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Intro: Bill Eckman

• Program Manager – ORNL-SCEP

• Structural design/construction since 2001

• Building performance/efficiency since 2008

• Former: crew member, energy 
auditor/inspector, trainer, curriculum 
developer, business owner, consultant, 
multifamily auditor, operations and 
maintenance trainer….

Learning Objectives

• List common audit data gathering and 
input errors

• Define strategies for identifying common 
audit errors using audit software

• Define strategies for limiting common audit 
data errors through standardized processes

Introduction and Purpose
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The Bigger Purpose of This Session

Improve QA Performance

• >80% of reviewed audits scoring low (0) in THREE or more 
categories

• Cost-effective energy-conservation retrofits are the 
foundation of the WAP

• Computerized energy audits analyze the cost-
effectiveness of multiple retrofit and package options

• ~50% of reviewed audits exhibit issues with HVAC systems 
modeling

• >50% of reviewed audits exhibit issues with building 
envelope modeling

Purpose of QA Processes

• Accurate energy audits

• Technical program 
compliance

• Statutory program 
compliance

• The right retrofits

• Cost-effective retrofits
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No Work Order(s) provided

• Why it is an issue:
– Provide details and 

instructions
– Link to SWS or other specs
– Clear communication with 

installation staff

Measures on WO not in Audit

• Why it is an issue:
– Measure not tested for 

compliance (cost-effective)
– Whole package cost-

effectiveness not checked
– Regulatory requirements not 

met

Funding Source(s) unclear

• Why it is an issue:
– Different requirements by 

funding source
– Programmatic compliance 

not met

QA Concern #1: Work Orders (88%)

Work Orders help direct field work and 
track actual costs 
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HSM not entered

• Why it is an issue:
– Total weatherized unit costs 

not captured
– Materials may not be 

allocated/order 
– Health & Safety non-energy 

impacts not captured

Measures miscategorized as 
HSM instead of IRM
• Why it is an issue:

– Different requirements for HSM 
vs. IRM

– Whole package cost-
effectiveness not checked

– Potential disallowed costs

HSM requirement not met

• Why it is an issue:
– Possible disallowed costs
– Potential non-energy 

impacts not realized

QA Concern #2: Health and Safety Measures (68%)

HSM not included in whole-
building SIR
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Foundation type confusion and double entry

• Why it is a concern:
– Miscalculation of existing space conditioning 

(heating/cooling) energy use
– Inaccurate savings for foundation and/or HVAC 

retrofits
– Inaccurate cost and materials estimates

Examples:

• Floor over a conditioned basement entered as 
non-conditioned (insulation added)

• Perimeter and/or area do not agree with 
footprint

• Less exposed wall than modeled

QA Concern #3: Foundations (56%)
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Attic area larger than conditioned area

• Why it is a concern:
– Miscalculation of existing space conditioning 

(heating/cooling) energy use
– Inaccurate savings for attic insulation and/or HVAC 

retrofits
– Inaccurate cost and materials estimates

Examples:

• Total attic area not within +/-10% 

• Incorrect existing insulation depth/R-value input

• Missing finished attic elements

QA Concern #4: Attics (54%)
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Window Shading %

• Why it is a concern:
– Miscalculation of solar exposure
– Inaccurate solar gain (summer/winter)
– Inaccurate savings from window retrofits and/or 

HVAC retrofits

Examples:

• Summer vs. winter shading

• Auditor adjustment for orientation (e.g. North)

QA Concern #5: Doors and Windows (54%)
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Duct sealing included with air sealing

• Why it is a concern:
– Less funds available for air and duct sealing
– Miscalculation of energy use and savings
– May impact HVAC delivered efficiency

Duct sealing/insulation on WO but not audit

• Why it is a concern:
– Miscalculation of energy use and savings
– Missing total unit costs/savings in cost-effectiveness 

test

QA Concern #6: Ducts (53%)
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Sealing/Insulation in conditioned space

• Why it is a concern:
– Possible overstatement of savings
– Potential disallowed measures/costs
– Miscalculation of HVAC energy/savings

Uninsulated ducts not input

• Why it is a concern:
– Miscalculation of HVAC delivery efficiency
– Missed energy savings opportunity
– Potential unintended moisture/durability concerns 

when paired with cooling system changes

QA Concern #6: Ducts [BONUS] (53%)
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Inaccurate wall surface area(s)

• Why it is a concern:
– Miscalculation of heating/cooling loads
– Miscalculation of insulation measure savings and 

costs
– Miscalculation of HVAC retrofit savings

Examples:

• Wall areas not within +/-10% of actual

QA Concern #7: Walls (51%)
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Elec DHW input and EF not appropriate

• Why it is a concern:
– Miscalculation of existing energy use
– Miscalculation of energy and cost savings

• Equipment replacement
• Other DHW baseload measures

– If paired with social cost of carbon, miscalculation 
of emissions savings and added non-energy 
impacts 

Examples:

• Input 4500kW vs. 4.5kW

• EF = 0.45 vs. 0.93

QA Concern #8: Baseloads (49%)
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No ASHRAE calc or details do not match

• Why it is a concern:
– Unable to show/ensure programmatic compliance
– May violate “do no harm” principle
– Costs may be missed and/or disallowed

Examples:

• No calculation

• Occupants and/or other details don’t match 
audit inputs

QA Concern #9: Ventilation (42%)
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Cooling not included in model

• Why it is a concern:
– Missing cooling energy savings for envelop retrofits
– Missing cooling energy savings for air and/or duct 

sealing 
– Miscalculated existing energy use (additional 

problems with utility bill adjustment functions)

Examples:

• Window air-conditioners present, but not 
entered in model

• Central air-conditioner shown in photos, but not 
entered in model

QA Concern #10: Cooling (42%)
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Required photos/documents missing

• Why it is a concern:
– Unable to verify existing conditions
– Difficulty getting second opinion on inputs and/or 

retrofit additional costs
– Unable to properly identify incidental repairs and 

health and safety conditions/costs

Examples:

• No photos of existing condition provided

• Missing Grantee-required combustion testing 
forms

QA Concern BONUS: Missing Documentation/Photos (NA)
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Issue

• Work Orders not included or mismatched

• Health and Safety Measures not eligible

• Foundation entry confusion/doubled

• Attic area larger than conditioned area

• Window shading %

• Duct sealing/insulation not modeled

• Wall surface area not accurate

• Electric Water Heater low efficiency input

• ASHRAE 62.2 calculation details do not match

• Cooling not included in model

• Photos/forms/documents missing

Importance

• Provides details, specifications, and costing

• Program compliance and allowed costs

• Incorrect load, savings, and costs

• Increased load, cost, and savings

• Inaccurate solar gain, load, savings, etc.

• Incorrect load, cost, and savings

• Incorrect load, savings, and costs

• Increased savings for retrofits

• Incorrect calculations and retrofits

• Decreased load/savings, missed opportunity

• Verification of details and compliance

QA Concerns: Summary (88%)
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Processes

• Field processes –
– Forms
– Standard sequence
– Standard test methods

• Software processes –
– Direct data entry
– Cross-linked data
– Included workflow/resources/calculations

Quality Control

• Review inputs

• “Sanity check” results

• Secondary review

Part 2: Strategies for Limiting/Identifying Common QA Issues
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No Work Order(s) provided

• Why it is an issue:
– Provide details and 

instructions
– Link to SWS or other specs
– Clear communication with 

installation staff

Measures on WO not in Audit

• Why it is an issue:
– Measure not tested for 

compliance (cost-effective)
– Whole package cost-

effectiveness not checked
– Regulatory requirements not 

met

Funding Source(s) unclear

• Why it is an issue:
– Different requirements by 

funding source
– Programmatic compliance 

not met

Solutions #1: Work Orders (88%)

Use audit tool workflow 
Generate WO(s) directly
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HSM not entered

• Why it is an issue:
– Total weatherized unit costs 

not captures
– Materials may not be 

allocated/order 
– Health & Safety non-energy 

impacts not captured

Measures miscategorized as 
HSM instead of IRM
• Why it is an issue:

– Different requirements for HSM 
vs. IRM

– Whole package cost-
effectiveness not checked

– Potential disallowed costs

HSM requirement not met

• Why it is an issue:
– Possible disallowed costs
– Potential non-energy 

impacts not realized

Solutions #2: Health and Safety Measures (68%)

Use audit tool Defined Measures Library (or similar)
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Foundation type confusion and double entry

• Why it is a concern:
– Miscalculation of existing space conditioning 

(heating/cooling) energy use
– Inaccurate savings for foundation and/or HVAC 

retrofits
– Inaccurate cost and materials estimates

Examples:

• Floor over a conditioned basement entered as 
non-conditioned (insulation added)

• Perimeter and/or area do not agree with 
footprint

• Less exposed wall than modeled

Solutions #3: Foundations (56%)

Use help to define foundation spaces/assemblies prior to entry
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Attic area larger than conditioned area

• Why it is a concern:
– Miscalculation of existing space conditioning 

(heating/cooling) energy use
– Inaccurate savings for attic insulation and/or HVAC 

retrofits
– Inaccurate cost and materials estimates

Examples:

• Total attic area not within +/-10% 

• Incorrect existing insulation depth/R-value input

• Missing finished attic elements

Solutions #4: Attics (54%)

Confirm total area against floor area or layout 
AND 

Show calcs in Comments
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Window Shading %

• Why it is a concern:
– Miscalculation of solar exposure
– Inaccurate solar gain (summer/winter)
– Inaccurate savings from window retrofits and/or 

HVAC retrofits

Examples:

• Summer vs. winter shading

• Auditor adjustment for orientation (e.g. North)

Solutions #5: Doors and Windows (54%)

Shading % no longer used in WAv10 –
now defined by directly confirmable/measurable details
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Duct sealing included with air sealing

• Why it is a concern:
– Less funds available for air and duct sealing
– Miscalculation of energy use and savings
– May impact HVAC delivered efficiency

Duct sealing/insulation on WO but not audit

• Why it is a concern:
– Miscalculation of energy use and savings
– Missing total unit costs/savings in cost-effectiveness 

test

Solutions #6: Ducts (53%)

Use standard workflow and separate duct sealing inputs
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Sealing/Insulation in conditioned space

• Why it is a concern:
– Possible overstatement of savings
– Potential disallowed measures/costs
– Miscalculation of HVAC energy/savings

Uninsulated ducts not input

• Why it is a concern:
– Miscalculation of HVAC delivery efficiency
– Missed energy savings opportunity
– Potential unintended moisture/durability concerns 

when paired with cooling system changes

Solutions #6: Ducts[BONUS] (53%)

Ducts form provides added flexibility/QC options (WAv10)
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Inaccurate wall surface area(s)

• Why it is a concern:
– Miscalculation of heating/cooling loads
– Miscalculation of insulation measure savings and 

costs
– Miscalculation of HVAC retrofit savings

Examples:

• Wall areas not within +/-10% of actual

Solutions #7: Walls (51%)

Include details in Comments 
Use summary spreadsheet for QC check
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Elec DHW input and EF not appropriate

• Why it is a concern:
– Miscalculation of existing energy use
– Miscalculation of energy and cost savings
– If paired with social cost of carbon, miscalculation 

of emissions savings and added non-energy 
impacts 

Examples:

• Input 4500kW vs. 4.5kW

• EF = 0.45 vs. 0.93

Solutions #8: Baseloads (49%)

Use default and/or input range check for QC
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No ASHRAE calc or details do not match

• Why it is a concern:
– Unable to show/ensure programmatic compliance
– May violate “do no harm” principle
– Costs may be missed and/or disallowed

Examples:

• No calculation

• Occupants and/or other details don’t match 
audit inputs

Solutions #9: Ventilation (42%)

Use included calculator with linked datapoints (WAv10)
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Cooling not included in model

• Why it is a concern:
– Missing cooling energy savings for envelop retrofits
– Missing cooling energy savings for air and/or duct 

sealing 
– Miscalculated existing energy use (additional 

problems with utility bill adjustment functions)

Examples:

• Window air-conditioners present, but not 
entered in model

• Central air-conditioner shown in photos, but not 
entered in model

Solutions #10: Cooling (42%)

Use HVAC/Cooling inputs 
whenever applicable
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Issue

• Work Orders not included or mismatched

• Health and Safety Measures not eligible

• Foundation entry confusion/doubled

• Attic area larger than conditioned area

• Window shading %

• Duct sealing/insulation not modeled

• Wall surface area not accurate

• Electric Water Heater low efficiency input

• ASHRAE 62.2 calculation details do not 
match

• Cooling not included in model

Solution

• Software WO generation workflow

• Create standard HSM in Defined Measures

• Use Help/tips to define spaces before entry

• Record dimensions in notes - verify

• Use updated inputs in WAv10

• Use Duct inputs in WAv10

• Record dimensions in notes – verify

• Use defaults and/or tool tip for sanity check

• Use embedded ASHRAE 62.2 calculator 
and linked datapoints

• Input Cooling equipment whenever 
applicable

QA Solutions: Summary 
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The Bigger Purpose of This Session

Improve QA Performance

• >80% of reviewed audits scoring low (0) in THREE or more 
categories

• Cost-effective energy-conservation retrofits are the 
foundation of the WAP

• Computerized energy audits analyze the cost-
effectiveness of multiple retrofit and package options

• ~50% of reviewed audits exhibit issues with HVAC systems 
modeling

• >50% of reviewed audits exhibit issues with building 
envelope modeling

Purpose of QA Processes

• Accurate energy audits

• Technical program 
compliance

• Statutory program 
compliance

• The right retrofits

• Cost-effective retrofits
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Missing documentation/photos

• Why it is a concern:
– Unable to verify existing conditions
– Difficulty getting second opinion on inputs and/or 

retrofit additional costs
– Unable to properly identify incidental repairs and 

health and safety conditions/costs

Examples:

• No photos of existing condition provided

• Missing Grantee-required combustion testing 
forms

QA Solutions BONUS: Missing Documentation/Photos

Who is using a photo management 
service/software?

What are you using?
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