
Commissioning 
Residential 
Homes

Where do we start?
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v BPI Healthy Home 
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v ABAA Certified Air Barrier 

Auditor 
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Professional
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Administrator 
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Emmett has traveled across the State of Alaska performing
building diagnostic on everything from Natatoriums in South
East Alaska to Groceries Stores in the Aleutians and energy
audits on residential and commercial audits across Alaska for
the last 10 years. Before becoming an Energy Professional
Emmett worked in the heating and plumbing industry in the
interior of Alaska.

Speaker

www.alaskathermalimaging.com

http://alaskathermalimaging.com/Home_Page.html


What is 
Commissioning?

�Commissioning is the action of bringing 
something newly produced into working 
conditioned.

�Typically there are aspects of any system that 
requires verification, inspection, or tests to verify 
if it functions according to its manufacture design 
objectives and specifications.

Source: http://jrzhomes.com



Commissioning can be broke into 
Two Categories

Pre-Commissioning:  
Activities involving 

Inspection & 
Verification

Post Commissioning: 
Activities involving 

Testing, Adjusting & 
Balancing



Commissioning 
Systems 
Must Be 
Systematic.

�Designed � Inspected �Tested

http://hydronicheatingeltham.com



Who’s Commissioning 
Alaskan Homes?

Inspectors?

Energy Raters?

Sub Contractors?

Who’s Interest do they 
Represent?

http://www.technical-designs.com/cxa/images/Picture1.jpg



�ICC Code Group
�AK Building Energy Efficiency Standard

�2018 IECC & ASHRAE-16
� Energy Star

� LEED for Homes
� DOE Zero Energy Ready Home

� Passive House

Examples of 
Residential 
Building Codes & 
Standards that 
require 
Commissioning in 
Alaska.



How Do You Rate?

http://www.ecoachievers.com/services-view/green-certifications/

Passive House



https://www.energy.gov/sites/prod/files/2017/02/f34/PHIUS%2B2015%20Passive%20Building%20Standards.pdf

Is the level of efficiency achievable because 
of the commissioning required? 
Or
Is the level of commissioning 
required because of the 
efficiency achieved?



Energy Star
Certification

�NATIONAL REGISTRY OF 
ACCREDITEDRATING SOFTWARE 
PROGRAMS

1. Ekotrope, V1.9.0, V2.1 V2.2, V3.0 & 3.1
1. Ekotrope Optimzer & Calculators

2. EnergyGauge® USA Version 4.0, 5.1, 6.0 $ 6.1

3. REM/Rate v14.6.4, v15.2, v15.3, v15.4, v15.5, v15.6 &15.7
http://www.resnet.us/professional/programs/energy_rating_software

�ES Certification also requires the completion 
of the following:

1. Rater Design Review Checklist and Rater Field Checklist 
(PDF)

2. HVAC Design Report (PDF)

3. HVAC Commissioning Checklist (PDF)

4. Water Management System Builder Requirements (PDF)

https://ekotrope.com/energy-spec-optimization/


Passive House
Certification 
Criteria

� Energy Star Checklist + Passive House Checklist

� RESNET QA/QC Protocols + Passive House Training

� Wuffi Passive Energy & Hygrothermal Modeling

� Climate Specific Comfort and Performance Criteria

� Passive House Product Certifications
� Windows Performance Data Program
� Building/Panel System Program
� Ventilation Product Program



Residential 
Systems that 
Require 
Commissioning

• Building Thermal Envelope
• Air Barrier System
• Heating Systems
• HVAC Duct System
• Domestic Hot Water System
• Mechanical Ventilation Systems
• Renewable Energy Systems
• Other Systems?



Building 

Thermal 

Envelope Code 

Requirements

1) Wall assemblies, attic/roofing, slab insulation and 

fenestration all must comply with either the IECC 

• Prescriptive Method or

• Performance Method (Akwarm). 

2)   Installation of components of the building thermal 

envelope shall be installed in accordance with the 

manufacture’s instructions and the criteria indicated in 

IECC.

• Inspection ICC Inspectors (AK only)

• Energy Modeled by Energy Auditors at Final

http://www.mytown.center



BEES Energy Modeling with Akwarm Software





Air Barrier 
System 
Commissioning

1. The building thermal envelope shall be constructed to      
limit air leakage in accordance with IECC requirements.
• Inspection by ICC Inspectors (AK only)
• Air leakage testing by Energy Auditors

2. Components of the air barrier and other required air     
sealing shall be installed in accordance with the 
manufacture’s instructions and the criteria indicated in 
IECC Table R402.4.1.1.

3. Whole Building Air Leakage < 4ach50 (BEES Amended)



TABLE 
R402.4.1.1
AIR BARRIER 
AND 
INSULATION 
INSTALLATION

























Source: Energy Star Thermal Enclosure System Rater Checklist









Energy Star 
Thermal 
Enclosure 
System Rater 
Checklist
• Fenestrations
• Insulation
• Aligned Air Barrier
• Thermal Bridging

https://www.youtube.com/watch?v=hb5LmY3Rj2o

https://www.youtube.com/watch?v=hb5LmY3Rj2o


Whole Building 
Air Leakage 
Testing is a 
Commissioning 
Test of the Air 
Barrier System

2014 Construction (Non-BEES Compliant)
2,665 sqft Floor Area



This Builder did 
his home work.

If you don’t test 
it, YOU don’t 
know!

2018 Construction 
1885 sqft Floor Area



https://www.energycodes.gov/sites/default/files/documents/BECP_Buidling%20Energy%20Code%20Resource%20Guide%20Air%20Leakage%20Gui
de_Sept2011_v00_lores.pdf





Higher Levels of Efficiency & 
Performance Require 
Higher Levels of 
Commissioning.

https://www.youtube.com/watch?v=7fPn-8RatsE

https://www.youtube.com/watch?v=7fPn-8RatsE


https://s3-production.bobvila.com/2013/02/19/03/25/02/188/Forced_air_furnace_ablegroup.jpg

�Heating System Commissioning
� 1) Sized Per Manual J or other approved method (IECC)
� 2) Installed per Manufacture Recommendations (ICC)

� Each Manufacture has a different installation and 
commissioning or start up requirements.

3) Combustion Safety Testing performed by Energy (BEES) 
Auditor 

ASHRAE 62.2-16 6.4 Combustion and Solid-Fuel-
Burning  Appliances must be provided with adequate 
combustion and ventilation air and installed in 
accordance with manufacturers’ installation 
instructions; NFPA 54/ANSI Z223.1



York MODULATING 
PSC RESIDENTIAL 
GAS FURNACES
MODELS: TM9M Series
(97% AFUE Mult-
position) 
Commissioning Sheet



I n s t a l l a t i o n & 
S e r v i c i n g Instructions 
High efficiency 
condensing gas boiler
E75CN/E110CN
E75CP/E110CP



Condensing Oil 
Fired Boiler





HVAC Duct Work Commissioning
1. Ducts, Air Handlers & Filter Boxes shall be sealed (ICC)

2. Air Handler < 2%  of Design Air flow (IECC)

3. Designed in accordance with ACCA Manual D (IRC)

4. Duct Testing Required (IECC & Energy Star)

• Exception: Ducts & Air Handlers are inside the Thermal 

Boundary (IECC)

http://www.contractingbusiness.com

https://www.youtube.com/watch?v=sk-A08zsguE

https://www.youtube.com/watch?v=sk-A08zsguE


Energy Star 
HVAC 
Commissioning 
Checklist



https://www.youtube.com/watch?v=45gX7Jb60JM

https://www.youtube.com/watch?v=45gX7Jb60JM




TECHNICAL GUIDE     98% AFUE MODULATING ECM MODELS: YP9C*C      NATURAL GAS        60 - 120 MBH INPUT



Domestic Hot Water System Commissioning
1. Installed per Manufacture Recommendations (ICC)
2. All Plumbing Systems must be Tested (ICC)
3. Demand Hot Water Recirculation Water Systems 

Require
• Controls (IECC)
• Gravity Thermos-Syphon circulation prohibited

(IECC)
This is a manufacture recommendation & now code prohibited design.

• Insulation (Prescriptive)
4. Combustion Safety Testing performed by Energy 

Auditor (BEES Specific)
ASHRAE 62.2-16 6.4 Combustion and Solid-Fuel-Burning Appliances must be 
provided with adequate combustion and ventilation air and installed in accordance 
with manufacturers’ installation instructions; NFPA 54/ANSI Z223.1

Commissioning of DHW Appliance Is Similar to Boilers
https://s3.amazonaws.com/cdn.freshdesk.com/data/helpdesk/attachment
s/production/6010753385/original/Heat-trap-install-900.jpg?1449448105



Hot Water 
Recirculation 
without a Pump

Is it Prohibited?

Should it be?

No Heat Trap

“Have We forgotten to make heat traps” by Reftele, Sweden, May 30, 2012 

https://activerain.com

Every hot water 
system since 
they invented 
hot water 
systems!

Except?

https://www.esbe.eu/be/de-de/~/media/ESBE%20Public%20web_BRserver/Documents/News/Heat%20traps/Heat%20traps%20in%20installations%2020120508.ashx
https://activerain.com/image_store/uploads/agents/cbuell/files/hot_water_recirculation_with_no_pump.jpg


“DOE Zero Energy Ready Home, Efficient Hot Water Distribution in Zero Energy Ready 
Multifamily Buildings.” 4/25/17 By: Gabriel Ayala, gabe@enovativegroup.com

“DHW Recirc 
Design Elements
•Pipe Insulation
•On-Demand Recirculation
•System Balancing
•Crossover Prevention
•Optimized Loop Design”

https://www.hpacmag.com



Advanced 
Water 
Efficiency

https://19january2017snapshot.epa.gov/www3/watersense

EPA WaterSense
1. Indoor Water Use

• Leaks
§ Compliance shall be verified 

through pressure-loss testing 
& visual inspection. 

• Water Pressure & Fixture Flow 
Criteria

• Hot Water Delivery Eff.
• Appliances, ex. Clothes Washers & 

Dishwashers
2. Outdoor Water Use

• Landscaping Design
• Irrigation System Criteria and 

Design
3. Homeowner Education



Tackling the 
White 
Elephant in 
the Room

http://avatec.org/plumbing/1.jpg



Ventilation Systems
ASHRAE 62.2-2016

Local  Ventilation
Bathrooms  (>50cfm/20cfm)
Kitchens (>100cfm)

Whole House Ventilation
Qtotal = 0.03Afloor + 10(Nbedroom +1)

- Natural Ventilation (2013-2016)

Must Be verified.
“If we don’t test it we don’t know.”



Heat
Recovery
Ventilation 
Systems

�Design
�Installation
�Air Flow 
Balancing & Testing

� “Balanced heat recovery ventilation systems that 
provide well distributed ventilation throughout the 
entire occupied space are strongly recommended in 
Alaska” (BEES)

Venmar AVS Installation Manual 03309 Rev. D



Why it Matters
“VENMAR AVS SOLO 1.5 Spec Sheet
Part no. 43720 Canada
Part no. 43725 U.S.A.
64 to 150 CFM (0.4 in. w.g.)”



HRV
Manufacture 
Recommendations

“6.4.1 Fully Ducted System (as illustrated in Section 5.1)
Stale air exhaust ductwork:

• Install registers in areas where contaminants are produced: Kitchen, 
bathrooms, laundry room, etc.

• Install registers 6 to 12 inches from the ceiling on an interior wall OR install 
them in the ceiling.

• Install the kitchen register at least 4 feet from the range.

• If possible, measure the velocity of the air flowing through the registers. If 
the velocity is higher than 400 ft/min., then the register type is too small. 
Replace with a larger one.

Fresh air distribution ductwork:

• Install registers in bedrooms, dining room, living room and basement.

• Install registers either in the ceiling or high on the walls with air flow 
directed towards the ceiling. (The cooler air will then cross the upper part of 
the room, and mix with room air before descending to occupant level.)

• If a register must be floor installed, direct the air flow up the wall.”

Venmar AVS 
Installation Manual 
03309 Rev. D



HRV Balancing
“Balancing the airflows is critical to ensuring 
that the amount of air introduced from the 
outside of the building equals the amount of 
air exhausted to the outside of the building. If 
these two airflows are not properly balanced, 
the following issues may occur: 

1) A positive or negative pressure in the house

2) HRV not operate at its maximum efficiency

3) The unit not defrost properly” 

(LifebreathRNC Series Installation Guide 072314)
69-RNC-Install 072314



What About The 
Distribution?





ASHRAE 62.2
Commissioning

More than just 
Ventilation. 

Attached Garages
� Must prevent migration of contaminates to adjoining 

occupiable spaces (Can we test this?)
� All penetrations, joints, seams and openings must be 

sealed and/or gasketed (Visual Inspections)
� Any ducts in the garage must be leak tested and have less than 

6% of total system air flow.

Other Requirements
• Dryers must be vented to the outside. (Visual Verifications)
• Sound Ratings for Fans
• Occupant Education



EPA Indoor airPLUS Verification Checklist
Moisture Control

1. Water-Managed Site and Foundation
2. Water-Managed Wall Assemblies
3. Water-Managed Roof Assemblies
4. Interior Water Management

1. Radon
2. Pests
3. HVAC

Combustion Pollutants
5. Combustion Source Controls
6. Attached Garage Isolation

Materials
Final



Photovoltaic 
System
Commissioning

“How to Identify Issues 
on Installed Photovoltaic 
Systems “
by Fredrick Brooks 
Aug. 23, 2017

“Proper system commissioning using a 
thermal imager at the start of a system’s 
life, coupled with an annual inspection, 
helps ensure peak performance.”



“How to Identify Issues on Installed Photovoltaic Systems“ 
by Fredrick Brooks Aug. 23, 2017
https://www.ecmweb.com/solar/how-identify-issues-installed-photovoltaic-systems

“Panels
< 10°C, Δt is not a major issue.
>10˚C, Δt should be examined to see if there is anything that might be 

causing this issue. Further action will need to be taken (those steps 
are stated below).

Inside of a combiner box and a service disconnect
< 2˚C, Δt is not a major issue.
> 2˚C, Δt needs to be addressed.

Combiner boxes
Torque specification was not properly met.
The string is a higher performing string and can cause heat.
The string has failed and is no longer producing (this is when you see a cold line) — this can be caused by a string being 

disconnected. Blown fuse in the combiner box.
Inverters

Inverter ventilation covers not properly sealed.
Unit is not operating (Fig. 9).
Poor ventilation (externally or internally such as the intake screens or blocked or a failed fan).
Unit has a problem with the PV system not performing as designed and is under producing.”

https://www.ecmweb.com/solar/how-identify-issues-installed-photovoltaic-systems


file:///C:/Users/ATI/Downloads/rerh_pv_checklist%20guide.pdf

file:///C:/Users/ATI/Downloads/rerh_pv_checklist%20guide.pdf


“6.3 Use of O&M Plan 
Following construction and commissioning, the O&M plan is the only surviving 
operational plan that contains the complete history of the plant in its archive. 
Therefore, it is critical to ensure that the O&M plan is well-documented and 
safely archived.“ https://www.nrel.gov/docs/fy17osti/67553.pdf

https://www.nrel.gov/docs/fy17osti/67553.pdf


“Aerial Thermal Imaging 
Aerial thermal imaging inspections refer to 
the collection and processing of image data 
collected by aerial sensors with the goal of 
detecting string, module, and sub-module 
faults in the array. By detecting thermal 
variations between modules, any critical 
defect that is causing a reduction in module 
efficiency can be detected, in addition to the 
proactive detection of hot spots and 
potential fire risks (Fig. 14). These 
inspections can be performed instead of 
manual electrical testing as part of an annual 
preventative maintenance, and can also be 
used for system commissioning and end-
of-warranty inspections, and infrared 
inspection of AC substation.”

Best Practices in Photovoltaic System 
Operations and Maintenance 2nd Edition
NREL/Sandia/Sunspec Alliance SuNLaMP PV O&M Working Group
https://www.nrel.gov/docs/fy17osti/67553.pdf

https://www.nrel.gov/docs/fy17osti/67553.pdf


In Conclusion

Why Build it to Code

Financing

Resale You Have 
To?

Lawyers

https://www.constructionbook.com



Why Energy Star 

Tax Credits/

Rebates

Comfort Marketing

Durability

http://forms.iapmo.org/newsletter/green/2016/images/energystar_partners.png



Why Passive House

Performance

Comfort Marketing

Durability

http://www.phius.org



What is 
Continuous 
Commissioning?

� Passive House Additional Resources Include
1. Power Wise Monitoring Systems

� Total electricity use
� Electricity use by circuit, including HVAC, domestic hot 

water, lighting, and outlets
� Air quality
� Thermal comfort
� Mechanical system performance
� Thermostat settings, room temperatures, and humidity

https://www.powerwisesystems.com/monitoring-control-solutions/passive-house/


Thank you
Emmett Leffel

Alaska Thermal Imaging LLC

(907) 745-4332

office@akthermalimaging.com


