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Thank you for choosing Building Performance Specialists and ordering your Home Diagnostic 

Building Report.  You now have the best resource available for making intelligent, informed decisions 
about the most cost effective ways to make health & comfort improvements, save money on utility bills, 
incorporate green building and/or alternative energy systems (solar electric/water heating, wind power, 
etc.), and avoid potential performance related problems with your home. 

 
This comprehensive building report includes any problems or issues found with the health & safety, com-
fort, structural durability, and energy efficiency of your home, possible solutions for these problems, and 
further potential energy savings from making these changes.  Many times gains can be made in two or 
more of these areas from single upgrades, and most even pay for themselves through money saved from 
lower utility bills! 

  
It is common for us to accurately diagnose potential problems that other professionals may not be 

aware of.  The reason for this is that Building Science looks at your building structure as a wholly inte-
grated system.  Understanding how all the parts of a structure affect each other, and are affected by envi-
ronmental factors, allows a building scientist to see cause and affect relationships that others cannot.  
Think of it as holistic health for your house. 

 
The explanations and/or recommendations made by us are often different, or even the exact oppo-

site of generally accepted standards, current building practices.  Make no mistake; what we do is based on 
hard science.  Many of the past and current building practices were never based on scientific research and 
proven data.  If you know “experts” who are telling you that our approach is crazy, and you don’t know 
who to believe, just let us know and we will gladly furnish you with the information you need to make a 
truly informed decision.   

 
It is our hope that we can help you to make your home a more healthy, comfortable, durable, envi-

ronmentally sensitive, and less expensive place to live.  Please don’t hesitate to contact us for any ques-
tions or assistance you may need in implementing the proper measures to take to meet your goals.   

 
 
 

Thanks again for your business! 
 
 

Skye Dunning 
Building Performance Specialists 

 
 

 
 
 

This document is printed on  30% post-consumer recycled content 
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Summary 

 
 

We were asked to diagnose this house for high energy bills and com-
fort issues.  The house was to have been built to the specifications of the 
Duke Energy Progress HERO program. 

 
We found that the computer modeling was accurate, but that the house 

was not built to the model.  Specifically,  the floor system is open to the 
attic and the insulation levels on the 1st floor ceiling and knee walls were 
not as modeled.  We also recorded high duct leakage and much higher en-
velope leakage than what was indicated on the certificate. 

 
In addition to the HERO issues, we have included other findings and 

recommendations.  Please see the remainder of this report for details. 
 
It is important to note that the energy modeling, especially in this case, 

is just an educated guess.  There is no way to accurately model a floor cav-
ity open to the attic as yours are.  Having said that, we think the projec-
tions are fairly accurate based on those numbers compared to your energy 
bills. 

 
We usually provide pricing for performing the recommended work 

scope.  In this case we assume the builder will be doing the work.  If you 
are interested in contracting us to do the work, please note that we will not 
make any envelope changes until the unvented fireplace is removed or re-
placed with a vented unit. 

 
We will be happy to re-inspect this house once work has been com-

pleted. 
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    Please note that most of the problems shown 
and criticisms we make in these pictures are typi-
cal of what we see (standard building practice).   
It is not our intent to point the finger at any one 
individual or company.  Instead it is our hope to 
work WITH everyone in a positive manner to 
create safer, healthier, more comfortable, and 
durable homes.  Most or all of these problems 
can be avoided if our company is brought in dur-
ing the design and construction phase. 
    In the case where we may see something that 
we feel was truly negligent, we will make that 
point very clearly. 
     

   This is the band under the room over the ga-
rage.   

This is what is this area looks like when you pull 
back the insulation.  There should be an air bar-
rier between attic spaces and living spaces.  This 
does not meet NC building code requirements.   
 
Also note that the “floor insulation” is actually on 
the garage ceiling.  That means this floor is cur-
rently un-insulated.  If the air barrier on the band 
were installed and sealed (and insulated) that lo-
cation for the floor insulation would be fine. 

 

 

 

Images 
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    This is over the downstairs powder room.  The 
insulation looks fine at first glance. 

    Looking closer you can see that the insulation 
was not installed down into the joist bay to be in 
contact with the drywall.  

    Even further investigation shows that there is 
not blocking between attic and between floors.  
The same code issue as above, but to the rear part 
of the house. 
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    The front attic looks similar to the other two 
floor to attic connections.  When you pull back 
the band insulation you find there is no air bar-
rier. 
 
 
 

    Looking into the floor cavity behind the band 
insulation, from the front of the house. 

   This attic insulation is the same as what is 
above the Laundry / Dining area, which a lower 
R-value than what is specified on the HERO Cer-
tificate (R-38). 
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This image is of the front attic access panel with 
no insulation or weather-stripping. 
 
 

  This picture is using the iron palette.  The colors 
indicate different temperatures.  As you can see 
in the scale at the side of the image, the range is 
from white (hot) to black (cold). 
 
  This inspection was performed during cold 
weather so flaws in the envelope will be shown 
as cold areas. 
 
  This IR picture of the access panel clearly 
shows that it is un-insulated.   

    This same access panel later in the day with 
the blower door running.  This simulated wind 
blowing 25mph, from all directions.  The streak-
ing shows the attic air entering the living space. 
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    This is another IR image looking from the liv-
ing room towards the entry.  You can see that the 
insulation is not in contact with the drywall for 
one whole stud bay, as well partial connection on 
adjoining bays. 

    This is the ceiling of the living room with the 
blower door running.  Above here is living space, 
so all this area should be the same temp, or color. 
In this picture the framing is warmer because it 
has more insulating value than drywall alone.  
The streaking around can lights indicate outside 
air entering the living space.   

    Back in the powder room you can see that the 
insulation is not in contact with the drywall, as 
well as the ineffective back draft damper of the 
bath fan.  The bath fan dampers that come with 
these fans don’t work very well.  Sometimes they 
can get stuck open for various reasons.  We did 
not investigate further. 
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    Here you can see the ceiling insulation is not 
over the top plate of the knee wall. 

     The black duct is the powder room bath fan 
duct.  This is a good insulated line but the spac-
ing of the strapping to hold the duct up is contrib-
uting to poor flow. 

    This supply duct is installed so that the radiant 
barrier over the duct is not installed per manufac-
turer specifications. 
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    We feel that unvented fireplaces are unhealthy 
and potentially dangerous.  Instructions say you 
should have them serviced yearly, and that you 
should open a window when you have a fire. 
 
  For the same health concerns we have, these 
units are illegal in 16 states and Canada. 

    The dryer vent is installed so that a poor flow 
prevents proper operation. 

    Flooding from burst washer hoses is the 3rd 
most common homeowner insurance claim.  
Most washer hoses are not rated for continuous 
duty.  You are supposed to turn off the water be-
tween every time of washer use.  This manufac-
turer doesn’t specify the material used inside of 
the stainless jacket but in our experience the 
lower cost box store hoses are just the same rub-
ber hoses with the jacket over them.  
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Listed below are our findings based on our inspections.  For more information on these and other issues not 
mentioned here, please review the reference section. 
 

  
 

 Foundation—Slab on grade with slab-edge insulation.   
 

○ This detail is difficult in our climate due to our termite risk.  Without invasive exploration we can only 
assume that this insulation is installed only on the edge of the slab.  While it is effective on the lower 
part of the slab edge, the top 3” is still exposed (Per code requirement) the system is only partial effec-
tive.    

 
 Envelope Leakage— High total leakage, with notable issues. 
 

○ Attics open to between floors is allowing outside air to enter the living space, causing increased leakage. 
 

 Insulation— R-19 walls, R-13 kneewalls, R-30 & R-38 ceilings.  Grade II installation. 
 

○ IR imaging suggests wall insulation is not in contact with drywall in around top plates  
 
○ Kneewalls to hot attic are installed with R-13 insulation (R-19 is specified in the HERO certificate) 

which is held in place with Tyvek.  Double-wall kneewalls on the front of the house have insulation on 
the wall to the attic side.  This insulation is not in contact with the drywall. 
 

○ First floor attics are insulated to R-30 (R-38 is specified in the HERO certificate) and some areas are not 
in contact with drywall. 

 
○ Second floor insulation is installed to R-38 with R-30 under the HVAC platform, without the joist cavi-

ties blocked at the ends.  R-30 under the platform meets HERO, but not without capped ends. 
 

 House/Room Pressures—All bedrooms had high positive pressure with reference to the house. 
 

 Range Hood—Vented To Outside. 
 

○ The range hood vents directly to the outside and has satisfactory ventilation on high speed. 
 

 HVAC—The heat pump is a 4 Ton Rheem 16 SEER system. 
 
○ Estimated sizing for this house is about 2 Tons, making it about 100% oversized.  This unit is multi-

stage however (3 stage heating, 2 stage cooling).  The capacity of the first stage in cooling mode is 2.5 to 
3 tons depending on configuration, so it’s approximately 25% to 50% oversized when running at the first 
stage.  
 

○ Air handler power cable was not sealed properly and was leaking to attic. 
 

Findings 
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○ Signs of rust in the drip pan may be an issue due to a leaky cabinet.  This could be from initial construc-
tion practice.  The float switch appeared to be functioning properly. 
 

○ The master bath and upstairs bath fan were flowing good and the downstairs powder bath was poor. 
 
○ Ductwork in the lower attic did not have liner properly installed. 

 
○ There is no fresh air ventilation system installed. 
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• Heating $638 – Heating represents 36% of your yearly energy costs.  It’s typical to see heating as the highest 
annual expense in houses that are built using standard construction practices.  We humans tend to think of the 
summer heat as our biggest climate issue because the heat is so uncomfortable. The reality is that the winter sea-
son is what costs us the most.  Temperature differential is really what we are paying for. On a 30-degree winter 
night we are raising the temperature 40 degrees to reach 70, whereas on a hot 95-degree summer day, we only 
need to drop that temperature by 20 degrees to reach the common set point of 75 degrees. (See Heating Costs be-
low for more detailed information) 
 
• Water Heating $229 – This represents 13% of your yearly energy costs.  A solar water heater would reduce these 
costs significantly. 
 
Lights & Appliances $580 – Lights & appliances represent 36% of your yearly energy costs.   
 
Cooling $206 – Cooling represents 12% of your yearly energy costs.  In this case, we feel that this number is ar-

tificially low due to the inability to correctly model your floors being open to the attic. 
 
Service Charge $134 

Action Report 
  

The Action Report shows us the breakdown of your  estimated an-
nual utility costs.  The heating and cooling seasons are shown separately 
on the following pages.   
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Ceiling/Roofs $391 – In a multistory house it is typical to see Ceilings/Roofs as a lower heating cost.  In this 

case we are seeing the effect of the floor cavities being open to the attic. 
 

Above Grade Walls $129 – It is expected that Above Grade Walls be higher on the list of heating costs for a mul-
tistory structure; the more levels a house has, the larger the ratio of walls to floors & ceilings. 

 
Infiltration $89 –  
 
Slab Floors  $60 
 
• Ducts $50 – Costs here would be lower with ducts in a sealed attic and sealed crawlspace. 
 
• Windows/Skylights $17  
 
 

Action Report 
  

This Action Report shows us how much money each of your systems 
(i.e., ceiling, walls, windows, etc.) will cost you, separated into heating 
and cooling costs.  The cooling season is shown separately on the follow-
ing page. 
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It is common to have temperature-sensitive component costs (infiltration, ducts, walls, etc.) much lower in the 
summer than winter, due to smaller temperature differences between the inside and outside. 
 
 
• Internal Gains $93 – Internal Gains include humans, appliances, lights, oven/stove, etc.  
 
• Windows/Skylights $58 – Windows/Skylights are usually responsible for the highest cooling costs.  However, 
the low SHGC coatings specified for these windows will help to keep out unwanted solar gain and to reduce costs 
in this category. 
 
• Ceilings/Roofs $29 
 
• Above Grade Walls $26 
  
• Ducts $21 
  
• Infiltration $8 
 

Action Report 
  

This Action Report shows us how much money each of your systems 
(i.e., ceiling, walls, windows, etc.) will cost you, separated into heating 
and cooling costs.   
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Equipment Sizing Summary 
  

The Equipment Sizing Summary indicates how close the sizing of 
your specified HVAC system matches the loads of your building if built 
per HERS rating. 

Though not meant to be a report accurate enough to use for detailed load calculations, the Equipment Sizing 
Summary Report  (see “Heating & Cooling Equipment Capacity” “Required” vs. “Specified”) indicates a possible 
HVAC system oversize of about 134%.  We recommend performing accurate Manual-J load calculations on this 
house based on the house after planned upgrades to properly size the HVAC system.  As stated in our findings, 
this number is somewhat lower if calculated from the first stage of the equipment.  
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HERO Report 
  

The HERO Report scores your home by the standards of THE 2012 North Carolina HERO Conser-
vation code.   

As you can see from the Annual Energy Cost report, this house fails by about 15% more energy than the 2012 
North Carolina HERO Conservation Code. 
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Energy Feature Report 
  

The Energy Feature Report also lists annual energy costs but includes energy features with 
such information as the type and R-value of the insulation, heating/cooling equipment details, 
etc.  This form should be checked carefully to verify that the parameters we have listed match 
your home.  Buildings are very complex integrated structures.  We DO occasionally make mis-
takes! 
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Each Comparison Report group includes the Component Con-
sumption and Performance Summary Reports.  These are simi-
lar to the Action Report.  The first report is the As Designed vs. 
Reference building report.  It compares this house, as it is de-
signed, to a “Reference” house, which is this house as if it were 
built to the minimum code-compliant specifications of today.  The 
following comparison reports compare your building, as it is de-
signed, to your building after changes have been made.  To the 
right of the graphs you will see a red bar titled “As Designed”, 
next to a tan one titled “Upgrades”.  In these graphs you can see 
exactly how proposed changes affect various systems in the build-
ing and overall energy costs. 

For ease of comparison, mechanical ventilation has not been 
included in any of the comparison reports.  We will add it in when 
we arrive at a final design.  The efficiency gains shown will be par-
tially offset by the added air and operating costs of mechanical 
ventilation if you choose to implement it. 

The duct leakage and infiltration values we used to generate 
the comparison reports are educated guesses on our part and 
should be fairly close, but we cannot guarantee a specific number 
when sealing envelopes and ducts.  It is important to note that 
these comparison reports do not consider other important fac-
tors such as indoor air quality or comfort levels. 

Comparison Reports 



21 

 

As Designed vs. Reference 
  

This report compares this house, as it is specified, to a “Reference” house, which is this house 
as if it were built to the minimum code-compliant specifications of today.   

The  Reference (Code Minimum)  house uses 10% more heating and cooling energy per year than your house 
as built . 
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As Built vs. HERO 
  

This report compares your house, as it is built, to your house as HERO certified.   

Your house as built uses 91% more heating and cooling energy per year than your house as HERO certified.  
The reason the heating number is that much higher is probably because of the increased time running the heat 
strips (auxiliary heat on the heat pump). 
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Action Plan 

 
 
Following is a list of our recommendations for your house in order of importance: 
 
Most Important 
 

 Replace the unvented fireplace with a direct-vent unit. 
 

 Install an ERV for fresh air ventilation 
 

 Cap and seal open floor cavities from attic spaces.* 
 

 Cap and seal joist bays at ends of HVAC platform.* 
 

 Increase attic knee wall insulation to R-19* 
 

 Seal and insulate attic access in front knee wall.* 
 

 Install an air barrier over the band insulation over the garage area.* 
 

 Replace insulation in front knee wall so it is in contact with an air barrier 
on all six sides.* 
 

 Increase 1st floor ceiling insulation to R-38* 
 

 Increase attic knee wall insulation to R-19* 
 

 Repair the duct with the compromised liner.* 
 

Recommended 
 

 Raise the level of knee wall insulation to R-19 by installing rigid foam 
insulation over the back of the knee walls. 
 

 Re-hang the bath fan duct for better flow and install a Famco butterfly 
back-draft damper. 
 

 Set the air handler airflow to low speed, and ensure proper setup for de-
humidification mode. 

 
 
 
 *These items are either code requirements, HERO requirements, or were in
 indicated on the HERO certificate. 
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The problem with discussing relative humidity and dew point is that we couldn’t find an expla-

nation of this that makes any sense to a normal human being!  Relative humidity is officially de-
scribed as, “The (dimensionless) ratio of the actual vapor pressure of the air to the saturation va-
por pressure.”  There is a formula for this equation (ψv = R T / Vw ln ( C / Csat )) that we can’t even 
read, much less calculate.  So we came up with our own explanation that we hope makes sense to 
you:  

The reason we (should) always see or hear the word “humidity” after the word “relative” (RH) 
is that humidity does not exist except in a relative state.  The amount of water a cubic foot of air can 
hold before it finally sticks together in liquid form and falls out of the air is entirely dependent on 
what temperature that air is.   

For example:  Lets say that one cubic foot of our typical outside summer air, at 90RH & 90°, 
contains 3 ounces of liquid water (this is a wild guess with no relation to how much liquid water is 
actually in a cubic foot of air).  That same cubic foot of air at the same 90% RH, but at 70° instead 
of 90° might only hold one ounce of water.  That is because the cooler the air is, the less water it 
can hold in suspension.  When you see a number like 90% RH, that means the air is holding 90% 
of the water it can hold before the water turns to liquid and falls out of the air - at that temperature.     

This is why condensation forms on the outside of my beer in the summertime, causing me to 
drop it repeatedly (or maybe there's another reason for that...).  The cold surface of the glass cools 
the air near the glass to the point that the air can no longer hold the water it has in suspension, so 
the water turns to liquid and drops out of the air.  The temperature at which this happens is called 
“Dew Point”. 

The problem with relative humidity as it relates to indoor air quality, is when warm outside air 
gets into our houses in the summertime.  When the temperatures are in the 80’s and 90’s with high 
relative humidity, the temperatures of the surfaces in our houses, crawlspaces, and even sometimes 
in attics, are below dew point.  The suspended water coming in with the air drops out and forms 
condensation on that cool surface.  If that condensation is on an organic material such as paper or 
wood (drywall is faced with paper), mold spores have the proper conditions (liquid moisture) and a 
food source (paper, wood, etc.) to live a thriving life, and viola’, you have a new herb garden in 
your house!  And we’re not talking about much change in temperature to reach dew point.  At 90° 
& 90% RH, dew point is at 87°!  This is why crawl spaces should never be ventilated. 

It seems like this would be a simple issue to deal with.  The reality is that homes are very com-
plex structures with interrelated dynamics of thermal barriers, air barriers, vapor retarders, condens-
ing surfaces, mechanical systems, and more.  The structure has to effectively deal with the contrac-
tion and expansion of construction materials caused by large changes in temperature and relative 
humidity’s, wind loads, bulk water, vapor diffusion, osmosis, air pressure differentials, and more 
there too!  There is a lot that can cause problems and the more advanced and higher performance 
the home is, the harder we must work to ensure the effective management of all of these variables. 

Relative Humidity and Dewpoint 
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Crawl Space 
 
A properly constructed crawl space should be clean, free of moisture, and free of potential allergens and contami-
nants that will rise into the house through stack effect.  Wood moisture levels of the framing members should be be-
low 10%.  The concept of using outside air to “flush” the crawl space and dry it out is flawed, especially in a cli-
mate as humid as ours.  The only path to a truly dry and healthy crawl space is to seal it entirely from the ground 
and outside air.  This also leads to big improvements in indoor air quality.   
 
We recommend installing sealed or closed crawlspaces.  In a sealed system, the vents are omitted and a polyethyl-
ene liner is installed over the ground and mechanically fastened to the walls inside the crawl space.  All ground 
seams should be sealed with polyurethane caulk & taped, and the top of the liner sealed near the top of the walls (a 
3” gap is left for termite inspection) with water-based mastic or caulk.  At least R-7 of code-approved insulation 
should be attached to the inside of the foundation walls, installed 2-4” from the ground and from the top of the 
walls.  The rim joist should be insulated and the mud sill sealed to the top of the foundation wall.  Conditioned air 
should be supplied to the crawlspace from the HVAC supply trunk at a rate of 1 cfm/30 sqft of crawlspace ground 
area; if ducts are not located in the crawlspace, a continuous duty fan should be installed in the house floor, sup-
plying house air to the crawlspace at a rate of 1 cfm/50 sqft.  A hygrometer (humidity sensor) must be installed with 
a remote sensor in the crawlspace and display console in the house that will sound an alarm if crawlspace humidity 
levels reach 75%, to prevent potential moisture problems from developing.  
 
Closed crawlspaces differ in that the liner is not sealed, but instead is over-lapped by 12” at all seams and staked 
to the ground.  While not as effective as a fully sealed crawlspace, it can provide nearly the same benefits at a lower 
cost.  
 
Indoor Air Quality – Research indicates that up to 40% of air in a standard vented crawlspace ends up in the living 
space of the house.  This air is distributed through the house via stack effect, and contains allergens and unwanted 
moisture from the crawlspace.  A properly sealed crawlspace eliminates the moisture source that leads to crawl-
space mold problems and poor indoor air quality. 
 
Comfort – Air from the crawlspace brings unwanted moisture into the house, increasing humidity levels.  Unpleas-
ant odors may also be present.  A properly sealed crawlspace has relative humidity levels closer to levels inside the 
house, and without the unpleasant odors. 
 
Durability – High moisture levels in crawlspaces can lead to wood rot in the framing members, stressing the impor-
tance of properly sealing the crawlspace. 
 
Energy Efficiency – Energy lost to unwanted heat gain through HVAC duct work in a standard vented crawlspace is 
significant.  A properly sealed crawlspace with foundation wall insulation substantially reduces cooling costs in the 
warmer months. 
 
 
Envelope Leakage (Infiltration) 

 
Envelope leakage refers to leakage between the house and outside.  Vented crawlspaces, attics, and even roofs over 
porch areas are “outside the envelope”.  Envelope leakage rates are measured during our inspection by using an 
envelope pressurizing system to depressurize the house and measure the airflow through our equipment at that 

Reference 
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pressure.  Envelope leakage is calculated by determining the number of air changes (how many times all of the air 
in the house is replaced with outdoor air) per hour while testing the house at our test pressure of 50 Pascals. 
 
Houses built with standard construction practices typically have an ACH-50 number between 5 and 8, while older, 
very leaky houses can have an ACH-50 of over 10.   
 
Indoor Air Quality - Uncontrolled envelope leakage contributes to poor indoor air quality because the source of the 
air is not fresh, filtered, or healthy.  Air typically enters a house from the bottom and leaves through the top.  In the 
case of houses on crawlspaces, this is very unhealthy air.  Unhealthy air can also enter through other building cavi-
ties (such as walls, soffits, attics, etc.) due to duct leakage and other factors causing negative house/room pressures.  
This air also contains moisture, a factor in mold growth and other indoor air quality problems.   
 
Comfort – As with duct leakage, envelope leakage can cause larger temperature differences between rooms and 
higher indoor humidity levels. 
 
Durability - In rare cases envelope leakage, especially in conjunction with pressure problems, can contribute to seri-
ous moisture and structural problems. 
 
Energy Efficiency – Elevated infiltration leads to higher energy costs, especially in the winter time. 
 
 
Insulation 
 
Spray foam insulations are considered to perform the best, followed by blown cellulose or fiberglass, and batts be-
ing the least effective.  However, more important than the type of insulation, is the quality of installation.  Properly 
installed insulation should be in continuous contact with the air barrier (ceilings, walls, floors) with no gaps or 
voids.  There are also different types of insulation that feature benefits such as the absence of urea formaldehyde 
(typically found in fiberglass batts), and recycled content. 
 
Indoor Air Quality – Fiberglass batts typically contain urea formaldehyde, a common irritant.  Fiberglass batts are 
now available that do not contain this compound.  Blown fiberglass does not contain urea formaldehyde.  Blown 
cellulose, which is treated with borate, is considered a good choice for people with respiratory sensitivities, as is the 
less common and more expensive recycled denim insulation.  All types of spray foam insulation contain VOC’s but 
off-gasses quickly. 
 
Comfort – Adequate insulation of any type, properly installed, will enhance comfort. 
 
Durability – Properly installed insulation reduces the movement of moist air and helps to eliminate condensation 
within the house, which can lead to mold & wood rot. 
 
Energy Efficiency – As with comfort, properly installed insulation of any type will improve energy, though spray 
foam or blown insulations tend to outperform any type of batt insulation. 
 
 
Windows 
 
High quality windows are rated by the NFRC (National Fenestration Rating Council) for U-value, Solar Heat Gain 
Coefficient, Visible Transmittance, and Air Leakage.  The rate of heat loss is indicated in terms of the U-value of a 
window assembly. U-value ratings for double-pane windows generally fall between .20 and .50. The lower the U-
value, the greater a window's resistance to heat flow and the better its insulating value.  SHGC (Solar Heat Gain 
Coefficient) measures how well a product blocks heat caused by sunlight.  The SHGC is the fraction of incident so-
lar radiation admitted through a window from direct sun, or reflection off of concrete or other reflective sur-
faces.  The SHGC values of double-pane windows are generally between .15 and .60.  The lower a window's SHGC, 
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the less solar heat it transmits.  More information is available at nfrc.org.  As a general rule, we recommend win-
dows with .35 or lower U-value/SHGC (Solar Heat Gain Coefficient) ratings.  Ideally, windows should have high-
performance coatings appropriate to their placement in the house. 
 
Comfort – Lower U-values and SHGC values increase comfort by reducing radiant heat loss and gain in the winter 
and summer. 
 
Durability – Low-E coatings help to prevent fading of furniture and fabrics due to the UV rays of sunlight entering 
the windows. 
 
Energy Efficiency – Increased thermal efficiency of windows with Low-E coatings reduce energy costs, especially 
in the summer. 
 
 
Attic 
 
Typical vented attics experience summer temperatures in excess of 140° F in our climate.  The insulation strategy in 
vented attics involves insulating the ceiling interface between house and attic with enough insulation to prevent ex-
cessive heat gain/heat loss to and from the house.  Air infiltration is prevented by thoroughly sealing all penetra-
tions and chases between the attic and house.  While this is an effective attic assembly if properly constructed, there 
are several drawbacks to this system.  Cooling loads to the house from a vented attic are significant, and if me-
chanical equipment or ductwork is also located in the attic, the equipment will be forced to work longer to properly 
condition the house.  Often, larger cooling equipment will also be needed to meet the higher cooling loads, and if 
the insulation is not properly installed or air sealing is not properly performed then other problems are likely (see 
below). 
 
An alternate strategy to a vented attic is a sealed attic.  In a sealed attic, attic venting is eliminated, and the attic is 
sealed with spray foam, and the roof deck and any gable walls are insulated.  This can be accomplished with closed 
or open cell spray foam insulation, or a hybrid system of spray foam and batts or (netted) blown cellulose/
fiberglass.  The ceiling between the house and attic is not insulated.  While this is a very effective strategy that low-
ers cooling and heating loads and prevents problems associated with any HVAC equipment or ductwork located in 
this space, it must be properly constructed to avoid unwanted moisture problems in the house.  As with sealed/
closed crawlspaces, a sealed attic system should always include a humidity sensor with an alarm.  The proper 
alarm set point for sealed attics is 85%. 
 
Indoor Air Quality – Improperly constructed vented or sealed attics can lead to moisture problems inside the attic 
and/or house.  Also, supply duct leakage in a vented attic can lead to moisture problems in the attic, and return duct 
leakage can bring allergens from the attic into the house.  Return duct leakage in a sealed attic can also lead to mois-
ture problems in the attic. 
 
Comfort – An improperly constructed attic can present a number or comfort problems, including hot/cold spots 
throughout the house. 
 
Durability – An improperly constructed sealed attic can lead to serious moisture issues that may rot the framing or 
roof structures of the house. 
 
Energy Efficiency – HVAC equipment located in a sealed attic will perform more efficiently than equipment located 
in a vented attic.  Overall, a properly constructed sealed attic will provide for a more energy efficient house than a 
vented attic. 
 
 
 
Powered Attic Ventilators 
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Powered attic ventilators are typically installed with the assumption that they will pull cool air into the attic, lower-
ing shingle temperatures and saving energy by reducing attic temperatures.  The reality is that they only reduce 
attic temperatures by about 3%, which is about 4 degrees (140 to 136) in the middle of the summer.  It actually 
costs more money to run than it saves, and depending on existing soffit or gable vent area, can depressurize the at-
tic and pull air from the house and crawlspace resulting in further energy losses and potential mold growth. 
 
Indoor Air Quality – Air entering the house from uncontrolled sources reduces indoor air quality, especially if that 
air is coming from a vented crawl space. 
 
Comfort – Comfort is affected if hot, damp air is being pulled in from outside, especially in localized areas of leak-
age. 
 
Durability – Extensive, long term depressurization can result in mold growth and wood rot, especially in chases 
connected to vented crawl spaces. 
 
Energy Efficiency – Increased humidity and temperature levels in the house increase energy costs. 
 
 
Garage 
 
Ideally, because of chemicals and exhaust fumes, garages should be detached from the house.  When this is not the 
case, extra measures should be taken to address concerns related to the health of building occupants.  In addition, 
fresh air ventilation should be installed to provide positive pressure in the house, reducing the likelihood of garage 
air entering the house.  As mentioned above, a CO monitor should be installed in the house, instead of a CO alarm.  
Also, a high quality exhaust fan should be installed in the garage, and run from a timer connected to the garage 
door opener.  Every time the garage door opens, the fan runs for 15 minutes, ventilating the garage air to the out-
side. 
 
Indoor Air Quality – There are health & safety concerns with garages attached to living spaces due to carbon mon-
oxide and chemicals commonly stored in garages. 
 
 
House/Room Pressures 
 
Pressure readings are taken between the house and outside under various normal operating conditions.  Readings 
are also taken between bedrooms/offices/air handler closets and the main body of the house with the doors closed.  
We like to see room pressure differences within ±3 Pa, and consider ±6 Pa a limit.  Large pressure differences can 
lead to increased infiltration and comfort issues.  Some houses will periodically operate under higher negative 
pressures for short periods of time; the goal is to keep those time periods infrequent and to prevent the negative 
pressures from becoming too extreme.  It is also important to be aware of potential health issues that may manifest 
during these periods of high negative pressure.  Operating the house under a slight positive pressure is ideal for 
our climate. 
 
Indoor Air Quality – Increased air infiltration resulting from elevated pressures contributes to poor indoor air qual-
ity (please see the “Envelope Leakage” section above). 
 
Comfort – High positive or negative pressures affect the ability of the HVAC system to deliver the design air flow 
to the rooms of the house.  The most common experience of this problem is when bedrooms become unusually cold 
on winter nights when the doors are closed.  Please see the “Envelope Leakage” section above for more details on 
comfort problem associated with increased envelope leakage. 
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Durability - In rare cases, pressure problems can contribute to serious moisture issues, leading to structural prob-
lems. 
 
Energy Efficiency – Increased air infiltration resulting from elevated pressures leads to higher energy costs, espe-
cially in the winter time. 
 
 
Fireplaces 
 
All fireplaces need to vent to the outside; in fact, due to safety concerns, we will not work on any house that is using 
a “vent-free” fireplace.  The best performing fireplace for today’s high efficiency houses is the direct-vent unit.  
These fireplaces are sealed from the interior of the house and are designed to use outside air for combustion, vent-
ing combustion gasses to the outside.  Open gas and wood fireplaces have specific issues that are important to 
properly address.  If gas equipment is to be used in the house, a CO monitor should be installed along with the CO 
alarm(s).  CO alarms are intended to warn of CO levels high enough to pose a threat to the lives of the occupants 
(typically around 70ppm). CO monitors warn of levels that are a threat to the health of the occupants (various 
health agencies recommend average levels of less than 25ppm – 35ppm over extended time periods). 
 
Due to safety concerns, we will not work on any house that will include “atmospherically vented” gas water heaters 
in the same room as an HVAC air handler.  As with fireplaces, the best type of gas water heaters are direct-vent 
units, are sealed from the interior of the house and are designed to use outside air for combustion, venting combus-
tion gasses to the outside.  Power-vented gas water heaters can also be used effectively.  The least desirable units 
are atmospherically vented, and we recommend against them. 
 
Indoor Air Quality – There can be problems with back drafting in open fireplaces (gas or wood) when the house is 
under negative pressure (from having the dryer & kitchen range hood on, for example).  This can be dangerous with 
a gas fireplace since no smoke is visible, yet carbon monoxide (CO) is still pulled into the living space.  Occupants 
don’t know they’re poisoning themselves until the CO detector sounds (most CO detectors only sound at very high, 
life threatening levels.  Many people suffer from CO poisoning at lower levels without recognizing it the cause of 
their illness).  Gas fireplaces also have a device installed that locks open the flue so occupants don’t forget about it 
and asphyxiate themselves after starting a fire, which is not a very good solution.  Increased air infiltration resulting 
from an open flue contributes to poor indoor air quality in the house (please see the “Envelope Leakage” section 
above).  Properly installed direct-vent gas units eliminate the potential for back-drafting and infiltration problems. 
 
Comfort – Increased infiltration through open fireplaces leads to higher indoor humidity levels and cold or hot tem-
peratures near the fireplace.  Also, flue gasses venting from open fireplaces pull cold air into the house during fires, 
leading to colder room temperatures.  Properly installed direct-vent gas units eliminate the potential for these infil-
tration problems. 
 
Energy Efficiency – Increased humidity levels in the house, and increased infiltration both lead to higher energy 
costs.  Also, when the open fireplace is operating and cold air is drawn into the house, the heating unit is forced to 
operate longer to warm the house.  Properly installed direct-vent (sealed) gas units eliminate most of these prob-
lems. 
 
 
Range Hood 
 
It is impractical for us to verify the flow rates of most range hoods.  Care must be taken when specifying large or 
downdraft range hoods in small houses and/or houses with combustion appliances.  We recommend a high quality 
quiet range hood with a flow of at least 150 cfm, which exhausts to the outside.  High flow range hoods such as 
downdraft range exhaust and/or very large commercial-type range hoods should be avoided or should incorporate 
make-up air. 
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Indoor Air Quality – Proper removal of cooking moisture, odors and grease improves the air quality inside the 
house.  
 
Comfort – Improved indoor air quality and lower humidity levels enhances comfort. 
 
 
Duct Leakage 
 
Duct leakage is leakage that occurs at any joints or seams from the air handler (HVAC system’s blower cabinet) to 
the final joint between the ceiling or floor, and air register boot.  Ducts are tested during our inspection by using a 
duct pressurizing system to depressurize the ducts and measure the airflow through our equipment at that pressure.  
Duct leakage is calculated by dividing the amount of airflow by the square feet of area served by that system (100 
cfm of flow for a system serving 1,000 sq. ft. would be .10 leakage ratio). 
 
Duct leakage ratios in new construction are typically .08 - .15.  We set total duct leakage limits of .06 when working 
with builders to create Energy Star rated houses and commonly reach .02 - .04. 
 
Indoor Air Quality - Duct leakage in crawlspaces and attics contributes to poor indoor air quality by pulling air from 
the attic and/or crawlspace and delivering it to the house, or by blowing air into the attic/crawlspace resulting in 
negative pressure in the house and increased infiltration (typically from the attic and crawlspace!).  Attic and crawl-
space air is typically unhealthy and contains a lot of moisture that raises indoor humidity levels and further reduces 
indoor air quality.  In many cases, especially in crawlspaces, duct leakage can cause or contribute to mold growth. 
 
Comfort - Incorrect air distribution due to duct leakage results in larger temperature differences between rooms, and 
increased humidity levels reduce indoor comfort. 
 
Durability - In some cases duct leakage—again, especially in crawlspaces—can contribute to serious moisture is-
sues and structural problems. 
 
Energy Efficiency – Loss of conditioned air to the attic or crawlspace, and addition of un-conditioned air from these 
areas into the duct system, negatively impacts equipment efficiency. 
 
 
HVAC 
 
HVAC load calculations should be accurately performed before systems are installed, according to the specified 
thermal parameters of the house.  Properly sized HVAC systems run longer per on/off cycle, allowing the refrigera-
tion coils inside the air handler to get colder.  Colder coils create more condensation from the house air passing 
over them, allowing that moisture to exit the house through the system’s drain line.  We recommend variable capac-
ity heat pumps when possible.  These systems are able to ramp up & down to meet the load as conditions change, 
resulting in the best comfort and humidity control available.  Our second choice is 2-stage heat pump.  If a single 
stage heat pump is used we recommend heat pumps with variable-speed air handlers as a minimum.  All systems 
should also be installed with humidity-controlling thermostats.  This combination allows the unit to run slower, and 
during conditions of high humidity allows the temperature to drop up to 3° below set point for additional dehumidi-
fication if necessary. 
 
 
Indoor Air Quality – HVAC oversizing results in a reduced ability for the HVAC equipment to dehumidify the 
home, leading to higher humidity levels and reduced indoor air quality. 
 
Comfort – Higher indoor humidity levels reduce comfort. 
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Energy Efficiency – Larger equipment obviously costs more to run because it’s larger.  What’s not as obvious is 
that they cost MUCH more to operate because heat pumps are MUCH less efficient during the power spike that oc-
curs from start up to the 5-7 minute mark.  So, while properly sized heat pumps run the auxiliary heat strips more 
on the coldest nights of the winter, resulting in higher costs on those occasions, that increased cost is more than 
compensated for by the higher efficiency of the longer running times during the rest winter when it’s not at it’s cold-
est, AND all summer. 
 
 
Fresh Air Ventilation 
 
Fresh air ventilation (FAV) is becoming more common in today’s houses.  While we recommend fresh air ventila-
tion in all houses, it’s most important in houses that have an envelope leakage ratio of .35 or lower.  A correctly 
configured FAV system provides the occupants of the home with enough fresh air to be comfortable and healthy, 
without bringing in so much air that comfort levels are reduced or energy is wasted.  In our climate a supply strat-
egy FAV systems work best, in which filtered air is supplied from a known fresh source and produces a slight posi-
tive pressure in the house, pushing dry air out through cracks and crevices rather than pulling in wet air from out-
side at these locations.  Therefore, when the house enters into a negative pressure situation (common when the 
dryer and/or large range hood, and bath fans are turned on), these leakage pathways are already dry so are better 
able to handle temporary moisture intrusion. 
 
Following are the suggested alternatives for incorporating fresh air ventilation.  For projects that feature optimized 
envelope and HVAC systems, we feel that option #3 provides the most cost effective and reliable solution for intro-
ducing fresh air.   
 
 
1. ERV – One way to bring in this amount of air without sacrificing comfort is to incorporate an ERV (Energy Re-
covery Ventilator).  This system can work well if variable-speed air handlers are being used in the HVAC system.  
ERV’s are a balanced ventilation system that has the ability to temper the humidity and temperature of the incoming 
air stream.  Air is brought in from outside and passes through a matrix through which inside air is also being ex-
hausted from the house.  This matrix has the ability to transfer heat and moisture between the two airstreams. For 
example, in the cooling season if 90°/90% RH air is entering the unit, some of the humidity and temperature of that 
air is transferred to the dry cool air being exhausted from the house so that when the incoming air stream actually 
enters the house, the temperature and humidity have been reduced to around 79°/70% RH. 
   
2. Dehumidifier – A high-efficiency dehumidifier can also be used to bring in air.  The dehumidifier really helps in 
the shoulder seasons and on summer nights, when the AC is not running enough to dehumidify the house.  This can 
be a good solution when single-speed air handlers are being used.  This also has the advantage of providing the 
house with a slight positive pressure, which is ideal in our climate. 
   
3. Mixed Supply – This is a simple but effective ventilation system that uses a low-wattage continuous ventilation 
fan and flow-regulating device to pull air from the house and outside, mix it, and deliver it to the supply side of the 
HVAC system.  To work properly, this system needs to be installed in conjunction with a properly sized HVAC sys-
tem including a variable-speed air handler. 
 
4. HVAC – Another less expensive alternative is to ventilate using a duct with a motorized damper plumbed into the 
HVAC system, and controlled with an air cycling device.  This can work fine, especially if variable-speed air han-
dlers are being used.  This system also has the benefit of positive pressure, though it’s not continuous. 

 
5. HVAC Simplified – There is a simplified version of the system above, which doesn’t include the motorized 
damper or air-cycler.  This is the least expensive and least effective ventilation strategy and comes with some draw-
backs. 
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Indoor Air Quality – Indoor air quality is improved by having a supply of clean filtered air that provides a slight 
positive pressure in the house, helping to maintain dry building materials through reduced infiltration. 
 
Comfort – A properly configured FAV system increases comfort by allowing the house to feel & smell “fresh” even 
during long periods of windows and doors staying closed. 
 
Energy Efficiency – A properly configured FAV system, in conjunction with proper envelope sealing has a negligi-
ble effect on energy costs. 
 
 
Bath Fans 
 
Bath fans are an important control for removing humidity from the house.  Bathroom walls and ceilings should re-
main dry during showers, and fogged bathroom mirrors should clear quickly after a shower is turned off, evacuat-
ing excess humidity from the house.  Most bath fans have inadequate back-draft dampers, which result in increased 
envelope leakage and are a major contributor to mold growth on bathroom ceilings, especially when HVAC regis-
ters are nearby. Bath fan flows are measured during our final inspection. 
 
Bath fans should have sone (noise) ratings of 1.5 sones or less and flow at least 50 cfm for small bathrooms (which 
is also the Energy Star required flow), and 70 cfm or more for larger bathrooms.  For bathrooms without showers, 
bath fan flows of 50 cfm should be sufficient, regardless of bathroom size.  When installed, bath fans rated to 50 cfm 
typically flow closer to 20-25 cfm; we have found this to be caused by the use of poor quality, flexible bath fan duct 
(the white vinyl duct), convoluted duct runs, and the use of 4” rather than 6” duct (we realize these fans are de-
signed to use 4” duct but our research indicates that this is a major reason for inadequate flows).  In practice we 
have found that fans with rated flows of at least 70 cfm are needed to have a good chance of meeting the 50 cfm 
requirement.  We recommend standard insulated flex duct.  Bath fans should be mounted to provide duct runs as 
direct as possible between the fans and termination caps (we commonly see duct turns of 180°). 
 
We recommend Panasonic or Broan bath fans.  Even with these high-quality fans, we recommend installing Famco 
back-draft dampers which feature good seals and cloth hinge mechanisms that are resistant to binding..  This is 
especially important when the bath fan is located near a cooling register. Humid outside air can come in the bath 
fan duct when not in use and condensate on the cold surfaces near the register leading to mold growth. 
 
 Another option is to use an inline Fantech or Panasonic fan with a single Famco back-draft damper at the fan out-
let or with the same back-draft dampers mentioned above installed at the bathroom grilles, to ventilate one or more 
bathrooms at the same time.  
 
Indoor Air Quality – Proper fan operation improves indoor air quality by reducing humidity and reducing the 
chance of mold growth. 
 
Comfort – Proper fan operation reduces comfort problems due to high humidity and clears fogged mirrors more 
quickly after showers. 
 
 
Water Heating/Hot Water Distribution 
 
Residential water heaters have remained largely the same over the past 80 years, with a storage tank and electricity 
or gas providing the heat.  There are several alternatives that currently provide advantages over conventional 
types, such as tank-less (mis-named “instant” or “on-demand”), solar, and heat pump water heaters. 
 
Our recommendation is for solar water heaters to be installed when possible.  Tankless water heaters are the next 
best choice, though if they are used with Propane they become less cost effective.  There are also concerns about 
natural gas prices rising dramatically in the future, and the fact that you cannot choose to generate your own gas 
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as you can with electricity (solar/wind).   Heat pump water heaters are another good choice if solar cannot be used, 
though they are still fairly new on the market. 
We also recommend a hot water recirculation systems. We prefer using Laing Autocirc pumps, which are equipped 
with a timer at the pump and a thermostatic valve at the furthest fixture from the water heater.  The pump will only 
turn on when the water temperature at the furthest fixture drops below set point, will turn off when it reaches set 
point, and will not circulate during sleeping hours when hot water is not needed.  It is also important that all hot 
water pipes are insulated, that runs from the trunk line to each fixture are kept as short as possible, and that a dedi-
cated return line is used. 
 
Indoor Air Quality – Atmospherically vented gas water heaters can back-draft combustion gasses into the house if 
depressurization occurs from situations such as duct or envelope leakage, or from operating exhaust appliances such 
as the range hood, dryer, or bath fans.  Although less likely to present a problem, natural draft gas water heaters in 
the garage or attic can also contribute to this issue.  Power-vented or sealed combustion water heaters avoid this 
situation. 
 
Energy Efficiency – Solar water heaters are the most efficient units, followed by heat pumps, tank-less, standard 
electric, natural gas, and finally propane (LP).  These are general guidelines and varying levels of efficiency exist 
within each of these categories. 
 
 
Washer Hoses 

 
Flooding from burst washing machine hoses leads to the third highest incidence of homeowner insurance claims.  
Standard washing machine hoses are nothing more than rubber hoses, not meant for indoor use.  Manufacturers’ 
instructions state that we are supposed to turn off the water after every load of laundry!  All pressurized plumbing 
should be rated for continuous pressure.  We recommend Teflon hoses with stainless steel outer shields. 
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