
STEP 4  
Properly Sized, Designed, Installed, and 

Commissioned Heating, Ventilation, and Air 
Conditioning (HVAC) Systems 
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“Synergy” is defined as the 
cooperative interaction among 
multiple systems so that their 

combined effect is greater than the 
sum of their individual effects. 

•3 



•4 

Founded in 2010 by Todd Witt, he grew up in the family cellulose 
insulation manufacturing, insulation distribution, and insulation 

installation business. During his time there, he became well-versed in 
the products available, installation techniques, residential building 

codes, and building science. He understands the science behind the 
home's interactive system as a whole. In order for your home to 

perform correctly, the thermal envelope MUST be integrated with the 
building envelope. 

 

Synergy has been able to accomplish this with: 

Airtight Construction, Fresh Air Ventilation, Improved Thermal 
Systems, Properly Designed HVAC Systems, Pressure Balancing and 

Moisture Management.  

Synergy Overview 
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• Manual J 

• Manual S 

• Manual D 

• Manual T 

• Encapsulation 

• Dehumidifiers 

• French Drains 

• Sump Pumps 

• Icynene Spray       

  Foam Installation 

• Insulation  

  Removal 

• Energy Audits 

• Code Compliance 

• REScheck 

• DET Duct  

  Envelope Testing 

• Inspection Letters 

• Dehumidifiers 

• Gas Fireplace    

   Logs 

Synergy Overview 
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Synergy Overview 
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Construction Then vs. Now 

• It keeps heat in or out.  

• It prevents wall cavities from drying out if they get wet. 

• Old uninsulated homes are uncomfortable but durable. 

• New insulated homes are more comfortable but not very durable. 

• In general, insulation itself is much better. 

• How does better insulation, installed correctly, affect your home 
and specifically, your HVAC system? 

• How does better insulation, installed incorrectly, affect your home, 
and specifically, your HVAC system? 

Insulation 
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• Numerous improved building products and air-sealing decreases air 
changes/ventilation. 

• Less air changes/ventilation means less dilution of interior 
pollutants. 

• Chimneys and exhaust fans compete for available air. 

• The elimination of chimneys & introduction of house-vented 
fireplaces. 

• The introduction of commercial grade gas cooktops and exhaust 
systems. 

• Ventilation is required! 

• Build it tight, ventilate it right! 

Construction Then vs. Now 

Ventilation 
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• Tighter systems are easier to pressurize or 
depressurize. 

• Leaky ducts, extensive supplies and limited returns 
cause pressurization and depressurization problems. 

• Tight, undersized ducts are a major storm on the 
horizon.  

• This is so INEXPENSIVE! 

• Once we contain air, we easily control it! 

Construction Then vs. Now 

Pressure Balancing 
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Today’s homes are interactive systems that are made 
up of multiple products, and most of all, people. When 

just one product or system is changed, the other 
products and systems must be changed or adjusted to 

keep the system in balance.  

Construction Then vs. Now 
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HVAC Myths Explained 

• It is extremely price driven.  Many profitable HVAC contractors 
refuse to bid on new construction, especially production homes. 

• There is an extremely low threshold for entry.  Many installers work 
a couple of years, get their HVAC license, and go into business and 
steal their old employer’s customers by lowering the price.   

• The local HVAC supply house is under pressure to make sales and 
will practically sell to anyone. 

• There are relatively few newcomers from other industries. 

• Continuing education is minimal. 

• International Residential Codes are not followed and not enforced. 
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HVAC Myths Explained 

• Accepted best practices from the Air Conditioning Contractors of 
America (ACCA) are not followed. 

• Most installation practices have been passed down over the years 
despite enormous changes in homes and equipment. 

• Is it just me or does almost everyone have a relative or friend in the 
HVAC business that is going to give them a deal? 

• Most contractors are too busy staying in business to change for the 
better! 
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HVAC Myths Explained 
 

System Size 

In existing homes, whatever tonnage the home got originally, will more 
than likely, be the tonnage the home gets when the system is replaced.   

• What if the original system was oversized?  

• What if the ducts were improperly sized and installed?   

• What if new windows have been installed?   

• What if air sealing and insulation has been added? 

• New units have more restrictive coils. 
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HVAC Myths Explained 

• Most homeowners do not plan or budget for an 
HVAC unit replacement.   

• Units often fail during the hottest or coldest periods 
of the year.   

• The homeowner wants heating or cooling restored 
right away and doesn’t want to wait, much less pay, 
for proper system design and duct remediation. 
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HVAC Myths Explained 

• Rarely is the ductwork considered. 

• Changing out the unit without considering the 
ductwork is like getting a heart transplant and not 
repairing your circulatory system OR installing a 
brand new motor in an old jalopy. 

• Have any of you heard the biblical parable about 
placing new wine into an old wine skin? 



The HVAC unit in this home was replaced with an 
Energy Star 16 SEER unit without repairing or replacing 

the ductwork. 
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HVAC Myths Explained 
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HVAC Myths Explained 

Check out www.escore.com 
for rebate programs and financing so you get a 

“Synergized” existing home. 

http://www.escore.com/
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Understanding Energy Efficiency 

• Proper HVAC sizing, design, installation, and 
commissioning in new residential 

construction is mostly ignored and rarely 
achieved. Sadly, this is true in many homes 
advertised as “energy efficient” or “green”. 

• Passing a blower door test and a duct 
leakage test does not make an energy 

efficient home! 
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Studies show that the average HVAC system 

delivers only 57% of the rated British Thermal 
Units (BTUs) into a home.   

 
 • Where is the other 43%? 

• Would this be acceptable with plumbing? 

Understanding Energy Efficiency 
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• Spray foam   

• High quality windows 

• High SEER rated HVAC units/geothermal units 

• Special air filtration systems 

• Radiant barriers 

Understanding Energy Efficiency 

Some people attempt to build an energy 
efficient home by spending extra money on 

products that are improperly installed and/or 
integrated.  Examples include: 
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Many homes including those marketed as 
“energy efficient” or “green” are experiencing: 

• Major Comfort Issues 

• Indoor Air Quality Issues (Dust, Odors, Humidity) 

• Moisture Issues 

• Premature Failure of HVAC Equipment 

• Durability Issues 

• High Utility Bills 

Understanding Energy Efficiency 
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• Installing oversized, high SEER rated equipment is not 
energy efficient.   

• The Federal Government has falsely led homeowners 
to believe that high SEER rated units with a yellow 
Energy Star sticker guarantees energy efficiency.  

• We have wasted millions of tax dollars subsidizing 
homeowners for “equipment only” upgrades while 

ignoring the system as a whole. 

• Read “Bigger Is Not Better” Articles 

Understanding Energy Efficiency 



• SEER only applies to cooling power & is the ratio of the cooling 
output for the entire cooling season based over the entire cooling 

season.  It uses spring and fall. 

• SEER = Cooling BTU for entire season / Watt Hours for entire 
season.  65 pages of calculation in the federal register. 

• Ranges from around 8 to 30 

• The SEER rating for a particular manufacturer applies to only the 
smallest unit in the model line.  It is for the 2 ton not the 5 ton. 

• In a perfect 3 ton System 36000 BTU / 2769 watts = 13 

• In a typical 3 ton System at 57%: 21000 BTU/ 2769 watts = 7.8 SEER 

• Energy Efficiency Ratio (EER) gives you a better idea of how your 
unit will do in varying climates. 
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Understanding Energy Efficiency 

Seasonal Energy Efficiency Rating (SEER) is most 
commonly used for evaluating the efficiency of an AC. 



Energy efficiency has never been so inexpensive to 
finance.  A 30 year mortgage at 4% costs approximately 

$3.77 per $1000. 
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Understanding Energy Efficiency 

• Consider $20,000 extra costs for foam insulation & upgraded HVAC 
• Is there an issue if the house is $519,000 instead of 499,000? 
• $20,000/1000 x 3.77 = $75.40 each month extra on your mortgage! 
• You pay an extra $75.40 per month on your mortgage and get $200 

in approximate utility bill savings. 
• Sound pretty good so why isn’t everyone doing it? 



Want/Specify 

• Granite countertops 

• Cabinets 

• Appliances  

• Flooring 

• Landscaping 

• Additional square footage 

• Interior finishes and other 
cosmetic items 

• Etc 

Ignore/Assume 

• Insulation 

• Air Sealing 

• Windows 

• HVAC Sizing, Design, 
Installation, and 
Commissioning 

• Crawlspace / Moisture / 
Foundation issues 

• Etc 

•25 

Understanding Energy Efficiency 



• Houses must be assembled onsite with numerous 
parts and pieces and subcontractors. 

• HVAC systems are more than just the box and it’s 
SEER rating.   

• If your car or truck had to be assembled at the 
dealership instead of the factory, don’t you think 
your car dealer would become much more 
important?  
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Understanding Energy Efficiency 
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Understanding Energy Efficiency 

• A ton of air conditioning is roughly 12000 British 
thermal units (BTU’s). 

• Typically, we need between 350-400 cubic feet per 
minute (cfm) of air per ton. 
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Manual J, S, D, and T 

• The importance of Manual J, S, D, and T. 

• The importance of air flow. 

• The difference in single speed air handlers and 
variable speed air handlers. 

• The difference between single stage, two stage, and 
variable speed condensers. 

You need to understand… 



You need to understand… 

• The extreme importance of static pressure and 
pressure drops. 

• The myth of sizing supply ducts with 0.1IWC and 
return ducts with 0.08IWC. 

• Throw away your ductulators if you do it this way! 

• Output is the only assurance! 
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Manual J, S, D, and T 



What is a Manual J Load Calculation? 

• It is a complex calculation that determines the 
heating and cooling requirements of individual 
rooms as well as the heating and cooling 
requirements of the entire house. 

• What size unit do we use if it calls for a 3.1 tons? 

• How much airflow is needed? 
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Manual J Calculations consider 
• Q = U Value x Area x Delta T 
• Indoor design temperatures of 70 degrees for winter and 75 

degrees for summer. 
• Outdoor design temperatures  based on 1% of the of the peak / 

worst case conditions for your area.  Decatur is 93 summer and 16 
winter.  24 hours x 365 days x 1% = 87.6 hours. 

• The construction of the exterior walls. 
• Slab or crawlspace construction. 
• Vented or encapsulated crawlspace. 
• Vented or encapsulated attic. 
• The orientation of the house. 
• The type, number, size, orientation, U-Value, SHGC, and shading of 

the windows as well as the interior window treatments. 
• R-Values, infiltration rates and ventilation rates. 
• The number of people and types of equipment & appliances. 
• The location of the ductwork. 
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• An accurate Manual J Load Calculation 
takes time & requires a lot of information. 

 
• Some HVAC contractors offer “short form” 

calculations that are not accurate.   
 

• So why bother? 
 

• Garbage in = Garbage out 

Manual J, S, D, and T 



Understand that it is almost always more efficient and 
more comfortable for your air conditioner to be sized 

correctly so that it runs continuously or almost 
continuously during the hottest months of the year.    
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Manual J, S, D, and T 



It is easy to check and see if your HVAC is sized 
correctly for summertime cooling.  On one of the 

hottest days of the year, your unit should be operating 
continually or almost continually. 
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Manual J, S, D, and T 
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Manual J, S, D, and T 

• When your HVAC system is not operating it is not 
dehumidifying. 

• The longer the system runs, the colder the interior coil 
becomes, and the better the system works. 

• Cool, drier air is much more comfortable than cold, 
clammy air. 

• Cooling, dehumidification, and cost efficient operation 
are all inter-related. 



Every time your HVAC system “cranks up” it 
is costing you money. 

 • Watt draw at initial start up is very high and efficiencies 
are very low.  

• Do your lights blink or flicker when your unit starts up?  

• Do you hear it “crank up”? 

• Do you get short, cold blasts from your air conditioner 
and then it cuts off? 

• Can you hear the air whistle as it leaves or enters your 
registers?  

• The average life of an HVAC system is less than 9 years. 
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A Manual S helps select the proper equipment 
by matching the specific equipment 
to the Manual J Load Calculation’s 

sensible and latent load.   
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What is a Manual S Calculation? 



 
  
 
 
 • Sensible is actual cooling.   

• This is measured by a drop in dry bulb temperature.   

• Latent is dehumidification.  AC was developed as a 
by-product for drying air/dehumidification.  

• If we only provide sensible cooling the relative 
humidity actually goes up.   

• We assume a sensible heat ratio of 70/30. 
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Manual J, S, D, and T 



We reduce internal latent loads by: 

• Proper air sealing of penetrations. 

• The use of spray foam. 

• Closed crawlspace construction with proper drainage 
and dehumidification. 

• Properly exhausted kitchen and bathroom fans. 

• Properly exhausted clothes dryers. 

• Encapsulating the attic with spray foam. 

• Not necessarily by using fresh air ventilation. 

•39 



• Most equipment manufacturers have similar quality 
equipment.  Chevy is to Ford is to Dodge is to Toyota. 

• Manufacturers often produce more than one brand.  
Trane/American Standard.  Carrier/Bryant. 

• The field installation is much more important than 
the name brand of the equipment.  Many people 
don’t seem to mind pay extra for a Trane. 

• HVAC equipment must work differently in hot, humid 
areas as compared to hot, dry areas. 
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Manual J, S, D, and T 



 
 
 

Manual D sizes ducts for the proper 
delivery and return of the calculated air flow 
based on the size of the blower that comes 

with the specific equipment.   
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What is a Manual D Calculation? 



The IRC Code requires 
Manual J,S, D, & T’s! 

 Manufacturers require them! 

•42 



The Alabama Board of Heating, Air 
Conditioning, and Refrigeration 

Contractors require them! 

•43 



The Energy Star for New Homes 
Program requires them! 

 
Consult the “Energy Star for New 
Homes Version 3 HVAC Checklist”. 
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• Many of the largest HVAC companies with all the 
brand new trucks and advertising don’t perform 
Manual J, S, D, and T’s.  

• Many HVAC contractors simply don’t believe in 
Manual J, S, D, and T’s.  

• Manual J’s are easily backed into to get the size you 
want if you use incorrect data. 
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Manual J, S, D, and T 



So why don’t most HVAC contractors 
perform Manual J’s, Manual S’s and 

Manual D’s? 

• They never had to do them before. 

• It is a very difficult process to master. 

• Many HVAC companies are in the business of selling 
and installing equipment.  Multiple units can be 
installed in the same amount of time it takes to 
design and install a total system properly. 

• More tonnage means higher sales revenues. 

•46 



The #1 Reason…. 
 

This section of the code 
is not enforced! 
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Manual J, S, D, and T 



• What does a building code inspector “inspect for” in 
the absence of a Manual J, S, D, and T?  

• What does a mechanical inspection involve if it 
doesn’t involve enforcing properly sized, properly 
designed, and properly installed  HVAC systems?  Is it 
just about correct clearances and electrical 
connections?  

• If the indoor and outdoor unit are AHRI matched but 
the unit is oversized and the ducts are undersized 
does it matter? 
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Manual J, S, D, and T 



• How did we get here?   

• Am I the only one that this doesn’t make sense to?   

• Does anyone besides me find it strange that a 
jurisdiction requires an Engineer’s stamp stating how 
much air is going into a conditioned crawlspace but 
we don’t know how much air is going into the 
house? 
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Manual J, S, D, and T 



Can we blame an HVAC contractor for 
over-sizing?  

 
• Many reputable HVAC contractors have never had 

control over the other construction details and 
subcontractors that affect load calculations.  

• We have an uneven playing field where the guys that 
do the right thing are oftentimes penalized by not 
getting business. 
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When is the contractor most at risk for 
construction defects? 

• Code compliancy is not achieved.  (Regardless of whether or 
not the code official passed it) 

• The contract is not complied with. 

• Standard practice is not accomplished. 

• The manufacturer’s specifications are not followed. 

• Reasonable consumer expectation is not met. 

• When certifications and qualifications for green building or 
energy efficient construction methods are advertised but not 
met.  This is called “green washing”. 

• Negligence, fraud and misrepresentation. 
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Some HVAC contractors provide 
Manual J, S,D, and T’s. 

• Most are inaccurate due to the lack of understanding of 
thermal boundaries, proper location and levels of 
insulation, available static pressure, fresh air ventilation, 
air sealing, moving the system into the conditioned 
space, etc. 

• The lack of control still leads to oversizing. 

• Why not get an objective HVAC sizing and design from a 
professional? 

• Let us do it while you concentrate on the specifics of 
running your business. 
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Many HVAC contractors 

•53 

• Size the HVAC unit by the square footage. 

• Run flex duct from the supply plenum to the outside of the 
room in any way possible. Spider boxes are becoming popular 
in the production home market. 

• Install a single undersized return anywhere you can fit it. 

• Install the cheapest unit available. 

• Solder the line-set. 

• Release the refrigerant charge. 

• Turn it on, look at the gauges, and make sure it blows cold air. 



As a rule of thumb, how many square 
feet per ton should you figure?   
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What does the typical HVAC contractor 
charge per ton of HVAC?  

 
 
 
 

• $1500? 

• $2000? 

• What do you pay? 

• What do you charge per square foot to build a 
home? 

• Should we buy automobiles by the pound? 
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• How many HVAC companies will price your HVAC 
system over the phone without even looking at it? 

• A 2000sf house / 500 x $1500 = $6000. 

• If you are really lucky they might give you the 5 ton 
unit sitting in the warehouse for the same price as 
the 4 ton unit. 
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Manual J, S, D, and T 



 
If the ductwork is not specifically priced into the 
job then you can almost be assured that you are 

getting the bare minimum. 
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Manual J, S, D, and T 



The infamous spider box.  In the second picture, the 
unit is way oversized.  When the unit kicks on for a 

short period, how much air goes to each line?  How do 
you control it?  Note that these lines feed other spider 

boxes. 
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The Air Conditioning Contractors of America 
issued the HVAC Quality Installation 

Specifications to help address these issues. 

 
www.acca.org/quality 
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Manual J, S, D, and T 



Do you believe that you are going to be the one 
person that gets a high performance HVAC 

system without planning, design, inspecting, and 
commissioning all for an unbelievably low price? 
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Manual J, S, D, and T 



How much heating, cooling, and ventilation do 
you need if you have framing bypasses, your 

house leaks, your insulation does not work, you 
have cheap windows, and your unit is not 

installed correctly? 
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Manual J, S, D, and T 



How much heating, cooling, and ventilation 
do you need if you build the home perfectly 

but get a bad ductwork design and installation? 
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Manual J, S, D, and T 



How do you know 
if you don’t size, design, and 

then test your home and it’s systems? 

 
www.WeTestOthersGuess.com 
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Manual J, S, D, and T 



The 7 Steps of Building a SYNERGY Home 

1. Airtight Construction 

2. Fresh Air Ventilation 

3. Improved Thermal Systems 

4. Properly Sized, Designed, Installed, and 
Commissioned HVAC Systems 

5. Pressure Balanced 

6. Moisture Managed 

7. Combustion Safety 
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We use Right-Suite Universal because 
it is simply the best! 
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The Synergy Way 



Reference “The HVAC Design 
Customer Questionnaire” 

and our full size HVAC Design example. 
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The Synergy Way 
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The Synergy Way 

• We provide you with the proper documentation and 
all of the inputs for our calculations. 

• We can show how different construction details 
affect your load in order to decide whether or not it 
is cost effective. 



• We average approximately 1200 sf per ton which 
oftentimes results in reducing your HVAC equipment 
by 50% or more. 

• Oftentimes, we eliminate several units in large 
homes. 

• Basements average close to 2000 sf per ton.  

• Bonus room HVAC sizing is greatly reduced due to 
the use of foam. 
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The Synergy Way 



It is imperative you plan and design the actual location 
of the HVAC equipment and duct system.  It cannot be 

an afterthought if it is to be done correctly. 
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The Synergy Way 



Many house-plans/blueprints do not 
provide space for the HVAC system, 

especially the returns. 
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The IRC specifies maximum distances from the 
crawlspace or attic access to the equipment.  The 

location, the headroom, walkways, etc, help to 
determine this.  Always confirm with your building 

inspector. 
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The Synergy Way 



To most code officials, the ease of inspecting and 
servicing an HVAC system is more important than 

proper location of the unit. 
 

Let’s discuss this! 
We need your input code officials! 
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The Synergy Way 
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The Synergy Way 

• We meet with you and review your blueprints 
extensively, applying the “Seven Steps of Building a 
Synergy Home”. 

 

• We help educate you about the important issues 
involved in building a comfortable, energy efficient, 
healthy, and durable home. 
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The Synergy Way 

• We discuss your goals and most importantly, your 
budget, so we can recommend the most effective 
solutions that offer the most return on investment. 

 

• We draw out the house and locate the “building 
envelope” using our years of experience in the insulation 
business. Foam and conditioned crawlspace homes have 
very different building envelopes than traditionally 
insulated and vented homes. 



Why would you ever install your HVAC 
system in a 140 degree vented attic or 

a 20 degree vented crawlspace? 
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Why not move the entire system 
into the conditioned space?  

We can show you how big of a difference it makes! 
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Traditional fiberglass insulation in a crawlspace or 
bonus room floor rarely works due to the fact that it 

must be in complete contact with the subfloor.  
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R-values for traditional insulation such as fiberglass 
batts entered into load calculations are assumed to be 
correct.  We know from testing that most R-values in 

real world applications are much less.  

This R13 is not R13. 

 

 

4” of foam when 6” was 
quoted. 
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Heat pumps have gotten a bad reputation 
for comfort due to..  

• Most are single speed and oversized. 

• Improper insulation and air sealing. 

• Cheap windows. 

• Most ducts are located in unconditioned areas.  
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In heating mode when the unit doesn’t run 
except for short periods, the warm air in 

the ducts gets cold when the unit turns off.    
 

When the unit starts back up you are 
“blasted” with this cold air.  

 
Combined with “cold spots” throughout 
the home, comfort is greatly affected. 
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Heat Pumps…   

• Eliminate any problems associated with gas combustion. 

• Require specific occupant behavior.  

• Warm homes slowly but maintain it with even 
temperatures. 

• Lose efficiency in wintertime when the temperature 
drops and lose efficiency in the summertime when the 
temperature rises. 

• “Kick in” the emergency heat strips when you turn up 
your thermostat by more than 2 degrees  and this costs 
$$$. 

• Require an exterior thermostat that “locks out” electric 
heat strip use until the balance point is reached. 
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Gas furnaces must be direct vent / sealed combustion units 
when installed in encapsulated attics or crawlspaces.  Low 

efficiency B vented / atmospherically vented gas furnaces and 
water heaters cannot be installed in encapsulated crawlspace or 
attics.  They are dangerous and expensive to operate and should 
be outlawed.  Have you ever stopped to consider why most gas 

companies give them away for free if you will use one? 
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After we move the ducts into a 
well insulated and air sealed 

conditioned space, we focus on 
airflow by designing your system 

using realistic static pressures 
& friction rates. 
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The Synergy Way 



The static pressure of your 
HVAC system is the equivalent 

to your blood pressure. 
 

•84 

The Importance of Static Pressure 
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• Air weighs approximately 0.075 lbs per square 
foot. 

• 1 ton of HVAC requires approximately 400 
cubic feet per minute (cfm). 

• 4 tons x 400 cfm x 0.075 lbs x 60 minutes = 
7200 lbs of air! 

The Importance of Static Pressure 
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• Static pressure is measured in inches of water 
column (IWC) or Pascals. 

• IWC is an HVAC industry measurement. 

• Pascals is a home performance industry 
measurement. 

• 1 IWC = 250 Pascals 

The Importance of Static Pressure 



Single speed air handlers are typically rated 
at 0.5 inches of water column (IWC). 

 
Variable speed fans are rated at 0.8 IWC 

and are often able to ramp up to over 1.0 
IWC if needed (not recommended). 
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A .5 IWC single speed fan is like a 40 mph 
single speed car 

• Put it in gear and it attempts to go .5 IWC (40mph) 
even if you are just going a few blocks or you are just 
backing out of the driveway. 

• It puts tremendous wear and tear on the mechanical 
parts when it starts up because it doesn’t ramp up 
slowly like a variable speed fan does. 

• It only goes 40 mph and sometimes much less when 
going up a hill (restricted ducts). 
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Why is a 0.8 IWC variable speed air handler 
necessary? 

• Duct systems have increased in size total length due to larger homes. 

• Fins in “energy efficient” coils are more closely packed together and thus 
restrict airflow. 

• Filters, and restrictive, undersized ducts require fans with higher rated 
static pressure. 

• It starts up slowly and uses less energy initially. 

• A single speed fan that is not moving the proper amount of air cannot  just 
work harder.  

• It is able to ramp up and move the proper amount of air or ramp down 
and dehumidify. 

• Variable speed fans should not be used in place of poor duct design 
because it increases the fan watt draw. 

• Zoning is rarely needed in today’s homes but when it is a variable speed 
fan is mandatory for zoning. 
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• Everything the air passes through in your duct 
system such as a restrictive filter has an impact on 
how much comes out on the other end. 

• Available static pressure (ASP) is the pressure 
remaining that can be used to design a duct system 
after all of the external components have been 
deducted.  

• Available static pressure = static pressure of the 
blower – pressure drops  
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The Importance of Static Pressure 



Issues affecting the available static 
pressure (ASP) of a system 

• The static pressure rating of the fan motor. 

• Pressure drops over coils, filters, supply registers, 
return grilles, and balancing dampers. 

• Pressure drops due to the internal friction of the 
duct material used. 

• The total effective length (TEL) of the duct system. 

• Fittings and restrictions on the duct work. 

•91 



 
 
 

 Pressure loss assumptions over the 
evaporator coil  

 
 
 

 

• During design we assume a pressure loss of 50% for 
the coil and filter of a heat pump.   

• We use percentages because most manufacturer’s 
data is inaccurate. 

• Many systems are tested and rated at unrealistically 
low watt draws in order to make them appear super-
efficient. 
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Several manufacturers spec’s for the coil 
drop on a heat-pump. 
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In addition to assuming a 50% pressure drop 
across the coil and filter.  We also assume the 

following pressure drops… 
 

• Balancing dampers = .03 IWC 

• Supply grilles = .03 IWC 

• Return grilles = .03 IWC 
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Realistic static pressure drops are 
mandatory for correct duct sizing.  This is 
the static pressure screen from our HVAC 

design software. 
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Available Static Pressure Calculation 

• Total Rated Pressure of Variable Speed Fan 0.8IWC 

• Pressure drop of coil    (0.40IWC) 

• Pressure drop of supply register   (0.03IWC) 

• Pressure drop of return grille   (0.03IWC) 

• Pressure drop of balancing damper  (0.03IWC) 

 

• Equals .31 IWC of available static pressure 
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Available Static Pressure Calculation 

• Total Rated Pressure of Single Speed Fan       0.5IWC 

• Pressure drop of coil    (0.25IWC) 

• Pressure drop of supply register   (0.03IWC) 

• Pressure drop of return grille   (0.03IWC) 

• Pressure drop of balancing damper  (0.03IWC) 

 

• Equals .16 IWC of available static pressure 
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Available Static Pressure Calculation with 
the manufacturer’s published coil drop 

instead of a percentage. 
• Total Rated Pressure of Single Speed Fan       0.5IWC 

• Pressure drop of coil    (0.407WC) 

• Pressure drop of supply register   (0.03IWC) 

• Pressure drop of return grille   (0.03IWC) 

• Pressure drop of balancing damper  (0.03IWC) 

 

• Equals .003IWC of available static pressure for the 
entire duct system! 
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An Available Static Pressure (ASP) of .31 
IWC is much better than .16 IWC.   

 
How do we design a system with only .003 

IWC for the entire system? 
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See our handout on 
“Static Pressure, Friction Rate, 

and Total Effective Length”. 
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• Most HVAC companies design duct 
systems incorrectly according to available 
static pressure instead of friction rates.  

• Friction rates convert available static 
pressure into 100 ft. 
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• Friction Rate = (ASP x 100)/TEL  

• ASP = Available static pressure 

• TEL = Total effective length  

• The Total Equivalent Length (TEL) is the 
sum of the longest measured supply 
register to the longest return grille plus 
the equivalent length of the fittings. 
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Equivalent Lengths 

• An equivalent length of a fitting can be looked up in 
the ACCA Manual. 

• It converts a particular fitting such as an elbow to an 
equivalent length of straight duct. 

• Note that a duct at the end of a trunk line has a 
different equivalent length of the same size duct with 
multiple branches downstream. 

 

 



 
Keep in mind that we 

routinely design systems 
with over 400 feet of TEL.  Note the 

example in the ACCA book uses a TEL of 
165 feet. 
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.8 IWC Variable Speed Fan 
 FR = (.31 x 100) / 384 = .081 

 
.5 IWC Single Speed Fan 

FR = (.16 x 100) / 384 = .042 
 

Most HVAC companies use 0.1 IWC 
standard for supply ducts and 0.08 IWC for 

returns. 
Could this be a problem? 
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A ductulator requires 2 of 3 things: 

• Airflow in cfm 

• Duct Diameter 

• Friction rate – how often do you calculate the friction 
rate??? 
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Ductulators are not accurate if 

• The friction rate is wrong due to using arbitrary 
numbers. 

• The cfm of each room has not been calculated by 
performing a Manual J correctly. 

• In other words, you cannot just pick up a ductulator 
and look up 150cfm and get the right size of duct. 

• An example is length x width = square footage.  If the 
same width is assumed wrong, the square footage is 
always wrong. 
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What happens if you calculate 
the proper friction rate and you know 

the proper airflow in cfm and 
you determine you need a 4” duct, 

but instead, you use a 5” duct, or worse, 
a 6” duct? 

 
Area = 3.14 x radius squared 

4” duct = 3.14(4) = 12.56 sq. inches 
6” duct = 3.14(9) = 28.26 sq. inches 
8”duct = 3.14(16) = 50.24 sq. inches  
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As we build super energy efficient homes 
and reduce the tonnage and specifically 

the airflow, it is imperative that we get the 
right amount of airflow supplied to and 

returned from each individual room. 
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What about contractors that use the same 
size branch ducts for every room in the 

house? 
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Without the knowledge needed to 
perform proper Manual J, S, D, and T’s, 

most contractors rely on extra tonnage in 
order to provide additional arbitrarily 

determined airflow.  
 

For example, use a 3 ton system 
to move 2 tons of air. 
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Our goal is to maximize the total available 
static pressure by the following: 

• Using a higher rated fan such as a 0.8 IWC rated 
variable speed fan. 

• Minimizing pressure drops. 

• Minimizing the total effective length of the duct 
system. 
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Most homeowners will pay extra for… 

• Single stage compressors with variable speed air 
handlers. 

• 2 stage compressors with variable speed air handlers. 

• Variable speed compressors with variable speed air 
handlers. 

• Most homeowners are never told about optional 
upgrades and are very upset when they find out they 
were not even offered. 
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2 Stage / Variable Speed Compressors are “game 
changers” in a diverse climate like Alabama’s! 

• 2 stage systems - 1st Stage is 60% to 70%.  2nd Stage is the 
remainder. 

• Variable speed systems – true variable speed compressor. 

• SEER ratings are calculated for the total output and are much 
higher on lower stages. 

• Communicating Thermostats are great. 

• Dehumidification and comfort is greatly increased. 

• Higher upfront cost with strong return on investment that 
provide long-term savings. 

• Ground source heat pumps are unnecessary in most instances 
even with a 30% government rebate. 
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We typically have HVAC contractors price 
the following options: 

• 13 SEER single speed compressors and single speed 
fans.  No longer available??? 

• 14 SEER single speed compressors and variable 
speed fans. 

• Lowest 2 stage compressors with variable speed fans. 

• High end variable speed compressors with variable 
speed fans. 
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What happens to the best designed, most 
advanced unit when the interior coil is 

filthy due to operation during 
construction? 

 

•116 



 
 
 

• Wouldn’t it be a good idea to have it checked before 
you begin operating it? 

• Coils that appear clean are often clogged with 
sheetrock dust. 

• Has your HVAC company ever offered to clean your 
interior coil? 

• Your return side of the coil is difficult to access. 

• Furnaces are almost impossible to access. 

• How do you build a removable panel that allows 
access to the return side of the coil? 
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We simply recommend that you never operate your 
HVAC system during construction. 
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Do not waste money on duct cleaning 
services.  Whatever caused them to get 

dirty in the first place will most often cause 
them to get dirty again. 
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Make sure the registers are covered during 
construction and that the cut-outs are removed from 

the crawlspace so they cannot attract termites. 
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Simply clean the ducts out with your 
vacuum cleaner as far as you can reach. 
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An air filter’s main responsibility 
is to keep the evaporator coil clean. 
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Most filter systems choke airflow and actually 
contribute to indoor air quality issues. 
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It has been said that more HVAC systems 
have been killed by Paul Harvey, 

selling washable, restrictive filters 
than any other reason.   
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Lifetime Ecofilter’s are Garbage! 
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Keep in mind that compressors don’t die, 
they are murdered! 

 88 Pascals / 250 = .352 IWC 
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• Restrictive filters are often the cause of 
major issues in a duct system. 

• Most filters are rated at 300 feet per 
minute (fpm) of air velocity. 

• Many systems are field-tested with 
actual velocities of 1000fpm and this 
greatly increases filter pressure drops 
and prevents proper filtering of the air. 
 



Understand how to recalculate filter 
pressure drop using Fan Law 2. 

 
Sp2 = SP1 x (CFM2/CFM1)squared 

 
The pressure drop of a filter will increase at 

more than twice the rate the airflow 
increases through the filter. 
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Limiting the numbers of filters 
that need to be changed 

and centrally locating the filter(s) 
are important steps to consider. 
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We rarely recommend accessory air 
cleaners.  Building a home in accordance 

with “The Seven Steps of Building a 
Synergy Home” helps decrease dust and 
other contaminants as wells as increase 

indoor air quality inside the home.   
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Returns need to be properly sized.   They 
should never be located in closets even 

with a louvered door. 
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Notice the interior air handler insulation 
has pulled loose and is choking the airflow. 
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The placement of the air handler and the individual 
registers must be considered in order to decrease the 

length of the duct system! 
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We attempt to centrally locate the air 
handler in the conditioned space, 

we “T” the supply trunks, and 
we reduce return trunk lengths. 
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The location of the outside equipment is 
influenced by the… 

• Electrical drops and runs. 

• The length of the refrigerant runs. 

• The physical appearance.  

• Sound. 
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We witness package units experiencing 
major issues in sprawling homes due to…. 

• Oversized units. 

• Single speed, 0.5IWC rated fans. 

• Extremely long and undersized duct systems.  

• Single undersized returns with pleated, restrictive filters. 

• Improper duct sealing and dirty coils. 

• Improper condensate drainage. 

• Lack of air balancing. 
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We strongly recommend split systems over package 
systems. 
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We increase available static pressure by 
installing ductwork properly. 
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Most ductwork is constructed of round 
metal, square or rectangular metal, 

ductboard, and flexduct. 
 

Flex duct is not a problem if it is designed, 
sized, installed, and commissioned 

properly. 
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Demand proper duct installations 
especially if flex duct is used. 

 
• Flex duct is relatively inexpensive and can be very 

effective. 

• It is very susceptible to installer error. 

• It has a shorter lifetime than hard-ducting. 

• It must be cut to length and properly supported. 
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This is in brand new construction! 
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What’s wrong? 
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Proper supply transitions out of the air 
handler are needed. 
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Do not use framing members as supply 
ducts. 
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The wall framing is being used as a supply 
trunk to deliver air from the air-handler 

located in the attic over the 2nd floor to the 
1st floor living space. 
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This installer found it easier to run a 360 
instead of cutting it to fit. 
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The holes cut for flex duct must be 
adequately sized so that the ducts are not 

pinched.  Structural integrity of the framing 
must also be maintained.  
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This is a two story home on a slab with the 
1st floor ducts ran from the attic.  Two story 

slabs are hard to duct properly. 
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Unplanned duct locations under cabinets 
restrict proper throw from the registers. 
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If a duct needs to be located under a 
cabinet, plan for it. 
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Decorative wood registers oftentimes 
severely restrict airflow. 

Note the extra airflow allowed 
by the register on the right. 
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Things to consider for proper register 
placement 

• Furniture locations especially beds.  

• Door swings especially in entrance ways. 

• Airflow when getting out of the shower or bath. 

• Built in cabinets. 

• Line of sight. 
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It is no longer as important 
to locate HVAC supply registers 

on exterior walls or near windows 
to “wash walls” with heating or cooling. 
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The AED Assessment shows when zoning is 
needed.  Zoning is rarely needed in a 

“Synergy” home. 
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These returns are severely pinched and little 
air is moving.  The HVAC contractor told the 

homeowner that this was “normal”. 
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Could a severely pinched duct decrease the 
available static pressure?  Do you think 

conduction gains from the roof could be an issue 
in the summertime?  
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Notice that there is no “backbox” on the 
return side.  This kills the airflow of this 

system. 
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“Back boxes” help to reduce turbulence, 
reduce static pressure, and increase 

airflow. 
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Do not use framing as return plenums. 
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Once your HVAC system is properly 
designed, sized, and installed…. 

make sure it is airtight. 
Plumbing is checked for leaks, 
why are ducts any different? 
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Air handlers need to be air-sealed, 
especially if they are in vented attics or 

crawlspaces (click on the following video). 
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What happens if you have a supply side 
leak? 

• Supply leaks “suck”. 

• You lose conditioned air to the exterior, the house 
goes under negative pressure, and you pull in 
exterior air that is carrying contaminants. 

• Installing “supply only” ducts in rooms such as a 
garage creates the same problems. 

 

•162 



Many times we find a “bleeder” that goes 
unchecked until major issues develop.  The 
blower door will actually help locate major 

duct leaks. 
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The IRC requires “boots” must be sealed to 
the building envelope unless located inside 

the conditioned space. 
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What happens if you have return duct 
leakage? 

• Returns leaks cause your home to “blow”. 

• Returns pull in outside, unconditioned, unhealthy air 
that carries moisture, radon, odors, dust, insulation, 
pesticides, etc. 
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In many of the homes we test, 
as much as 50% of the return air 

is missing. 
 

Where is it going? 
Was it ever there to begin with? 
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Many coils with low airflow are not freezing up 
because air handlers are located in 140 degree 
attics and the leaky return ducts are pulling in 

hot air that melts the ice. 
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Notice the white insulation has turned gray 
from filtering air pulled in through this 

return leak. 
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Locating the attic access inside the conditioned space 
in a traditionally vented attic is a bad idea, especially, if 

is it unsealed and un-insulated.  Typically, the return 
grille is located next the pull-down stairs and it pulls 
unconditioned air and contaminants from the attic. 
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The net difference in the supply side 
leakage and the return side leakage causes 

increased air infiltration in the home.  
Moving ducts into the conditioned space 

helps eliminate this. 
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NEVER 
close off bedrooms 

or duct registers.   
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What happens if you do not have proper 
return pathways and you close your 

bedroom doors? 

 • Air that is supplied to the bedroom cannot be returned 
to the air handler to be reconditioned. 

• The bedroom becomes pressurized and air is forced out 
of the room through holes in the envelope. 

• The main body of the home becomes depressurized and 
outside air is pulled in from unintended places unless 
Fresh Air Ventilation Step 2 is provided. 

• Undercutting doors does not work. 

• See Step 5 Pressure Balanced 
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Symptoms of pressure issues 

• Interior doors close when your unit starts up. 

• You smell your fireplace when your heating system 
starts up. 

• In an effort to become comfortable in your Master 
bedroom, you adjust the thermostat so that the rest 
of the home is uncomfortable. 

• There  are markings under and around interior door 
frames. 

• Your home is dusty. 

• Your home has odors. 
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Duct-sealing a properly sized, 
designed, and installed HVAC system 

is one of the most cost efficient 
measures a homeowner can make. 
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Duct-sealing undersized and improperly 
designed ductwork increases the static 

pressure and creates additional problems 
that will eventually lead to premature 

compressor and fan motor failure. 
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So why is the new building code along with 
numerous energy efficiency programs 

across the nation requiring duct sealing 
while ignoring proper duct design? 

•176 



We offer duct-blaster testing because 
the 2009 IRC requires it unless ducts are installed 

in the conditioned space. 
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Duct tightness standards if ducts are NOT 
installed inside of the thermal envelope 

• 4% of square footage at rough in without AH 
installed?  How accurate can this be??? 

• 6% of square footage at rough in with AH installed. 

• 12% of square footage at finish. 

• 8% of leakage to outside at finish out. 

•178 



Many systems with extremely high static 
pressure and extremely low airflow 

pass duct blaster tests with flying colors.  
This is the next big storm on the horizon. 
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• We offer static pressure testing along 
with duct tightness testing. 

• Few builders and homeowners want it 
since it is not required by code.  

• Remember that high static pressure is 
the equivalent of high blood pressure 
and it indicates low airflow.  
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71.8 pascals + 234 pascals  
= 305.8 / 250 = 1.22 IWC. 

1.22 IWC should be 0.5 IWC or less. 
This unit is having a stroke!   
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Smart systems display the static pressure on the 
thermostat as well as the cubic feet per minute of 

airflow. Note this unit is at 1.04IWC.  The homeowner 
went with a top of the line unit but did nothing with 

the poor quality duct system. 
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A typical HVAC system requires 
approximately 350 - 400 cubic feet per 

minute of airflow per 1 ton of heating and 
cooling.  For example, 5 tons of heating 

and cooling requires approximately 5 tons 
x 350/400 cfm = 1800 - 2000 cfm. 
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Static pressure readings used with 
manufacturer’s fan data gives us the actual 

airflow. 
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In units with high static pressure, 
the rated 1800-2000 cfm of airflow 

is often found to be around 
1000 - 1200 cfm or even lower.  

Why install a five ton unit incorrectly 
to get 3 tons or less of airflow? 
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We measure the actual return airflow with a flowhood 
and compare it to the rated airflow of the system. 

Note that the flowhood is a symbol of excellence in 
HVAC contractors. 

•187 

The Synergy Way 



Notice that the delivered cfm of this high SEER unit 
with bad ductwork is 1957cfm.  Smart systems attempt 
to overcome high static pressure but the watt draw is 
excessive and eventually the motor will burn out.  The 
air velocity through the ductwork sounded like a jet. 
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Note that when the work of the fan is 
increased, the watt draw is increased by a 
factor of 3.  Fortunately, when the work of 

the fan is decreased, the watt draw is 
decreased by a factor of 3. 
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This is too much info 
 

but 
 

Fan Law 3 
                                               3 

Amp2 =Amp1 x(CFM2/CFM1)  
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Make sure the dip switches or speed taps 
are set up properly so that proper airflow is 

delivered. 
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Why is low airflow bad? 

• Comfort requires proper airflow in order to supply 
and return the right amount of air at the right 
temperature to the right room. 

• Premature motor failure. 

• Cracked heat exchangers – Carbon Monoxide 
poisoning.  

• Proper airflow is required before refrigerant is added.  

• Premature compressor failure – frozen coils often 
result from low airflow. 
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Refrigerant Charge & Airflow Test Methods 

• Common but not 
Recommended 

 Charge Tests 

– Pressures 

– “Beer can cold” suction  line 

– Blowing cold air 

 Airflow Tests 

– Nothing 

 

• Manufacturers’ 
Recommendations 

 Charge Tests 

– Superheat for non-TXV’s 

– Subcooling for TXV’s  

 Airflow Tests 

– Temperature split to verify airflow 
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Line sets must be properly evacuated and 
brazed with nitrogen.  Does your HVAC 

contractor even own an evacuation pump?  
Could this be why so many expansion 

valves are failing? 
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Digital gauges must be used to confirm 
proper charge after proper airflow is 

confirmed.  Analog gauges are inaccurate.  
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You can perform a perfect Manual J & D 
calculation and a perfect installation and 

still have major comfort issues due to 
improper airflow unless you air balance 

and commission the system. 
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Temperature Diagnostics and System 
Efficiency 

• Temperature Diagnostics helps demonstrate the 
advantages of bringing ducts into the conditioned space. 

• We measure temperature drops across the “system” 
along with airflow to determine “system efficiency”.  

• Measuring temperature drops across the equipment 
doesn’t tell us much, especially if the airflow is low and 
the ducts are located in unconditioned spaces.  

• It is all about “system efficiency” and delivered Btu’s.  
“Equipment efficiency” measured in a laboratory under 
ideal conditions is unrealistic to field conditions. 
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After total system airflow is confirmed, 
we measure airflow and velocity of the 
individual supply ducts and we balance 
the system so that each room receives 

within 10% of the designed airflow at an 
acceptable velocity. 
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Ducts are sized to the worst case total effective length 

(TEL) which is the length from the longest and most 
restrictive supply duct to the longest and most 

restrictive return duct. Notice the variations in the 
volume of air required by each room.  A Manual J and D 

are required in order to air balance. 
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Balancing dampers must be installed and 
adjusted using the flowhood. 
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Many HVAC companies do not install 
balancing dampers.  Of those that do 

install balancing dampers, they rarely use 
them to properly balance the system. 
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Most oversized units have undersized and 
restricted ducts. 

 
Volume of air in CFM  

= 
Area in square feet of the duct 

X 
Velocity in feet per minute 
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Recommended Velocity (in fpm) 

Supply Return 

Duct Type Rigid Flex Rigid Flex 

Trunk 700 600 600 600 

Branch 600 600 400 400 

Outlet Size for 
Throw 

Return Grille 
Face 

<500 

Filter Grille <300 
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Notice the velocity at this supply register is 
1414 feet per minute.  It sounds like a jet. 
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4” x 12” register = 48 sq inches 
48/144 = .33 sq ft 

 
CFM = .33sf x 1414fpm 

CFM = 466  
 

Note that this one register has over 1 ton 
of airflow.   
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We design your duct system to handle 
the total airflow at full capacity. 

When the unit is operating on 1st stage, 
the static is low, the watt draw is low, 
and dehumidification and comfort are 

delivered!   

•206 

The Synergy Way 



We are able to show you how fresh air 
ventilation affects the load of your home.   

 
We can show you the difference between 

“straight” fresh air ventilation, Energy 
Recovery Ventilators (ERV’s), 

and no ventilation at all. 
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Never run your fan in the “on” position in 
an attempt to ventilate the home.  Always 

run it in “auto”. 

• Leaks in the duct system create internal pressure 
problems inside of the home as well as Indoor Air 
Quality (IAQ) issues. 

• Conduction gains or losses in ductwork installed in 
unconditioned areas leads to comfort issues. 

• Moisture that is removed from the air by the interior 
coil but has yet been drained to the outside is 
redistributed throughout the house. 

•208 



Make sure the p-trap is properly installed to prevent 
condensate from being pulled back in and redistributed 

throughout your home. 
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“Gook” build up in a condensate drain.  
Has anyone seen this before? 
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Make sure your condensate is properly 
drained away from the foundation. 
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Make sure you outside condensing unit is 
free of vegetation and blockage. 
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Make sure a high quality thermostat is 
installed on an interior, air sealed wall, 

away from heat sources and direct 
sunlight. 

 
Make sure the HVAC contractor properly 

explains how to properly operate the 
thermostat. 
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Lockout thermostats are required by the 
2009 IRC to prevent electric heat-strips 
from operating until the temperature 

drops below the set-point. 
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Geothermal units along with the entire 
HVAC system qualify for a 30% rebate from 

the government until 2017. 

•215 



We often witness homeowners spend large 
amounts of money on a geothermal unit(s) 

while under-sizing the ductwork, 
failing to install adequate returns/jumper, 
failing to install fresh air ventilation, and 

failing to commission the system. 
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What is the correct solution for a single 
upstairs room or bonus room that is calling 

for only 1 ton? 

• Do you install a completely separate system? 

• Do you zone it?  If so, do it right. 

• Do you install a duct mini-split? 
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Ductless mini-splits are great for certain 
applications such as bonus rooms and light 

commercial applications. 
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My favorite ductless mini-split picture 
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• 13 SEER, single stage, permanent splits 
capacitor (PSC) units start at 1.5 tons and 
increase by half tons.  

• 14 SEER variable speed air handlers start at 2 
tons and increase by 1/2 tons.  There is no 4 ½ 
ton unit. 

• 2 Stage equipment starts at 2 tons and 
increase by whole numbers.  

• Ductless mini-splits come in a variety of sizes 
based on BTUs. 
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Demand proper documentation and 
owner’s manuals for all of the HVAC 

equipment. 
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With all other factors being 
equal or closely related, 

we then recommend 
letting price decide. 
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An air-conditioner works by delivering liquid Freon through the refrigerant 
line to the cooling coil in the air-handler unit.  The fan/blower is so 

important because it blows warmer “return” air from the home through the 
cooling coil where it is conditioned.  The heat in the air causes the liquid 

Freon in the cooling coil to evaporate into vapor and hence the term 
evaporator coil.  There must be a minimum amount of heat delivered to the 
cooling coil in order for the liquid Freon to turn to vapor.  Reduced airflow 

reduces the amount of heat absorbed by the Freon and it will result in some 
Freon remaining in liquid form.  In a perfectly operating system, all the 

Freon is in vapor form and it is transported to the compressor, where the 
gas is compressed back to liquid and the heat is pumped to the exterior of 
the home and hence the term heat pump.  However, when liquid Freon is 

transported back to the compressor, the compressor attempts to compress 
the liquid and liquid cannot be compressed.  On newer scroll type 

compressors, the liquid can usually be passed with minimal damage.  But on 
reciprocating compressors, it can easily lead to compressor failure.  If you 

have ever heard your HVAC unit “knocking” this is exactly what is 
happening.   
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QUESTIONS? 
 

twitt@synergyhomeperformance.com 

www.WeTestOthersGuess.com 
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