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A free, easy-to-use, tool with
workflows to document all
commonly done residential
retrofits.

Tool developed by Pacific
Northwest National
Laboratory, funded by the
U.S. Department of Energy.

Quality Install Tool

Heat Pump Water Heater Installation
Demo HPWH

Project Assessment Installation Report

HPWH Installation

Installation Date

mm/dd/yyyy

HPWH Installation - Instructions

Completed Installation — Photo

&) Add Photo

Nameplate — Photo

& Add Photo

HPWH Screen with Mode - Photo

&) Add Photo
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Pacific

Northwest  Problem

Residential energy efficiency measures are frequently installed incorrectly,
leaving energy and money savings that are not realized.

« 90+% of attic retrofits are “blow and go” jobs without first doing air sealing.

 In walls, insulating panels lose more than 36% of their performance if gaps represent only
0.5% of the insulation volume.

» Atypical installation process rarely includes performance-related verifications or optimization
of airflow, refrigerant charge, and control settings.

* The two most common faults in heat pumps are low indoor airflow rate and incorrect
refrigerant charge level, a 9% increase over baseline (no-fault) usage, costing homeowners
~$2.5 billion annually on utility bills.

These problems have the greatest impact on low-income households, who are
counting most on the anticipated savings.



ol Quality Installations Needed to Achieve
Northwest  Decarbonization Goals

» By 2035, 3% annual efficient envelope retrofit rate for
existing residential is achieved and maintained or
exceeded thereafter. Reduce the market barriers of
envelope retrofits.

» Heat pumps for residential and small-to-medium
commercial applications reach 75% of space heating
sales by 2035 and >90% sales by 2050.

DECARBONIZING THE
U.S. ECONOMY BY 2050

A National Blueprint for

« By 2050, All primary electric resistance space and the Buidings Secto
water heating is replaced by heat pumps.

Quality installation is assumed and required to
reach these goals.
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Northwest  Prevailing Quality Verification Approach
E * Typically only completed for 5% of projects.

* On-site inspection results in tons of wasted corvections
emissions from travel.

Inspection;

Implement

 3rd party onsite validation is expensive—as S
such, all projects cannot be validated.

corrections

Cycle of
Frustration

« Some programs opt for installing contractor
checklists in-lieu of on-site inspections.

Rein§pec_t;
= This provides no proof of proper installation. COEELy O:Oatlgsgn

enough

* Many elements are impossible or difficult to
inspect/check afterwards.
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Northwest  Modern Approach

The Quality Install Tool (QIT) works seamlessly to provide best-practice guidance to
installers while documenting the quality installation for a wide range of stakeholders.

Typical Process Flow Using the QIT:

1) Contractor takes prompted pictures 2) Tool converts picture series into 3) PDF can be shared with many
throughout the installation process PDF for sharing purposes (similar stakeholders for documentation
to a home inspection process) of quality installation

Ductless Heat Pump Upgrade
Photo Report

Inatalstion Address: BOOS SE Clay ST, Portisnd, Dregon 87215

Building Nurber
A photo of the buikding shawing the bulkding nurmiber.

Designed by FreePik
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Who Benefits?

Documents quality of the retrofit they
have invested in

Customer

Documents work completed and its quality at the
Contractor time of completion; also serves as installation guide
for trainees

Supports review of work done without

3rd Party Verifiers travel or logistical inconvenience

Helps utilities have evidence that their program’s

Utilities incentives will realize full savings potential

Photo documentation of assets for accurate risk
assessment

Insurance
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Northwest  Quiality Install Tool

Features to support wide-scale adoption and market
transformation

* No other tool easily and systematically documents critical details
and test results:

» Streamlines quality install workflow for contractors
= Points to other standards and tools where possible

» Built-in geotagged and timestamped photos for proof of install at
particular location

= Automated PDF report generation — easy to share via email
* Free to use

* No download needed, “Web-app” works offline, saves offline, send
PDF when back online

» Open-source code/adaptable — programs can use the code and
change the requirements if desired (DOE version is best practice)

Quality Install Tool

Choose an Installation Workflow
Installations for Example Home

Attic Air Sealing and Insulation
Duct Air Sealing and Insulation
Electric Cooking Appliances
Electric Wiring

Electric Load Service Center

Floor Air Sealing and Insulation Above Unconditioned
Space

Full Frame Replacement Windows
Heat Pump Clothes Dryer

Heat Pump Ducted

Heat Pump Ductless

Heat Pump Water Heater

High Efficiency Gas Furnace

High Efficiency Modulating Boiler
High Efficiency Water Heater
Insert Replacement Windows
Mechanical Ventilation

IRA Limited Assessment
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Northwest  \Aorkflows

: Envelope Workflows
Currently available workflows: P

« Attic Air Sealing and Insulation

— HVAC Workflows « Wall Air Sealing and Insulation
uality Ins 0
T ———— * Heat Pump Ducted » Floor Air Sealing and Insulation Above
Installations for Example Home ° Heat Pump DUCtleSS UnCOndIthned Space
» High Efficiency Gas Furnace » Foundation Wall Air Sealing and
Electric Cooking Appliances . . . I nS U Iat|0 n
Eectrc Wi * Duct Air Sealing and Insulation _ _ _
. - + Slab Foundation Air Sealing and
Floor Air Sealing and Insulation Above Unconditioned ® MeChanlCal Ventllatlon |nSU|at|On
e * IRA Limited Assessment « Full Frame Replacement Windows
Plumbing Workflows « Insert Replacement Windows
* Heat Pump Water Heater Electrical & Appliance Workflows
o  High Efficiency (Gas/Oil) Water Heater - Electric Wiring
= » High Efficiency (Gas/Oil) Modulating Boiler « Electric Load Service Center
Safety Workflows « Heat Pump Clothes Dryer

« Combustion Safety Testing « Electric Cooking Appliances
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Northwest  Workforce Training Needed

 Blower door directed air sealing was Vacuum Decay Test Setup - Photo v
developed in the 1980s by weatherization

specialists supported by the Weatherization
Assistance Program (WAP), however the skill
is still not ubiquitous among the workforce.

Vacuum Decay Test Results — Photo A\

Take a photo of the vacuum decay test results. Use a digital

 Air Conditioning Contractors of America micromgaugs, The system must bs isolsted from e
(ACCA) released the first version of Quality yareu PUTP. The vaceum must notrise abave 500 microns
Installation Specification in 2007; however, the
skill to do a proper vacuum dfece}y and (@ Ada photo |8 o
pressure decay test is not ubiquitous among ‘
the workforce.

* QIT can also be used as part of training.




Pacific . . Each workflow
Northwest  Quality Install Tool - Introduction “Installation” can be
done more than
Subsequent uses will once (e.g., DHP #1,
start here DHP #2, DHP #3)

First Time Use

Quality Install Tool

Quality Install Tool ‘ ‘ Quality Install Tool

Quality Install Tool

ew Project Information .
Add a New Project Choose an Installation Workflow
Project Name 5
Installations for Example House
Example House &L 935 SE Test St, Portland, Oregon 97215
- Installer Information 935 SE Test St,
welcome to the Q uallty Insta II To ] The Installer information is eptional, but we recomment filling in at least Portland, Oregon 97215 Attic Alr Sealing and Insulation (1)
one field for reference in the the final report. 9
‘ GreenHome Institute S m Duct Air Sealing and Insulation
Technician Name 1451 Lake Drive SE,
With this tool ill be abl Grand Rapids, Michigan 49516 Electric Cooking Appliances
| IS tool you will be able
% Installation Company Electric Wiring
to easily take photos and document Test S
your entire installation project 123 Test St, Electric Load Service Center
Company Address Portland, Oregon 97215
Floor Air Sealing and Insulation Above Unconditioned
Space (1)
Company Phone i v i
For vﬁl.lr recﬂrds y Click here to learn more about the Quality Install Tocl Full Fiaitia Rep!acemem Witidaiis
For your clients State i Heat Pump Clothes Dryer

For quality assurance reporting Heat Pump Ducted (1)

Zip Code
Heat Pump Ductless (3)

Add a New Project
Heat Pump Water Heater (1)

Building Number - Photo Y High Efficiency Gas Furnace

(5; Add Photo High Efficiency Modulating Boiler

High Efficiency Water Heater
-
Insert Replacement Windows

Click here to learn more about the Quality Install Tool




% Attic Air Sealing & Insulation Workflow

Pach;ic
Northwest  pre-Installation

i . —
. | . \ N
Pre-Installation Installation Post-Installation Report “ N N
| 4 W

"

e
Existing Conditions DG-700 Pressure & Flow Gaug
DEVICE

Existing Conditions

What is the starting air leakage rate for the home before modification?

Not Measured
© CFM at 50Pa

CFM at 50Pa

2523

Starting blower door manometer showing the CFM50 value — Photo A\

1] Add Photo —

What is the existing insulation in the ceiling?
. . . A4
Blown-in insulation

What is the existing insulation R-value in the ceiling?
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Pacific Attic Air Sealing & Insulation Workflow

Northwest  pra_Installation

General Safety

General Safety v

Roof condition A4

What is the roof condition?

Good
O Potential Issue

Mold or Moisture problems in the Attic v

Are there signs of mold or moisture problems in the attic?

O Yes
No




Pacific Attic Air Sealing & Insulation Workflow

Northwest  pra_Installation

r
. . - . 3 [P |
Pre-retrofit mechanical ventilation calculation a ’ﬁ‘E\é ASHRAE 62.2-2016 Ventilation

Use your JUdgement New or existing construction

Dwelling unit is [ Detached v

Use infiltration credit

¢ The pre-retrofit ventilation calculation can help estimate
whether mechanical ventilation will be needed post air

A home with a very

sealing and insulation work. Closest weather station |United States v
» Consider using RED Calc ASHRAE 62.2 tools to do the ﬁ

mechanical ventilation calculation. [Portiand ional AP v
https-!/basc Dnm qovlredcalc Weather and shielding factor [1/hr] = 0.52

high starting air
leakage rate is
probably not going to

o Consider infiltration credits. A very leaky home may still
be leaky enough after the scoped air sealing and
insulation work is completed.

e The ASHRAE 62.2 standard does not require the installation

Floor area [[fi2 +]] [1500
Number of occupants
Dwelling height [[ft v[][8

Measured leakage @ 50Pa [[CFM_ ~[] [2523

get tight enough to
where mechanical

ventilation will be

Warranted . of a system smaller than 15 CFM (7 L/s)

[J Use Advanced Blower Door Inputs

O Use Local Ventilation Alternative Compliance

But for homes that

Dwelling-Unit Ventilation Results

i Effective annual avg infiltration rate [[CFM v[] = 68
are deCe ntly tlg ht tO Total required ventilation rate, Qio; [[CFM__v[] = 67.5

begin with but don’t Yes Infiltration credit, Qi [[CFM__~]] = 68
have MV’ thlS |S the ° No Required mechanical ventilation rate, Q. [CFM_ v]] = 0

. NOTE: The ASHRAE 62.2-2016 standard does not require the installation of a
time to calculate MV

Has mechanical ventilation calculation been performed pre-retrofit?

Dwelling-Unit Ventilation Run-Time Solver
Fon capacity (G 1| |
Fan run-time per hour [[min~]|] =

system smaller than 15 CFM (7 L/s)
needs and pICk an Have the answers to these safety questions been disclosed to the

appropriate MV homeowner?

deVICe . o Yes Dwelling-Unit Leakage Rate Solver
No Target mechanical ventilation rate [CFM_ ~[1[ |

Corresponding measured leakage @ 50Pa [[CFM_ ~]] =

Version 2016-07-06_01:30
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Pacific Attic Air Sealing & Insulation Workflow

Northwest  Installation — Air Sealing

™ .;9:::' , 2 =
Pre-Installation Installation Post-Installation Report %’_ 5 » e
| ___::;‘ '.’ e "‘w - =

-

Provide a photo of each detail, skip if the feature is not present the
home's attic.

Installation - Air Sealing Installation - Insulation

Drywall to Top Plate — Photo

@ Add Photo

Soffit Air Baffles — Photo

@ Add Photo

Leaky Recessed Light — Photo

(et sy MEND3

@ Add Photo —
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Pacific Attic Air Sealing & Insulation Workflow

Northwest  Installation — Air Sealing

Attic electrical box:

Chimney Dam - Photo N

[ © Add Photo

Hot Flue Pipe Dam — Photo N4

@ Add Photo

Wire and Pipe Penetrations — Photo N

-
Zr s @wjthehomebuilder @

Attic Air Sealing Detail

5 Add Photo

£ Oh No (Instrumental)} - Kreepa
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Pacific Attic Air Sealing & Insulation Workflow
Northwest  Installation — Air Sealing

Large Opening Sealed - Photo v

Duct Boot to Drywall — Photo %

)] Add Photo —

Exhaust Fan Sealed to Drywall — Photo %

@"' Add Photo — %
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Pacific Attic Air Sealing & Insulation Workflow
Northwest  Installation — Air Sealing

Knee Walls Sealed - Photo v

[ © Add Photo ]

Knee Walls Enclosed — Photo T

[ 5] Add Photo —

Skylight Walls Sealed — Photo v

[ @ Add Photo
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Pacific Attic Air Sealing & Insulation Workflow
Northwest  Installation — Air Sealing

Skylight Walls Enclosed — Photo

&5 Add Photo

Balloon Walls Sealed - Photo

@5 Add Photo

Stairwell Wall Sealed — Photo

5 Add Photo
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Pacific Attic Air Sealing & Insulation Workflow
Northwest  Installation — Air Sealing

T&G Ceiling Sealed - Photo v

Storage Platform Preparation — Photo 4 | y ‘ ROLLED BNSIE
2 3 L J__-I.'_LAH'H.I':!_'.IE g

@ Add Photo ]

Overview of Air Sealed Attic — Photo Vv

[ s Add Photo ]
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Pacific Attic Air Sealing & Insulation Workflow

Northwest  Installation — Air Sealing

Attic Access Dam — Photo v

Y Add Photo —

Attic Access Weatherstrip — Photo A4

[ Y Add Photo — -II
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Pacific Attic Air Sealing & Insulation Workflow
Northwest  Installation — Insulation

Installation - Air Sealing Installation - Insulation

Insulation Measuring Rulers — Photo N4

; g2T0

@Addphoto ‘l’:_ % &g_é
§LEc

Se5is

e SN O

& 2 8§ §'§

= 8 o g w

R-value Per Inch — Photo fé = c 23

Ll L3 - >

5y N8

1

i

g
I

=} Add Photo ] —

mrm s

walle

oiect Pana

& Fou

» Basement & Crawl 3pa
\ : Frungat
“+ DIY &gﬁﬁ Pr

h
withENERGY STAR

it v ey whan tied
terdag 1 EERG SUAR gusstnay

Seal and insulate

Skylight Shaft — Photo v

uses 3
* Interior & Eatesis:

-5 Under

5 Add Photo ] —




Pacific Attic Air Sealing & Insulation Workflow
Northwest  Installation — Insulation

-

Knee Wall - Photo l

[ 5 Add Photo ]

Stairwell Wall = Photo

@5 Add Photo

Storage Platform — Photo

4 Add Photo ]
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Pacific Attic Air Sealing & Insulation Workflow

Northwest  |4stallation — Insulation

Wide Angle - Photo 4

@ Add PhOtO ]—

Attic Access - Photo AV

@ Add Photo ]—




o :{ Attic Air Sealing & Insulation Workflow

Northwest  pgst-Installation

: - . Final Conditions
—

What is the air sealing level you have achieved?

Not Measured
© CFM at 50Pa

CFM at 50Pa

1756

Final blower door manometer showing the CFM50 value — ~
Photo

[ @Add PhOtO ]—
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The tool automatically

generates a PDF report that

can be saved to a phone.
One can then use the

phone’s sharing capabilities

to email a copy of the PDF
and/or save it to a cloud
storage location.

The report has the photos
rotated and sized to fit into

pages and places them into

text that describes the
photo. If the photo is of a
test, the text describes to
the reader what numbers
represents good results.

Attic Air Sealing & Insulation Workflow
Report — Print Report

1003724, 422 PM DOE - Quality Installation Repost

Attic Air Sealing and Insulation Upgrade
Phota Report
Installer:
Graatest Tach Ever
Besl Home Performance Company Ever
1234 Exceilence Ave
503-123-4567
BestHPCE@gmail.com

installation Address: 835 SE Test S, Portiand, Oregon 87215

Building Number
A photo of the buikding shawing the buil

Gesocation: 45518125000

Existing Conditions
What part of the home 3re you ar 56 aing? Attic
Whatis kags the hame befora

Starting blower door manometer showing the CFM50 value ~ Photo
Photo of air E

£75c.

10/324, 4:22 PM DOE - Quality Instailation Report
What is the existing i

‘What s the existing insulation R-value in the oailng? 13
General Safety
‘What is the roaf cond ion? Petential Issue

Ace there signs af moid or maisture in the altic? Yes

Have the answers to thasa safety questions been disclosed o the homeowner? Yes

Installation - Air Sealing Details

Drywall to Top Plate - Phata
Photo of drywall to top piate seam sealed

Gediocation: A5.E11E 122 510

Soffit Air Baffles — Phato
Phota af soffit sir installed biockad with batt nsulation spray foam

pnl workflow_attic_air_sealing_and_insulation/31485f43-75c-4 lac-ad5c-3364c9...

v

26



Pacific Heat Pump Ducted Workflow

Northwest  Assessment

Assessment Planning Installation Post-Installation

Report

Visual Assessment of the Ductwork
If the ducts will be entirely replaced or the visual inspection found

significant duct upgrades and repairs are needed:

¢ Make notes and skip performing a duct leakage test at the initial
phase

« Perform the duct leakage test post upgrades and repairs to verify
the ducts are sufficiently airtight

Ductwork — Photo W

@ Add Photo —

Ductwork Comments




Pacific Heat Pump Ducted Workflow

Northwest  Assessment

Static Pressure Test

Total external static pressure measurement

Pre-upgrade Static Pressure Test — Photo v

5 Add Photo ]

Comment on remediation plans

If total external static pressure is above 0.5 i.w.c, assess whether the static
pressure is in the supply or return. If it is in the return, consider recommending

upsizing the return filter to accommodate a larger size and a deeper filter.
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Pacific Heat Pump Ducted Workflow

Northwest  Assessment

Airflow Test

Use flow plate test OR the pressure matching technique

Pre-Upgrade Airflow Test Setup — Photo N

[ @ Add Photo —

Pre-Upgrade Airflow Results — Photo A

[ = Add Photo —

Comments on Pre-Upgrade Airflow Test

Comment on remediation plan if flow is much lower than 400 CFM per ton

Air Flow & Static Pressure Test - Cooling
@ rroblems detected DETAILS
Air Flow TESP
376 SCFM/ton 1.003 inH,0 _
(1128 SCFM, 3 ton)
Return Plenum Pressure =

(\ 0.556 inH,0

Filter Pressure Drop

p3



Northwest A gsessment

Duct Leakage Testing

If the ducts will be entirely replaced or the visual inspection found significant duct upgrades and
repairs are needed:

B aciic Heat Pump Ducted Workflow
sy

= Make notes and skip performing a duct leakage test at the initial phase
= Perform the duct leakage test post upgrades and repairs to verify the ducts are sufficiently
airtight

Select the test method used:
Duct leakage tester

Duct Test Setup - Photo v PBOXSpeed  Ssavy

@ Add Photo —

Duct Leakage CFM — Photo v

) Add Photo —

CFM25 per 100 ft2 Calculator

CFM25 4 O

Seeking Value 26,0 Pa

Type Of Test

Conditioned Floor Area (ft?) 1 320 Type of duct leaka
Total Leakage

Leakage to Ou|
CFM25 per 100 ft2 = 3




Pacific Heat Pump Ducted Workflow
Northwest  Planning

Assessment Planning Installation Post-Installation Report

Planned Install Location

Proposed ODU Install Location — Photo V4

] Add Photo —

0ODU Mounting Style

Pad

= Ground Stand
Wall Mount
Roof Mount

0ODU Inches Above The Ground (elevated above the snow)

Overhead Snow & Ice Protection

= Awning/Cover
None

31



Acceptable Manual J Load
Calculation

o

Pacific Heat Pump Ducted Workflo

Northwest  Planning

Manual J Calculation

Manual J Calculation Details N

PDF of Manual J - File N

File Types Accepted: PDF

—

Manual J Notes or Comments

4324, 850 AM HVAC Sizing Tool: Results

1 I\FA &~ [ s ]
Full Residential Load Calculation

(Supports Block Load™, Room-by-Room Load™, Zone-by-Zone™ and Adequate Exposure Diversity™ or AED™
Calculations)

Wrightsoft RightJ8 =%
Elite RHVAC -
Adtek Acculoads =g
Florida Solar Energy Center's EnergyGauge =g
i

Carmelsoft HVAC Resload-| '

iPad
Avenir M8 Editions of HeatCAD and LoopCAD =g

Cool Cale Manual (ol T°Y

Conduit Tech

LiDAR-capable devices

Amply Energy
LiDAR-capable devices

HVAC wgeTtéanqumtﬁ\A? AVAE §|2Ing

SIZING TOOL 2 ] 1z 500 00 0% [100%| | 5204 | 4708
Laundry Room 50 150 10 00%| [100%| | 1347
Bathroom 1 TOOI 50 150 0o 100% ) [100%] | 1347 1,005
wotal 1,500 15300 | 12,882

; Kwik Model uses
A AN HE= = = = Froride-Solar Energy

‘ ' O D EE3D .Center's EnergyGauge

‘ for Manual J

Otherdvtanual J software or sizing
methad.approved by your "

state/utility’s program 32
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Planning

Equipment Performance Tables

You are encouraged to use the Cold Climate Heat Pump Decision Tool which can help assist in
selecting the right heat pump for this home. The Cold Climate Heat Pump Decision Tool will make
use of the Manual J load values and the duct air flow capability test result data.

Equipment Selection Details b

Mfr's Heating Performance Table — Photo A4
5 Add Photo —

Aux Heat Lockout Above This Temperature (°F)
Compresser Lockout Below This Temperature (°F)

Dual Fuel Switch QOver Temperature (°F)

Mfr's cooling performance table - Photo N

& Add Photo —

Heat Pump Ducted Workflow

Some manufacturers provide extended

performance data for heating and cooling
which is ideal for selecting equipment with

mAdAAaiiAtA mArfAavian At th A AdAaAlAanm farmAcarmAavAt i imAaA A~

Cooling Capacity Table for LV181HHV4 (LUU180HHV + LVN181HV4)
Table 30: Cooling Capacity Table for LUU180HHY + LYN181HVA.

Outdoor Indoor Air Temp. °F DB/ °F WB
T:r:!’p_ 68/ 57 72161 77164 80/67 86 /72 90/75
(°FDB) | TCc |SHC| Pl | TC [sHC [P | Tc |sHC| P | TC |SHC | P | TC |[sHE | PI | TC |SHC| PI
4 [ 1770|1335 080 [ 18.80 | 1440 083 | 19.80 [ 1366 | 086 | 2069 | 13.04 [ 087 [ 2209 | 1406 [0.88 | 2319 [ 1433 [ 090
04 | 1769 [1343 [ 081 [ 1879 [ 1419 {084 | 19.88 [ 1374 | 087 [ 2088 | 14.03 [ 0.88 [ 22.08 | 1444 [0.89 | 2348 | 1441 | 0.9
5 1767 | 1355 | 082 | 1877 | 1431 | 0.85| 19.87 | 13.86 | 0.88 | 20.66 | 14.15 | 0.89 | 22.06 | 14.27 | 0.91 | 23.16 | 14.54 | 0.93
10 1766 | 1365|083 | 1876 | 1442 | 0.86 | 19.85 | 13.97 | 0.89 | 20.84 | 14.26 | 0.90 | 22.05 | 14.38 | 0.92 | 23.14 | 1465 | 0.94
15 1765 | 13.76 | 084 | 1874 | 1454 | 0.88 | 19.84 | 14.08 | 091 | 20.63 | 14.37 | 0.92 | 22.03 | 1449 | 0.94 | 2312 | 1477 | 095
20 1763 | 1387 | 0.86 | 1873 | 1465 | 0.89 | 19.82 | 1419 | 092 | 20.61 | 14.49 | 0.93 | 22.01 | 1461 | 0.95| 23.11 | 14.88 | 0.97
25 | 1762 [ 1398 | 087 | 1871 | 1477 |00 | 1981 [ 1430 093 | 2060 | 14.60 | 0.94 | 2200 | 1472 [ 0.96 | 23.00 | 1500 ] 098
30 | 17.60 [ 1408 | 088 [ 1870 | 1488 {091 | 19.79 [ 1441 095 [ 2058 | 1471 [ 0.96 [ 21.98 | 1483 [0.98 | 23.07 [ 1501 | 100
35 | 1759 [14.19 | 0.89 | 18.68 | 1499 {093 | 19.76 [1452] 096 | 2057 | 14.82 | 0.97 [ 2196 | 14.95 [0.99 ] 23.05 [ 15.23 | 1.01
40 | 1758 [1430] 091 [ 1867 | 1510 [0.94 | 19.76 [ 1463|097 [ 2055 | 14.93 | 0.96 | 21.94 | 15.06 [ 1.00 | 23.04 [ 1534 ] 102
45 17.56 | 1441|092 | 1866 | 1522 | 085 19.75 | 1473 | 099 | 20.53 | 15.04 | 1.00 | 21.93 | 15.17 | 1.02 | 23.02 | 1546 | 1.04
50 17.55 | 1451 | 093 | 1864 | 1533 | 0.86 | 19.73 | 14.84 | 1.00 | 20.52 | 15.16 | 1.01 | 21.91 | 15.28 | 1.03 | 23.00 | 1557 | 1.05
55 1754 | 1462 | 094 | 18.63 | 1544 | 0.88 | 19.72 | 14.95 | 1.01 | 20.50 | 15.27 | 1.02 | 21.89 | 1540 | 1.04 | 22.98 | 1569 | 1.06
60 | 1752 [1472] 095 | 1861 | 1555 o099 | 1970 [ 1506 | 1.03 [ 2049 | 1538 | 1.04 | 2188 | 1551 | 1.06 | 22.07 | 1580 1.8
65 | 1751 | 14.83 | 0.97 | 1860 | 1567 | 1.00 | 19.69 [ 1517 | 1.04 [ 2047 | 15.49 | 1.05 | 21.86 | 1562 | 1.07 | 22.95 | 15.91 ] 1.9
70 17.50 | 1494 | 098 | 1858 | 15.78 | 1.01 | 19.67 | 1528 | 1.05 | 20.46 | 15.60 | 1.06 | 21.84 | 15.73 | 1.08 | 22.93 | 16.03 | 1.10
75 17.08 | 1469 | 103 | 18.16 | 1554 | 1.07 | 19.24 | 1506 | 1.11 | 20.03 | 15.39 | 1.12 | 2141 | 1554 | 1.14 | 22.50 | 15.85 | 1.16
80 16.66 | 1444 | 1.08 | 17.74 | 1529 | 112 | 18.82 | 14.84 | 1.16 | 19.60 | 1518 | 1.18 | 20.98 | 15.34 | 1.20 | 22.06 | 1566 | 1.22
85 16.24 | 1418 | 1.14 | 17.32 | 1504 | 1.18 | 18.40 | 1461 | 1.22 | 19.17 | 14.95 | 1.24 | 2055 | 15.14 | 1.26 | 21.63 | 1546 | 1.28
90 15.82 | 1391 | 119 | 16.90 | 1477 | 1.23 | 17.97 | 1437 | 1.28 | 18.75 | 14.72 | 1.29 | 2012 | 1492 | 1.32 | 21.20 | 1526 | 1.34
95 | 1537 [13.76 | 124 | 1644 | 1464 [ 120 | 17.50 [ 1427 | 133 ] 18.00 [ 14.40 | 1.35 [ 1965 | 1484 [ 136 | 2072 [ 1519 ] 140
100 1499 | 1339 | 1.30 | 16.06 | 1427 | 1.34 | 17.13 | 1392 | 1.39 | 17.77 | 1418 | 141 | 1928 | 1452 | 143 | 20.35 | 14.88 | 146
105 1462 | 1302 | 1.35 | 1569 | 1390 | 140 | 16.76 | 13.59 | 145 | 17.53 | 13.95 | 1.46 | 18.90 | 14.21 | 1.49 | 19.97 | 1457 | 152
110 14.24 | 1258 | 140 | 1532 | 1345 | 145] 16.39 | 13.17 | 1.50 | 17.16 | 13.54 | 1.52 | 18.53 | 13.80 | 1.55 | 19.60 | 1417 | 1.58
15 | 1387 [ 1220 | 145 | 14.04 | 1207 | 151 ] 1601 [ 1282 | 156 [ 1670 | 1310 | 156 | 1815 | 1347 | 161 | 1022 | 1385 ] 164
18 | 1365 [ 1211 [ 149 [ 1472 | 1200 | 154 | 1579 [ 1275 | 160 [ 1656 | 1343 [ 161 [ 17.93 | 1343 [ 164 | 19.00 [ 1381 ] 168
122 | 1357 [1208 [ 153 [ 1464 [ 1207 [ 158 [ 1571 [ 1273 [ 164 | 1649 | 1341 [ 166 [ 1785 | 13.41 [ 160 [ 1802 [ 1380 172

ejeq janpolid



Pacific Heat Pump Ducted Workflow

Northwest  |hstallation

Assessment Planning Installation Post-Installation Report

Installation Date

mmy/dd/yyyy [}

Refrigerant Recovery

Is this heat pump installation replacing an old AC or heat pump?

O Yes
No

Old AC or Heat Hump Nameplate — Photo a4

@ Add Photo —

Recovery Setup - Photo

& Add Photo

Recovery Scale - Photo v ‘ I i\, } l( ( )N
VV¢ y-TEK

5 Add Photo — ,M‘l“




Pacific Heat Pump Ducted Workflow
Northwest  Installation

Equipment

0ODU nameplate — Photo

& Add Photo — .

IDU nameplate — Photo s

@ Add Photo — i

Electrical |
R
ODU circuit breaker — Photo v § 3
w =
? Aly
) Add Photo — L Y
I‘ %
{ !
IDU circuit breaker — Photo ~ ko

& Add Photo —

Circuit Breaker Notes

IDU powered by ODU at the disconnect

E.g., wire size modifications, or shared or repurposed circuits.
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" Pacific Heat Pump Ducted Workflow

Northwest  |hstallation

Installation Tests

Nitrogen Pressure Test Setup — Photo

Q Add Photo —h

|

Nitrogen Pressure Decay Test Results — Photo V4

& Add Photo —

Vacuum Decay Test Setup — Photo

5 Add Photo

Vacuum Decay Test Results - Photo N

i Add Photo —ﬁ "




S— :f:c/ Heat Pump Ducted Workflow

- = Northwest  |hstallation

Refrigerant Adjustments

Indoor unit EEV for cooling
Throtte type Outdoor unit EEV for heating
Refrigerant Adjustments (if applicable) - Photo v Design pressure (PSIG) 550/340
Refrigerant type R410A
Refrigerant charge 0z 102.32
& Add Phot
Refrigerant precharge | ((rf:n)) 2—?—(5) |
Additional charge for each ft [ (0z/ft) 0.69 |
Additional Refrigerant Calculator Additional charge for each m (glm) \ 65-0"
Liquid side/ Gas side(indoor) (inch) 3/2 5" 23#9
Feet of line set beyond factory charge ((IT:;?])) 3 N 1 3/4"
0 Liquid side/ Gas side(outdoor) (i) 8,591
Max. pipe length ((2)) 1238
Ounce of refrigerant per foot of line set .
0 69 Max. difference in level ((rf;)) gég
Please write the ounces of additional refrigerant added beyond the factory charge behind the service Connection method Flared

cover.

Ounces of additional refrigerant = O

MNotes about refrigerant quantity adjustments or weigh in

37




S— ;:i/ Heat Pump Ducted Workflow

Northwest  |hstallation

Protection

Line Set Protection — Photo ~

©) Add Photo

Electrical Surge Protection Device — Photo p Y%

Plenum connections

Plenum Connections - Photo Ve

) Add Photo




Pacific Heat Pump Ducted Workflow

Northwest  pgst-Installation

Assessment Planning Installation Post-Installation Report

Post-install Airflow Test

Post-Install Airflow Test Setup — Photo 4

@ Add Photo

Post-Install Airflow Test Results — Photo N

& Add Photo —

Post-install Static Pressure Test

Post-Install Static Pressure Test Setup - Photo v

5 Add Photo —

Post-Install Static Pressure Test Results — Photo ~

5 Add Photo —




:f Heat Pump Ducted Workflow

Northwest  pgst-Installation

Thermostat Settings

Thermostat Setting — Photo

N
& Add Photo —
Notes about thermostat settings é ThI‘EShOId

Configure Staging

Automatically

Project Invoice

Aux Savings
- Qp.ti.mization
2.9 °F

& Add Photo Aux Heat Max

Qutdoor Temperature

Y QOE

Project Invoice — Photo

) - Compressor Min Cycle
Mechanical Ventilation Off Time
If the addition of supply based mechanical ventilation is included in the heat pump upgrade. Use 600 sac

the mechanical ventilation quality installation workflow to document that installation.




o

Pacific

Northwest ~ Accurate Geolocation & Time Stamps

Instructions/guide to accurate geolocation and time stamps when using the QIT.

Enable location services on phone and allow the web browser and/or camera to use the
device's location while using the App if/iwhen prompted.

Accurate geolocation and time stamps to the job site:
» Photos taken using the QIT using a smartphone
= Photos transferred from phone to desktop/laptop using a USB cable and uploaded to the QIT |
using a desktop/laptop
Not accurate geolocation and time stamps to the job site:

= Photos uploaded to the QIT from the phone’s storage when off-site

v Reason: iOS and Android security prevents the web browser from accessing a file’s metadata. Thus,
the QIT must instead record the geolocation and time of the phone’s current location.

» Photos transferred from Android phones to desktop/laptop using email or Google Drive

v Reason: Android security removes geolocation data when uploading files from the phone to email and
cloud storage platforms.
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Pacific

Northwest  Checking the Geolocation

Quiality Installation Tool Workflow

Quiality Installation Report PDF
* In the report, click on the | ==~ e
geolocation link below an | . T e
image to see the location o

on Google Maps.

el !
=l

* |In the QIT workflow, click
on the geolocation link
below an image to see
the location on Google
Maps.

Existing Conditions
What part of the home ane you air sealing? Attie

What s the starting ar leakage rate for the home befora madification? 2523 CFM at 50Pa

» Check to see if this e Mesioenesypviatcivreiiod
location matches the ' :
installation address in the
report.

imestame: October 3, 2024 at 04:23 P D1

: T
S dltin g —
R——— —

Starting blower door manometer showing the CFM50 value - Photo v

|
\\X\m&%

DG-700 Pressure & Flow Gauge

Timestamp: October 3, 2024 at 04:20 PM PDT

Geolocation: 45.5118,-122.5810 h

workfiow_artic_air_sealing and_insulation/31485¢4a-e75c-41ac-ad5c-364c9... 14



Pacific

Northwest

NATIONAL LABORATORY

Contact

Feel free to contact Edward
Louie if you have further
questions.

edward.louie@pnnl.gov

902 Battelle Boulevard
P.O. Box 999
Richland, WA 99352

www.pnnl.gov
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2GB80

Search
StandBy

Wallpaper

Notifications
Sounds & Haptics
Focus

Screen Time

Face ID & Passcode

Emergency SOS

Privacy & Security

App Store
Game Center
iCloud

Wallet & Apple Pay

12:339¢

~
o]
@
o
=

£
]

®
@D
#
©]
)

Location Services
Amazon Alexa
App Store

Apple Watch Faces

Apple Watch Find Devices W

Apple Watch Find People Whils

Apple Watch Workout
Astronomy
bigbasket

Calendar

Camera

3 0ARNODNDE S

Chrome

Compass

Fair Weather Friends
Fantastical

Find My

Flipkart

Freecharge

Google Maps

Google Pay While

Troubleshooting Location Permission Settings on iOS

< Location Services Camera

Never

Ask Next Time Or When | Share

While Using the App

Precise Location
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Pacific

Northwest  Troubleshooting Location Permission Settings on Android
Settings ¢ Location a < Location

Allowed only while in use

. Displa)_/_ _ < Advantis CU

App permissions AllTrails
tyle

alette

Location services . Android Auto

Themes N

The ecent access

. 2 BluVac
% Yelp

Home screen | min. ago

Layout = App icon badges

Calendar
Google
22 min. ago

Lock screen Calendar
S lock typs isplay Facebook

59 min. ago
Camera

See all

i Security and privacy

Bion s + Permission manager

Location
|

Safety and emergency

Discover




