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I ¥OAKRIDGE  |Infroduction and Purpose

Intro: Bill Eckman Learning Objectives

e List common audit data gathering and
iINput errors

 Program Manager — ORNL-SCEP

« Structural design/construction since 2001

» Building performance/efficiency since 2008

e Former: crew member, energy
auditor/inspector, frainer, curriculum
developer, business owner, consultant,
multifamily auditor, operations and
maintfenance trainer....

Image 1: Bill Eckman photo— January 2019

» Define strategies for identifying common
audit errors using audit software

e Define strategies for limiting common audit
data errors through standardized processes
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Figure 1:

National Energy Audit Tool (NEAT)

Agency: ORNL N/
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Validation Failure - One Field X

The following field failed validation:
« Infiltration Height (ft) - The maximum value for this field is 50

Conditioned Stories: 1 v

Infiltration Height (ft): 100

Error message resulting from likely input error in WAwVI0



The Bigger Purpose of This Session

Improve QA Performance

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

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

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

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

o >50% of reviewed audits exhibit issues with building
envelope modeling
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Purpose of QA Processes
e Accurate energy audits

o Technical program
compliance

o Statfutory program
compliance

e The right refrofits

o Cost-effective retfrofits



I ¥O0AKRIDGE QA Concern #1: Work Orders (88%)

No Work Order(s) provided Measures on WO not in Audit B Funding Source(s) unclear

« Why itis an issue:  Why it is an issue: « Why itis an issue:
- Provide details and - Measure not tested for — Different requirements by
instructions compliance (cost-effective) funding source
— Link to SWS or other specs - Whole package cost- — Programmatic compliance
Y TR effectiveness not checked not met
installation staff - Regulatory requirements not
met
i Work Order \:;":;; — ?:H - _ET
= =
—— '  Uhotmts K e mn: N %I:I;J
Work Orders help direct field work and| I -
-I-rock OCTUO' COS-I-S ettty e St i vt
5

Figure 2: Example Work Order from WAWE.9



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

Measures miscategorized as
HSM not entered HSM instead of IRM HSM requirement not met

« Why itis anissue: « Why itis anissue: e Why itis anissue:

- Total weatherized unit costs — Different requirements for HSM - Possible disallowed costs
fiel cejpiuee VS, IS — Potential non-energy

— Materials may not be - Whole package cost- impacts not realized
allocated/order effectiveness not checked
- Health & Safety non-energy — Potential disallowed costs

impacts not captured
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Figure 3: WAWVB.9 Recommended Measures report with
6 Health and safety measures




I ¥OakRIDGE QA Concern #3: Foundations (56%)

 Why it is a concern:  Floor over a conditioned basement entered as

— Miscalculation of existing space conditioning non-conditioned (insulation added)

Ireaiingycooing) ensigy te - Perimeter and/or area do not agree with

- Inaccurate savings for foundation and/or HVAC footprint
retrofits
— Inaccurate cost and materials estimates * Less exposed wall than modeled
TR EnTee Space Type

Select from one of the seven choices.
Conditioned: Space has thermostat
control.
Non conditioned: No sources of heat.

Vented: Vented directly to outdoors.

Unintentionally conditioned: By
waste heat from equipment.

Uninsulated/Insulated Slab: On grade.
Exposed: Overhang or house on stilts.
Depending on your selection, some of

the remaining fields may be

automatically skapped.

Figure 4: Foundation types from WAVE.9 help menu




I ¥OakRIDGE QA Concern #4: Attics (54%)

« Why it is a concern: « Total aftic area not within +/-10%

— Miscalculation of existing space conditioning
(heating/cooling) energy use

— Inaccurate savings for attic insulation and/or HYAC * Missing finished aftic elements
retrofits

» Incorrect existing insulation depth/R-value input

— Inaccurate cost and materials estimates

Finished Attic Area Type

| Finished Atties (4) |

Rioof Rafter
Duter Ceiling Joist
The entnes on the Finished

Attic tab are similar to those for the Unfimished Atfic tab.

Select the Finished Attic Area Type being descnbed on the form from the four choices:

Outer Ceiling Joist

Collar Beam

Kneewall

Roof Rafter

Figure 5: Finished Attic area types from WAVE.9 help menu



I ¥0akRmGE QA Concern #5: Doors and Windows (54%)

« Why it is a concern: « Summer vs. winter shading

- Miscalculation of solar exposure « Auditor adjustment for orientation (e.g. North)

- Inaccurate solar gain (summer/winter)

— Inaccurate savings from window retrofits and/or
HVAC retrofits

Percent Shaded

Enter the approximate percentage of window area frequently shaded by eaves (typically 20%), porches
(typically 100%), or other physical extenior bamers. Do not include the percent (%) sign. Default 1s 20.

Figure é: Example window with shading by trees (winter)



I ¥OakRIDGE QA Concern #6: Ducts (53%)

Duct sealing included with air sealing Duct sealing/insulation on WO but not audit

« Why it iIs a concern: « Why it is a concern:
- Less funds available for air and duct sealing — Miscalculation of energy use and savings
— Miscalculation of energy use and savings — Missing total unit costs/savings in cost-effectiveness
test

- May impact HVAC delivered efficiency

This Photo by Unknown Author is licensed under CC BY-SA

0 Figure 7: Example of duct sealing



I gourmce QA Concern #6: Ducts  [BONUS] (53%)

Sealing/Insulation in conditioned space Uninsulated ducts not input

« Why it is a concern:
— Possible overstatement of savings
- Potential disallowed measures/costs
— Miscalculation of HYAC energy/savings

« Why it is a concern:
— Miscalculation of HYAC delivery efficiency
— Missed energy savings opportunity

- Potential unintended moisture/durability concerns
when paired with cooling system changes

P —

At Information | Status | Shel  Heating (1) | Cooling (2)| Ductsinfitration | Bassloads | Health & Safety | Itemized Costs (8} | Uity Bils (0] Phvotos (0| Measuras (14)]

System Code m Heat Supplied (%) Frimary Systam P Fun Audit
E: ent Type [Forced Air Fumace - Manufacturer [
ettt i —[ Uninsulated Supply LLast Bun On
Riljlanecas Gl Hactel L Dusts 01 |
Locaton juramgm.onauf Heated Space Uninsulated Supply Ducts for Heating System: HS1 X

at
Requrad Heating System Datais Location | =]

GAS FURNACE DETAILS Uninsulated Supply Duct Sections

Audit Name [NASCSP-HPC 2023 | Chenit 1D [Mirsrrium NEAT Audit] Chent Name |

Input Units kBt per Hour 3 Type Length (ft}  Width (in)  Height (in) Diameter {in)
Input Rating 100 1) [
Output Capacity [km,] 2) -]
Steady State Efficiency (%3 E] -
] C—

Programmable Themnostat I

Fower Burmer T

Opfional Heating System Operational Wanit
Dedails Tasts

Fumace Bober
Taste Conw.entsJ Cormponsnts '"w"“‘ Th?""°5*3f|

[ by Systorn Code [ : -]. M
o [T [l of ] tew | oy o

N Figure 8: Blank uninsulated ductsinputin WAVE.9



I oakRiGe QA Concern #7: Walls (51%)

Inaccurate wall surface areq(s) Examples:

« Why it is a concern: « Wall areas not within +/-10% of actual

- Miscalculation of heating/cooling loads

— Miscalculatfion of insulation measure savings and
costs L e .

— waa Wall 3 Door2 wins
. . . . § i T e e——
— Miscalculation of HVAC reftrofit savings | A\ oo
M ———| ' —
. Bedroom Michen EJ
- S |
wall 2 L= = Wall 4
Site-Built Home - NEAT Example R
All windows are 24 148" double-hung, single pane, wood. framed with
&‘Wm mcdium leakage. East snd West overhangs are 127 a1 12 shave lintel
w;m {1op of window), Interior shading is drapes. .
' Si gl I |=H ~—T P—I I 5 7 Living/Dining l
1 1 { W2 | Badkoom J ] ‘ Win6
Wall and window details alla
v —— —‘ l —
wal Wall 1 el Wi
i . -
3 1] Overhomg
Ll % L 2x4 Frame Wall
N No Insulation
N Wiood Siding
‘ . Platform Frame
2z Crmkspace. _ Grade
House Location: St. Louis, MO ¢ 2410 urineuitec ocrciess == | 5 Pine Street
Job Number: $1.-2022-123 Lniemlgtactin i NTS.
Client/Occupant: Anna Occupant ' \,j
Total Occupants: 3
House Information Crawispace details (vented)

19 Figure 9: Example simple ranch house layout and elevations



I oakRiGe QA Concern #8; Baseloads (49%)

« Why it is a concern: * Input 4500kW vs. 4.5kW

- Miscalculation of existing energy use e EF=0.45 vs. 0.93
— Miscalculation of energy and cost savings
* Equipment replacement

e

o Other DHW baseload measures

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

4hhmwn Author is licensed under CC BY-NC
13 '

Figure 10: Example waterheater energy guide labels



National Laboratory ( 4 2 % )

e No calculation

I ¥OakRIDGE QA Concern #9: Ventilation

« Why it is a concern:
- Unable to show/ensure programmatic compliance . Occupants and/or other details don’t match

— May violate “do no harm” principle audit inputs
— Costs may be missed and/or disallowed

Weatherization Assistant * Agency * Account* Audit (NEAT)~> Ubrares* WorkOrders~ User~ Release Notes» Options~ Help~
NEAT Health and Safety

Agency: ORNL Whole House Equipment Building Shell Space Haating Worse Case Draft Measurements Nater Heater Worse Case Draft Measuremeants

Acct:  NEAT Testing

Acct. #: NEAT 1 e o Updated Information X

Audi Examples for NASC R

Audit =: 2573 Smoke Detector is Needed: The Audit weather, building, or occupant information was updated to match the audit form.

Carbon Monoxide (CO) Moni
oK

General
® + Augit
Shell

&  Walls
Figure 11: Mismnatcheddataerrormessage for ASHRAE 62.2 WVentilation Calculationin WAVIO

14



I ¥0akRvce QA Concern #10: Cooling (42%)

« Why it is a concern: « Window air-conditioners present, but not

- Missing cooling energy savings for envelop refrofits entered in model

— Missing cooling energy savings for air and/or duct o Central air-conditioner shown in photos, but not
sealing entered in model

- Miscalculated existing energy use (additional
problems with utility bill adjustment functions)

I' Photo by Unknown, Author is licensed under CC BY-ND

15 Figure 12: Window/room air conditioners installed in residential building



National Laboratory

I ¥OskRinGe QA Concern BONUS: Missing Documentation/Photos (NA)

« Why it is a concern: « No photos of existing condition provided
- Unable fo verify existing condifions « Missing Grantee-required combustion testing
— Difficulty getting second opinion on inputs and/or forms

retrofit additional costs

— Unable to properly identify incidental repairs and
health and safety conditions/costs

Figure 13: Example detail photos documenting existing conditions

16



I ¥O0akRibGe QA Concerns: Summary (88%)

Issue Importance

 Work Orders not included or mismatched * Provides details, specifications, and costing
 Health and Safety Measures not eligible  Program compliance and allowed costs

* Foundation entry confusion/doubled * Incorrect load, savings, and costs

« Aftic area larger than conditioned area » Increased load, cost, and savings

 Window shading % * Inaccurate solar gain, load, savings, etc.

* Duct sealing/insulation not modeled * Incorrect load, cost, and savings

 Wall surface area not accurate e Incorrect load, savings, and costs

» Electric Water Heater low efficiency input e Increased savings for retrofits

* ASHRAE 62.2 calculation details do not match  Incorrect calculations and refrofits

e Cooling not included in model e Decreased load/savings, missed opportunity

» Photos/forms/documents missing » Verification of details and compliance

17



I g(,OAK RIDGE
National Laboratory

18

Part 2: Strategies for Limiting/ldentitying Common QA Issues

» Field processes —
- Forms
- Standard sequence
— Standard test methods

» Software processes —
— Direct data entry
- Cross-linked data
- Included workflow/resources/calculations

e Review inputs
« “Sanity check” results

« Secondary review

Health and Safety
Whole House | Equpment || Buding Shel || Space Heating Worse Case Draft Measuremants | Water Heater Worse Case Draft Measursments || ASHRAE 62.2 Ventilation Calculation
ASHRAE Standard 62.2 Version: @ 2016 Prews Target PostWx
e th Exhaw Lot
Weather State: O space Opersble CFM | Deficit CFM | Deficit CFM | Deficit
Weather Station: Baker Municipal Ap
¥ Bathroom 1 & E] ] 30
ththth rea (saft): 1020
| Bathroom 2 . 0 50
Infiltration Height (f): |10
Bathroom 3
Number of Bedrooms: |3 [ Bathroom 4
Nusnber of Occupants: |4 [E Bathroom §
| Use number of eccupants for ventilation caleulation [ wetchen 1 & L] ] 80
(i.e., i exception to ASHRAE 62.2 occupant density calculation apphes)
Kitchen
Dwenling Unit Type: Detached - Blovese Door Massuramants
Air Leakage Rate (cfm): 500 850 850
House Pressure Difference (Pa):  [gg 5 50
Continuous Ventilation Needed {cfm]: 70.- 57.95

iny result
Audit Input Data Collection Fon ™
FFFFFFF Orignted 12 F Fan Orignted 2
12 75 N 0] 1320 1 1320 [ osc|[ newtr | Concel
12| 75| s 90|
13| 75| N 97,5,
13 7.5 5 57.5]
34 7.5 w 255]
62 7s| a65]
za| 75| 210)
| 1 % variatio
1111111 ft2 1320| Totalfrz [ 1%
397.5] N N
157.5] 5 s
ass| E
5] w w

Figure 14: Quality Control tools for energy audits



I ¥OAKRIDGE  Solytions #1: Work Orders (88%)

No Work Order(s) provided Measures on WO not in Audit B Funding Source(s) unclear

« Why itis anissue: « Why itis anissue: e Why itis anissue:

- Provide details and - Measure not tested for — Different requirements by
instructions compliance (cost-effective) funding source

— Link to SWS or other specs - Whole package cost- - Programmatic compliance

Y TR effectiveness not checked not met

installation staff - Regulatory requirements not
met

EEINEAT Audit E=EER =<
Audit Name INASCSP-HPC 2023 |  Client 1D [Minimum NEAT Audit | Client Name | | At Client ID:
U d .-I- -I- | |<f| 9 Audit Information| Status | Shell | Heating (1) | Cooling (2) | Ducts/infitration | Baseloads | Health & Safety| iterized Costs (8) | Utiity Bills (0)] Fhotos (0) Measures (1) |
S€ AualTl TOOlI WOIrKTow .
. # Measure Name Components WO Contractor Cost Center <Est. Cost> Est SIR il Run Audit I
-|- WO d -I-l ] [erater I 1P col | ESERYEE - | [ 5500] [ 00 coets | Last Runon
G e n e rO e ( S ) I re C y ] [EHEETROCK REPAIR [ |F o2 _- | DOE-waP Formulz - | [ $38000 | [ 00] Costs |
[infiltration Redctn I [P ase _- | DOE-wAP Formulz - | [ 347000 | 89 Costs | 228 FM
[ ] [owri Pipe insuiation I |7 insc _- | DOE-waP Formule - | [ $1500 | [ 105 Costs |
[Emart Thermostat I [P et _- | DOE-WAP Formulz - | [_$7600 | [__47 Costs |
[f__] [owH Tank Insuiafion [ |F insc _- | DoE-wap Formuiz - | [ 84000 | [ 37 costs |
[Lighting Retrofits | [T [P o2 _- | Utiity Funds - [$24800] [ 87 costs |
[Window Replacement | D1 |F o2 _- | DOE-WAP Formulz - | [ $26900 | 13 Costs |
[o ] [Window Sealing | fwD1 (8LWD1 [4)WD1 | P cc2 _- | DOE-wAP Formulz » | [_$9000 | [__11] costs |
|2 Carbon monoxde detector | [ | F asc _- | DOE-WAP Formulz - | 'w m Costs |
[2 Smoke detector | |F asc _~ | DOE-WAP Formulz_- | ’m m\ Costs |
[12_] [PRYER VENTING [ [P et _- | DOEwAP Formulz_- | [ $45000 | [__00] Costs |
[3_] [MECHANICALVENTILATION _| | |¥ cot _-| DoEwaPwRF - | [ $85000 | [ 00 costs |
[14_] [REPLACE HEATER I |7 ool _- | Other HSM Fundinc_- | [$3.00000 | [__00] cCosts |
[T6 | [WATER HEATER VENTING REF] [ |7 cel - | Gther HSM Fundine - | [§1.87000 | [ 00] GCosts | |
SelectAl | UnSelectAll | invert Select | Create Work Order(s)
¥ Include Details for Materials

19 Figure 15: WAWB.9 Work Order Generation Form



I ¥0akRibcE  Solutions #2: Health and Safety Measures (68%)

Measures miscategorized as
HSM not entered HSM instead of [RM HSM requirement not met

« Why itis anissue: « Why itis anissue: e Why itis anissue:
— Total weatherized unit costs — Different requirements for HSM — Possible disallowed costs
not capiures VS LR — Potenfial non-energy
— Materials may not be - Whole package cost- impacts not realized
allocated/order effectiveness not checked
- Health & Safety non-energy — Potential disallowed costs

impacts not captured

Use audit tool Defined Measures Library (or similar)

MEAT/MHEA Defined Measure Set Library

Defined Measure Set Name: | Inactive Initial Defined Measures Supply Library: | No Supply Library Selected v

Agency: ORNL v Active: [

Defined Measure Details

Measures List: 201 - Fire Extinguisher (Solid Fuel QNLY) v Hew ‘ Copy | Delete Active for: NEAT: [¥] MHEA: [¥]
Measure =: 201 Include in SIR: [[] Energy Savings: | No Energy Savings v
Measure Type: Health and Safety n

Measure Name: Fire Extinguisher (Solid Fuel ONLY)

Default Contractor/Crew: Test Company v

Measure comments: .Applicable to homes with solid fuel appliance(s) only.

Materials/Labor Details

20

Figure 16: Example custom Health and Safety Measure in WAV10 Defined Measure Library



¥OAKRIDGE  Solytions #3: Foundations (56%)

Foundation type confusion and double enftry Examples:

 Why it is a concern:  Floor over a conditioned basement entered as

— Miscalculation of existing space conditioning non-conditioned (insulation added)

Ireaiingycooing) ensigy te - Perimeter and/or area do not agree with

— Inaccurate savings for foundation and/or HVAC footprint
retrofits

— Inaccurate cost and materials estimates * Less exposed wall than modeled

Use help to define foundation spaces/assemblies prior to entry

+ Foundation Type — Sclect what type of foundation space this is. The choices
are Conditioned, Non Conditioned, Vented Non Conditioned, Unintentionally
Conditioned, Uninsulated Slab, Insulated Slab, and Exposed Floor. The first
four choices are used to describe basements, crawlspaces, and any other type of
enclosed foundation space. Conditioned means that the space is purposefully
heated (or more rarely cooled) by a heating or cooling system to maintain a
temperature at or near the rest of the dwelling. For example, a basement heated
by supply registers or radiators in the space would be conditioned, as would a
basement heated continuously by a space heater. Unintentionally Heated means
that there is a heat source in the space that adds heat unintentionally to the space Space T“;e
s0 that the temperature of the space is maintained above the outside temperature Select from one of the seven choices.

or ground p For example, a t that is heated because a .. g
furnace or water heater is located in the basement or because uninsulated Conditioned: Space has thermostat
control.

Weatherization Assistant » Agency » Account v  Audit (NEAT) » Libraries » Work Orders » User »

ductwork runs through the basement would be unintentionally heated. Non
Conditioned means that there are no sources of heat in the space other than
Foundations conduction through walls, floors, and perhaps insulated ductwork. Vented Non - - AT

NEAT Conditioned means that there are no sources of heat in the space other than Non conditioned: No sources of heat.
conduction through walls, floors and perhaps uninsulated ductwork, and the
Agency: IL State WAP Office i) space is vented direetly to the outdoors. For example, a crawlspace with

. foundation vents would be Vented Non Conditioned. An Exposed Floor is used
Acct.: NEAT Examples . to describe a floor that is exposed directly to the outside air. For example, a
Acct. =: NEAT Example 001 Foundation Code: 1 second-story floor overhang would be an Exposed Floor, as would the floor of a

- house built on stilis or using pier and beam construction such that ambient air

Audit:  NEAT Example 02 can freely flow bencath the house. Required.
Audit #; 2575

Vented: Vented directly to outdoors.

Unintentionally conditioned: By
waste heat from equipment.

Foundation Type: Exposed Floor - No Sheathing | v

Uninsulated Insulated Slab: On grade.

Required. Select the best description of the foundation type. The first four choices are used to describe any type of enclosed foundation space. A conditioned
| space is temperature-regulated, either “Intentionally” or "Unintentionally”. An unconditioned space is not temperature-regulated, but may or may not be "Vented" -~
| directly to the outdoors.

General 5, "Exposed Floor™ is used to describe a floor that is exposed directly to the outside air, such as a second-story floor overhang or the floor of a house built on
@ - Audit stilts or with pier and beam construction.

Exposed: Overhang or house on stilts.

o
T == / " Basement Depending on your selection, some of
il ) the remaining fields may be
Crawl Space automatically skipped.

Shell

Figure 17: Example WAv10 Tool-tip, WAVB.9 Help, and WAWVE.? User Manual



I ¥OAKRIDGE  Solytions #4: Attics (54%)

« Why it is a concern: « Total aftic area not within +/-10%

- Miscalculation of existing space condifioning e Incorrect existing insulation depth/R-value input
(heating/cooling) energy use

— Inaccurate savings for attic insulation and/or HYAC * Missing finished aftic elements

retrofits
— Inaccurate cost and materials estimates i, e T TRN—— .
e Bedroom @ Kitchen [ |
Wall 2 [u ] T Wall 4
Confirm total area against floor area or layout I 35'x20’ = 700 sqft
A N D . . T _r Living/Dining .
Show calcs in Comments P
— General Square Footage & Variance Calculator Shell Koot Color: Normal or |
— Aud::;:pu\m - Fe:)‘llacol: ::::: F;:;;g& = i:dlmownall 0 M&
13| 75 N 97.5) + Doors
:;:| D / Unfinished Attics
j' = ;:‘:{ Finished Aics
{ { — + Foundations Comments
ﬁ Towing [ o Systems Attic is 35%20' = 700sqfY
1875 s s @ v HVAC
s . : ® - pucs

22

Figure 18: Example Layout, Area Comparison Calculator, and In-audit comments



I ¥OAKRIDGE  So|lytions #5: Doors and Windows (54%)

« Why it is a concern: « Summer vs. winter shading
- Miscalculation of solar exposure - Auditor adjustment for orientation (e.g. North)
- Inaccurate solar gain (summer/winter)
— Inaccurate savings from window retrofits and/or ; -
HVAC retrofits ewindow
Existing Window
Window Code: Window 1
Window Type: Slider &~
. " Frame Type: Wood ﬂ G
Shading % no longer used in WAvV10 - s Tooe S -
. . . . : i Mt
now defined by directly confirmable/measurable details o &
Storm Window: None u N
. - Interior Shading: None &~
Exterior Shading: Overhang or Awning m M Exterior Shading: | - [2 |
Overhang/Awning Overhang/Awning None
Horizontal Projection (in): —~——_ Overhang or Awning
Carport or Porch
Distance from Lintel (in): Low-e Film
Leakiness: Sun Screen Fabric
Sun Screen Louvered
Width (in):

23 Figure 19: WAwv10 Windows Form with exterior shading details



I ¥O0akRIDGE  Solytions #6: Ducts (53%)

Duct sealing included with air sealing Duct sealing/insulation on WO but not audit

« Why it is a concern: « Why it is a concern:
- Less funds available for air and duct sealing — Miscalculation of energy use and savings
— Miscalculation of energy use and savings — Missing total unit costs/savings in cost-effectiveness

- May impact HVAC delivered efficiency test

Use standard workflow and separate duct sealing inputs

Weatherization Assistant ~ Agency »  Account ~  Audit (MHEA) »  LUbraries »  Work Orders »  User ~  Release Notes~  Options »  Help =

MHEA Ducts and Infiltration

Agency: IL State WAP Office : 5
Acch:  MHEA Examples Evaluate Duct Sealing:  [7] Duct Leakage Method: | Pressure Pan Measurementd u »

Acct. @1 MHEA Example 001 Whole House Blower Door
Audti  MHEA Examgle 1
Audt & 2576 Whole House Blower Door Measurernents Blower Door Sublraction ng reTTres

Duct Blower Measurements Before Duct After Duct

Liore after | Pressure Pan Measurements Sealing Sealing
Supply (Pa) 30 15

Wea inasnnkiesebbi
General (Existing) (Target or Actual)
Air Leakage Rate (cfm) 3000 1900

@
|b
=
Ey

at House Pressure Difference (Pa) 50 50

[EEneat Audit .
: T T i
Audit Name [NASCSP-HPC 2023 | Client ID [Mirimum NEAT Audit | Csent Name | : . Doors et B s
Audt Information | Status | Shedl | Heating (1)| Cooling (2) Ductsfinfitration | Baseloads | Health & Satety | Itemized Costs ()| Utity B ®

v Eloor Before Duct Sealing  After Duct Sealing
(Existing) (Target or Actual)

Sum of Pressure Pan Measurements (Pa) 28 7

01| Optional Praceyra Ealance (0

+
Evaluate DuctSeaing @ Duct Leakage Method | | »
Whiole House Blower Door Measurements @ Doors
Whola House Blower Door Measurements Blower Door Subtrachon Measurements @  Celing Costs
.

Bafore Weatherization| Duct Blower Measurements =0 Infiltration Reduction ($): 250
{Existing) (Target or Actual) :
Duct Sealing ($): 300

Air Leakage Rate (cfm) 3600 1000
at House Pressure Difference (Fa) 50 60

t 999
o
=]
=
i

+ Ducts/Infiltration
PR

24 Figure 20: Example Duct sealing input options - WAWE.9 (NEAT) and WAwV10 (MHEA)



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

Sealing/Insulation in conditioned space Uninsulated ducts not input

« Why it is a concern: « Why it is a concern:
— Possible overstatement of savings — Miscalculation of HYAC delivery efficiency

- Potential disallowed measures/costs — Missed energy savings opportunity

— Miscalculation of HYAC energy/savings — Potential unintended moisture/durability concerns
when paired with cooling system changes

Ducts form provides added flexibility/QC options (WAvV10)

25

Supply

Existing Equipment
Duct System Code:

Supply

— Duct Location: Conditioned Spacd -
Duct Insulation: Conditioned Space
Unconditioned Attic/Ceiling

Use Defaults:
/ Surface Area (sq ft):

Insulation R-value:

Unconditioned Garage
Unconditioned Basement H
Unconditioned Crawlspace/Belly

Duct Type: @ Supply © Retumn
Duct Insulation: Below Dud] B
HVAC Systems Served: Heating:  Furnace & )
y Use Defaults: ‘Above Duct
Cooling:  AC M L~ Surface Area (sq ft): Below Duct
Duct Location: Unconditioned Crawlspace/Belly 2 v o e Around Duct or Ductboard
= i No Insulation
Duct Insulation: Below Duct eeelffd
Use Defaults: ] Surface Area (sq ft): Duct Dimensions
Surface Area (sq ft): 226.8 ; | o J Duct Dimensions
= Add Delete Close
Insulztion R-value: 7 ]
||| Duct Section Shape Length (ft) Width (in) Height (in) | Diameter (in)
Section 1 "Round r 30 I 6
Section 2 'Recterlgular r 30 I 16 r 3

Figure 21: Example inputs on the WAwv10 Ducts Form



I gowrwe:  Solutions #7: Walls (51%)

Inaccurate wall surface areq(s) Examples:

« Why it is a concern: « Wall areas not within +/-10% of actual
— Miscalculation of heating/cooling loads

— Miscalculatfion of insulation measure savings and
costs

— Miscalculation of HVAC reftrofit savings

Include details in Comments

USG summa I'y S preO dSh eeT fOI’ Q C C h eC k General Square Footage & Variance Calculator
input result
"I NEAT Audit =) Audit Input Data Collection Form
Audit Name [NASCSP-HPC 2023 | Chent 1D [Miimum NEAT Audt] Client Name | | AR Client I | | Feet Feet  Oriented  ft2 Feet Feet Oriented  ft2
Audi Information | Status  Shel | Heating (1) Cooling (2)| Ducts/nfiation | Baseloads | Healh & Safety | temized Costs (8)| ity Bils (0)| Photos (6)] M 81| 12 8 N 96 100 8 800
Walls [4) |w"mdaws (51| Doors (4) | Unfinished Attics (1) | Finished Attics [0) | Foundations (2] | 10 8 N 80
Punfuc | 2 sl N 16
Woall Code EI [Esisting Insulation % 1 8 N ]
Wl Type Type |Fiberglass Balts - o 25 ] W 200
g E— el = 25 8| s 200
i !
i — Adddinaaion 25 8 € 200
iy ———— = T —
o Nore -]
Orentation i % variati
variation
Gross Area (sqft]
e §gg 800| Total ft2
I |- 200 N | I N
Windows on this Wall [1) T
200 S S
Doois on this Wal (3) I 200 E E
200 W W
Comment | Motth walls combined. Total 25 x & tall = 200sqff A .
by Wall Code [ ~] —I 1 1 -
P = : North walls combined. Total 25" x 8' tall = 200sqft

26

Figure 22: Examples of WA Wall Comments and Area Calculator



I ¥O0skRiDGE  Solytions #8: Baseloads (49%)

« Why it is a concern: * Input 4500kW vs. 4.5kW

- Miscalculation of existing energy use e EF =0.45 vs. 0.93
— Miscalculation of energy and cost savings

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

Existing Equipment

Use defdul'l' Ond/or inpu‘l‘ ronge Check for QC Manufacturer: .Bradford white Corporation v Fuel: |Electricity v

Model: 7 Input Units: Kw v
M-I LA L FTopdne U G40 u.22 U.r7 ~
Equipment Type: M-I-404T**CX-13 Pro
1. HEKC_ . pane 40 48 0.56 0.76
M-I-40L 5-13 EleCtr'CIty 40 4.5 0.88 0.98 Location: |M-I-40L***S-13 Electricity 40 4.5 0.88  0.98
M-I-40S***S-13 Electricity 40 4.5 0.88 0.98 M-1-405**"5-13 Electricity 40 45 088 058
- M-[-40T***N-12 Natural Gas 40 40 0.54 0.76
|M‘I‘40T N-13 Natural Gas 40 40 0.54 0.76 [ ‘_{51.[4011“1\1.13 Natural Gas 40 40 0.54 0.76
M-I-40T**CX-13 Propane 40 38 0.54 0.76 Water M-I-40T""5-13 Electricty 40 45 088 0.8
Watereater P M-I-40T**CX-12 Propane 40 38 0.54 0.76
Water Heating M-[-40T**CX-13 Propane 40 38 0.54 0.76 1ate
} ) ) M-I-503***N-10 Natural Gas 50 40 0.55 0.77
Existing fZr.luu:uue-nt . - Re:l:cement I Original Tank Ins M-1-503**CX-10 Propane 50 40 0.55 0.77
Menufacturer: v Fuel: | Electricity i Pick from Supply L R Vall M--5045%**N-10 Natural Gas 50 50 054 076
Model: ¥ Input Units:  Kw v Manufacturer: M-1-5045**N-11 Natural Gas 50 50 0.55 0.76
Equipment Type: Storage v Rated Input: @’ Model: M-I1-5045™7CX-10 Propane 50 48 0.54 0.76
_ M-I-5045**CX-11 Propane 50 50 0.55 0.76 .
Location: | Conditioned Space v Rated Storage Capacity [-@ The maximum value for this field is 150 ] Showerheads — . eeers oa e - - e nmm
(gal): lumabar of Ch ho-d [ S Y
Fuel:
Energy Factor: \
Input Units: Rated Input: | 4500 Model:
Uniform Energy Factor:
Water Heater Wrap P/ t: ) Rated Input:
e First-Hour Rating (920 ’ prage C ) @) The maximum value for this field is 150
Water Heater Pipe Insulation Present:
= Recovery Efficiency: [] Estimate ?;at;d Storage Cap Values are
AL Fa

27 Figure 23: Examples of Water Heaterinput range check and Default Valuesin WAwIO



I ¥OAkRIDGE  Solytions #9: Ventilation (42%)

« Why it is a concern: « No calculation
- Unable to show/ensure programmatic compliance  Occupants and/or other details don't match
— May violate “do no harm” principle audit inputs

— Costs may be missed and/or disallowed

Use included calculator with linked datapoints (WAv10)

Linked datapoints shown in Gray

Health and Safety
Whole House Equipment Building Shell Space Heating Worse Case Draft Measurements | Water Heater Worse Case Draft 62.2 Calculation

ASHRAE Standard 62.2 Version: @ 2016 2019 PreWx PostWx

Kitcheén and Bath Exhaust Information
Weather State: ™ sonce Operable %  CPM[DaBick  CFM [ Dulick Weather State: TN
Weather Station: Knoxville Mcghee Tyson Ap Window
Floor Area (saft): (3200 Weather Station: Knoxville Mcghee Tyson Ap
Infiltration Height (ft): 31

i Floor Area (sqft): 3200
Number of Bedrooms: 4 __| Bathroom 4
Number of Occupants: |5 ©J Bathroom 5 Infiltration Height (ft)' 31
["] Use number of occupants for ventilation calculation ] Kitchen 1
(i.e., if exception to ASHRAE 62.2 occupant density calculation applies) —

| Kitchen 2
Dwelling Unit Type: v Blower Door Measurements

reme T pir Leakage Rate (cim: Number of Bedrooms: 4
Common Wall Area (sgft):
Exterior Envelope Area (sqft): House Pressure Difference (Pa):
Continuous Ventilation Needed (cfm): 1335 1335 1335 Num ber Of OCCUpantS: 5
Comments
|| Use number of occupants for ventilation calculation
(i.e., if exception to ASHRAE 62.2 occupant density calculation applies)

ok noy | cane|
Figure 24: ASHRAE 62.2 Ventilation Calculatorin WAv10withlinked datapoints grayed out
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I ¥0akRibce  Solutions #10: Cooling (42%)

« Why it is a concern: « Window air-conditioners present, but not
- Missing cooling energy savings for envelop refrofits entered in model

— Missing cooling energy savings for air and/or duct o Central air-conditioner shown in photos, but not
sealing entered in model

- Miscalculated existing energy use (additional
problems with utility bill adjustment functions)

HVAC Systems
HS1 || AC1
. .
Use HVAC/Cooling inputs
HVAC System Code: AC1 M
3 4 Index Recommended Measure Components Sa?;:r: Meas;.l;? Cost | Measure SIR
h Equipment: Air Conditioner - Room L
whenever applicable
1 |Wall Insulation WLt $392 $2,020 3.04
2 General Air Sealing Ducts/Infiltration $127 52,000 0.55
Fuel: Primary: Electricity Total $519 $4.020 1.80

Efficiency Input Method: Year Manufactured " Wi-l-h AC e N -I- e re d :
Year Manufactured: 2008 25 - TO.I.Ol An n U Ol S Ovi n gs — $5 'I 9

Efficiency: 9,93 EER (+$1 61 )
Without AC entered: —— T

Total Annual Savings = $358 Fractionof Load Served e—

Economics ires:
Index Recommended Measure Components g:::-u.g': mas;‘;: Cost Measure SIR
(8yr)
Weatherization Measures
1 |wall Insulation w1 s241 $2,020 1.88 2009 v
2  |General Air Sealing Ducts/Infiltration $117 $2,000 0.51
Total $358 $4,020 120 Jatus: Seldom or Never Maintained ~

29

Figure 25: WAVIOsimple AC input and results comparison



I ¥O0akRIDGE QA Solutions: Summary

Issue Solution

 Work Orders not included or mismatched « Software WO generation workflow

Create standard HSM in Defined Measures

Health and Safety Measures not eligible

» Foundation entry confusion/doubled » Use Help/tips to define spaces before entry

« Aftic area larger than conditioned area » Record dimensions in notes - verify

 Window shading % » Use updated inputs in WAvV10

* Duct sealing/insulation not modeled e Use Duct inputsin WAvV10

« Wall surface area not accurate « Record dimensions in hotes — verify

» Electric Water Heater low efficiency input » Use defaults and/or tool tip for sanity check

 ASHRAE 62.2 calculation details do not e Use embedded ASHRAE 62.2 calculator
match and linked datapoints

e Cooling not included in model * Input Cooling equipment whenever

applicable

30



The Bigger Purpose of This Session

Improve QA Performance

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

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

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

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

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

IIIIIIIIIIIIIIIIIIII
3, OAK RIDGE | utone recs
RATION CENTER

al Laboratory

Purpose of QA Processes
e Accurate energy audits

o Technical program
compliance

o Statfutory program
compliance

e The right refrofits

o Cost-effective retfrofits



National Laboratory

I ¥OakRce QA Solutions BONUS: Missing Documentation/Photos

« Why it is a concern: « No photos of existing condition provided
- Unable fo verify existing condifions « Missing Grantee-required combustion testing
— Difficulty getting second opinion on inputs and/or forms

retrofit additional costs

— Unable to properly identify incidental repairs and
health and safety conditions/costs

Who is using a photo management
service/softwaree
What are you usingz

i ——
S
- v
b

oomemr— s T d) N
T

32 Figure 13: Example detail photos documenting existing conditions
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Issues and Remedies

Prepared for NASCSP 2023 Winter Training
Conference

Bill Eckman — Oak Ridge National Laboratory
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