. RfThe North Carolina Field Test: Field Performance of the Preliminary Version of an Advanceeridétiath

1 dzRAG F2NJ GKS 5SLINIYSyild 2F 9ySNBEUYHBR®IMIKSNAT FGA2zy ' aaraidly
“DalhoffGd 4!y 9@t fdzZ GA2Y 2F G(GKS t SNF 2 NWGOES 2275 I(KKSS Nahol ! ¢l Al 2dyR At (INEBT-
International Energy Program EvaluatiGonference, Chicago, IL, 1997.

ZTemnesMPd G+t f ARFGA2Y 2F GKS al ydzF I Od dzNGBOR Novemb& 2007 SNB& | dzZRA G o a
BHermndonJl YR 5® D2glyad das+ 9@l fdd dAz2yY 12YS t SNF2NXYIFyOS sAlGK
2007.
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Other studie$**® havefound that energy models that seem to perform fairly well at estimating
the energy use of newer and more efficient homes significantly-esémate the energy use of
inefficient (i.e., poorly insulated and leaky) homes. The Oregon study found thatRREeN/

the most popular RESNE&pproved HERS rating softwayever-estimated natural gas use by
76 percenton average in 86 homes built before 1960, yet egstimated use by only 17
percentin the 41 homes built after 1989. That study found less dramlatitsimilar, results
using the Home Energy Saver model (adioa front-end to DOR2, built by LBNL), which over
estimated gas use by 41 percentolder homes and by 13 perceintnewer homes

The Wisconsin study used RERAteto analyze existing homesd found that heating energy
use was severely owastimated in inefficient homes, as shownRigure4.
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Figured. OverEstimation of Heating Energy Use Using RRflte

The Wisconsin researchers obsatve

G¢CKS NBadz Ga AYRAOFGS | aeaidSYFGAO SNNEBNI A
the greater the predicted heating energy intensity, the greater the error. For

most homes, the error is a moderate owarediction in heating use (on the

order of 20 percat), 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 largesuiated wall

or ceiling areas, high measured l@akage, or heating systems with low

estimated seasonal efficiency.

!4 pigg S.and M Nevius Engrgy and Housing in WiscongiA Study of SingiEamily Owneh OO dzLJA SR | 2 YSa ®é¢ 9y SNH
of Wisconsin, ECW 149 2000.

PaoySNBE t SNF2NNIyOS {O02NB Hnny tAf202¢ 9ol Bderfy ThuRR@Onsgom, 38 Ly ad
2009.
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dt 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 (@se 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 draftsl cold wall
AdzNF I OSa ¢

TheoverSaUAYI GA2Y 2F Al @Ay3a Aa 2F0SElI 0Fd4 YSRTEYU ¢
but available data does not support this hypothesis. In addition to the Wisconsin findings on
thermostat settings, the current natioh&®/AP evaluation found that monitored indoor

temperatures were essentially unchanged after weatherization, indicating neliakk effect

for heating. It appears that the problem with savings predictions may lie more with the model
assumptions or algorithsithan with occupant behavior.

There are a number of reasonable hypotheses for why modelspreslict retrofit energy
savings:

1 Assumptionstefaults biased toward low existing efficiencyvlany model default
values and assumptiorggparticularly for the efiective Rvalues of uAnsulated building
components and the seasonal efficiency of older HVAC equipg&mpear to
underestimate the true efficiency of the component and represent something closer to
a worstcase scenario than a typical value.

1 Auditor bias. Auditors want to be able to specify retrofits and often have to make
judgment calls about existing conditions, such as the effectivali®e of an attic with
varying levels of insulation or the estimated seasonal efficiency of an older furnace.
Thesgudgment calls often seem to be made in a way that increases estimated retrofit
savings and qualifies more measures as-effsictive

1 Algorithm errors Some commonly employed algorithms for complex phenomena such
as air leakage and duct system efficigappear to oveestimate energy losses. For
example, careful researthfound that the LBNL/Sherma@rimsrud infiltration model
over-states the impact of wind, leading to ovestimated infiltration rates. In addition,
field technician judgment about wineiposure and defaults in most software appear to
over-estimate wind exposure of many homes, which exacerbates the-estgnation. In
the 20 years since the research was published, the model has not been revised and
warnings about fieleestimated exposur&alues have not been made

16 palmiter, L.and T. Bond. "Modeled and Measured Infiltratioh: 5 S+ Af SR /1 4S8 {GdzR& 2F C2dzNJ 9f §C
Electric Power Research Institute, RP 2884Report CkF327, 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 througbrly insulated buffer zones

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

No reality checkModel results are not usually compared to utility bills or other

benchmarks to determine if the results are reasonable eReefforts to address this

issue include the new standard BRI0OSH A mmMm G { G YR NRAT SR vdz f A7
| 2dzaS 9y SNHe (I @Ay3da 9aitAYlFriSazéeé gKAOK fAY
methods to calibrate models to utility bills

It is temptingto 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 wrongOther researchei@®arker/Mills ACEEE 2012 work suggests this is an issue of
contention within the building science community

Regardless of the phistication 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:

T

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 thewsind
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 depad 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 ithistion 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
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These complex effects impose some fundamental limitations to modetiogracy. In addition,
attempts to collect more; and more accurate 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 levele required for staff and auditors. In addition, time
spent on tedious data collection and entry into software applications can detract from the
FdZRAG2NRE oAt AGe (2 AYGSNIOO 6A0GK GKS K2YS295
understandy 3 2F (GKS ao6A3 LIAOGIINBE d | IAGBSY K2YS

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 analysisan 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 getright.

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 evaluationaataise largescale analysis of actual
SYSNHé& dzaS RIGFZ AyaidSIR NBteAy3da 2y GaRSSYSRE
software or precalculated values for estimated typical conditions. Often, evaluations that

analyze actual billing data employ mettothat 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.gclosin
the loop). We believe there are several reasons for this trend:

 Limitedfocuyr 9 @I f dzZt GA2ya I NBE RSaA3IySR (2 al GAaTFeE

stakeholders, such as the utility company or state public service commission. Thus, they
tend to focus more on a&gssing overall costffectiveness than providing insights into
the performance of the specific retrofit measures or approach.

1 Less reliance on actual energy usage dafae trend in evaluation seems to be toward
deemed savings estimates or some other eegring 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.

 / 2YLX SE aof I OThestétdof thea$in iiithdrda analysis appears to be
pooled econometric modealy. These pooled regression models are easier and quicker to
implementthan houselevelbilling analyses, but they rarely provide sufficient detail for
understanding the results and identifying opportuag for program improvement. The

Final Reporto NISTWSUEnergy Program revised January 2013 24



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 problemSin energy progam 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 aigcome 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 houstevel weather normalization models followed byeasure level regression
modeling. Evaluation results are used to adjust assumptions about retrofit savings going
forward, helping to complete the feedback loop of desfgimplementatiorlY evaluationy
redesign.

Clear and consistent approaches are needed that inviebwese levelveather normalization of
utility billing data followed by statistical analysis of savings from each implemented measure.
The overall approach emplsy quasexperimental design using a differencedifferences
analysis.

9 First, gross savings are calculated as the difference betweerapdepostprogram
weather normalized energy usage for participants. The same analysis is conducted for a
comparisorgroup selected to match the participants as closely as possible. The role of
the comparison group is to reflect ngerogram changes in energy usage that may be
due to general demographic or technical trends in the population (e.g., greater use of
DVRs, laps and tablet computers) as well as weather effects that are not captured
properly by the weather normalization. The A&program savings are then calculated as
the gross savings for the participants minus the gross savings for the comparison group

1 Thehouselevel 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 lased 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 Statistically Adjusted Engineering analysis).

1" For a discussion of some dieise statistical issues, sBéasnikM.d ¢ KS bSSR F2NJ {GFGAaGAOLE 1yl tea.
wSljdZANBYSyiday {2YS { dz33 Srrdcdedingsiof BherdydProdaiNERbiation Tyghfepafiéagol 4 = ¢

1995

18 Further adjustments to net savings arensetimes made to adjust results for fre@lers and spillover effects.
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The advantages of theouse levelltility billing analysis compared tmoled econometric
models are:

T

wSadzZ Ga Oy 6S daaSSyz¢é RAAGNAOdziAz2zya 2F &l
outliers can be identified.

Results can be directly and more easily broken out by factors suchatséet, 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, mosgecific temporal effects may be estimated,

which may better control for seasonal usage fluctuations unrelated to degree daples’’

However, the pooled models do not control for weather as well as h¢exs® 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 repregeraverage across all

K2YSa G2 FT@2AR KIFE@Ay3a (G2 Y2RStf SIOK K2YSQa dzy

Issuesthat Need to be Addressed
There are some challenges related to conductitgase levelitility billing analysis. To improve
utility billing analgis efforts, the following issues need to be considered and addressed:

T

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,
homeownes 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 tuower (or not enough historical paetrofit data).

In addition, program tracking information usually needs to match the utility datachwh
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 concerndPolicies and procedures that allow large batches of dateeto b

collected while addressing privacy concerns could make it much easier to collect and
analyze utility billing data.

9 Agnew and Goldberg, 2012 commended pooled models when utility billing data are limiteengiointhly or
missing readings) or there is no valid control group and they describe thétiomsdfor obtaining reliable results.
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1 Participant group and control group and biak is rarely possible to have an
experimental design where the participants (treatment groapg 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
GOGRLIAOKEEY GKS@ YAIKEG 0SS Y2NB aveDld, tesSy i T Y2
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 ofterSadldt SR o0& dza Ay 3
LI NGAOALI yiaeg Fa GKS O2yGNRf 3INRAzLJd LRSI €
panels of households) available to use as control groups

1 Small samples and/or small savings and outlieBecause 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 sarbis 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).

1 Need to incorporate building science into the analysivaluators 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 sens@ 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,
G{O01IGAAGAOFE &AAIYATAOI YOS F%orkvaldaoh T Aa y2i
results to ke 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 billg 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 effiently 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 togetheydoce

robust results.

®58YAy3ds 20 9RGINRAD® a{dFdiAadAdrt | ReadzaldYSyld 2F 5Ll ®é bSs
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Key Outcomes
a2NB STFFSOUGAQOSte dzaAy3d YSIFadaNBR RFEGF (G2 aOf2a
outcomes:

1 Improved service deliveryWe will have better decisiemaking tools to determine what
work needs to be done to debv the best value and quality. Program results can inform
guidelines for appropriate measures and testing, effective techniques and methods, and
efficient delivery processes.

1 Sound policy We will have results that demonstrate the public benefit from geb 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 example of how an
evaluation using utility billing analysis will influence policy

1 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 necessanppmrt
residential retrofits on a wide scale. In a recent study commissioned by Deutsch,Bank
231 affordable housing muifamily retrofit projects in New York were analyzed to
provide lenders with the data they need to assess the risk associatedeniing
against energy savings projections. faed postproject 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 underwnitizxg developed.
This underwriting tool is intended to help unlock the billions of dollars necessary to
realize the energy savings potential in kaveome residential buildings.

We will not begin to make significant progress to improve the energy efficielrgbility 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.

ALGSOSY 2AYGSNI 1 3420 AF08a YR Iws! | ROAEA2NAS® awSO23ayAal ay3a (K
Deui &8 OKS . I Wfthsdréwwidimaem/d@sa/img/DBLC Recognizing_the Benefits of Energy Efficiency 01 12.pdf
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Energy Simulation Software

Since the early 19&)energy moeling was used primarily by national laboratories and utility
programs to estimate energy sags in new and existing singfiemily residencesSoftware
programs were developed by DOE government laboratories suchsagdmos and Slar
Energy Research hlitsite (SER) on largermainframe highspeed computersThe programs
typicallyutilized weather data andnformation based on ASHRAE steathte heat loss
calculations, thermal mass, thermostat setp@nnternal gain@nd solar gaingo predict
monthly and annual energy use for space heating and cooling.

These programs weralsoused to develop estimates of energy savings fgiandard design,
typically focused opassive solar, solar sunspaaeddirect gan in the design of new homes.
The program®ften assume the homéo be a singlezone modebhndannualizespace
conditioningenergy use based on hourly, dailytmne-step intervals as part of the annual
simulation In some cases, thousandssifmulatiors were conductedo develop simplified
tables basd on large parametric analysis of weathieome type and efficiency leveds curve
fits, which could then be used by designerko did not have access to these simulation tools

Energy snulation software programs were developadthe 1990s. Two pragms that were
used frequently by lowncome agencies in support of federal astdte lowincome residential
weatherization programsvere the National Energy Audit TO(NEAT) andargeted Retrofit
Energy Analysis TOGTREAJT Approved softwaresuch as TRAT and/or NEAAre required by
DOE in lowncome weatherization programs when software is usegadfy thatthe savings
to-investment ratio (SIR$ greater than one for any energy efficiency measure installed
some caseenergy analysis software waisedby program designer® prescriptively
determinecosteffectiveenergy efficiency retrofimeasuresin lieu of requiring casby-case
simulations using approved software

Today, with theeady availabilityof modern computersenergysimulaion software is more
availableto those working with lowincome weatherizatiomprogramsand to abroader group of
users such as HPCs, energy auditors, home enatgssand even homeownerd hetwo most
popularsoftwareprograms believed to be usdry HPG andassociated with RESNET are
REMRateand Energy Gauge USA. HPCs working with RESNET HERS use these programs for
energy rating of new and existing home retrofifs.

% "Home Energy Rating System Building En&ighulation Test (HERS BESTEST)," Vol. 1 and 2, NRR{Z382. National
Renewable Energy Laboratory, Golden, Coloraslmilableat: http://www.nrel.gov/publications

Final Reporto NISTWSUEnergy Program revised January 2013 29


http://www.nrel.gov/publications

Theenergy software usetb rate homesmustbe approved using the BESTEBST RESNET
processAlist of nationally accreditedating softwareand discussion of BESTB®ly be found
at RESNETcéredited Rating Software Tools:
http://www.resnet.us/professioral/programs/providers/directory.aspx

Adirectory sponsored by the DGnergy Efficiency and Renewable Energy (EERE) program
provides software tools to help researchers, designers, architects, engineddgrsucode
officialsand othess involved in théuilding 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®f at some point in their
lifecycle.This directorycurrentlyprovides information on 406 building software tools for
evaluating energy eifiency, renewable energgnd sustainability in buildings. The energy tools
listed in this director$? include databases, spreadsheets, component and systanalyses, and
whole-building energy performance simulation programs. A short description is provided for
each too] along with other information including expertise required, users, audience, input,
output, computer platforms, programming language, sigéghs weaknesses, technical contact
and availability

Numerousstudies have showthat the ability oftheseresidential energy simulation software
programs to predict energy savingsaffected by the potentiaincertaintiesof input
assumptionsassociatd with accurately characteiiizg the home thermal envelop&]VAC
system, appliances, DHW and other electric loddsst importantare the assumptionabout
occupant behavigiwhichcandrive the two key variablesf internal gain and thermostat
setting These uncertainties limit thability to estimatepre/post energy use and savings
Savings can also be impacted when assumptions change frortogestretrofit scenarios

There seems to be an evolving discussion within the HPC industry and DOE retardse of
utility datato adjust the preretrofit model and todetermine if savings estimatésom software
analysisare realizedgrovided in the Utility Billing\nalysis section of this reporfpOE
approved weatherizatiosoftware programsan adjus{sureup) the preretrofit estimates
using utlity data, as is required in DOE lamcome weatherization prograswhen softvare is
used to estimates SIR.

Other emerging softare tools such as SRLE utilize basic information about the home and
occupant liestyle to estimate energy use and savings based on correlations withdangirical
utility data sets.These tools have been shown to predict energy use asaselif not better
than ¢ many software simulation programs

#DOE EERE Building Ene3gftware Tools Directorynttp://appsl.eere.energy.gov/buildings/tools_directory
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Many HPCatilize predicted enggy savings in selling and fim@ng HPC services to customers;
the customers themtilize the savings to make their lo@ayments on the energy efficiency
improvementsthat were financed. Theost to conductenergy simulation analyses variesm

less than $100 to over $400 per hom&iven these costs and questions regarding the reliability
of the energy savings predictiorsgnificant discussi@are occurring regardinghte usefulness
and programmatic cost effectiveness of requiring energy simulatiaysisin homes receiving
energyefficiency retrofitimprovements Discussios are also underwayegarding the need to
assess predicteenergy savings with realorld utility savings realized at the metendto

adjust theenergy simulation modelsased orthose empirical data findings

Tablel provides linktod 2 F i 61 NS LINRPRdAzZOSNEQ ¢6So6aridSao

Tablel. Links to Software Products

REM Rate http://www.archenergy.com/products/remrate
EnergyGaugeUSA http://energygauge.com/usares/default.ntm

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

NEAT http://weatherization.ornl.gov/assistant_features.shtmi
Home Energy Score http://www1.eere.energy.gov/lnildings/homeenergyscore
EnergyPerformanceScore | http://energy-performancescore.com/

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

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

BEOPT http://beopt.nrel.qov/

REM/Rate

REMRatet &2 F 06 NB A& ditiabdReraleHERSNERS rytds khenégy 2 v &
efficiency of homes to identifgosteffective improvements and providenergyefficient
mortgages. Climate data is available for cities awirts throughout North America.

REMDesige a2 T ¢ NB  i6g, dodlingf DHWi§hiing &ril bipipliancwads,

consumption, and costs based on a description of the home's design and construction features
as well as lodaclimate and energy cost datadditionally, REMbesignis DOEapproved for
weatherization asisance programs in all states.

REMRateis auserfriendly, yet highly sophisticated residential energy analysis, code
compliance and rating softwargrogramdeveloped specifically for HERS providBEMRate
software calculates heatq) cooling, hot water, lightingnd appliance energy loads,
conaumption and costs for new and existing sirglad multifamily homes. Climate data is
available for cities and towns throughout North America. REMécomplies with National
Home Energy Rating Standards as promulgated by RESNER&aREs many unique
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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 andegpsskiv analysisihe
software has a usedefined reference home feature thanables the HERS provider to create
other reference homeséflectinglocal construction practiceeandlocal code) that can be
compared tathe rated home. It also has anxgort database feature that creates a database of
inputs and outputs for statistical analysis, archiving ratings and custom report generation

EnergyGauge USA

Thisuserfriendly but highly sophisticated home energy simulation software vead designed
to easilyand accurately evaluate home energfficiency. The softwa uses the powerful and
widelyrespected DOE 2-E hourly building energy simulation software to simulaibel
evaluateenergy uselongside thdinancial impacts of engy-efficiency improvements
existing and nevhigh-performance homes

EnergyGauge USAmplies with all requirements of the International Energy Conservation
Code (IECC) for energy code compliance calculations and reporting and with all national
accreditation procedures and tecluail guidelines foHERSIncludingthe 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 palscomputer technology anDOE2.1E software to
complete an hourly annual simulation in under 30@ats.

The software has been useéd simulate homes that have been monitored in detailte field

with excellent resultsThe EnergyGauge USA BESTEST Répar permanenfile with

RESNET, the nation'scaeditor of HERS Providers and Rater Training ProviderddBR &ool,
EnergyGage USA offers, compliance with the National Renewable Energy Laboratory's HERS
BESTEST4 procedurd&R$s in full compliance with the Mortgage Industry National Home
Energy Rating System Standards as adopted by the National Association of State Eiogatpy O
Standard DOR reports, including hourlgeports.

# validation of EnergyGauge USA against monitored field data can be accedseziain
http://www.fsec.ucf.edu/en/publications/html/FSECR1670-00/index.htm

Documentation of EnergyGauge USA compliance within the HERS BESTEST can be atinessed on
http://www.fsec.ucf.edu/en/publications/html/FSERR55-00/index.htm
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Weatherization Assistant

The Weatherization Assistant is a family of eessyse but advanced energy audit computer
programs that identify the costffective energyefficiency retrofit measures fa home after
taking into account local weather conditions, mafit measure costs, fuel costs andnstruction
details of the home. The Weatherizationsisgant is designetb help states and local
weatherization agencies implement ti¥OBWeatherizationAssistance Program, although it is
also used by utilities and other home energy professianals

NEAT and MHEA

The Weatherization Assistant serves as the umbrella progortwo programs: the National
Energy Audit Tool (NEAT) for diteilt singlefamilyhomes and the Manufactured Home Energy
Audit (MHEA) for mobile homeA third program addressing small meftimily buildings is
planned for the future

NEATdeveloped by the OaRidge National Laboratorwas formally introduced in the summer

of 1993 anl was already being used by local weatherization agenci28@ states by 1994.

During 1995, NEAT was used by approximately 500 local weatherization agencies in 30 states to
make retrofit decisions for more tma80,000 lowincome dwellings.

The unique costruction characteristics of mobile homes requéealuating and installing
measures specificalyesignedor such homesoweatherizationefforts save energy and
money.

NEAT and MHEA evaluate each home individutligr taking into account local weagh

conditions, retofit measure costs, fuel costsd 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 pecalpcioritized list of cost
effective weatherization measures customized for the dwelling being evaluated. The output
includes estimates of the projected energy savings, saxmgsvestment ratios (SIRS),

installation costs, a list of the major matesaiecessary 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 compe the annual heat loss and heat gain of the home, and the annual space
heating and spaceooling 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 avariablebase degreaday method and teryear average weather data for the selected

city.
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Home Energy Saver

The Home Energy Savdhe first Internetbased tool to help homeowners reduce energy use in
their homes quickly compites a home's energy usey Bmply changing one or more features

of the home users can estimate potential energy savings of eneffjgiency improvements.

Home Energy Saver is designed for th@démgon, but is also useful to energy analystsities,
residential buildersind equipment/service vendors. Thisel-based approach has several
advantages over the traditional process of designing and deploying energy tools, such as a
dynamtc webbased information networkand lowcost, immediate software distribution.

Thewebsite servessa deit-yourselfhome energy audit, helping homeowners identify the
best erergy upgrades, providingformation tohelp implement these upgrades, and
connectingusers to an expanding array websitesthat provideinformation on energy
efficient products home builders, residential utility programsewsletters, energy software
and other useful topics.

The site is being developed as part of BRAENERGY STRRgram for reducing GO

emissions from home$eparate modules are provided for higgy/cooling DHW lighting,
appliances andniscellaneous use&nergy consumption is estimated using statéhe-art

models and data developed at Lawrence Berkeley National Laboratory, most notably tie DOE
building simulation model for the heatiyicooling moduleA coordinated system of stware

and hardwaremakesthis programeasy to useandan interactive databases accessible

through common gateway interface (CGl) scripts.

Energy Performance Score

Energy Performance ScoreRE8 is an exciting new tool thatrpvides a standardized estimate of
a home? energy use and associated carbon emissions. The EPSyaliotescompare the
energy use of one home to anotheithout the influence of varying occupant behavior.
Homeowners can also use the tool tongpare thetypical energy use ithe house in its current
state versus what it could be like after energy upgrades.

EPS is being used by utility programs, local and state governnoemsnunitybased
organizationsand independent energy assessors across the nafisra homeowner or energy
assessor, you can access specific information about a program in your community and create
your own EPS accourkEnergy efficiency programs funded B@EnN coordination with state
governments and local utilities are utilizing tB®Sechnology platform. In addition,

homeowners, contractors, and auditors in Alabama, Maksaetts, Virginia, Washington and
Oregon can access the EPS technology platform through exestergy efficiency programs
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data and basic information about the home in lieu of a simulation model.

SEEM

The SEEM pgrsam, designed to model smaitale residentiabuilding energy usesonsists of

an hourly thermal simulatioand 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 consisténtwunitent
ASHRE, AHR&nd International Organization for Standards (ISO) calculation standards

SEEMimulations do not require extensive training or technical sophistication in building
thermal modeling, and have become standard design tools in many lesatitthePacific
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 residesggibr in theNational Research
Council'YNRCPower Plan, for the Performance Tested Comfort System (PTCS) incentive
program, the Northwest BRERGY STA®R Homes progranand other utility program offerings.

SEEM was developed Bgotopeandhas been gratly enhanced by Larfyalmiter as its

primary author. This program wateveloped by and for thBlRCGand NEEA. SEEM is also used
to support state building energy code revisions including the Washington argb@state
energy codes.

To create a simulatigrSEEM 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,tgpels as
split-level, heated basements, skamn-grade and cantilevered floors. SEEM generates a number
of outputs including building UA, heating load, heating equipment input requirements, cooling
load and cooling equipmentput requirements.

SEEM offers a numbef advantages over other simulation programs. The gigystep hourly
calculations accurately model air temperature and meathaat temperature using a statef-

the-art algorithm. Heat pumps and aionditioners are modeled on real performancata from

may dzF I O (i dzN&S SEGM &ldo provides the capability to use multiple control strategies and
thermostat setups for the equipment. SEEMoclosely tracks duct losses to usgpecified

zones (inside, outside, crawl, attic) and accurately models theiaatsp Additionally, SEEM
contains a comprehensive belegrade heatdss algorithm to model buildingfound conact
through slabs, crawl spaces and basementsailver data for the simul&n comes from the

widely used typical meteorologicabgr (TMY) datats.
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AKWARM

AHFC released AkWarm in 1996 as a software tool for buildesgyrae's, energy raters,
lendersand homeowners. The softwarcan be used for energy designretrofit, or to
determine an energy rating.

AkWarm accesses a wide range of Alespexific datalases for weather, fuel, utilitgnd

material costs in more than 200 locations.-6ereen calculators and input wizards make data
entry simple and accurate. AkWarm will allow the usecreate house data filesanalyze
energy usecalculate degn heat load easily make changes to the description of any energy
component compare energy performance and energy cosiisd ompute the savings of
individual energyconservation measures

AkWarm iscertified to show compliance withthe State of Alaska BEE&nd the Municipality of

Anchorage's heat loss calculations, eliminating the nee@dalitional energy analysi8kWarm

is accepted bAHFC, FHA, VA, Fannie Mae BretidieMacfor their energyefficiency financing
programs

BEOPT

¢ KS . 9 2 Lijig #nergyy Qihriz&ion) softwareas developed biNRELln support of the
DOBBuilding Americprogram goal to develop markeeady energy solutions for new and
existing lomes.

This progranevaluates residental building designs and identifiesstoptimal efficiency
packages at various levels of whdéleuse energy savings alpthe path to zero net energy.
BEopt provides detailed simulatidrased analysis based specift house characteristicgich
as size, architecture, occupancy, vintageation and utility ratesDiscrete envelope and
equipment options, reflecting realistic construction materiafgl practices, are evaluated.
BEopt can be used to analyzeew constrution and existing home retrofits through evaluating
single builling designs, parametric swee@asd costbased optimizations.

BEopt uses existing, established simulation engines (currently DOE2.2 or EnergyPlus).
Simulation assumptions are based on Bwilding America House Simulation Protoc®lse
sequential searchyimization technique used by Bt finds minimumcost building designs at
different target energysavings leveland dentifies multipledesigns allowing for equivalent
solutions based on builder or contractor preference
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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 ésalipotential

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/meggrabilities while leveraging the
0§SOKy 2t 238& hkefhRfdshpaceRsile platfsrin B Kush opportunities out to
consumers. Moreover, this evolution has created prospects in the behavior arena that is being
capitalized beyond that provided by liies, and includes commercial businesses, organizations
and individual innovators, which may ultimately provide ldagn and sustained energy

savings.

The intention of several commercial, large and small scale firms to promote the idea of
changinghom& g6 Yy SNk NBY 0 SNNR& O0SKIF@ZA2NA |a Ad NBfFGSa
past few years. There are complex systems requiring licensed electricians to the simjiler, do
yourself system, all of which have some information feedback component for theuoer.
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 growthis &rena 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 ratesetiability + 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 b either change behaviors (long term) or install energy efficiency measures (short
term). There are many webased user interfaces that aggregate energy data and provide
useful information to the consumer, however, the trend appears to be moving in thetain

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 eatbn).

The oldest of such tools that provides home occupants the ability to enter data and analyze this
information is the wekbased Home Energy Saver, developed by the U.S. Department of
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include a more comprehensive analysis and has features for the trade professionals to access
the tool as an energy audit provider. This wedised tool has both a simple and comprehensive
information collection format. The more deta 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 model engine, DOE2, to analyze the information collected to produce
results and recommendations. While there is no current integration of smart meter data, Green

dzdd2y RIEGE 2NJ dziAftAGe 1 O0OSaa oO00GKS dzaSNJ Ydza

GR23tS5SQa STF2NI 6AGK GKSANI SySNHe dzaS SgI f dzk 4 A

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 mee 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 opportunitiesHer

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

FYR GKSANI St SOGUNRO GSKA Of Sions, thkberdeffisaadintestsi KS 02

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 staat;ing 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 tooltcd ANB 3+ S YRk 2NJ aSLI NI GS |

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 povided 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 customérrkeir

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 concepti®neel

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 energycefficy, 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 sociaisibly 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 savings3d$%.5

Energy Savvy, another program implementekes 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 measuresr recommendations to implement in the home. The basis of the
Ff32NRAGKY dziAf Al Sa aAOKIF St . tlLayAailQa {AYLX S
small amount of consumer time to input data. The purpose and objective of the tool is to get
eally 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 completingitige on

audit process (input).

The Green Button initiative enables participantsose 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. Theatla 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 improvetcomfor
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 ohitiegive 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 informationand 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 oftkenmg eneigy
savings.

Monitoring Devices: Equipment and Tools

There is a host of monitoring devices on the marHRétese are to be distinguished from home
energy management systems that actually control energy Heene energy monitors such as

The Energy Detectiyf@ ED) provide feedback on energy use to home occupAntording to a
recently completed survey of studies by the American Council for an Energy Efficient Economy
(ACEEE), the range of energy savings from feedbeakged from 019.5%, with average
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savngs across the pilots of 3.8%he largest savings came from the replacement ofgxisting
prepayment meters in Northern Irish homes with new prepayment meters having -dimeal
display The smallest savings were observed in two pilots, which foundygcegate effect of
reattime 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%
(SourceResults from Recent ReEime Feedback &lies B. Foster, S4azurStommen ACEEE,
ReportB122 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 byconsumers may be an indicator of the motived and engaged energy consumers, and
indicates a trend that can probably be encouragesspecially if energy use tracking could be

linked to social media/marketing, thus making energy monitoring and low energgt @& 2 f

CKAA O2yadzyYSNJ 0SKI @A2NI 2NJ aO0O2YLI NBE GKeé ySAIAKO
1980s and80s pressuringhosewho do not have their cart out on their driveway to do so. The

norming of the recycling behavior provides the path energyseovation 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 monitor2mi A 2y 'y R Sy SNHe& dzaS LJ (4 S
GdKS 200dzZL)r yiQa o0SKIFE@A2NBR a4 AG NBtlFGsa G2 Oz
also serves as a feedback device, because it records temperature and energy use and reports it

to the internet whee it can be accessed by the home occupaahd by Nest for mass impact

analysis if the homeowner does not elect to prevent anonymous sharing of energy us8yata.

making the thermostat smarter, the intervention of the human input is removed.

Smart MetergUtilities-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 realime feedback, warning or alert notifications and suggested
approaches for energy conservation to the consundesmart meter or automated metering
infrastructure (AMI) providginformation to both the consumer and utyif 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 installatiand 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 thenergy 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
wayto 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, ZigBaged products, etc.) Some of these areidgourself

installs from plugbased deviceto 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) ftleere is an opportunity for consumers to save

energy by using feedback tools. While the energy consumption information may be readily

oAt ofSY GKS YSOKIYyAAY 2F aFSSRolO1é¢x NB3IAF N
persistent barrierof 02y addzYSNRA& I OOSLIilyOS G2 o0SKIF@A2N C

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, butather a combined effort (retrofits/measure implementation and
education/awareness) with the devices and a high cost of implementing such programs.

Thelongd SNY OKIy3Sa GKFG INBE ySOSaalNEB (G2 OKIy3IA
use can be sumntkup by the following actions:

1 Relevance and correlation between consumer and what is being consumed
(electricity/gas cannot be seen)

1 Costeffective tools to provide reaime information about specific actions

1 Significant increase in costs for electyoitr 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 candgithe 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 feedbdctools, there are many opportunities to make the next leap in the right
direction and show longerm 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 trendson 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 adagition
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 costeffectively evaluag technologies or measures implemented in homes for
weatherization programs, retrofiprograms or behaviebased initiatives. The energy use data

will continue to be of value, however the inconsistency of analytics or standards that are in
place to evalua 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, pludgpads) or have the capability of monitoring multiplecdiits, 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 agcess
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 gsialprocess 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, NES¥@come 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 educatia 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 energ
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 argyeranservation will be

as simple as breathing.
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http://www.aceee.org/files/pdf/presentation/KDonelly-2009-Oct5-DOEBriefing.pdf

Energy Trustof Oregoit KS b Si AYLI OG 2F 1 2YS 9ySNH@& CSSRO
Evaluation Conference, Portland, OR, 2009.
http://ene rgytrust.org/library/reports/Home Energy Monitors.pdf
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http://www.rand.org/content/dam/rand/pubs/rgs_dissertations/2011/RAND_RGSD277.pdf
http://eec.ucdavis.edu/ACEEE/2010/data/papers/2139.pdf
http://dl.acm.org/ft_gateway.cfm?id=1520676&ftid=643492&dwn=1&CFID=42316822&CFTOKEN=35883019
http://dl.acm.org/ft_gateway.cfm?id=1520676&ftid=643492&dwn=1&CFID=42316822&CFTOKEN=35883019
http://www.nber.org/tmp/24469-w15386.pdf
http://www.aceee.org/files/pdf/presentation/KDonnelly-2009-Oct-5-DOE-Briefing.pdf
http://energytrust.org/library/reports/Home_Energy_Monitors.pdf

GwSaARSYUGALFf 9ySNHE& ! aS . SKIFEZA2N / KFy3aS tAf2i
Minnesota Department of Commerce, April 2009.
http://opower.com/uploads/library/file/3/residential energy use behavior change pilot.pdf

GWSAARSY(GAlLf 9t SOGNAROAGE !aS CSSRolFO1lY ' wSas
#1016844, EPRI, February 20009.
http://opower.com/uploads/library/file/4/residential electricity use feedback.pdf

! dzi2YFGSR 12YS 9y SNHe alyl3SyYSyid 9ELISNI aSSi
Tednologies Program, October 20009.
http://wwwl.eere.energy.gov/buildings/building america/ahem expert mtg.html

2008
fSmartMetering and Consumer Feedback: What Wdrk§ R 2 Kl G 52 Say Qi dé 1/ 9¢
Study, 2008http://eec.ucdavis.edu/ACEEE/2008/data/papers/2_252.pdf

Gt Af20 9@ fdzr GA2Y 2F 9y SNHE { I OAy 3ad FNPIYC {wH/a A
CR1742-08, Florida Solar Energy Center, January 2008.
http://www.fsec.ucf.edu/en/publications/pdf/FSECR1742-08.pdf

Schembrid The Influence of Home Enerlylanagement Systems on the Behaviours of
WSAaARSYUGUALIET 9t SOUGNROAGE / 2yadzYSNEY 'y hyidl NR?2
University of Waterloo in fulfilment of the thesis requirements for the degree of Master of
Environmental Studies in Envinment and Resource Studies, 2008.
http://www.environment.uwaterloo.ca/research/greenpower/projects/documents/SchembriT

hesis2008.pdf

GwSaAfRSYYiISNBHE 5AaLJd & 5SgA0Say ! GAftAGe tAft20 |
Institute (EPRI), 2008. Description only, cost $2,375 for full report.
http://my.epri.com/portal/server.pt?space=CommunityPage&cached=true&parentname=0bjM
gr&parentid=2&control=SetCommunity&CommunitylD=404&Raise Docl|D=000000DW0508
8&RaiseDocType=Abstract id

2007

Robinsond» & ¢ KS 9 T F SU3eiFeatFackdri FeSidemizl Cohsur@ption: A Case Study

2F [/ dzAaAG2YSNAR G6AGK {YINI aSiSNB Ay aAatiaz2ys hyid
Waterloo in fulfillment é 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
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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

2006

GOFTFSOUADSYSaa 2F 5AaLiledAy3d 9ySNHE [/ 2yadzyLA
/ K| y BCEBE Summer Stugg06.
http://www.aceee.org/sites/default/files/publications/proceedings/SS06 Panel7 Paper22.pdf

G¢KS 9FFSOGa 2F | 2dzaSK2tR / KINXOGSNrRaGtAOa | yR
RealTime9 y SNH& ! 84S CSSRAEEEE Suminer St@008.G { (1 dzR& ¢
http://www.aceee.org/sites/default/files/publications/proceedings/SS06_Panel7 Paper®1.pd

G¢KS 9FFSOGAPSySaa 2F CSSRol O]l 2y 9ySNHeE [/ 2Yya
2y aSGSNAy3asx . AftAy3d YR 5ANBOG 5AaLil eadé 9y
April 2006.

http://www.eci.ox.ac.uk/research/energy/downloads/smameteringreport.pdf

Gl 2¢6 adzOK 9y SNHe& ! NB 2S | A4Ay3IK t20ACEEEFf T2 NJ
Summer Study2006.
http://www.aceee.org/sites/default/files/publications/proceedings/SS06 Panell Paperl9.pdf

Woodridge Energy Study & Monitoring Pilot, Whirlpool Corporation, 2006.
http://uc -ciee.org/downloads/Woodridge Final Report.pdf
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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 VACContractor Experiences

Building Performance Institute

The Building Performance Institute, InBP) operates as a hen
profit, building performanceredentialing, quality assurance and
national standardssetting company in North America. It develops
technical standards for home performance and weatherization
retrofit work. BPI supports the devagdment of the building
performance industry through individuahd organizational
credentialingand quality assurance programs.

BPIwas founded in New York in 1993 as part of an effort to establish minimum standards for
professionals workinghithe weatherization industryDefining skillsets and mitigating risk
through credatialing and QAvere early goals. Over the next 10
years, BPI becamede factostandard for retrofit weatherization
across North AmericaBPI standards became widely used by-low
income weatherization programs and the emerging home
performance industrysupporting programs such &ome
Performance with ENERGY STRR process culminated in 2004
whenrequirements for QA of all certified contractonere added,
which providedincreasedaccourtability for the industry anchomeowners.

A period of rapid expanmn occurred from 20092011 asdderal stimulus dollars spurred a ten
fold increase in lowncome weatherization activity and the home performance industry
speculated aboutthe possibf A 1& 2F al 2YS {GFNE fSIAatlrdA2yd

BPI develops standards using an open, transparent, consérasesl process built on building
scence. From these standards, BPI Haseloped professional credentials for individuals and
accreditation for contracting congmiesc including qualityassurance programgurrent BPI
credentials foindividual technicians includauilding analyst, heatigp, AC/heat pump,
shell/envelopeand multifamily designations. Since 2010, BPI has been recognized as an ANSI
standards develoment organizatiorand is currently updating and reviewiad of their existing
standards.

BPI has developed rigorous written and field exams based on thidmia#ly recognized
standards.Through a network of affiliate test centers, exams are currerglyvdred in all 50
states and five foreign countries in compliance with ANSI testing protocols. With support from
DOE, BRs currently piloting the robbut of new certifications for field workers in support of the
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http://www.bpi.org/

newly developed Standard Work Specifioas for the National Guidelines for Home Energy
Efficiency Retrofit Workforce.

Current Standards

f T BPHL04: Envelope ProfessionglTechnical standard outlining the sapf envelope
diagnostics.

1 T BPI2400S Standardized Qualification of Whole House Energy Savings Estimates
This standrd specifies a process for calculatsigndardizel edimated savings: a
difference (delta snulation) between the modeled energy usage before an energy
upgrade (or set of upgrades) and thedeled energy use after an upgrade (or set of
upgrades), using approved building energy use simulation software.

§ 0 Building Analyst Profession& The technical standards algd by a BPI Building
Analyst lPofessional in conducting a residential energy auditluding development of
a recommended scope of work.

1 = (Amended) BA Clarification of CAZ Depressurization LimDefines more clearly
the definition of an orphaned naturally dted DHW heater for the purpose of
establishing a combustion zone depressurization limit.

§ T Heating Professionat Technical standard applied by a BPI Heating Profedsiona
during the evaluation and/or installation of heating equipment.

§ = Manufactured Housing ProfessionglTechnical standards applied by a BPI
Manufactured Housing Professial during the inspection or installation of energy
performance measures in manufactured housing.

0 Multifamily Building Analyst Professionaj Procedural outline of theequired steps
in conductinga BPI multifamily building energy audit.

= Multifamily Energy Efficient Building Operatay Technical standards applied by a
BPI Multifamiy Building Operator to assure safe energy efficient operation.

= Multifamily Hydronic Heating Profession& Technical standashpplied by a BPI
Multifamily Hydronic Hating Professional for the design and installation of energy
efficient hydronic heating systems in meiiimily housing.

Standard Under Review
¢ 7. BP}L100T-2010 (formerly BRLO1): Home Energy Auditing Standagdefines the
scope of a BPI home energy aud

Looking to the F uture

BPI board members and supporters have articulated a number of challémge®cus
primarily on expanding the home perfoance industry:

1 Continue to expand the awareness of the value of BPI accreditation to contractors and
consumers.This is necessary tosure 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.

Final Reporto NISTWSUEnergy Program revised January 2013 50


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

1 Folbwing the implementation of BF¥tandard 200, whichestablishes a standard for
making creditable estimates of energy savings from home performance measures
establish consistent methodologiés verify and countictualenergy savings/erifying
actual performance is the final step in providingagntability to consumers and
program implementers.

1 Determine a process to monetize aatisavings in the marketplack the final analysis,
the motivation and ability tanakecomprehensivemprovements to the energy
performance of existing homes depend the creditable demonstration of value to the
consumer.

1 Establish a database of energy retrofit data and a jobs registry that is creditable and
recognized by the players in the capital mark@&ased on variability of climates,
housing types and energyseurce 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 NetWRESNET;

www.resnet.org) isn industryformed, not-for-
profit corporation established in 1995 to develop a
national market for home energy rating systems ®

RESIDENTIAL EMERGY SERVICES NETWORK

and energy efficient mortgageRESNET's
standards are officially recognized by the federal
government for verification of building energy perforntanfor federal tax incentives, tHePA

ENERGY STAR program andxi®&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 certifying2 KX Sa¢ F2NJ LINARGDI 0SS FAYIFYOALE AY
of the United Nations Sustainable Buildings and Climate Initiative.

ACCA and RESNET Team Up

RESNEand ACC/Aeach identified specific portions of the building performance market that
were within their areas of expertis&ach organization focused on their core competencies and
worked on wholehouse retrofits for energy savingdowever, neither association had

adequate breadth to execute a wheleuse energy solutian

RESNEGnd ACCAealized thevalue of providing homeowners with a team of skilled

technicians that usesraintegrated approach and leverages the training and strengths of team
members.Recognizing the complimentary naturetbéir organizatiors, ACCA and RESNET are
now collaborating 6 launch a comprehensive, wheat®use building performance platform
Together, the organizations have in their collective arsenals the standard practices and training
regimes that position industry practitioners to perform a whbleuse performance evalu@in,
design and upgrade
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ACCA and RESNET have defined how a home performance team is to apdiate
credentialed, and the specific responsibilitieseathteam member The goal is to ensure that
home performance improvements are predictable and achire.

wo9{b9o9¢Qad 9YySNHeE { Yteaddd bringZalNdthetirgredreatidéddstl Provide
homeowners with a comprehensive and verifiable turnkey enea@ying retrofit Additionally,

the completed jobs will include an independent thjpdrty veriication designed to protect the
K2YS2gySNDRDa AyaSNBada FyR GKS .HofrieGvAaklcing 2 F
now benefit from a multdiscipliraryteam approach to whokouse diagnostics and upgrades.

Vital for implementing a wholdome performance team concept is establisig an industry
developed method for conducting an audit, identifying opportunities, executing the work
authorized by the homeowner and verifying that the upgrades were undertaken profdrdy
ACCA 12 QH201x Existing Hom&valuation and Performance Improvempesitiandard
supports a multindustry team approach for energy auditing experts, weatherization
professionals, HVAC patrticipants and other trade contractors

RESNET Auditors Ensure Quality

RESNEITEnergy Smart Home Bermanceteams will audit, prioritize opportunities and
complete home improvements using the ACCA 12 QH Stantlaedeam will be comprised of
aproject manager and the tradprofessionalsiecessary to complete the proje¢iVAGrelated
work will be comgete by aquality-assured HVA@Contractor recognized by ACOAsulation
related work will be performed by an insulation installer certified by the Insulation Contractor
Association of Americd heteams will be monitored by a RESNET Contractor Educattbn a
Qualification (CEQyrovider.

The first step in the teaased approach is to provide homeowners with a complete energy
audit and a performance improvement plaRecommendations on insulation, HVAC
repair/replacement, air sealingndwindow upgrads are prioritized based on a benefit vs. cost
analysisAfter 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 energyuse durabilityandIAQ the work is audited by

an independent, thiregparty rater. The rater examines the contract specifications and verifies
that the work is completed as specifigéuditing and rating standards used by RESNET energy
auditors arenoted in the RESNET Resoursestion)

L ##1 60 10A1 EOQU ' OOOOCAA #1711 OOAAODOI OO - AEA OEA 3

Traditional home performance improvement prograri@s to properly address the
performance of the HVAC systekiVAC systems are responsible forpé@centor more of a
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K2YSQa Sy $Ndidon tradtertidlly 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 prograivAi contractors that
observe industryrecognized standardd o participate in th&QA contractor progranfor existing
homes, HVAC contractors must follow industegognized standards as confirmed by third
party verificationsQAcontractors do not needd be ACCA members to participate.

ACCA and EPA SupporENERGY STARrograms

Quality Installation Standards Set the Path

9t 'ENBRGY STARAQQuality Installation@I) program provides guidance to local sponsors
(such aselectric or gas utilities) on hotw install replacement HVAC systems in residential
applications for optimized energy savings and occupant comifbiis program uses the
ANSI/ACCA 5 QI Standard to ensure proper equipment sizing, duct sealing, balanced airflows
and refrigerant chargesAgrowing number of utilities are embracing ttHENERGY STAR

program which wasmplemented in 2009.

Quiality Assured Contractor Recognition Program

Ly &dzLJLJ2 NIi 2 F ENER@ESTNEdfed bW Hotnes!Program, ACCA has
established the @ contractorrecognitionprogram 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
consistentlyachievedn the field Per theENERGY STAdguirements, RESNET HERS raters
undertake infield verifications and report to the homebuilder on the outcome of those
inspections.

The QA Program recognition effort helps

1 Raise the professionalismf ¢he U.S. HVAC industry,
1 Homebuilders identify quality contractors, and
1 Program administratorgind quality HVAC contractofsr their incentive programs.

Sensitivity Studies on HVAC Quality Installation and Quality Maintenance

It is widely recognizethat 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 maintain&de International Energy Agency (IE8%\)

evaluaing how installation and/or maintenance deficiencies cause conrdorditioning

systems to perform inefficiently and waste energlje agency sought to determine the
significance obperational deviationsf the combineddeviations have an additive effech
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equipment performance, and some deviations (among countspecific equipment types and
locations) have larger impacts than others.

International Research Effort
The IEA Annex 3Q@(ality Installation/Quality Maintenance Sensitivity Stujliestablshed in

2010, is a new international research effort based on the ANSI/ACCA 4 QM and ANSI/ACCA 5 QI

StandardsAnnex 36 participating countries are France, Sweden, United Kingdom and the
United States; ACCA, NI@h agency of thé&).S.Department ofCommerce) and Oak Ridge
National Laboratory (a DOE laboratoayg serving as agperatingagents 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 ineflitcpgerformance and energy wast&heannex is
scheduled to run through November 2018nex 36 activities are describedTiable2.

Table2. Annex 36 Activities

Task Activity Dates Effort
1 |Critical literatue  |Nov 201(Q; |Literature review and critical analysis of results from prior
survey Apr 2011 |research to identify QI & QM metrics and to secure quantitati
and qualitative impacts of various deviations from the specifi
levels recommended in relevant QI@M standards.
2 |ldentify sensitivity |May 2011¢ |ldentify participantspecific QI & QM elements to be included
parameters Oct 2011 |thept NIIA OA LI yi Qa aSyaAridArgArie
3 [Modeling, lab Nov 2.1 ¢ |Undertaken to verify the results provided by earlier researche
controlled Jul 2012 |fill in holes regarohg quantifying the impacts of QI & QM vs.
measurements, non-Ql & QM applications, and better understand the singula|
and/or insitu and additive impacts on equipment effectiveness
investigations
4 |S9mulations on Aug 2012; |Determine the role that seasonal temperature differences ha
seasonal impacts |Apr 2013 |on the varied QI & QM elements and the resultant impact on
heat pump performance.
5 |Country reporting |May 2013¢ |Each countryarticipant is toreport the results of theetasks
and information  |Nov 2013 |and the U.Soperatingagents will consolidatéhis information

dissemination

into a final report for subsequent dissemination.

NIST Undertaking QI Analysis
NIST, a U.S. Commerce Departmabbratory, undertooka sensitivity analysis of the ACCA QI
Standard elements in 201The NIST contribution is in two main areas:

1 Laboratory investigation€ooling and heating tests with imposed faults that include
duct leakage (to unconditioned space), slypairflow misbalance (rooro room), HVAC
equipment over and undersizing, indoor coil airflow (over and under design),
refrigerant charge (over and under requirements), electrical voltage {@ret under
rated) and expansion device mismatch.
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1 Modeling Seasonal analismodeling include effects of different singbmily house
types (slab vs. basement foundations, etc.) and climatesthaotid, hotdry, 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 erbgthegddustry, as
described inTable3.

Table3. Examples of QDM Adoption by Others

Organization Activity
EPA T ENERGY STARAC Quality Installation Program uses the ANSI/ACCA
Standard as the basis for HVAC equipment installations.
1 ENERGY STARalified New Homes Program uses the ANSI/ACCA 5 (
Standard as the basis for HVAC equipmiesiallations.

DOE ANSI/ACCA 5 QI is recommended by the DOE Builders Challenge progré
USGBC LEED for Hon|ANSI/ACCA 5 Q is a prerequisite for certificatibaf{ version pending public
rating system comment)

California Public Requires its investeowned utilities to undertake activities that promote QI
UtilitiesCommission |and QM in the fieldANSI/ACCA 4 QM and ANSI/ACCA 5 QI are specifical
(CPUC) recognized.

Consortium for Energy|Has adopted the ANSI/ACCA 5 QI Standard as emreended requirement fo
Efficiency (CEC) its utility members with energy programs

National Association ofENERGY STARAC Quality Installatidhrogram homes are automatically
Homebuilders (NAHB)|accepted at the bronze level in the 2012 Green Building Standard
Outside Egipment Require that their dealer base install HYAC systems per the ANSI/ACCA

Manufacturers QEM$ |Standard
Utilities Numerous utilities have incorporated elements of the QI & QM Standards
their incentive programs

Net-Zero Energy Homes

As homes become more efficient and esite electricity generation equipment (e.g., solar

panels, fuel cells, micrurbinesandwindmills) become more reliable and ceeffective, there

will be a need for practitioners who know how to help homeowners progressatda netzero
energy buildingsWith the development of its quality standards, ACCA is positioning contractors
to undertake netzero energy building implementations in addition to their current offerings
related to health, safetAQ energy and water caervation improvementsThis com@ments

the efforts currently being undertaken by the EFXOEand othersto encourageefficiencyand
operationimprovemens inheating, ventilation and air conditioning systeywater heating
systemslighting andthe building envelope.

Sgnificant reductions in home heating and cooling loadsbecome evident & home
envelopes become tighter, insulation levels improve, internal l@adseduced and ducts are
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relocated to the conditioned spacair conditionerscanbe dramatically downsizedne ton of
refrigeration effect will be adequate f@approximately2,000 square feet of conditioned living
area Compare this with air conditioning requirementsiir R @ Qa K:2dzaAy 3 aid2 01

1 Oneton of refrigeration effecis neededor every400to 600square feet in homes built
before the1980Cs.

1 Oneton of refrigeration effect is needed favery900to 1,200square feet irhomes
built to a relatively recent version of the energy code

The following will be needed:

Equipment:

1 Air condtioning equipment and control strategies for conventional systems that are
18,000 Btu/h and less.

1 Heating equipment and control strategies for conventional systems that are 35,000
Btu/h and less.

1 Redesigned lovflow grilles and registers that provide prepthrow and air mixing.
91 Costeffective alternative equipment, components and controls.
1 Tools and instrumentation thatre even more accurate for measuring reduced
capacities, airflow, refrigerant charges, etc.
Initially, OEMs might offer packaged equipmé¢hat contains a small coil with a big
blower in abypasscabindt &Yl ff KSI &G SEOKIFIy3ISNDa / Ca Aa
load, and bypass air plus conditioned air is compatible with the mixing effectiveness
needs for the conditioned space.
Guidance:

1 Updated building parameters so load calculations can address newer building
approaches and applications.

1 Revised equipment selection procedures based on the new equipment to be offered to
the field.

f New HVAC designs and information on how to get atlealstha 2 F (2 Rl @ Qa K2 Y!
throughout a netzero energy house when the equipment is at difth the capacity.

1 Alternative strategies for ventilation and moisture/humidity control.

w9{bo¢Qa 2NAIAYIlIf F20daA 61 & 2y tedtiiewBomasa G Ay I K
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 existiogsing stock, RESNET has once

again identified existing homes as a high priority
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As a national standaresetting organization in North America, RESNET develops and maintains
the Home Energy Rating System (HERS) standards for new and existing homemspact
evaluation, and establishes criteria for software analysis tools. As of REIINET is an ANSI
Standard Development Organization, responsible for creating standards using a consensus
based development and amendment process that includes formaligpteview and comment

RESNET accredits organizations (providers) to train and oversee RieSBIBjed
certifications; while RESNET does not certify individuals, it does administer online certification
exams and oversees the quality assurance effat®fch provider.

wO{b9¢Qad YSYOSNEKALI Aad O2YLI2aSR 2F NI dSNXI dzRA
members. RESNET is governed by-mé&imber board of directors elected by the membership.

The RESNET Board of Directors has established the follstaimdjng committees, each of

which provides the Board with policy, implementation and technical guidance:

T Accreditation¢ Responsible for the oversight of RESNET sditation application
review process and accreditation procedures.

1 Quality AssurancewS & LR Y aAA 06t S F2NJ AdadzAiy3a Ay dSNLINBQGL
assurance standards andqvider quality assurance program.

1 Ethics and AppealsResponsible for review and determination of quality assurance
appeals and ethics violations.

1 Training and Educatioow S&A L2y aA o0t S F2NJ AdadzAiy3a Ay dSNLINB
A0FyYRIENRAZ YIFIAYGSYlFryoOS 2F w9{b9¢Qa OSNIATFAC
education programs and maiamance of RESNET rater certification categories.

1 Technicat Responsible for interpretation of technical standards, procedures and
guidelines; technical evaluation of issues andgrams; and continuing maintenance of
technical standards.

1 StandardswSalLlR2yaAiroftS F2NJ Faadz2NAy3dI GKIFG wo9{b9oc¢Q:
maintenance meet ANSI requirements.

review and visual inspection by a home energy rater. The homes also recei\f@q
a rating, or assessment, of their energy performance. This rating is generaté!ah
from a software program; a full lisf qualifying programs is available at o oo —
http://www.resnet.us/professional/programs/energy_rating_softwarehe

rating is indexed so that a rating of 100 is representative lodrae 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

Zero Energy
lower energy use. Home

Homesd 4 S48 SRS 2NJ aNl 08RZ¢ dzy RSNI (G KS wgabQQ: A0y
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As of D10, the RESNET standards provide a framework for an energy audit process for existing
homes. The audit standard allows for three approaches:

1 A Home Energy Survey (HES) general assessment of the condition of the home with
respect to energy performancepnducted either by a DOBr RESNEdpproved
computerized online survey or by a (provietsrtified) Home Energy Survey Professional
(HESP).

1 A Building Performance Audit (BPA)A comprehensive assessment of the performance
characteristics of the homencluding 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 (provadsified) Building
Performance Auditors.

1 A Compehensive HERS Rating (CHERicludes all of the elements of a BPA, above, as
well as a complete rating using RESIdpfroved software.

RESNET maintains standards for RESNET EnergySmart contractors and teams. EnergySmart
contractors receive training in ldding 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 @maters or Building Performance Auditors. (For more information on the
w9{boc¢ck! / /! LIAGCIAGRIREFNETTEarmAdp S0)Sit 2 6 ©

In addition to the standards for inspections and evaluation, RESNET provides credentials for the
following provider orgaization types:

1 Accredited Rating Providers Provide oversight and quality assurance for home energy
raters.

1 Accredited Home Energy Audit (HEA) ProvideiRrovide oversight and quality
assurance for Home Energy Survey Professionals and Building Perderfaaditors.

1 Accredited Rating Sampling Providegr$2rovide oversight for raters applying RESNET
sampling protocols for ratings.

1 Accredited Rater Training ProvidegsAdminister training to RESN@&fined minimum
competencies and provide testing for homeezgy raters.

1 Approved Contractor Education and Qualification (CEQ) Provideksiminister training
to EnergySmart contractors.

w9{b9¢Qa TFdzidzNBE STFF2NIla Ay (KS SEA&GAY3I K2dzaA
EnergySmart contractors and teamspimvide 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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Association of America

ACCA Resources for Residential Applications

ACCA Quality Standards

ANSI/ACCA 4 QM (Maintenance of Residential HVAC Systems)

ANSI/ACCA 4 Qptescribes basimaintenance inspection tasks and offers recommended
corrective actions to maintain residential HVAC systdhpovides guidance for the inspection
of typical residential HVAC systems to improve heat transfer, energy efficauraility,

indoor air qudity and comfort and provides recommended maintenance procedures
Equipment checklists detail the minimum visirepections, performance testnd
measurements to be performed.

ANSI/ACCA 5 QI (HVAC Quality Installation Specification)
ANSI/ACCA 5 @cuses on the actual installation and howedlsystem is selected, installetd

commissionedFor this standard, core areas that characterize a quality installation include
specific aspects related to design, air and water distribution, equipment installatidsyestem
documentation and owner educatiofor 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 acl@dwhen the system is addressed in its entirety, the

ANSI/ACCA 6 GRandard details a methodology to restore the cleanliness of a complete HVAC
system (e.g., heat exchangemirside surfaces, dugt§he standard proscribes cleaning

methods and procedurethat focus on improving the overall indoor air quality and

safeguarding building occupants through comprehensive restoration praclibesstandard

also provides direction to assess the economic viability of replacing HVAC components or
systems versusestoring them.

ANSI/ACCA 9 Qlvp (HVAC Quality Installation Verification Protocols)

ANSI/ACCAQRIvp provides the verification protocols to ensure that the ANSI/ACCA 5 QI
elements are properly performedhe Qlvp standard positions program administrator to
protect the value and integrity of their QI programs through qualified and objective
examination of specific HYAC system installatidie Qlvp Standard details the elements to be
verified, tolerances, sampling routinesd documentation requirements.

ACQA 12 QH (Existing Home Evaluation and Performance Improvement)

ACCA 12 Qptovides 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 industrgcognized procedureand improvement objectives
are met.

ACCA Design Manuals

ANSI/ACCA 1 Manual D (Residential Duct System)s

Manual O provides the procedures for designing residential air duct systérirecludes

information about constant volume and variable volume systems, system performance
characteristics, duct materials, blower performance, airside components and asigiay
procedures. The manualsoincludes 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 aitityy@oise 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)

Theeighthedition of Manual JManually »astimates heating and cooling loads for all types of
residential, lowrise structures. Once the heating and cooling loads are kndveproper HVAC

equipment can be selected and the duct system can be designed to deliver the correct amount

of air to dl of the rooms in the home. In practic®lanual JAINR RdzOS& GG KS avYl ff Sz
f2FRE F2NJ SIdzA LIYSy i aAl Ay mandeymindnieiRdpatatirig Zostg LIG A Y A
and maximize customer satisfaction. Manual J is specified in the nation@dingucodes and

enforced by many local code jurisdictions.

ANSI/ACCA 3 Manual S (Residential Equipment Selection)

Manual Sllustrates how to select and size heating and cooling equipment to meet Manual J

loads based on local climate and ambient conditiahthe building site. Manual &ldresses

sizing strategies for all types of cooling and heating equipment, as well as how to use
O2YLINBKSYAADS YIydzFlI OG0 dzNBENRA LISNF2NXYIyOS RIFGL
various operating conditions. Manlu& 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 SPgrovides the information needed for buildings that contain indoor pools and,spas
addressinghe unique moisture, temperaturand equipment requirements fdhese uses

ANSI/ACCA 11 Manual Zr (Residential HYAC System Zoning)

Manual Zr provides guidance for designing zoned comfort systems fenideywesidential
buildings Detailed are anal 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 unitgaten
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heatingcooling withvariable air volumeYA\j dampers, split coil refrigeration cycle with
multiple indoor coils); controls and control strategies (damper sizing; taultiariablespeed;
airflow management, bypass air); and zonal duct design elésnen

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 grilleManual T content minimizes theafts 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

TheHome Energy Rating System Standa&rdsveloped bya joint NASEGRESNET Accreditation
Task Force provide the methodology to ensure that accurate and consistent home energy
ratings are performedThis documentontains the procedures for accreditingme energy

rating providers and technical standardswlgich home energy ratings shall be conducted so
results will be acceptable to public and private sector industries that may require an objective,
costeffective, sustainable home energy rating process.

700 RESNET National Standard for Home Energy Audits

Home Energy Audifzrovides uniform, comprehensive home energy surveys, audits and ratings
for existing residential building#é cetified auditor, an accredited providemnd/or a program
administrator would apply this standard to improve the energy perfance 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.

RESNETENERGY STARomes Program Accreditation Procedures for Builder Option

Package Providers

TheAccreditation Procedurgsovide the methodology for accrediting Building Option Package
(BOP) poviders and was developed by the EFPAe procedures are used by homebuilders to
demonstrate compliance tthe ENERGY STABmMes ProgramThe BOPs have been
RSY2YyaGNIGSR 2 YSSG GKS 1 2YS 9ySNHe& wliaAay3
scenariosThe procedures involve the same building performance inspection elements as a
home energy ratingThe accrditation criteria are based on the Mortgage Industry National

Home Energy Rating System Accreditation Standard.

Rating and Home Energy Survey Ethics and Standards of Practice
TheEnergy Survey Ethidstails principles and rules of conduct for home eneaagrs and
providers in order to deliver quality and professional serMRESNET follows specific
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addresses professional conduct, representations of services @&sd &d conflicts of interest.

Procedures for Verification of International Energy Conservation Code Performance

Path Calculation Tools RESNET Publication No. 07003

ThelECC Performance Calculation Tomisated with support fronDOE througiNREL

caled F iSa I+ K2YSQ&a SySNHeé& LISNF2NXIYyOS (42 RSGSNY
requirements of the International Energy Conservation Code (IECC, $46@4ECC

performance path is comparative (proposed home as compared with the standard reference

design lmme) and requires software modeling tools that comply with this RESNET publication

for accuracy and comparability purposes.

RESNET EnergySmart Contractors Guidelines

TheEnergySmart Contractor Guidelirdefine a framework for designating contractors as
RESNET EnergySmart Contractor participants and defines recognition measures for
EnergySmart Home Performance Tealnhdetails the approval oEEQoroviders, the oversight
organizations through which a contractor may receive design as a RESNET Energy®$ma
contractor. It also details the process by which aliance of RESNET EnergySmamtractors
working in partnership with a certified Comprehensive Home Energy Rater (CHERS Rater) or
Building Perfamance Auditor may become RESNe&dognized as an Engigmart Home
Performance Team.

Air Conditioning Contractors of America
by Glenn Hourahan

TheAir Conditioning Contractors of AmeriGaCCA; www.acca.orig)a honprofit trade

association serving more than 60,000 professionals and 4,000 businesses irA6& HV

community. ACCA seeks to promote professional contractors that install energy efficient

SdzZA LIYSYy i G2 LINPGARS KSIfGKez O2YF2NIloftS AYR
stretch back to the early 1900s, and ACCA is well known for developingryzdesagnized

guidelines, manualandstandards. As an American National Standards Institute (ANSI)
{dFYyRFNRA&E RS@GSt2LIVSYyld 2NBIFYAT FGA2Yy > | ydzyo SNJI
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 multitrade skill sets required to complete a coarptivecost
benefit analysihave been elusivalorse, the complexitpf coordinating the multitrade
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design and installation tasks necessary for cohesive whalese retrofits make actual,
achieved energy savings elusive in practice.

The traditional pieemeal method to home performance provided mixed results and left many
homeowners without any real energy saving®meowners were forced to piadndchoose

from a multitude of tradesmen, each touting their individual products and serviselsieving
soundresults from ths non-integrated approachvas mostly wishful thinking.

HVACFault Detection and Diagnostics for Residential HVAC Systems
ByRoy Crawford

Fault detection and idgnostics (FDD) for residential HVAC systems is typically performed

manually bya service technician with a limited amount of measurement equipmeBD
providesequipment performance datandRA I 3y 2a G A O NXz S&a o6l aSR 2y {f
and experienceAttempts to improve this process with better measurement equipment and

automated diagnostic algorithmsavenot gained widespread use for various reasons

A summary of past and current FDD equipment and algorithms is given ztow with
suggestions for future direction$his discussion is limited to forcedr HVAC systems

Typical Requirements
Most needs for FDD are in the following areas

1 Refrigerantcharge: Either the system was not charged properly during installation or
after a repair, or refrigeranhasleaked.

1 Supplyairflow rate: The system is not supplying the peomirflow rate due to an
improper set up during installation or repair, or the ductwork is too restrictive for the
required system capacitymproperly serviced air filters can also restrict airflow rate.

1 Componentmalfunctions: Failure of various fan noos, compressors, relays, expansion
valves, etc.

9 Outdoorcoil fouling: Dirt, grass or other debrisllect on the outdoor coil and imped
airflow and heat transfer.

1 Incompletecombustion: Lack of combustion supply air, restricted flue gas flow or
improperfuel flow.

Manual FDD
Most residential HVAC FDD has been andisgitrformed by service technicians using some of
the following equipment

Multi-meter: measures electrical voltage, current, and resistance
Refrigerantgauges: measures lovand highsiderefrigerant pressure
Temperaturesensors: measure refrigerant line surface, air or flue gas temperatures
Humiditysensors: measure air humidity (typically relative humidity orvetb
temperature)

E
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1 Manometer: measures duct pressures
1 Anemometer: measuresrvelocities, typically in ducts
1 Combustioranalyzer: 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 adaslystem will not operateThis is
especially true for singleapacity equipment with simple electrmechanical controlbecause
most of the aforementioned sensing equipment is analog in nature and most equipment
manufacturers use similar components arahtrol methodologies

As HVAC equipment becomes more sophisticated in terms of capacity control and other
efficiency improvements, electronic controls are typically requifidte electronic components
are not easily diagnosed with generic sensing equipmaed their design varies widely across
different manufacturersThe market failure of variablspeed compressor sy&is in the U.S.
during the 1998 is often attributed to the failure of service technicians to properly diagnose
electronic problems.

Automated FDD

Although equipment with electronic components and contrigldifficult to diagnose with

simple senmg equipment, idoesprovide the opportunity to embed the necessary sensing
capability and diagnostic algorithms within the equipment itddtbwever, this usually requires
higher hardware costs for any additional sensors and user interfaces as well as additional
software costs for the necessary algorithB®me systems have been introducedhia past

that use flashing LEDor simple error codes aslow-cost user interface for displaying system
faults. Becauseno industrywide protocols were developed for this type of interface, and
instructions for interpreting these signals were typically lost after installatiorse¢hpterfaces
never gained widspread acceptanc&ome manufacturers have developed systems with more
sophisticated user interfaces that are more setplanatory to the service technician, but these
have had limited acceptance due to their high costs.

One attempt at providing builinl dzi 2 Y § SR C55 A& GKS /2LIStlyR a4l
system This is an electronic module that monitors various thermostat signals and compressor

inputs for systems using Copeland scroll compres$@slts are dispiged with a bank of

flashing LE® This feature has been incorporated in the higher efficiency air conditioners and

heat pumps from Lennox.

Becausehe additional sensors and user interface required for effective FDD systems appear to
still be cost prohibitive when permanently installedvimost equipment, attempts have been
made to develop and market hadteld FDD equipment that can be applied in the field by
technicians during equipment servicirgthough these systems cannot provide any proactive
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FDD, they can be useful as periodic memance and repair toolsSeveral manufactures now

sell electronic refrigerant pressure/temperature sensors that can give direct measurement of
refrigerant superheat or subcoolinglthough this is a useful input for FDD, these instruments
do not provideany direct diagnostics

Another company, Field Diagnostics Services, Inc., has taken this concept Witthan HVAC
Service Assistant tool thateasures several refrigerant and air temperatures on an air
conditioning system and then analyzes this dataetect 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 devednl a diagnostic system calledatfpe Assist, which uses factery
installed refrigerant pressure and temperature sensors to determine when the proper amount
of refrigerant has been added to the systeihis feature can only be used by a technician while
servicing the equipment and does matovide any automated diagnostic information during
normal equipment operation.

FDD Issues

Contrary to popular belief, the widespread use of FDD in residential HVYAC systems is probably
not limited by a lack of technical knowledge in this arEae primay 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 dorastlt in lower system reliabilityf hus, these
systems require significant development costs in terms of algorithm development and testing.

Currently, most residential HYAC OBEMave decided to develop their own propriety control
and FDD systems for contgeve reasonsSince this is a highly fragmented industry, this results
in higher applied cost$-urthermore, technicians typically service equipment from any
manufacturer, so having many different types of control and FDD systems causes further
complicatons in the field.

Third-party vendorshave triedto provide aftermarket controls and/or FDD systems that might
work on equipment from multiple OEMBot only is it unlikely that these systems will perform
satisfactorily on all equipment, there may alsoreéability and safety isseif these systems
alter the OEM control systems.

FDD Opportunities

Standard Refrigerant -Charging Methods
There currenly is no consistent refrigerarttharging method across the industfach
manufacturer hasts own variatons, but most are based on measuring the amount of
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refrigerant subcooling at the condenser outlelf the OEN could agree on a standardethod

via a possible AHRI, AC&AMSHRAE standard, this could make it easier for technicians to
service the wide nage 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, singleapacity sysgms, these types of systerssll deliverthe highest sales
volumes for most OEM

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 tag6OEM built these taps into their air handlers, it
would simplify this measurementhe OEM 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 techniciaii$is type of static pressuraeasurement
would also be useful for diagnosing undersized or restricted ductwork.

Variable -Speed Air Handlers

Air handlers with electronic variabkpeed blowers (e.g., ECM or ICM motors) have significant
potential for embedded airflow and static pressudiagnosticsThe 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 serfors
this information wee 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
OBDII (OnBoard Diagnostics, version, ihhich can baused for diagnosing engine problems

This requirement was primarily for meeting EPA emission requirements, but it used for many
other FDD functions als@he FDD functions are built into the automobile and @BDovides a
standard hardware connection, sonunication 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
developmentof code readers that cost less than $8&rhaps a similar protocol could be

developed for HYAC equipment so that equipment installers and service technicians could use a
single tool for servicing this equipment ¥ G KS h9aQa 22 A ydlfitéoulRedSt 2 LIS
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 guidanestablish 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 bedaast a contributing factor in
K2YS26ySNBEQ RSOA&AZ2Y A RdzNR Yy 3 .With grovingopricefr@S | y R
about the cost of energy; energy independence on a national level and ultimately the
sustainability of energy resources, everyone frimaividuals to utilities to policy makers has

been looking for improved efficacy in the process of upgrading the performance of our housing
stock.

Over the lasti5years, a growing infrastructure of trained energy professionals focused on
residential energ performance has emergedncouraged by government policy, utility

program requirements and market foes The most prevalent model on a national level

consists of trained individuals certified by private Ranofit organizations setup to develop and
maintain consensus standards withtine housing industry (such as BPI &ESNET)hese
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 ovefiegbsoalism 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 anccompare the resultdn 2011 audit sites in Portlan@regon and Berlley,
Californiawere chosen in conjunction with the West Regional ACI conference in Portland
February 12 and the National ACI conference in San Francisco March 28 thru Ayril 1
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’he Portland site was seen in part as a trial run for theneweBerleley
which anticipated wider national participation.

In both cases the homes were evaluated by an expert panel to establish a baseline for the
conditions as foundParticipants were only instructed to test and evaluate the homes as they
deemed neessary to characterize the homes and prepare recommendations to improve the
energy performanceAt the Berleley site, participants were further asked to prioritize their
recommendations based on budgetary limits of $8,000 and $16,000 and dreateparde
proposals for upgrading the energy performankeboth casesparticipants 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 waavailabldo 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 )

= =4 =4 4 -4 -

The participating auditora/ere also allowed to use any other equipment that they could
provide themselves.

The emphasis at the Portland site was on diagnostic results use@as @l A & F2NJ G KS |
recommendations. Comparisons provided here include both the diagnostic results and the

I dzRA G 2 NA Q NEBFRoethe B&leR diteitheyipghasis was placed on developing a

scope of work in a format normally presented to thenm@owner at two different price points.

Portland

The home studied in Portland, Oregas shownin Figure5, alongside a thermographic image
indicating heat loss from the windows and dodesiergy use and the floor plan of the Hartd
home are provided ifrigure6 and Figure7, respectively. Inspection protocols used by the
participating inspectors are listed irable4.

= f02/03/2011 08:34:46PM

Figureb. Portland Home
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Portland OR Site Energy
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Figure6. 2010 Energy Use from Utility Bills for Portland Home
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Table4. Inspection Protocols Used by Participatidgiditors

Performance Testing Results
1 Results differedlepending on ithe auditors included the basement as part of
conditioned space
Most auditors tested the envelope under both scenarios
Two auditors did not perform duct leakage teg¢eeTable5), but evaluated duct sealing
and condition by visual inspectio®ne also performed pressure pan tests.
1 Each of the auditors determined that the home had high levels of leakage based on
blower door testing. The average reported AOHK&aS close to 25, as seenFigures.

1
1

ACH,Comparison
35
30 -
25 -
20 - m Volume = 5651 ft. 3
Std. dev = 3.4
15 -
m As reported

10 - Std. dev. = 2.5

5 -

0 -

1 2 3 4 5 6

Figure8. House Tightness
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