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Presenter
Presentation Notes
Hello, my name is Amy Hollander of the National Renewable Energy Lab known as NREL in Golden Colorado. Thank you for joining today’s Weatherization Innovation Pilot Program webinar on Common Errors and Innovative Solutions.  I would like to thank the U.S. Department of Energy for sponsoring today’s webinar which is produced for the Weatherization Innovation Pilot Program known as WIPP.  Today’s webinar is being broadcast from NREL’s new, state-of-the-art, NET ZERO Energy, Research Support Facility, in Golden, Colorado.

We are going to give participants a few more minutes to call in and log on, so while we wait I’ll go over some logistics, and then we’ll delve into today’s topic.  
First of all today’s slides will be available by email to all Weatherization Innovation grantees. 
The slides are intended to spark questions and discussion, so if you have questions during the presentation, please open up the box at the red arrow in the upper right corner of your screen. Open the “Questions” arrow, and there, you can type in any question you may have during the course of the Webinar. We will try to answer questions as we go along, but we also hope to have a stimulating discussion at the end of the webinar also.   
And with that, I’d like to get started.
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Field Case Studies for Home Energy 
Upgrades 
Home Energy Upgrades 

o Common errors  
– Sample photos 

o Good quality solutions 
– Best practices   

EERE Guidelines for Home Energy Professionals 
o Standard Work Specifications 
o Certification 
o Training  

  
   

Presenter
Presentation Notes
Today’s webinar will  be an example of case studies, mainly by showing photos of errors and good examples, then discussing the purpose of the Home Energy Professionals guidelines and certification.  There may be more examples of what not to do, but only because these were good learning opportunities.
If any WIPP grantees are planning on continuing retrofits, the Guidelines, Certification and Training  section at the end will be of importance to you.  
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Technologies Covered 

• Diagnosing with tools 
o Blower Door and Infra Red 
o Air Sealing Trouble Spots 

• Penetrations  
• Rim Joist Sealing 
• Crawl Space Treatments 
• Ducts 
• Attic Penetrations 

• Attic Insulation 
o Complexities of Insulation 

• Wall Insulation 
• Basement Insulation 

o Rim Joist  
• Pipe Insulation 
• Venting 

o Crawlspace Treatment 
o Dryer Ventilation 
o Bath Ventilation 

Air Sealing Insulation & Venting 

Presenter
Presentation Notes
Since it is impossible to cover all aspects of weatherization in one hour, today we will focus mostly on air sealing, insulation, and venting.  HVAC tends to be contracted out for the WIPPs but we will address duct sealing of HVAC furnaces.
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Air Sealing  

Presenter
Presentation Notes
The first section on Air Sealing will discuss diagnosis and mitigation.
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Blower Door and Infrared Diagnostics 
• A blower door  

lowers the 
house pressure, 
allowing for leak 
detection 

• Simultaneously 
an infrared 
camera detects 
air leakage  one 
cannot feel 
 

Presenter
Presentation Notes
Using blower doors and infrared diagnostic together will greatly improve your air sealing.  Since the blower door fan pulls air out of the house, and lowers the air pressure inside, this air movement helps us identify unsealed cracks and openings.  It is important to seal air leaks as they are identified while the blower door is operating.  
In addition to the blower door, the infrared camera should be used as the same time as the blower door.
An infrared camera produces images called thermographs that show variations in temperature not visible to the human eye. Infrared cameras can be used during blower door tests to capture images 
of temperature differences that can indicate air leakage or other conditions such as gaps in insulation and overheating circuits. 
Some claim if you perform serious air sealing work, you can expect to net up to an average of $600.00 in annual energy savings.  This is partially because the materials are relatively inexpensive since much of the most important work takes place in the attic, crawlspace or basement.  The expense is  really in the time it takes to find the leaks and make significant blocks.  The blower door and infrared camera can speed the job and lower your cfm50 reading significantly.

As a side note, for best results in working with the infrared camera there needs to be a temperature differential (delta T) between indoors and outdoors.  Recommendations as to precise delta T cutoff differ, but over time auditors learn the skill which is affected by region, climate and house type.
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19 Air Sealing Trouble Spots 

1. Air Barrier and Thermal Barrier Alignment 
2. Attic Air Sealing (top plates and wall to ceiling connections)  
3. Attic Kneewalls 
4. Shaft for Piping or Ducts (openings from attic to conditioned space) 
5. Dropped Ceiling/Soffit 
6. Staircase Framing at Exterior Wall  
7. Porch Roof  
8. Flue or Chimney Shaft 
9. Attic Access 
10. Recessed Lighting 
11. Ducts 
12. Whole-House Fan 
13. Exterior Wall Penetrations  
14. Fireplace Wall 
15. Garage/Living Space Walls 
16. Cantilevered Floor 
17. Rim Joists, Sill Plate, Foundation, Floor 
18. Windows & Doors  
19. Common Walls Between Attached Dwelling Units 

Source: Building America Air 
Sealing Guide 

Presenter
Presentation Notes
DOE’s Energy Efficiency and Renewable Energy division, known as EERE, has developed field guides through Building America.  Building America has identified 19 Air Sealing Trouble Spots.  It takes time to learn how to become an accomplished air sealer, (and it also helps to have a small person on the crew) who can access some of the hard to reach areas such as attic kneewalls, exterior wall penetrations, and cantilevered floors.  I recommend this resource link for field or study guides with excellent graphics published by DOE.

http://apps1.eere.energy.gov/buildings/publications/pdfs/building_america/ba_airsealing_report.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/building_america/ba_airsealing_report.pdf
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Air Sealing Opportunities 

Electrical Penetrations Flue Penetrations 

Plumbing Penetrations 

Presenter
Presentation Notes
These photos show good examples of what should be sealed.  Using the blower door to create a complete seal while air sealing is important.  
In older construction, or newer construction where building codes don’t include air sealing, there are always electrical, flue and plumbing penetrations.
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 Penetration Sealing   
  

  
 

   
Well-sealed penetrations 

and bypasses 
 

 

Unsealed Penetrations 

Presenter
Presentation Notes
Sealing Penetrations:  
The photo on the left shows the unsealed plumbing pipes and electrical conduit again.  Once again, these leaks allow weather (hot and cold air) to be pulled into the house.
The photo on the right demonstrates how foam was used to stop the air.  With the blower door running, spots wont’ be missed.
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  Rim Joist Sealing 

 Well-sealed combustion 
intake through rim joist 

  
 

 

Presenter
Presentation Notes
The "rim joist" or "band joist" rests on the sill plate and functions to keep the joists true, and also provide a surface for completing the edge of subflooring and a flat base from which to support the exterior walls.  The rim joist is the "box" of a floor's structure.  �The rim joist can be  a significant source of drafts, especially in older homes with stone and masonry foundations.  In the photo on the right, drafts are pulled through the house into walls and holes created by construction penetrations such as the flue in this case.  By sealing the rim joist and the various plumbing/ electrical holes in the subfloor, the homeowner enjoys increased comfort through a warmer floor, and less energy loss.  With the blower door running, leaks are easy to find and material is saved by only sealing the leaks that can be felt as the air exchanges.
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 Duct Sealing 

 Heating ducts in the attic are nicely 
insulated but not air sealed.    

Presenter
Presentation Notes
 This is an example of a well insulated duct that was not air sealed, thus compromising the best effect of insulation and air sealing.
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 HVAC Duct Sealing 

 

 

Use mastic or mesh tape, not 
aluminum tape 

Mesh Tape & Mastic 
 

  

Presenter
Presentation Notes
On the left is a photo of new furnace with un-insulated heating ducts, and aluminum tape instead
of mesh tape and mastic.  On the right is the preferred mesh tape and mastic applied to the duct.
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Attic Access and Top Plate Penetrations 

Attic top plate not sealed 

Presenter
Presentation Notes
Now for infrared camera images in use with the blower door.
The infra red camera is sometimes easiest to see in black and white.  This shows a leaky attic hatch on the top left.  The top right shows air leakage into the home from inadequate air-sealing in the attic wall to ceiling connection.  Blower-door guided air-sealing combined with the infra red camera can capture these situations.  The bottom photo shows an insulated attic,  but the attic top plate is not sealed.
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Attic Penetrations 

Weatherization crews should have accessed 
the slopes and top of the attic space in 

both these areas. 

Presenter
Presentation Notes
Crews  can often access the slopes and top of the attic space by cutting an access in a closet or acceptable location.  These photos are taken from the living space, below the attic.  The amount of air leakage is significant and will likely motivate workers to go after seemingly difficult areas.
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Attic Floor to Sidewall Penetrations 

 Interstitial pathways:  The floor 
connects to the outside through 

sidewalls, and needs sealing through 
dense-pack cellulose technologies.  
The leaks are the dark lines in the 

photograph. 

Presenter
Presentation Notes
This second story floor system was connected to the outside through the sidewalls and other interstitial pathways. Strategies for reducing or eliminating  air leakage include dense-pack cellulose technologies.  These types of applications require experience and good in-field training.  Regardless of the complexities, it still remains a cost-effective upgrade in most situations.
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Insulation and Venting 

Presenter
Presentation Notes
Now we will discuss some photos of insulation case studies.
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Cellulose Attic Insulation Blow 

• Long lasting proof of R-50 
insulation value 

• Even coverage 
• Proper material 
• Air sealed  
• Safety and access blocking  

 
 

 Quality Attic Insulation Installation 

 

Presenter
Presentation Notes
 After blocking and air sealing, this demonstrates a nicely insulated attic.  The blower door and infra red camera will test the air leakage upon inspection.  This installers left a paper ruler that offers long lasting proof of the current R-value for future inquires such as the sale of the home.  
The R-Value is the unit of thermal resistance, and can be expressed as the thickness of  a material divided by the thermal conductivity.  
Some say cellulose R-value is 3.5 to 3.7 per inch; variance occurs.
The attic has 14.5 inches of cellulose, and multiplying that with the cellulose R-value equaling 3.5 to 3.7  per inch,  the measuring stick shows us the attic is insulated to an R-Value of 50. 
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Importance of Level Attic Insulation 

• Level insulation 
throughout the attic 
ensures a consistent R-
value throughout the 
attic   

• Post-insulation, the 
inspector may see wind 
washing from 
ventilation  

Presenter
Presentation Notes
To wards the perimeter of this attic, the insulation was not deep enough to reduce thermal bridging (also known as heat transfer).
Also a common occurrence is wind washing where wind enters the attic through attic ventilation and displaces the insulation.  Sometimes this is not evident until post-insulation.  Treatment is to evaluate the attic insulation, which varies in climates, or place blocking in front of the ventilation.  This is not ideal, but in some cases where extreem wind washing exist, it is necessary.
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Insulation 

• Fiberglass in Attic? 
o  Not ideal for attics 

– Attracts vermin 
– Not a recycled product 

o Best if used for weaker 
construction strength 

– Mobile home ceilings 
– Cathedral ceilings 

  
 

 
  

 

Presenter
Presentation Notes
Fiberglass in attics is not ideal for attics because it attracts Vermin.  Also it is not a recycled product.
The best applications for blown fiberglass is in ceiling cavities that can’t hold the weight of cellulose.  
So roofing such as Mobile Home Ceilings and Cathedral Ceilings are a perfect application, but not attics.
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Disturbed Insulation Causes Thermal Bridging 

 

 

• Ceiling joists not covered 
• Uneven insulation leaves 

gaps and causes thermal  
bridging 
 

Foot Traffic Through Attic  

Infrared camera shows leakage at 
ceiling (with disturbed insulation from 
worker footprints) which was not 
adequately restored before finishing 
the job. 

Presenter
Presentation Notes
Due to post-insulation traffic in the attic, ceiling joists were no longer covered by insulation.  It is importance to restore continuous insulation before leaving the attic.  A leaf rake is the perfect tool for this, and will eliminate thermal bridging, or unwanted heat transfer. 
The  infrared camera photo on the right shows leakage from the living space ceiling, where disturbed insulation, caused by worker footprints, was not adequately restored before finishing the job.  Even a footprint will compromise the insulation and allow a path for thermal bridging.
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Cellulose Attic Insulation Blow 

 

 
• Existing insulation in partial 

attic is left piled up   
• Uneven insulation  reduces 

effectiveness and allows for 
thermal bridging 
 

 Poor Quality Cellulose 
Insulation Installation 

Presenter
Presentation Notes
This is another example where insulation is not even and does not cover the floor joists.  Uneven insulation  reduces effectiveness and allows for thermal bridging.  
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Attic Access Blocking 

Presenter
Presentation Notes
On the left is an untreated attic access hatch, and the photo below shows infrared images of leakage.  The untreated attic hatch must be blocked,  sealed, weighted and insulated to maintain a sealed barrier between the house and the attic.  The infrared photo at bottom shows how attic hatches are a dominant source of heat loss.
The photo on the right shows how the insulators build a box or a wood frame around the hatch on the inside of the attic to allow easy access and prevents insulation from falling about when entering the attic.  When the job is finished, the blown insulation will be snug against the frame.

Right:  NREL Photo #17953
Left: Photo courtesy of PSD, Ethan MacCormick
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Attic Hatch 

Presenter
Presentation Notes
And here is one more example of a beautifully sealed attic hatch.  In this case the hatch lifts and is set to the side for entry.
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Wall Insulation - Blown 

 

 
• Wall insulation should be 

pursued aggressively as it is 
usually the second or third 
most cost-effective upgrade 

• Lead safe work practices are 
not a barrier 
 
 

Presenter
Presentation Notes
Wall insulation can seem daunting but there are many ways to achieve dense pack insulation which will contribute to air sealing and reduce conductive heat loss.  
Don’t let lead safe work practices steer you away from necessary upgrades. 
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Wall Insulation - Blown 

 

 

•    
 
 

Lead paint chips on ground 

Worker has no 
protective equipment 

Lead Safe Work Practices  

Presenter
Presentation Notes
The home has lead paint on exterior walls and lead safe work practices or LSW was not followed.  Holes were drilled to add wall insulation and debris was not contained. 
It would have been easy to lay a ground barrier of plastic below the siding and usually the lead safe practices double as easy clean up.  The WAPTAC website has many lead safe resources including training centers that offer lead safe certificates.
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  Basement Insulation Misguided 

  

• Did not insulate and seal rim joist 
spaces 
 
• Did not apply insulation flush with         
surface 

 
• Large gaps compromise effectiveness 
 
• Potential moisture problems due to rim joist 
space not air sealed 

Presenter
Presentation Notes
This slide demonstrates how the rim joist were not insulated and the insulation installed was not effective. The rim joist or band joist spaces should have been insulated and sealed.
Instead the basement wall was insulated but not properly applied.  The insulation is not flush with the surface, and there are large air gaps that compromise
its effectiveness.  Also, potential moisture problems could develop because the rim joist space is not air sealed.
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Pipe Insulation 

•  Misuse of duct tape 
 

– Good insulation coverage 
but… 

– Foil backed ultra grip tape 
is recommended 

 

 

Presenter
Presentation Notes
This good pipe insulation job is compromised due to the use of fabric duct-tape, which has already begun to peel off.  Those of you working with volunteer labor staff understand how it is sometimes difficult to keep up with multiple and enthusiastic volunteers who don’t  realize that duct tape does not adhere well to pipe insulation.  The correct material is foil backed ultra grip tape to ensure a  long lasting upgrade.  



27 

 Crawl Space  Treatment 
  The crawlspace vents are wide open, 
AND the ducts are delivering heated 
air, making it a conditioned space.    

Presenter
Presentation Notes
This case study provides an interesting learning opportunity.  The home had open crawlspace vents, and ducts were delivering heat to the crawlspace.  
The remedy for this situation is to seal the open vents and continue to heat, or condition the crawlspace.  OR:  a better alternative would be to un-condition the crawlspace to save heating, seal the vents, and add a vapor barrier to the crawlspace floor.  This crawlspace is submerged enough so the pipes would be safe from freezing, although the client may experience colder floors.  The heating saved with either treatment will be significant.
Also shown on the left is the rim joist which were well air sealed, and insulated with the yellow fiberglass.  It would have been better to use kraft faced fiberglass with the paper side facing inside the crawlspace.
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Crawlspace Vapor Barrier 

 A six millimeter poly or plastic should 
be applied to the ground for multiple 

benefits 
•Vapor barrier 
•Radon barrier 

•Storage space - A plus for the 
homeowner 

Presenter
Presentation Notes
 This is a crawlspace needs a vapor barrier, also known as covering in 6 millimeter plastic, whether the space is vented or unvented.  This provides a moisture mitigation, or a vapor, barrier.  An additional health and safety benefit prevents radon from leaking up through the ground.  A third advantage is it can provide a better storage space for the resident.
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 Dryer Venting 

Existing torn clothes dryer vent 
hose left unrepaired can 

create moisture problems 
 
 

Kinked clothes dryer vent hose is a 
health and safety concern   

 
  

Presenter
Presentation Notes
The dryer vent on the left is a health and safety violation because it blocks the function of the dryer and is a fire hazard.
This can also lead to moisture buildup in the house.
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 Bath Venting 

 
 

  
 
  

New bathroom vent fan 
properly installed and vented 

through the attic 

Presenter
Presentation Notes
   To avoid or mitigate moisture problems, and to conform to ASHRAE 62.2, this new bathroom vent fan is properly installed and vented through the attic.  An insulated flex ducting material should be used to prevent condensation on the venting material.
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EERE Guidelines for Home 
Energy Professionals  

Presenter
Presentation Notes
 And now for our final section on the Home Energy Guidelines.
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EERE Guidelines for Home Energy 
Professionals   

 
 

  
 
  

• Define quality work outcomes through Standard Work Specifications 

• Provide weatherization workers with a logical progression for advancing 
their careers through Home Energy Professional Certifications 

• Streamline training and certification options for home energy upgrade 
professionals 

Goal: Collaborate with industry to develop the tools needed for a 
high-quality residential energy upgrade industry, supported by 
accredited training programs and a skilled and credentialed 
workforce. 

Presenter
Presentation Notes
Hopefully this webinar has demonstrated some of the difficult and complex aspects of weatherization.  DOE recognized a gap in the consistency and quality of weatherization work and funded an effort to create Standard Work Specifications, Home Energy Professional Certifications and Training for the private industry and for the national Weatherization Assistance Program.
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Standard Work Specifications 

 
 

  
 
  

Quality Work: Defined 

• Standard Work Specifications (SWS) 
• Single-Family 
• Multifamily 
• Manufactured Housing 

• Outcome-driven specifications 
• Increased production 
• Quality work defined 
• Safer work environment 

• SWS Online Tool 
• Available now: sws.nrel.gov 
• Additional features to be 

released this summer 

  

Presenter
Presentation Notes
The volunteer standard work specifications (known as SWSs)  focus on consistent quality work.  The SWSs provide outcome driven specifications for single family, multifamily and manufactured housing home energy upgrades.  The link on the page takes you to a PDF document that looks like the screen shot on the right.

https://sws.nrel.gov/
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Four 
Advanced 

Professional 
Certifications 

Energy 
Auditor 

Retrofit 
Installer 

Technician 

Crew Leader 
Quality 
Control 

Inspector 

Home Energy Professional Certifications 

Quality Workers: Defined 

• Competency-based 
certifications 

• Supported by the U.S. 
Department of Energy 

• Based on industry-developed 
JTAs/KSAs 

• ANSI ISO 17024 accreditation 
• Available through the Building 

Performance Institute, Inc.  
• Summer 2013 national rollout 
• Crosswalk of certifications also 

being developed  

  

Presenter
Presentation Notes
To accompany the SWSs, a more robust certification with ANSI accreditation is being developed, and will be ready for national rollout this summer of 2013.  The four worker professions that will be certified are the Energy Auditor, The Retrofit Installer Technician, the Crew Leader, and the Quality Control Inspector.  NREL and DOE have worked with national experts and the weatherization industry workers to develop the SWSs and the certification in order to strengthen this growing industry.
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Resources 
• WAP Curricula at WAPTAC 
• National Training and Education Resource 

(NTER) 
• Building America Air Sealing Guide 
• Standard Work Specifications (SWS) 
• Certification for Home Energy Guidelines 
 

 

Presenter
Presentation Notes
The following are resources discussed during the webinar.  I especially recommend the Building America Air Sealing Guide.

http://www.waptac.org/Training-Tools/WAP-Standardized-Curricula.aspx
http://apps1.eere.energy.gov/buildings/publications/pdfs/building_america/ba_airsealing_report.pdf
http://www1.eere.energy.gov/wip/guidelines.html


Amy Hollander  
Amy.hollander@nrel.gov 

Ethan MacCormick  
emaccormick@psdconsulting.com 

Presenter
Presentation Notes
That concludes the slide portion of the webinar.   Thank you for joining, and please contact myself or Ethan MacCormick if you have any discussions.
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